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Embryotomy 


Embryotomy. — The  term  embryotomy  is  applied 
to  those  destructive  operations  on  the  unborn  child 
by  means  of  which  its  mass  is  diminished  so  as  to 
facilitate  delivery  in  the  presence  of  a  dystocia. 
Ordinarily  the  procedure  refers  to  the  removal  of  the 
fetal  viscera  through  an  opening  in  tlie  thorax  or 
abdomen  (evisceration),  or  to  instances  where  it  is 
necessary  to  sever  the  head  from  the  body  (decapita- 
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ok.  Blunt  Hook 

and  Crotchet. 


tion).  With  the  increase  in  the  number  of  operative 
deliveries  by  cesarean  section  and  pubiotomy,  the 
number  of  cases  in  which  embryotomy  is  necessary  has 
largely  declined,  but  there  are  stUl  a  considerable 
proportion  of  instances  of  neglected  labor,  dystocia 
due  to  malposition,  or  fetal  monstrosities,  in  which 
one  or  the  other  procedure  is  required.  It  is  hardly 
necessary  to  insist  that  these  operations  should  never 
be  done  on  the  living  child. 


Indications. — Decapitation  is  the  procedure  which 
is  the  more  frequently  employed.  It  is  indicated 
particularly  in  neglected  transverse  presentations, 
in  which  a  shoulder  has  become  firmh'  impacted  in 
the  pelvis  and  the  uterus,  being  usually  in  a  state  of 
tonic  contraction,  contraindicates  version  on  account 
of  the  danger  of  rupttire.  The  child  is  often  dead 
in  these  cases  but  where  the  heart  sounds  are  strong 
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Fig.  2029. — Tarnier's    Basiotribe. 

and  the  mother's  condition  warrants  the  same,  ab- 
dominal cesarean  section  with  or  without  hysterec- 
tomy should  always  be  considered.  Where  the  child 
is  dead,  however,  and  a  version  cannot  be  done,  the 
mutilating  operation  should  not  be  delayed,  as  delay 
increases  the  danger  to  the  mother. 

Evisceration,  although  more  rarely  employed,  must 
be  considered  in  cases  of  large  children  or  monstrosi- 
ties in  which  a  transverse  presentation  occurs  and 
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the  thorax  or  al)(li)men  is  fixed  over  the  pelvic  brim 
in  such  a  iiianiier  that  the  neck  cannot  be  reached 
for  the  performance  of  a  decai)itation. 

Techmque. — For  tlie  performance  of  decapitation  a 
blunt  or  sickle-shaped  hook  is  required,  and  in  addi- 
tion a  pair  of  strong,  blunt-pointed  scissors  should 
be  provided.  The  patient  is  prefjared  as  for  any 
other  major  obstetrical  operation,  the  bladder  and 
rectum  are  thoroughly  em|)ti('d,  and  the  anesthesia  is 
preceded  by  a  hypodermic  of  morphine,  one-quarter 
grain,  with  atropine,  one  one-hundredth  grain.  The 
opiate  avoids  an  excessive  amount  of  the  anesthetic 
and  relieves  to  some  extent  the  tonic  contractions  of 
the  uterus.     The  i)atient  should  be  anesthetized  in 


Fig.  2031). — Simpson's 
Cephalotribe. 


Flo.  2031.— Braun'a 
Cephalotribe. 


the  prone  position  with  ether,  or  gas  and  ether  if  it 
is  procurable.  After  anesthesia  is  complete  the  lith- 
otomy position  should  be  resorted  to  and  the  vulvar 
preparation,  including  shaving  and  scrubbing  or  drj- 
shaving  with  the  application  of  a  five  per  cent,  tinc- 
ture of  iodine,  be  completed.  After  draping  the 
patient  with  sterile  sheets,  a  thorough  exploration 
should  be  made  and  the  location  of  the  fetal  head  and 
neck  definitely  determined,  care  being  taken  not  to 
exert  undue  force  during  the  introduction  of  the 
fingers  or  hand  through  the  cervix.  If  the  cervix  is 
not  completely  dilated  this  should  be  slowly  and 
carefully  done  by  the  manual  method.  After  the 
neck  is  located  the  sickle-shaped  hook  is  introduced 
and  passed  around  the  neck  by  the  aid  of  the  fingers 
of  the  free  hand.  Great  care  is  necessary  during  the 
performance  of  this  step  in  order  to  avoid  injuring 
the  lower  uterine  segment  with  the  instrument. 
The  child's  head  is  severed  from  the  body  with  a 
saw-like  movement  and  the  latter  is  then  extracted 
bv   traction   on   the  arm.     Fortunatelv   in  manv   of 


these  cases  the  arm  is  already  prolapsed  and  can  be 
used  as  a  tractor  to  put  the  neck  on  the  stretch  during 
the  decapitation.  In  other  ca.ses  it  would  be  advis- 
able to  deliver  the  arm  and  employ  it  for  this  pur- 
pose. If  there  is  any  difficulty  encoimtered  in  extract- 
ing the  body  after  the  head  has  been  severed  the 
clavicles  and  thorax  may  be  cut  through  with  the 
scissors  and  the  viscera  evacuated  in  order  to  reduce 
the  size  of  the  trunk.  Great  care  should  be  taken 
by  the  operator  to  avoid  lacerating  the  maternal 
soft  parts  with  the  sharp  ends  of  the  cut  bones  and 
likewise  the  operator's  own  fingers  and  hands.  After 
the  trunk  is  delivered  the  head  may  be  expressed  by 
manipulations  similar  to  the  Crede  delivery  of  the 
placenta  or  if  unsuccessful,  the  hand  may  be  intro- 
duced into  the  uterus,  a  finger  inserted  into  the  mouth 
of  the  child  and  the  head  thus  e.xtracted  or  brought 
down  where  it  can  be  seized  and  delivered  with  for- 
ceps. Occasionally  the  head  cannot  be  delivered 
\intil  it  is  first  crushed  after  perforation.  In  place 
of  the  sharp  hook,  Braun's  blunt  hook  may  be 
employed  to  disarticulate  the  cervical  verjtebrse  and 
if  any  resistance  is  offered  by  the  soft  parts  the 
scissors  may  be  used  to  cut  through  the  same.  This 
procedure  is  not  as  readily  carried  out  as  that  with 
the  sharp  hook. 

For  the  performance  of  an  evisceration  a  pair  of 
long  bhmt-pointed  scissors  is  necessary,  by  means  of 
which  the  thorax  or  abdomen  is  entered  after  making 
traction  upon  the  trunk  with  the  prolapsed  arm. 
If  the  anterior  thoracic  wall  presents  it  is  advisable  to 
excise  the  sternum  together  with  the  adjacent  ribs 
and  through  the  opening  to  deliver  the  thoracic  vis- 
cera with  the  assistance  of  a  sponge-holder  or  similar 
instrument.  The  diaphragm  can  then  be  cut  through 
and  the  abdominal  viscera  likewise  extracted.  In 
most  cases  it  will  be  found  that  the  delivery  cannot 
be  completed  until  a  decapitation  has  been  done,  but 
as  the  size  of  the  trunk  is  diminished  by  the  eviscera- 
tion, the  neck  can  as  a  rule  be  more  readih-  reached 
with  the  sharp  hook. 

Hemorrhage  after  these  operations,  particularly 
if  the  mother  has  been  subjected  to  a  long  labor  with 
more  or  less  tonicity  of  the  uterus,  is  very  common 
and  a  satisfactory  and  permanent  uterine  contraction 
should  be  provided  for  by  guarding  the  fundus, 
expressing  the  placenta  completely  together  with  all 
clots  and  keeping  the  patient  as  quiet  as  possible. 
Ergot  by  mouth  or  hypodermic  is  advisable.  All 
lacerations  of  the  perineum  and  extensive  ones  of 
the  cervix  must  be  immediately  repaired.  The 
chances  for  septic  infection  are  increased  by  the 
necessary  manipulations  and  this  fact  should  be 
known  and  guarded  against. 

George  W.  Kosmak. 


Emetics. — An  emetic  in  the  narrow  sense  is  some 
substance  which  can  induce  vomiting  promptly  and 
safely.  Emetics  formerly  had  great  vogue  in  thera- 
peutics, but  gastric  lavage  has  probably  displaced 
them  to  a  large  extent,  for  example,  in  gastric  stasis. 

Emetics  act  either  locally  on  the  gastric  mucosa,  or 
generally,  through  subcutaneous  injection.  In  either 
ease  the  result  Is  due  to  stimulation  of  the  vomiting 
center. 

Emetics  are  used  largely  as  first  aid  household 
remedies;  for  example,  in  cases  of  ingestion  of  sup- 
posedly dangerous  articles — in  fact,  under  the  very 
circumstances  that  the  stomach  strives  to  expel  an 
unwelcome  substance.  The  favorite  emetics  for  this 
purpose  are  mustard  water  (two  teaspoonfuls  to  the 
cupful,)  and  salt  water  (the  latter  contraindicated  in 
sufilimate  poisoning).  The  practitioner  in  this  simple 
class  of  cases  usually  relies  upon  zinc  sulphate,  from 
five  to  twenty  grains  dissolved  in  water,  because  it  acts 
quickly  and  without  nausea. 

There  are  three  emetics  which  stand  out  above  all 
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others  in  efficiency  and  trustworthiness,  and  which  act 
at  least  in  part  directly  upon  the  vomiting  center. 
These  are  tartar  emetic,  ipecacuanha  (including  eme- 
tine), and  apomorphine.  The  first  named,  in  addition 
to  its  emetic  properties  is  a  severe  depressant  of  the 
circulation,  which  no  doubt  renders  it  nauseating.  It 
may  set  up  a  persistent  hyperemia  which  itself  re- 
quires treatment.  It  shouW  be  regarded  as  a  survival 
of  heroic  medication,  to  be  used  only  when  nothing 
else  is  available.  For  a  detailed  account  of  ipe- 
cacuanha and  apomorphine  the  reader  is  referred  to 
the  special  articles  on  tliose  subjects. 

In  regard  to  minor  emetics  to  be  used  if  others  are 
not  available,  a  number  have  long  been  in  vogue,  such 
as  alum,  sulphate  of  copper,  carbonate  of  ammonia, 
etc.  Many  nauseating  and  acrid  drugs  readily  cause 
vomiting.  The  further  we  get  away  from  the  stand- 
ard emetics  the  more  we  encounter  either  sluggish  or 
uncertain  action  or  injurious  by-effects.  The  emetic 
dose  of  many  substances  is  as  a  rule  very  much  larger 
than  the  habitual  single  dose.  But  if  vomiting  is  due 
merely  to  the  taste  of  a  remedy,  the  size  of  the  dose 
may  make  little  difference. 

At  the  present  day  the  chief  use  of  emetics  is  in 
poison  cases,  and  perhaps  in  obstruction  of  the  respira- 
tory processes  in  children.  Generally  speaking  an 
emetic,  to  possess  any  value  here  must  be  given  with 
great  promptness.  If  the  case  be  one  of  corrosive 
mineral  poisoning  it  is  usually  too  late  to  use  an 
in  emetic. 

Emetics  are  seldom  contraindicated  outright  but  in 
any  acute  abdominal  inflammation  we  should  hesitate 
to  use  them.  In  poisoning  cases,  home  remedies,  such 
as  zinc  sulphate,  may  be  used  as  first  aid,  and  the  earlier 
they  are  given  the  better.  Owing  to  the  character  of 
narcotic  poisoning  in  which  prevention  of  absorption 
is  everything,  the  one  strictly  indicated  remedy  is 
apomorphine,  by  hypodermic  injection.  The  dose  and 
time  of  exhibition  have  been  the  source  of  much  con- 
troversy. If  given  too  late  or  in  too  large  dose  it  may 
produce  very  untoward  effects.  In  alkaloidal  poison- 
ing in  the  later  stages  its  exliibition  would  be  worse  than 
useless.  Many  accidents  have  followed  the  use  of  me- 
dicinal doses  and  authors  have  a  way  of  evading  the 
safe  emetic  dose.  Jurasz  fixes  it  at  one-twelfth  to  one- 
SLxth  grain  for  adults,  and  half  of  this  for  children. 

Ipecacuanha  (and  emetine  its  derivative),  the  best 
known  of  the  emetics,  is  notable  for  its  slow,  even  ac- 
tion, and  from  the  fact  that  its  action  is  not  protracted 
beyond  the  desired  effect.  The  dose  varies  very 
greatly.  In  other  words,  the  personal  equation  is 
considerable.  If  the  average  subject  requires  gr.  x. 
others  may  require  as  low  as  gr.  ii  or  as  high  as  gr.  xx. 
It  seldom  acts  within  20  or  30  minutes.  Emetine  is 
given  in  the  same  dose  as  apomorphine  (3^7-5  gr.)  but 
exhibits  the  same  deliberateness  of  action  as  ipecac. 
The  question  arises,  has  not  ipecacuanha  outlived  its 
usefulness?  The  answer  is  that  the  drug  is  peculiarly 
suited  for  simple  evacuation  of  the  stomach  in  the 
young,  delicate,  and  aged,  and  in  any  other  condition 
when  haste  is  not  necessary.  Ipecacuanha  is  kept  in 
the  family  medicine  chest,  not  only  for  its  superiority 
as  an  emetic  in  acute  indigestion  of  children,  but  to 
avert  the  accumulation  of  secretions  in  the  bronchi 
when  haste  is  not  required.  If  the  obstruction  of  the 
respiratory  passages  develops  suddenly  and  is  com- 
pact, as  in  the  case  of  croup  or  foreign  bodies,  ipecac  can 
be  of  minor  avail,  while  apomorphine  may  save  life 
But.  ipecac  takes  precedence  over  aU  other  internal 
emetics — in  fact,  no  other  should  be  employed.  In 
rare  cases  of  failure  of  apomorphine  to  act,  ipecac  may 
still  be  given.  Apomorphine  and  emetine  are  the  sole 
drugs  to  use  when  swallowing  is  impossible,  notably 
in  patients  under  narcosis,  and  of  the  two  apomorphine 
is  much  preferred  for  the  purpose. 

Edw.uid  Preble. 

Emetine. — See  Ipecacuanha. 


Emmanuel  Movement. — .V  characterization  of  a 
type  of  social  betterment  activity  through  the  coopera- 
tion of  church  work  with  medicine  and  put  into  prac- 
tice in  Emmanuel  Church  at  Boston,  hence  called  the 
Emmanuel  Movement.  It  is  de.serving  of  mention 
as  one  of  a  number  of  similar  attempts  which  have  a 
laudable  purpose,  but  which  through  lack  of  knowl- 
edge of  coordinate  activities  being  done  by  others  is 
apt  to  pass  into  oblivion  after  a  career  of  which  the 
length  and  usefulness  will  be  determined  largely  by 
the  personality  of  the  prime  movers,  and  the  adapta- 
bility of  means  to  ends.  A  brief  discussion  of  its 
features  may  be  worth  while  in  view  of  many  similar 
endeavors  now  in  course  of,  or  about  to  be  put  into, 
activity,  particularly  in  the  fight  with  mental  dis- 
orders— i.e.  the  mental  hygiene  movements.  Only 
the  roughest  outlines  can  be  sketched.  In  primitive 
societies  the  chief  man  of  the  clan  is  all  powerful.  He 
is  the  king.  In  him  reside  all  the  hopes  and  fears, 
the  wishes  and  doubts  of  his  subjects.  Just  what  his 
various  attributes  are  cannot  be  even  hinted  at  here. 
The  studies  of  Tyler,  Frazer,  and  others  on  primitive 
cultures  must  be  con.sulted.  He  is  among  other  things 
doctor,  lawyer,  and  minister.  He  controls  the  forces 
of  nature,  and  if  he  does  not,  certain  primitive  peoples 
kill  him,  in  order  to  get  one  who  does.  Among 
others,  since  only  young  vigorous  men  can  do  all  things, 
they  have  a  new  king  nearly  every  day ;  this  being  hard 
on  the  tribe,  however,  has  to  be  modified  somewhat. 
At  all  events  the  sense  of  power  of  the  individual  is 
transferred  to  his  chief.  He  represents  the  all-macht 
the  "all  power"  of  the  egotism  of  the  indi\'idual  un- 
conscious psyche,  which  has  always  and  continues  to 
play  so  important  a  part  in  human  affairs.  Little 
by  little,  in  the  development  of  human  culture,  sepa- 
rations of  function  took  place,  the  individual  pro- 
jected his  "all-macht,"  his  sense  of  importance,  upon 
the  king  and  perhaps  upon  the  medicine  man,  which 
latter,  among  many  primitive  peoples,  is  the  king,  or 
one  step  removed  from  the  king.  His  duty  is  to  keep 
sickness  away,  and  he  receives  the  same  rewards  and 
punishments  as  the  king  according  to  his  success  or 
lack  of  it  as  judged  by  the  folk  lore  of  the  tribe.  The 
king  still  hung  on  to  the  property  rights — he  remained 
the  lawyer.  He  might  relinquish  health  and  soul 
matters  to  others,  but  he  would  not  relinquish  his  legal 
prerogatives.  Many  thousands  of  years  had  passed 
in  human  culture  before  doctor,  lawyer,  and  priest  be- 
came separate  groups  in  the  social  body  with  fairly 
separate  territories.  Property  rights  were  fought  for 
by  the  legal  and  priestly  class,  but  health  situations 
became  of  less  and  less  importance,  especially  as  men 
and  women  could  be  bred,  or  stolen,  as  slaves  and  used 
to  create  property.  For  a  long  time  in  the  historj- 
of  Europe  Emperors  and  Popes  were  alternately  on 
top  or  underneath.  To  understand  the  marshalling 
of  human  motives  which  brought  this  about — tended 
to  perpetuate  it — would  take  one  too  far  afield,  but 
at  all  events  medicine  rarely  entered  into  the  problem, 
except  that  the  chief  weapon  of  the  religious  group  was 
the  animistic  spiritism  of  the  people;  their  heritage  of 
beliefs  from  their  primitive  beginnings;  their  ego  pro- 
jections of  the  power  of  the  forces  of  the  unknown. 
They  were  afraid  of  themselves;  struck  dumb  at  the 
miracle  of  their  own  being,  hence  the  power  that  could 
create  and  destroy  was  something  to  be  greatly  feared 
and  propitiated.  The  expression  of  this  attitude 
toward  the  world  was  the  religious  spirit.  Its  organi- 
zation for  definite  purposes  of  civilization  and  culture 
was  the  work  of  the  organized  church. 

With  the  growth  of  science  since  its  great  be- 
ginnings in  the  thirteenth  century,  so  far  as  the  high 
lights  of  culture  are  concerned,  much  of  this  animism 
has  been  modified,  and  the  fears  and  dreads  of  man- 
kind, so  far  as  sickness  is  concerned,  have  become  much 
more  concrete  and  comprehensible.  It  is  no  longer  a 
miasm  from  Pandora's  box.  It  is  a  mosquito  or  a 
minute  parasitic  plant,  or  some  other  tangible  thing 
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and  little  by  little  the  all-macht  of  the  individual  has 
been  transferred  more  and  more  upon  the  jihysician 
until  he  stands  justified  in  all  of  the  faith  of  the  primi- 
tive medicine  num.  He  knows  what  is  the  matter, 
even  if  it  cannot  be  helped.  He  is  in  touch  finally 
with  reality,  and  knows  if  it  is  cure  or  endure.  This  is 
only  jjartly  true,  however,  and  for  the  few  rather  than 
for  the  many.  There  are  prol)lems  still — more  than 
ever — but  the  accomplished  work  is  enormous.  In 
the  mental  sphere,  however,  there  is  an  immense  task 
before  the  physician.  Two  thousand  years  of  medical 
history  are  rich  in  what  has  Ijcen  done,  but  poor  in 
view  of  the  ideal  to  be  achieved.  The  problems  of 
mental  science  are  complex  beyond  conception,  and 
yet  mankind  has  the  same  naive  conception  toward 
them  that  the  ancient  priiintive  man  had  toward  phys- 
ical science.  The  lajnnen  is  in  the  same  attitude  of 
animism  toward  mental  problems  as  liis  savage  cave 
dweller  ancestor  was  toward  physical  ones.  To-day, 
judges  on  the  bench,  ministers  in  the  pulpit,  bankers 
in  the  counting  houses  believe  that  they  can  beat 
a  mental  idea  out  of  an  individual,  or  of  a  society, 
in  precisely  the  same  way  that  an  Australian  bushman 
tries  to  beat  a  physical  disease  out  of  a  bush  with 
tom-toms.  Politicians  build  jails,  juries  electrocute 
human  beings,  legislatures  make  laws  about  pros- 
titution, and  States  legislate  about  human  instincts, 
etc.,  etc.,  and  similar  mummeries  in  the  twen- 
tieth century  which  are  not  one  whit  more  enlightened 
than  the  methods  by  which  primitive  savages  handled 
physical  facts  in  the  stone  age. 

in  other  words,  the  tyranny  of  the  commonplace, 
the  naive  beliefs  in  simple  causes,  in  empty  formula;, 
are  exactly  similar  for  mental  facts  as  they  used  to  be 
for  physical  ones.  That  is  so  far  as  the  layman  is 
concerned,  and  ordinary  intelligence  so  called,  makes 
every  one  not  having  special  knowledge  a  layman. 
Even  many  a  so-called  philosopher  has  his  horse  chest- 
nut in  his  pocket;  his  amber  beads  about  his  babe's 
neck;  his  knocking  wood,  not  sitting  with  thirteen 
formula;  and  thousands  of  similar  superstitions,  from 
which  medicine  itself  is  far  from  being  purged. 

One  constantly  hears  the  socialistic  plaint  that  the 
rich  are  getting  richer,  the  poor  poorer.  This  is  a 
truth,  but  only  from  one  attitude  of  mind,  i.e.  the 
possible  contrasts  between  wealth  and  poverty  are 
more  and  more  striking.  This  is  also  true  for  the 
wealth  of  medical  science,  the  gap  between  the  know- 
ing and  the  not  knowing  is  getting  wider  and  wider. 
So  is  it  in  all  growing  accomplishment.  This  is  the 
great  criterion  of  advance.  It  is  well  with  the  world 
when  it  is  so.  The  pseudoreformer,  the  revolutionist, 
the  anarchist  would  level  all  men  to  the  same  level  and 
destroy  progress.  Each  by  his  egotism,  his  hatred  or 
his  lust  would  project  his  all-macht  and  destroy  that 
which  he  himself  did  not  possess.  His  god  is  like  him- 
self.    He  is  it. 

Thus  the  principle  of  striving,  of  competition,  the 
struggle  between  egoism  and  altruism  goes  on  with 
constant  compromises,  which  mean  evolution. 

All  this  seems  a  long  way  from  the  Emmanuel 
Movement,  but  it  is  not,  for  this  movement  in  its  ideal 
aspects  represents  the  striving  of  the  principle  of 
Christianity  to  heal  the  sick,  especially  the  mentally 
sick.  The  spirit  of  organized  religion  having  less  and 
less  to  combat  animistic  superstitions  regarding  the 
physical  in  nature — there  is  some  prayer  for  rain, 
accompanied  by  much  cannon  shooting  still  going  on — ■ 
turns  more  and  more  to  the  relief  of  human  unhappi- 
ness  and  hence  evolves  charitable  work.  Mental  ills 
great  and  small  are  very  numerous  and  doctors  can- 
not cope  with  them  all.  They  are  too  busy  with  easy 
problems  and  have  no  time  to  cope  with  difBculties 
which  will  not  feed  them.  Hence,  such  problems  have 
been  taken  up  by  the  organized  charitable  workers 
acting  through  religious  channels,  in  our  present  state 
of  cultural  evolution.  This  is  the  cause  of  the 
Emmanuel  Movement  seen  as  an  attempt  to  relieve 


suffering  humanity,  through  a  combination  of  medical 
and  religious  activities.  This  very  expression  of 
endeavor  is  in  absolute  contrast  with  that  of  the 
pseudoreformer,  the  revolutionist,  the  anarchist. 
Here  the  great  sublimation  of  egoism,  of  hatred,  and 
of  lust,  through  the  expression  of  altruistic  Christian 
principles,  is  in  reality  a  part  of  an  evolutionary 
program  which  builds  culture.  This  is,  as  has  been 
said,  the  ideal.  Possibly  so  far  as  the  working  of 
such  a  system  is  concerned  it  has  practical  defects. 
If  so  then  it  should  be  the  endeavor  of  those  interested 
to  improve  rather  than  to  destroy.  The  chief 
defects  thus  far  revealed  have  been  the  lack  of  medical 
training  of  the  religious  worker.  There  has  been  that 
naive  simplicity  toward  the  interpretation  of  mental 
facts  which  has  been  spoken  of.  Enthusiasm  and 
altruistic  zeal  has  been  thought  a  sufficient  compensa- 
tion for  technical  knowledge.  The  human  machine 
has  been  thought  of  entirely  too  crvidely,  especially 
that  master  hand  in  it,  that  free  spirit  of  evolution, 
the  nervous  system,  toward  which  crudity  of  apercu 
even  the  doctor  has  very  largely  contributed.  The 
special  training  of  the  priestly  class,  through  its  daily 
dealings  with  matters  termed  spiritual,  has  engendered 
a  little  of  that  cameradie  with  the  great  unknown, 
if  it  may  be  so  lightly  expressed,  and  special  privileges 
and  special  powers  seem  to  be  theirs  by  right  of  en- 
dowment, if  not  for  the  asking.  Here  again  one 
meets  with  that  animism  spoken  of  previously — that 
belief  of  the  individual  in  the  all  power  in  his  own 
ability  to  perform  the  miracle,  which  is  an  expression 
of  his  unconscious  wish — his  feeling  attitude  toward 
the  61an  vital. 

But  mental  disturbances,  hysterias,  compulsion 
neuroses,  jealousies,  distorted  human  tastes,  alcoholic 
tendencies,  antisocial  impulses — these  are  human 
character  anomalies  which  have  taken  many,  many 
years  to  bring  to  expression  in  the  most  complex  of  all 
structures  known  in  nature.  They  cannot  be  dealt 
with  from  the  animistic  point  of  view  any  longer — for 
all  grades  of  cidture.  There  are,  it  is  true,  many  of 
the  lowly  and  simple  minded — perhaps  the  majority — 
for  whom  "authority"  is  their  saving  protection. 
The  "big  chief"  way  is  still  the  best  way  of  obtaining 
self  control;  but  there  are  many  others  who  require 
a  more  developed  philosophy  of  life.  The  Emmanuel 
Movement  is  one  of  the  phenomena  of  trying  to  find  a 
way,  but  on  a  forward  path.  It  does  not  deny  reality 
as  do  many  other  more  primitive  movements.  Sickness 
is  real  and  has  determining  causes  and  can  be  under- 
stood. Denial  of  reality  belongs  to  the  days  when 
Joshua  commanded  the  sun  to  stand  still.  The 
crude  Australian  savage  may  have  it  "put  over  him," 
in  which  respect  he  is  on  a  par  with  the  Christian 
Scientist;  but  the  really  intelligent  human  being  of 
the  twentieth  century  has  left  that  stage  of  Phoenician 
mythology,  that  Chaldean  astrological  interpretation 
of  an  eclipse  which  the  Hebrew  writers  took  over  as  a 
tale  and  gave  it  a  materialistic  setting  as  an  historical 
event. 

There  are  a  large  number  of  primitive  religious- 
medical  S3'stems  which  still  preach  animism  for  mental 
phenomena,  but  the  Emmanuel  Movement  has  made 
an  attempt  to  rid  itself  of  such  conditions,  even  if  it 
has  not  grasped  the  value  of  empirical  knowledge  of 
the  neuroses  and  psychoses.  This  will  come  about  for 
mental  ills  when  the  moneys  spent  by  religious  organ- 
izations on  physical  ills  are  also  spent  in  those  much 
more  culturally  valuable  channels,  the  alleviation  of 
mental  Uls.  Thus  far  the  State  and  the  Catholic 
Church  chiefly  have  attempted  the  task.  The 
Mental  Hygiene  Movement  is  the  first  organized  pri- 
vate effort.  It  would  represent  a  far  step  in  the 
evolutionary  pathway  to  see  organized  religion  pass  on 
to  the  spiritual  plane  in  occupying  itself  with  the  dis- 
ordered psyche  of  mankind  by  more  extended  organ- 
ized efforts  of  which  the  Emmanuel  Movement  is  but 
a  single  expression.  Smith  Ely  Jelliffe. 
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Em  menagogues. — The  torm  ernmenagogue  is 
applied  to  any  remedy  or  indeed  any  resource  what- 
ever which  normalizes  the  menses.  Since  the  ma- 
jority of  these  act  by  exciting  or  strengthening  uter- 
ine contractions,  they  merge  into  another  class  of  drugs 
or  resources  which  induce  contractions  of  such  strength 
that  the  contents  of  the  uterus  are  expelled,  a  subject, 
of  course,  which  inheres  in  labor.  Substances  of  this 
second  class  were  long  known  as  ecbolics,  but  in  more 
recent  years  have  been  termed  oxytocics  or  agents 
which  intensify  normal  uterine  contractions.  This 
term  ernmenagogue  must  be  understood  in  two 
senses,  first,  general  or  indirect,  and  second,  direct 
or  specific  emmenagogues,  the  latter  having  a  selective 
action  on  the  uterine  contractions. 

Specific  Emmenagogues. — Any  ernmenagogue  which 
acts  by  inducing  uterine  contractions  in  small  doses 
is  naturally  an  ecbolic  when  given  in  excess.  A 
number  of  these  agree  in  their  botanical  or  chemical 
nature,  since  they  contain  pungent  oils  (apiol,  rue, 
tansy,  savin,  pennyroyal).  The  principal  direct 
emmenagogues  are  ergot,  oxalic  acid,  apiol,  binoxide 
of  manganese,  santonin,  eumenol,  indigo,  aloes,  per- 
manganate of  potassium,  turpentine,  cantharides, 
mj-rrh,  rue,  savin,  tansy,  pennjToyal,  guaiac,  cimicif- 
uga,  saffron,  cotton-root,  quinine,  Pulsatilla,  water 
pepper,  serpentaria,  aconite,  sage,  chamomile,  and 
blue  cohosh.  It  is  a  fact,  however,  that  the  chief 
physiological  oxytocics  have  little  or  no  vogue  as 
emmenagogues. 

This  form  of  ernmenagogue,  however,  despite  its 
popular  reputation,  is  not  much  heeded  by  the  prac- 
titioner, who  is  sceptical  as  to  the  efficacy  of  such 
substances.  To  restore  menstruation  for  the  nonce 
by  a  combination  of  drugs  which  have  to  be  re- 
peated each  month  is  not  scientific.  We  must  seek 
to  discover  the  cause. 

Indirect  Emmenagogues. — The  gj'necologist  thinks 
first,  of  course,  of  mechanical  impediments,  develop- 
mental defects,  etc.,  which  may  require  correction. 
Next  in  order,  perhaps,  come  anemia  (especially  from 
tuberculosis),  chlorosis,  and  other  blood  states. 
From  this  viewpoint  iron  and  arsenic  represent  our 
chief  indirect  emmenagogues,  for  they  no  doubt 
normalize  the  menstruation  in  many  girls. 

Equally  useful  are  physical  remedies — the  application 
of  simple  hydrotherapeutic  measures,  notably  the  hot 
sitz  bath,  the  hot  foot  bath — which  act  simply  by  caus- 
ing congestion  of  the  pelvic  viscera.  These  are  natur- 
ally used  in  association  with  drug  remedies  as  indicated. 

Exercise,  especially  walking  often  has  a  salutary 
effect.  Of  great  value  is  the  practice  of  stimulating  the 
functions  of  accessory  organs,  notably  the  intestinal 
and  urinary  systems.  Whether  the  effects  come  about 
from  stimulating  the  nearby  organs,  or  in  some  reflex 
fashion,  the  fact  remains  of  the  common  use  of 
purgatives,  notably  aloes,  and  of  substances  which 
irritate  the  genitourinary  system,  such  as  cantharides 
and  turpentine.  The  use  of  all  such  substances  is 
non-scientific,  although  the  bowels  must  be  kept 
clear.  In  recent  j^ears  j'ohimbin,  from  its  known  ac- 
tion upon  animals,  has  been  recommended  as  an 
emmenagogue  which  exerts  its  action  on  ovulation. 
Its  field  must  be  narrow.  It  is  usually  given  in 
advance  of  the  expected  period. 

From  what  has  been  said  it  may  be  inferred  that 
emmenagogues  are  not  an  essential  resource  of  legiti- 
mate practice.  They  are  lay  remedies  or  apothecaries ' 
remedies,  and  are  essentially  palliative.  We  must  not 
lose  sight  of  the  fact  that  the  practitioner  is  in  doubt 
about  the  ethics  of  these  cases,  and  always  suspects  a 
possibility  of  concealing  conception.  If  a  patient  states 
that  she  has  skipped  but  a  single  period,  he  may  dis- 
trust her  and  usually  does.  EDWAiiD  Preble. 


Emollients    (from  Latin    emollire,  to    soften)    are 
substances  which  tend  to  soften,  relax,  and  protect  the 


parts  to  which  they  are  applied.  As  a  rule  they  are 
fatty  and  have  very  little,  if  any,  real  medicinal 
activity;  but  this  lack  of  active  medicinal  virtue  in 
no  waj'  detracts  from  their  therapeutic  value.  Emol- 
lients are  "for  outward  application"  only.  Sub- 
stances of  a  similar  kind,  but  for  internal  use,  are 
called  demulcents,  and  these  two  terms  must  be  kept 
distinct.  Demulcents  are  for  mucous  membranes; 
emollients  for  the  skin.     (See  article  Demulcents.) 

Action  and  Uses. — The  action  of  emollients  is 
almost  entirely  mechanical;  by  their  moisture  and 
warmth  they  cause  the  blood-vessels  to  dilate,  and 
with  relaxation  of  contractile  tissues  pressure  on  the 
nerves  is  lessened,  and  thus  the  tension  and  pain  in  an 
inflamed  part  are  relieved.  Emollients  also  exert  a 
■protective  influence  over  inflamed  surfaces  which  would 
otherwise  suffer  from  friction  and  even  from  the 
oxygen  of  the  air;  in  cases  in  which  the  skin  is  broken, 
or  the  epidermis  stripped  off,  the  process  of  repair 
can  go  on  ■nithout  let  or  hindrance  under  the  pro- 
tective covering  of  an  emollient.  The  judicious  use 
of  emollients  is  also  responsible  for  the  exclusion  of 
many  pathogenic  organisms  which  would  otherwise 
find  an  easy  entrance  through  a  broken  skin,  and 
which,  having  once  gained  admission,  would  do  more 
than  ordinary  harm  in  tissues  whose  powers  of 
resistance  are  already  enfeebled.  Without  emollients 
wounds,  burns,  and  superficial  inflammations  would 
heal  but  slowly;  by  emollients  the  skin  is  often  pre- 
served from  cracks,  chaps,  and  fissures,  and  should 
these  imfortunately  supervene  emolUents  are  the 
best  remedial  agents  we  have.  The  application  of 
emollients  to  those  surfaces  of  the  body  which  come 
in  contact,  as  the  thighs,  will  lessen  the  friction  and 
increase  the  comfort.  Emollients  also  tend  to 
prevent  bed-sores  and  heal  blisters;  and  they  are 
useful  in  some  forms  of  skin  diseases,  such  as  eczema. 

List  of  Emollient  Substances. — The  chief  are: 
Almond  oil,  cacao  butter,  castor  oil,  cold  cream, 
glycerin,  goose  grease,  lanolin,  lard,  liniments,  linseed 
oil,  neatsfoot  oil,  olive  oil,  paraffin,  petrolatum,  or 
vaseline,  soap,  spermaceti,  and  suet.  Care  must  be 
taken  to  avoid  using  rancid  fat  or  oil,  for  this  would 
act  as  an  irritant,  and  do  more  harm  than  good. 
Other  substances,  as  coUodiou,  white  of  egg,  etc., 
act  as  protectives,  but  are  not  emollients.  Poultices 
made  of  substances  retaining  heat  and  moisture  are 
sometimes  grouped  with  emollients,  or  even  regarded 
as  emollients,  but  they  are  not  rightly  included  under 
that  heading.  R.  J.  E.  Scott. 


Emotion. — In  this  brief  discussion  this  term  will 
be  used  as  a  generic  word  with  much  the  same  con- 
notation as  feeling  when  emplo3-ed  as  an  abstract 
noun.  On  the  other  hand,  "an  emotion"  is  a  time 
period  of  psychophysical  experience  with  very  well- 
defined  affective  reactions;  in  the  same  sense  "a 
feeling"  is  a  mild  emotion,  less  determinate,  and  with 
much  less  obvious  bodO}'  activity  concerned.  There 
are  forty  or  fifty  feelings  readily  called  to  mind,  but 
the  emotions  proper  are  less  than  a  dozen  in  the 
classification  of  James  (which  introspection  shows  to 
be  correct).  None  the  less  in  common  usage  feeling 
and  emotion  are  essentially  synonyms. 

Let  us  first  attempt  to  obtain  a  general,  even  if 
vague,  outline  sketch  of  what  feeling,  in  its  scientific 
meaning,  is  like.  Every  one  knows  the  mental  phase 
of  the  various  feelings,  and  even  if  he  did  not  no  one 
could  describe  them  to  him.  Careful  analysis,  how- 
ever, does  make  this  "immediate  experience"  of 
feeling  richer  with  meaning,  although  of  course  the 
more  important  part  of  the  psychology  of  the 
emotions  ("affective  psychology")  describes  the 
bodily  aspect  of  this  two-phased  portion  or  aspect 
of  our  life. 

The  term  "feeling"  is  for  psychology  a  most  unfor- 
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tunate  oik',  because  it  means  so  many  different  things 
that  scientific  precision  of  expression  is  impossiljle 
unless  one  deliberately  sets  oiit  arl)itrarily  to  state  the 
meanings  he  will  give  the  word;  indeed  confusion  and 
douln-s  and  :nisunderstanding  follow  in  the  truly 
scholastic  way.  One  may  feel  with  his  finger  tips, 
may  feel  excited,  or  sleepy,  or  ill,  or  cold,  or,  on  the 
other  hand,  he  may  feelsorrowfid  or  frightened,  or 
happy,  or  angry.  The  first  five  meanings  of  the  term 
cited  are  but  examples  of  very  many  complex  sensa- 
tional experiences  to  which  the  term  is  applied; 
the  latter,  feeling  happy,  or  sorrowful,  or  angry,  or 
frightened,  are  usages  of  the  word  which  are  the  most 
exact  scientifically,  and  these  mental  conditions  are 
indeed  emotions  when  of  the  requisite  intensity  and 
purity.  Admiration,  or  piety,  or  disgust  are  feelings 
in  the  proper  sense  which  rarely  pass  over  into  emo- 
tions. Thus  much  in  the  way  of  terminology,  by 
means  of  examples. 

We  seek  now  to  review  the  chief  characteristics  of 
emotion  proper,  feelings  being  for  our  purpose  but 
mild  and  relatively  simple  forms  of  emotion;  to 
describe  the  latter,  or  to  analyze  it,  is  therefore  to 
represent  the  former  as  well.  The  emotions  are 
feelings  which  are  intense,  temporary,  and  character- 
ized, each,  by  a  set  of  obvious  bodily  reactions. 
Every  emotion  involves  a  subject,  the  person  in  whom 
it  takes  place  and  by  whom  it  is  immediately  experi- 
enced; and  an  object,  that  thing  (objective  or  sub- 
jective, "real"  or  ideal)  which  is  the  occasion  of  the 
emotion  at  the  time.  Every  emotion  has  a  mental 
aspect,  which  is  the  complex  consciousness  during  the 
emotion ;  and  a  bodily  aspect,  consisting  of  widespread 
and  probably  universal  bodily  movements  and  ten- 
dencies to  movement.  Every  emotion  has  a  sense  of 
excitement  (due  to  the  liveliness  of  the  other  ele- 
ments); and,  finally,  there  may  be  and  there  may  not 
be  in  an  emotion  a  tone  of  pleasantness  or  unpleas- 
antness. The  last  element,  the  affective  tone  of  an 
emotion,  is  in  a  sense  of  course  part  of  the  complex 
mental  experience  of  the  emotion,  but  it  is  by  no  means 
always  present,  and  forming  one  of  the  most  important 
aspects  of  feeling,  is  not  improperly  mentioned  as  an 
element  of  emotion  by  itself. 

Let  us  now  briefly  discuss  such  of  these  emotional 
components  as  are  most  important  practically, 
namely,  the  mental  experience,  the  bodily  movements, 
and  the  affective  tone. 

The  psychical  side  or  aspect  of  an  emotion  is  of 
course  what  one  feels  while  experiencing  the  emotion — 
to  describe  it  is  as  impossible  as  it  is  unnecessary,  for 
every  reader  knows  the  experience  as  well  as  any  one. 
The  differences  between  an  emotion  of  fear  and  the 
consciousness  In  an  emotion  of  anger  or  of  surprise  are 
perfectly  well  marked  in  every  memory — one  is  never 
in  doubt  whether  he  is  afraid  or  sorrowful.  To 
account  for  these  differences  is,  however,  a  different 
matter,  and  to  do  so  one  must  refer  to  the  next  element 
requiring  explanation,  namely,  the  bodily  aspect  of 
emotion. 

This  is  what  used  to  be  called  the  expression  of  the 
emotion,  a  term  no  longer  exact,  according  to  the 
physiological  theory  of  emotion,  because  this  bodily 
phase  is  itself  An  essential  part  of  the  process;  one  does 
not  think  now-a-days  of  a  feeling  or  emotion  as  merely 
mental  experience — this  is  now  known  to  be  only  half, 
one  way  of  looking  at  it,  one  aspect,  where  a  dual 
mechanism  is  involved.  It  is  very  imsatisfactory  to 
attempt  to  describe  in  a  little  space  what  the  bodily 
side  of  even  a  single  emotion  is  like,  and  to  convey  a 
notion  of  emotional  "expression"  in  general  is  out  of 
the  question,  each  emotion  being  an  hereditary  physio- 
logical law  xmto  itself.  But,  roughly,  the  physical 
side  of  emotion  consists  of  movements  and  of  tenden- 
cies to  movement  ("strains")  in  many  different  parts 
of  the  body,  and  most  proVjably  in  its  every  nook  and 
comer.  There  are  contractions  of  muscles  more  or 
less  complete  and  more  or  less  universal  over  and 
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throughout  the  body — of  the  muscular  fibers  in  the 
walls  of  the  almost  omnipresent  arteries  and  every- 
where in  the  numerous  glands,  as  well  as  of  the  volun- 
tary muscles  of  the  face  and  limbs.  There  is  increase 
or  decrease  in  glandular  activity  all  through  the  body. 
Since  we  have  learned,  recently,  of  the  close  mutual 
dependence  between  the  autonomic  nerves  and  the 
hormones  especiall3'  adrenalin  (spinephrin,  iodothyrin, 
and  pituitrin,  this  last  set  of  bodily  reactions  has  taken 
on  a  new  inteiest.  Professor  L.  F.  Barker  (Aug.,  1913) 
states  the  present  attitude  adequately  thus:  In  how 
far  those  sudden  and  violent  excitations  of  the  auto- 
nomic nervous  system  which  accompany  strong  emo- 
tions are  due  to  the  innervation  of  the  glands  of  in- 
ternal secretion,  and  in  how  far  they  depend  on  direct 
neural  conduction  from  the  brain,  we  are  as  yet  but 
ill-informed.  I  need  only  remind  you  of  the  vasodila- 
tation of  the  face  in  the  blush  of  shame,  of  the  stimu- 
lation of  the  lacrymal  glands  which  yields  the  tears  of 
sorrow,  of  the  palpitation  of  the  heart  in  joy,  of  the 
stimulation  of  the  sudoriparores  glands  which  precedes 
the  sweat  of  anxiety,  of  the  stimulation  of  the  vaso- 
constrictors, the  pupil  dilators,  and  the  pilomotors  in 
the  pallor,  mydriasis,  and  goose-skin  of  fright,  to  illus- 
trate some  of  these  violent  autonomic  excitations. 
While  we  do  not  jet  imderstand  the  exact  mechanisms 
of  association  among  the  activities  of  the  cerebrum, 
the  endocrine  glands,  and  the  reciprocally  antagonistic 
autonomic  domains  and  their  end-organs,  we  can 
begin  to  see  the  paths  which  must  be  followed  in 
order  that  more  exact  knowledge  may  be  gained." 

Cerebrospinal  and  autonomic  influences  both,  then, 
are  concerned  in  that  bodily  phase  of  emotion.  What 
this  statement  means  in  the  comi)lexity  of  bodily 
effects  produced,  one  familiar  with  anatomy  and 
physiology  can  readily  understand.  The  total  effect 
is  perhaps  nothing  short  of  change  in  every  organ 
and  in  every  part  of  every  tissue  almost  of  the  body, 
through  the  complete  unification  made  possible  by  the 
nervous  system.  The  indefinite  number  of  combina- 
tions possible  between  these  physiological  elements 
explains  the  enormous  empirical  complexity  of  the 
emotional  expressions  and  their  immense  variety,  both 
in  kind  and  in  degree  or  intensity.  These  bodily 
changes  constitute  the  "physical  basis,"  so-called,  of 
emotional  phenomena. 

The  sense  of  pleasantness  or  unpleasantness,  the 
affective  tone  of  an  emotion,  needs  a  word  or  two  of 
discussion,  because  practically  it  may  be  the  dominat- 
ing element  of  feeling,  just  as  theoretically  it  may  be 
wholly  wanting  in  any  affective  experience.  Into  the 
psychology  of  pleasure  and  pain,  of  pleasantness  and 
unpleasantness  especially,  we  cannot  go;  and  there  Is 
no  need  of  doing  so,  the  important  fact  being  that 
usually  an  emotion  or  a  feeling  is  either  distinctly 
agreeable  or  disagreeable,  and  at  times  almost  painful 
or  pleasurable,  although  rarely  the  affective  tone  can- 
not be  distinguished,  because  there  is  none.  Who,  for 
example,  will  say  whether  an  average  emotion  of  sur- 
prise or  of  anger  is  pleasant  or  luipleasant?  In  the 
emotion  of  delight,  on  the  other  hand,  or  of  fear,  the 
affective  tone  is  very  prominent;  in  the  former 
instance  very  pleasant  in  its  character,  and  in  the  latter 
of  a  nature  to  be  easily  confused  with  pain. 

Such  being  a  rather  technical  idea  of  emotion,  let 
us  glance  again  briefly  at  some  of  its  more  general 
l)roperties.  In  the  first  place,  feeling  (and  here  emo- 
tion is  included)  is  that  sort  of  consciousness,  that 
aspect  of  the  mental  process  which  is  closest  to  the 
soul  or  ego  of  the  individual.  It  is,  one  might  claim, 
the  most  personal  mode  of  consciousness,  that  in  which 
the  subject  takes  most  interest.  To  account  for  this, 
consider  its  inclusion,  usually  of  an  affective  tone,  of  a 
sense  or  experience  akin  to  pleasure  or  to  pain.  Of 
all  biological  principles  scarcely  any  is  more  universal 
than  that  every  animal,  be  it  worm  or  man,  seeks  sat- 
isfactions and  avoids  dissatisfactions,  seeks  pleasant- 
ness and  shuns  unpleasantness,  strives  after  pleasure 
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and  evades  pain  in  all  its  normal  inclinations.  When 
it  does  not  do  so,  the  presumption  is  warranted  that 
the  animal,  almost  man,  always  has  gotten  beyond 
the  biological  into  the  range  of  satisfactions  with  which 
we  here  have  no  concern.  It  is,  then,  because  affec- 
tive states  more  than  other  sorts  of  consciousness  have 
this  tone  of  pleasantness,  or  of  unpleasantness  usually, 
that  these  feelings  and  emotions  control  the  conduct 
of  the  individual  more  than  do  other  sorts  of  experi- 
ence. One  remembers  the  emotion  vividly  that 
gnawed  his  soul,  and  it  seems  as  a  criterion,  as  the 
occasion  or  the  deterrent  of  future  action.  Again, 
the  emotions,  theoretically  as  well  as  introspectively, 
are  largely  interwoven  with  the  instincts,  many  of  them 
being,  one  might  almost  say,  minor  instincts,  more  tem- 
porary as  a  rule,  but  otherwise  of  the  same  general 
nature,  although,  of  course,  different  in  particulars. 

One  can  speak  of  the  feelings  and  emotions,  in  an 
important  sense,  as  the  reactions  of  the  individual 
personality  at  the  same  time  to  its  environment  and 
to  the  cenesthetic  fabric  of  sensations  (see  the  article 
on  Cenesthesia  in  the  preceding  volume  of  this  Hand- 
book) characteristic  of  the  respective  feeling  or 
emotion.  Feeling  then  is  the  aspect  of  mind  (will 
and  ideation  being  the  other  two)  that  is  closest  to 
the  verj-  soul,  so  to  say,  of  the  individual.  The  reason 
for  this  lies,  it  is  clear,  in  the  recondite  nature  of 
pleasantness  and  of  unpleasantness,  the  "affective 
tone,"  characteristic  of  all  feeling.  Here  (be  it 
repeated  for  emphasis)  is  the  fundamental  fact  of  life ; 
every  sentient  being  seems  to  seek  inevitably  his 
possible  maximum  of  satisfaction.  It  often  is  not 
pleasure,  and  sometimes  is  not  pleasantness,  but  it 
always  is,  apparently,  the  logical  limit  of  this  kind  of 
experience,  a  limit  always  to  be  expressed  as  satis- 
faction. In  emotion  and  affective  experience  gen- 
erally this  phase  of  experience  is  most  obvious  and 
most  characteristic.  The  therapeutic  and  medical 
and  physiologic  value  of  this  general  state  of  mind, 
this  inevitable  appetition,  in  the  long  run  are  quite  be- 
yond easy  appreciation.  But  the  reason  lies  in  the 
universal  stimulation,  perhaps,  which  feeling  of  the 
pleasant  sort  produces  in  the  organism  as  an  uniquely 
delicate  and  sensitive  "machine." 

As  we  have  noted  above,  a  chief  characteristic  of 
emotional  events  is  the  universality  of  their  physical 
influence,  that  is  in  the  body.  Whether  consciously  or 
not,  an  emotion  uninhibited  concerns  more  or  less 
every  part  of  the  frame,  thus  giving  the  richness  which 
is  empirically  characteristic  of  the  t^^pical  emotions. 
The  supposition  explains,  too,  the  uniquely  complex 
"expressions,"  their  great  variety,  and  consequently 
their  interest  for  the  observer.  Thus  the  emotions, 
by  means  of  their  bodily  side  (as  in  all  other  phases  of 
mind),  become  modes  of  social  communication  of  great 
importance,  second  in  value  only  to  written  or  vocal 
speech.  Much  care  and  pains  are  devoted  to  teaching 
the  child  the  various  proper  usages  of  speech,  while  the 
"  language  of  the  emotions  "  is  relegated  to  poetry  and 
to  sentimental  relations.  It  is  our  intention  oi'ly  to 
suggest  what  a  large,  practical,  even  monetary,  worth 
an  acquaintance  with  emotional  expression  ma.v  some- 
times have,  thereby  speaking  a  word  for  the  worth  of 
knowledge  other  than  that  of  facts  and  abstract 
theories. 

It  has  been  already  suggested  that  the  two  aspects 
of  emotion,  the  mental  and  the  bodily,  are  parallel 
to  each  other,  more  or  less,  and  wholly  and  mutually 
dependent.  The  details  of  this  correspondence 
(really,  we  may  presume,  an  interrelation)  are  as  yet 
vague,  but  the  general  fact  seems  clear  and  certain 
enough.  As  a  consequence  of  this  relation,  one  sees 
that  bodily  "expression"  accompanies  the  mental 
experience;  one  feels  an  emotion,  and  simultaneously 
his  body  takes  the  attitude,  or  does  the  things,  or 
exhibits  the  expression  peculiar  to  that  degree  of  that 
particular  sort  of  emotion.  For  example,  seeing  a 
mad  dog  rushing  about  a  street,  one  feels  frightened, 


looks  frightened,  and  runs  away.  On  the  other  hand, 
if  one  artificially  imitate  the  "expression"  of  an 
emotion  (provided  it  be  done  with  the  requisite  accu- 
racy and  vigor  sufficient  to  raise  the  needful  excitement 
in  the  mind),  tlie  curresijonding  feelings  are  experi- 
enced also.  (James.)  Tims  most  actors  who  pro- 
duce truly  exact  imitations  of  nature,  that  is,  the  really 
great  performers,  thoroughly  feel,  almost  always,  the 
emotions  they  pretend  to  feel  on  the  stage.  Imagine 
Mrs.  Fiske  or  Eleonora  Duse  playing  one  of  their 
remarkable  parts  without  feeling,  to  their  soul's 
depths,  what  they  make  us  feel.  The  pedagogical 
and  therapeutic  application  of  this  principle  (that, 
taking  an  attitude  with  the  natural  vigor  and  preci- 
sion, the  mental  side  accompanies,  and  vice  verm) 
is  common  knowledge,  and  in  the  school  room  gets  its 
recognition  in  the  universal  attention  given  erect 
positions,  "shoulders  back,"  "heads  up,"  etc.  This  is 
not  a  matter  only  of  proper  physical  development, 
for  it  directly  influences  beneficially  the  mental  atti- 
tude of  the  pupil  toward  things  in  general,  toward 
himself  as  person  and  as  agent  in  particular.  Glad- 
ness is  expansive  and  extensor  in  its  bodily  expression, 
while  sorrow  and  self-abasement  are  contracted  and 
stooping.  Joy,  too,  is  active  and  progressive,  strenu- 
ous (sthenic  is  the  technical  term),  whUe  grief  and 
pain,  its  opposite,  are  quiet  and  obstructive  of  real 
living.  Thus  physical  activity  stimulates  mental 
activity,  more  or  less,  when  not  overviolent,  and 
develops  latent  mental  vigor.  It  is  important,  then, 
to  insist  that  the  young  student  shall  conform  to  the 
rules  of  bodily  posture  which  experience  has  taught 
give  the  greatest  ph3'sical  and  mental  freedom.  To 
hold  one's  head  up,  other  things  being  eqiial,  is,  we 
may  be  sure,  to  hold  one's  moral  and  perhaps  mental 
standard  higher,  too.  This  principle  is  basal  in 
Medicine. 

Turn  this  matter  quit«  about  and  one  also  sees  rela- 
tions of  value  everywhere.  Just  as  mental  attitude 
accompanies  physical  attitude  when  part  of  an  emo- 
tion, so  of  course  bodily  expression,  in  the  technical 
sense,  is  concomitant  with  the  mental  side  of  affective 
states.  Good  humor  means  physical  vigor  and  liveli- 
ness and  useful  bodily  functioning;  therefore  good 
humor  has  a  very  practical  value.  The  best  edu- 
cators, like  the  best  popular  lecturers,  appreciate  this 
relation  and  put  it  continually  into  practice.  The 
object  of  the  lecturer  in  this  is  to  give  his  auditors 
pleasure,  for  which  they  have  paid  him  in  advance. 
The  object  of  the  educator  should  be  to  interest  his 
students  and  so  inevitably  to  draw  their  attention 
and  secure  vigorous  effort  to  learn.  Whatever  gives 
one  pleasure  (ethically,  satisfaction)  interests  above 
all  else.  In  an  entirely  homologous,  and  more  impor- 
tant way,  the  object  of  the  physician  should  strenu- 
ously be  to  take  advantage  of  the  sthenic  influence  of 
pleasant  emotion  in  every  possible  instance  and  at 
every  possible  moment  when  it  is  not  contraindicated. 

Once  more.  An  emotion  is  a  system  or  set  of  reac- 
tions which  tend  to  occur  on  the  presentation  to  the 
individual  of  the  proper  stimuli  under  the  necessary 
subjective  conditions.  In  the  yoimg  child  and  in  the 
savage,  as  well  as  in  the  brute  in  his  natural  state,  one 
sees  these  emotional  reactions  very  generally  carried 
out  in  their  theoretical  form.  In  civilized  comnumi- 
ties  among  adults  we  obsen-e,  on  the  contrary, 
comparatively  little  of  affective  expression;  in  some 
nationalities,  however,  more  of  it  than  in  others.  The 
tendencies  which  have  been  at  work  thus  to  modify 
and  mollify  the  natural  emotions  of  men  are  various, 
but,  however  interesting  to  medical  theory,  cannot  be 
considered  here.  These,  however,  all  tend  to  the 
same  end,  namely,  toward  repression  or  inhibition 
of  the  bodily  side  of  the  emotional  du;il  process,  and 
regularly,  we  may  suppose,  at  the  expense  also  of 
mental  affective  experience.  This  inhibition  of  natu- 
ral tendencies  or  "expressions"  for  the  benefit  of 
other   tendencies   more   generally   useful,    is   part   of 
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civilizatiuM,  a  function  of  every  phase  of  education. 
This  is  indeed  perhaps  the  hardest  problem  and  cer- 
tairJv  the  most  important  as  one  starts  out  to  educate 
a  child:  so  to  interest  him  that  he  will  gradually  learn 
to  inhil)it  extraneous  and  especially  affective  influ- 
ences, so  that  he  can  devote  his  attention  and  energies 
to  useful  systems.  In  a  similar  manner  it  is  becoming 
recognized  as  a  basal  therapeutic  necessity  in  medicine 
to  teach  one's  patients  the  resistless  force  of  harmful 
influences  becoming  habitual,  and  especially  when 
(as  is  usual  rather  than  unusual)  an  emotional  tone 
is  involved  with  its  persuasive  tang  either  pleasant 
or  unpleasant. 

The  educational  element  of  his  obligation  to  society 
the  physician  is  csi)ecially  prone  to  forget  or  to  ignore. 
The  very  least  the  intelligent  practitioner  can  do, 
however,"  on  the  sound  principle  of  noblesse  oblige, 
is  to  see  to  it  that  every  patient  who  can  benefit 
thereby  receives  from  his  entire  environment  the  cura- 
tive influence  of  a  hajipy,  or  at  least  pleasant,  emo- 
tional tone.  Modern  psychology  and  physiology  are 
now  engaged,  in  part,  in  making  us  really  imderstand 
the  scientific  basis  of  this  familiar  old  idea.  It  is 
not  religion  or  Eddyism  or  mental  healing,  but  an 
important  phase  of  modern  therapeutics,  at  whose 
foundations  are  the  tlieory  and  facts  of  emotion  on  a 
strictly  sound  scientific  basis. 

Readers  who  care  for  fiirther  technical  information 
on  emotion  and  feeling  might  consult  the  "Principles 
of  Psychology"  by  Wni.  James,  or  the  "Outlines  of 
Psychology  "by  Harold  Iloff'ding.  _  Henry  Maudsley's 
discussion  of  the  affective  tone  is  unexcelled.  For 
monographs  on  particular  emotions  see  Angelo 
Mosso's  "Fear"  and  the  present  writer's  "Emotion  of 
Joy,"  which  last  contains  a  bibliography  of  most  of 
the  available  literature  on  this  subject. 

George  V.  N.  Dearborn. 


Emphysema,  Pulmonary. — Emphysema  of  the 
lungs,  is  the  condition  in  which  there  is  dilatation  of 
the  air  vesicles  with  atrophy  of  the  alveolar  walls. 
Strictly  speaking  there  come  under  this  definition 
three  forms  of  the  disease:  h>-pertrophic  or  large- 
lunged  emphysema,  atrophic  or  small-lunged  emphy- 
sema, sometimes  know^l  as  senile  atrophy,  and  local  or 
compensatory  emphysema.  In  addition  to  these 
forms  it  is  convenient  to  consider  here  certain  other 
conditions  to  which  the  term  emphysema  is  applied, 
viz.,  acute  vesicular  emphysema  and  interstitial 
emphysema. 

I.  Hypertrophic  Emphysema. — Synonym:  large- 
lunged  emphysema. 

Morbid  Anatomy. — The  lungs  are  large  and  dis- 
tended itnd  do  not  collapse  when  the  chest  is  opened. 
The  borders  are  rounded,  encroaching  on  the  heart, 
sometimes  meeting  and  even  overlapping  beneath  the 
sternum;  the  apices  project  far  above  the  clavicles 
and  the  diaphragm  is  depressed  by  the  voluminous 
lungs.  In  color  the  organs  are  of  a  pale  gray  or  gray- 
ish-red, and  often  streaked  with  lines  and  spots  of 
pigment.  The  outlines  of  the  lobules  are  more  dis- 
tinct than  in  health,  and  on  close  observation  the 
individual  air  cells  appear  as  clear  dilated  vesicles 
reaching  the  size  of  small  shot  or  somewhat  larger; 
in  occasional  instances  large  thin-walled  blebs  or 
bullae  form  from  the  union  of  smaller  vesicles  and  reach 
the  size  of  a  cherry  or  walnut.  To  the  feel  the  organs 
are  soft  and  downy,  they  pit  on  pressure  owing  to  loss 
of  elasticity,  they  do  not  crepitate  like  healthy  lungs, 
and  when  placed  in  water  they  float  higher  than  usual. 

These  changes,  although  thej-  may  be  generalized, 
are  seen  earliest  and  reach  their  highest  development 
In  those  areas  of  the  lungs  which  are  unsupported  by 
firm  and  resisting  portions  of  the  chest  wall.  They 
are  thus  best  seen  at  the  apices,  along  the  anterior 
borders,  especially  on  the  left  side,  at  the  lingula 
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and  at  tlie  bases  of  the  lungs,  particularly  at  the  free 
borders  and  on  the  left  side  where  the  firm  support  of 
the  liver  is  lacking. 

Microscopically  the  alveolar  walls  are  much  thinned 
and  the  vesicles  and  infundibula  are  much  enlarged. 
lUndfleisch  has  shown  that  extensive  anastomoses 
take  place  between  the  pulmonary  arterioles  and  the 
veins. 

The  bronchi  often  show  evidence  of  chronic  catarrhal 
inflammation,  a  condition  which,  as  will  be  presently 
seen,  is  a  frequent  precursor  of  emph3-sema. 

In  rare  instances  rupture  of  the  thinned-walled 
vesicles  may  occur  and  an  escape  of  air  take  place  into 
the  pleura,  producing  pneumothorax,  or  into  the 
cellular  tissue  of  the  lung  or  mediastinum,  whence  it 
may  reach  the  subcutaneous  tissues  of  the  neck  and 
thorax  and  cause  subcutaneous  emphysema. 

Changes  in  the  right  heart  are  commonly  seen  in 
advanced  cases  of  emphysema.  O^-ing  to  the 
increased  strain  thrown  on  the  right  ventricle  as  the 
result  of  the  occlusion  of  large  areas  of  capillary  ves- 
sels, dilatation-hypertrophy  sets  in  primarily  on  this 
side,  leading  to  tricuspid  regurgitation  and  ultimately 
to  the  same  train  of  morbid  changes,  consisting  in 
chronic  congestion  of  the  various  viscera,  as  are  seen 
in  cases  of  chronic  heart  disease.  The  main  branches 
of  the  pulmonary  artery  sometimes  undergo  chronic 
sclerotic  changes,  the  result  of  long-continued  high 
arterial  pressure. 

Pathogenesis. — Much  discussion  has  centered  about 
the  pathogeny  of  emphysema,  and  the  chief  theories 
of  its  production  may  be  briefly  discussed  under  three 
heads. 

1.  Inspiratory  Theory. — Laennec  first  advanced  the 
view  that  emphysema  occurred  during  inspiration 
owing  to  the  inspiratory  movements  being  more  power- 
ful than  the  expiratory.  Gairdner  subsequently 
developed  this  theory  of  emphysema  and  put  forward 
a  h^-pothesis  which  is  still  regarded  as  correct  but 
only  in  a  very  limited  sense.  According  to  this 
writer  diminuti,on  in  the  volume  of  the  lung,  due  to 
collapse  from  bronchitis  or  bronchopneumonia,  or 
again  recession  from  fibroid  change,  precedes  the 
development  of  emphysema,  and  the  adjacent  air 
vesicles  dilate  to  take  the  place  of  the  collapsed  areas. 
That  such  a  sequence  does  occur  is  generally  admitted 
in  the  development  of  local  or  compensatory  emphy- 
sema, but  it  is  regarded  as  of  altogether  secondary 
importance  in  the  production  of  the  form  of  the  dis- 
ease now  under  discussion.  Gairdner's  suggestion 
that  the  inspired  air  expanded  in  the  air  vesicles  under 
the  influence  of  the  body  heat  hardly  needs  refuting, 
as  it  is  now  well  known  that  the  inspired  air  is  heated 
in  the  nasal  cavities. 

2.  Expiratory  Theory. — Jenner  (Med.-Chir.  See. 
Trans.,  vol.  xi.),  although  preceded  by  Mendelssohn, 
independently  advanced  the  view  that  emphysema 
was  produced  chiefly  by  forces  acting  during  expira- 
tion. He  showed  "that  during  violent  expiratory 
actions,  such  as  cough  or  straining  efforts,  certain 
portions  of  the  lungs  being  unsupported  by  rigid  parts 
of  the  chest  wall,  yield  and  dilate  imder  the  influence 
of  expiratory  forces,  and  that  the  apices,  the  anterior 
borders  and  the  bases,  especially  along  their  free 
margins,  are  exactly  those  parts  which  are  least  sup- 
ported and  which  are  affected  earliest  and  in  the  high- 
est degree  by  emphysema.  In  support  of  his  view 
Jenner  pointed  out  the  bulging  that  takes  place  at  the 
apices  during  an  attack  of  cough,  especially  when  the 
hmg  is  affected  by  emphysema,  and  he  also  quotes 
Louis  as  his  authority  for  the  statement  that  the  base 
of  the  left  lung  is  affected  by  emphysema  t-n-ice  as 
often  as  the  right,  owing  to  the  absence  of  the  firm 
support  by  the  liver. 

The  frequency  of  emphysema  in  old-standing  cases 
of  bronchitis  is  readily  explained  by  the  application 
of  Jenner's  views.  Diiring  the  accompanying  cough  a 
deep  inspiration  is  taken,  the  glottis  is  closed,  and  a 
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violent  exjjiratory  effort  is  brouglit  about  by  the  mus- 
cles of  expiration,  compressing  the  lung  and  catising 
dilatation  of  these  organs  in  the  parts  referred  to. 
A  similar  mechanism  comes  into  play  during  the  se- 
vere muscular  efforts  caused  by  such  movements  as 
lifting  or  dragging  heavy  weights,  straining  at  stool, 
or  playing  on  a  wind-instrument. 

The  emphysema  which  is  so  frequently  seen  in  old 
cases  of  asthma  is  not  so  readily  explained.  The 
bronchitis  and  cough  which  are  such  common  accom- 
paniments of  asthma  are  undoubtedly  responsible  in 
great  part,  inducing  emphysema  by  expiratory 
efforts  as  in  bronchitis,  but  this  hardly  seems  the  whole 
explanation.  Diiring  an  attack  of  asthma  a  tempo- 
rary emphysema  frequently  develops,  particularly 
when  the  attack  is  prolonged  or  severe,  and  pases  off 
as  it  subsides.  The  enlargement  and  fixation  of 
the  chest  in  the  inspiratory  posture,  together  with  the 
noticeable  difficulty  in  expiration,  indicate  difficulty  in 
expelling  air  from  the  chest,  and  in  consequence  the 
alveoli  become  overfilled.  Accepting  the  usual  view 
that  asthma  is  due  to  obstruction  of  the  smaller  tubes, 
resulting  from  spasm  or  catarrh,  it  is  assumed  that  the 
resistance  to  the  exit  of  air  is  greater  than  to  its  entry, 
and  in  consequence  the  alveoli  gradually  become 
distended. 

3.  Vital  Causes. — Most  clinicians  agree  that  emphy- 
sema is  occasionalh'  foiuid  when  no  apparent  cause 
has  been  in  operation  or  when  the  historv  of  cough  or 
other  cause  has  been  slight  or  of  short  duration.  In 
such  instances  it  is  assumed  that  there  is  a  congenital 
deficiency  in  the  quality  of  the  lung  tissue,  allowing  it 
to  yield  under  the  ordinary  strain  to  which  it  is  of 
necessity  subjected.  In  support  of  this  view  it  may 
be  urged  that  emphysema  is  not  uncommonly  found 
in  several  members  of  a  family,  and  a  number  of 
observers  have  recorded  a  marked  hereditary  tendency 
in  the  disease. 

Cohnheim  has  endeavored  to  show  that  a  defective 
development  of  elastic  tissue  underlies  the  production 
of  emphysema,  but  a  deficiency  in  this  tissue  ma.v  sim- 
ply represent  the  atrophy  accompanying  the  morbid 
process. 

Summing  up,  then;  the  conditions  tending  to 
produce  emphysema  we  must  attribute  special  weight 
to  violent  expiratory  efforts.  0^\'ing  to  the  yielding 
character  of  certain  portions  of  the  thoracic  cavity 
the  air  is  compressed  and  driven  into  the  underlying 
alveoli,  which  dilate  and  ultimately  become  emphy- 
sematous. In  this  form  of  emphysema  inspiratory 
causes,  apart  from  the  possible  inspiratory  distention 
caused  by  asthma,  play  no  part,  and  lastly,  while  it 
seems  probable  that  as  in  other  tissues  there  may 
be  a  lack  in  resisting  power,  we  have  no  definite 
anatomical  knowledge  in  what  this  consists. 

Etiology. — Age.  Emphysema  occurs  at  all  periods 
of  life,  but  it  is  more  frequently  found  in  adults  beyond 
middle  life,  although  it  occurs  even  in  young  children. 

Sex.  Males  are  more  exposed  to  the  causes  favor- 
ing the  development  of  emphysema,  and  it  is  conse- 
quently more  frequent  in  this  sex  than  in  females. 

Occupation.  AH  occupations  involving  exposure 
and  catarrhal  effections  or  heavy  straining  efforts  tend 
to  produce  emphysema  by  causing  violent  expiratory 
efforts.  It  is  thus  found  more  amongst  the  laboring 
than  the  leisure  classes. 

Previous  Diseases.  Of  all  the  causes  of  emphysema 
chronic  or  recurring  bronchitis  is  by  far  the  most 
common.  It  is  indeed  unusual  to  find  old-standing 
cases  of  this  nature  'nithout  some  accompanying 
emphysema.  In  children  the  cough  of  pertussis  and 
of  the  pulmonary  lesions  associated  with  measles  are 
occasional  factors  in  the  development  of  the  disease, 
and  Osier  remarks  on  the  frequency  of  emphysema  in 
the  asthmatic  attacks  associated  \\'ith  adenoid  gro-5\-t.hs. 
In  chronic  cardiac  disease  and  in  arterial  sclerosis  with 
its  accompanying  cardiac  and  renal  lesions  emphy- 
sema is  often  seen. 


It  is  probable  that  inflammatory  changes  in  the 
lung  sometimes  les.seii  its  resisting  power  and  favor  the 
production  of  emi)hysema.  A  case  of  Hertz's  is 
quoted  by  Hilton  Fagge,  in  which  emphysema  rapidly 
developed  in  a  cornet  player  after  an  attack  of  double 
pneumonia. 

Symptoms. — The  onset  of  emphysema  is  slow  and 
insidious,  although  it  occasionally  develops  rather 
rapidly  after  an  attack  of  broncliitis  or  whooping 
cough.  No  special  symptoms  are  noticed  in  the 
earlier  stages  of  the  malady,  although  there  is  a  fre- 
quent history  of  chronic  or  recurring  bronchitis. 

Dyspnea  is  by  far  the  most  important  and  promi- 
nent feature  of  the  malady.  The  patient  notices 
after  any  unusual  effort  tliat  he  suffers  somewhat 
from  shortness  of  breath.  The  difficiilty  is  aggra- 
vated by  every  slight  attack  of  bronchial  catarrh.  As 
the  disease  advances  the  dyspnea  increases  and  there 
are  paroxysmal  attacks  like  asthma,  especially  with 
any  accession  of  catarrhal  trouble,  and  are  accompa- 
nied by  wheezing,  prolonged  expiration,  and  orthop- 
nea. Eventually  dyspnea  becomes  more  constant  and 
present  even  at  rest,  the  patient  sits  propped  up  by 
pillows  or  in  an  armchair,  and  the  slightest  exertion 
is  accompanied  by  an  increase  of  dyspnea. 

A  slight  tinge  of  lividity  about  the  lips  and  finger 
nails  is  present,  indicating  deficient  aeration  of  blood, 
and  in  advanced  stages  there  may  be  a  most  intense 
degree  of  cyanosis.  With  this,  however,  the  patient 
may  not  be  incapacitated  for  slight  exertion,  and  as 
Osier  remarks  there  is  hardly  any  other  condition  in 
which  a  patient  may  go  about  and  even  walk  to  a 
hospital  with  a  lividity  of  startling  intensity. 

Hemoptysis  is  not  often  noticed  in  emphysema,  and 
when  present  is  suggestive  of  a  complicating  tubercu- 
losis. Recurring  hemorrhages  have,  however,  been 
observed,  and  although  usually  slight,  have  been 
known  to  be  severe  and  even  to  prove  fatal. 

Cough  and  expectoration,  strictly  speaking,  depend 
on  associated  bronchitis,  but  many  individuals,  in 
whom  bronchitis  is  a  subordinate  feature,  suffer 
from  a  slight  cough  and  expectorate  clear  perles  of 
mucus. 

The  course  of  the  disease  is  usually  progressive. 
The  symptoms  are  much  aggravated  during  attacks  of 
bronchitis,  and  eacli  attack  tends  to  increase  the 
emphysematous  condition  and  the  distress  of  the 
patient.  Dilatation  of  the  right  heart  may  still 
further  aggravate  the  dyspnea  and  distress  of  the 
sufferer;  edema  of  tlie  lower  extremities,  albumi- 
nuria, and  signs  of  portal  obstruction  set  in  and  the 
clinical  picture  is  that  of  advanced  cardiac  disease. 
There  is  dilatation  of  the  veins  of  the  neck  and  some- 
times   pulsation    indicating    tricuspid    regurgitation. 

Although  there  is  commonly  some  failure  in  general 
nutrition  in  emphysematous  patients,  it  is  only  in  the 
terminal  stages  of  the  disease  that  emaciation  becomes 
at  all  marked.  Clubbing  of  the  finger  nails  is  less 
frequent  than  might  be  anticipated,  occurring,  accord- 
ing to  Esbach,  only  once  in  six  cases. 

Physical  Signs. — The  recognition  of  the  disease  rests 
on  the  presence  of  certain  physical  signs.  In  a  well- 
marked  instance  the  appearance  of  the  chest  is  very 
characteristic.  The  thorax  is  rounded  or  barrel- 
shaped,  the  anteroposterior  diameter  is  increased,  and 
a  cyrtometer  tracing  may  even  show  that  it  exceeds 
tlie  transverse.  The  clavicles  are  prominent,  the 
supraclavicular  and  infraclavicul.ar  fossa-  are  deeper 
than  usual,  the  slioulders  are  rounded,  and  the  back  is 
convex,  causing  the  scapuUi!  to  assume  a  n\ore  hori- 
zontal position.  The  thorax  is  in  fact  fixed  in  the 
inspiratory  position,  and  the  sternomastoid  and 
trapezius  muscles  are  prominent  and  hypertropliied. 
The  first  and  second  pieces  of  the  sternum  sometimes 
form  a  prominent  angle,  known  as  the  angle  of  Ludo- 
vici,  the  bone  being  convex  from  above  down;  the 
intercostal  spaces  are  wide,  the  subcostal  angle  is 
increased,  while  the  projection  of  the  lower  ribs  gives 
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the  aljclonien  a  lioUow  appearance.  There  is  very 
slight  inspiratory  movement,  the  tape  measure  show- 
ing a  movement  often  not  exceeding  one-quarter  or 
one-lialf  an  incli, 

The  vocal  fremitus  is  somewhat  diminished  as  is 
also  vocal  resonance. 

While  the  above  signs  are  present  only  in  well- 
marked  cases  of  the  disease,  by  means  of  percussion 
even  slight  degrees  of  emphy.'iema  can  be  detected. 
The  resonant  areas  of  lung  are  increased,  and  instead 
of  cardiac  dulness  begiiuiing  at  the  fourtli  rib  it  is 
found  at  a  lower  level  and  may  indeed  be  altogether 
replaced  by  pulmonary  resonance  which  passes  into 
the  tympany  of  the  stomacli.  Tlie  liver  dulness  is  also 
lower  than  usual,  and  in  marked  instances  may  be 
completely  replaced  by  pulmonary  resonance.  Al- 
though di.splaced  downward,  it  is  only  seldom  that  the 
liepatic  border  can  be  palpated  owing  to  the  arching 
forward  of  the  lower  ribs  already  referred  to.  In  the 
back  the  resonant  note  of  the  lungs  is  also  lower  than 
usual,  reaching  as  low  as  the  lower  border  of  the 
twelfth  rib.  Not  only  are  the  resonant  areas  of  the 
lungs  increa.sed  in  extent,  but  the  character  of  the 
note  is  changed,  becoming  louder  and  deeper  than 
normal,  and  in  some  instances  it  is  even  tympanitic. 

On  auscultation  the  breath  sounds  are  distant  and 
feeble,  while  exjiiration  is  frequently  but  by  no  means 
always  prolonged. 

The  cardiac  impulse  is  feeble  owing  to  the  presence 
of  the  lung  between  the  heart  and  the  chest  wall,  and 
both  first  and  second  sounds  are  often  much  enfeebled 
from  the  same  cause.  A  systolic  murmur  is  not  very 
uncommon  at  the  lower  end  of  the  sternum  and  some- 
times indicates  a  tricuspid  regurgitation.  Increased 
pulsation  in  the  epigastric  region  is  often  found  due  to 
the  low  position  of  the  diaphragm,  and  it  is  sometimes 
intensified  by  enlargement  of  the  right  ventricle. 

Diagitosis. — Emphysema  is  readily  recognized  by 
the  characteristic  shape  of  the  chest  and,  in  slighter 
degrees  of  the  affection,  by  the  increases  in  the  resonant 
areas  of  percussion.  A  history  of  bronchitis  should 
always  suggest  careful  mapping  out  of  the  extent  of 
pulmonary  resonance.  Emphysema  is  very  apt  to 
obscure  the  diagnosis  of  other  affections  within  the 
thorax,  and  it  may  prove  difficult  or  impossible  to 
recognize  an  enlarged  heart,  an  aneurysm,  or  a  tuber- 
culous focus  at  the  apex  in  the  presence  of  marked 
emphysema.  The  diminution  of  the  liver  dulness 
sometimes  leads  to  an  erroneous  diagnosis  of  cirrhosis, 
an  error  easily  committed  without  a  due  appreciation 
of  the  increased  area  of  pulmonary  resonance. 

Prognosis. — Emphysema  is  an  extremely  chronic 
malady,  lasting  for  a  long  period  of  years.  The  prog- 
nosis is  influenced  largely  by  the  frequency  and  sever- 
ity of  attacks  of  bronchitis,  each  of  which  tends  to 
caijse  further  damage  to  the  lung  tissue.  In  individ- 
uals who  can  afford  to  reside  in  a  suitable  climate  and 
avoid  attacks  of  bronchial  catarrh  the  condition  mav 
be  stationary.  The  condition  of  the  heart  and  kid- 
neys requires  careful  consideration.  The  outlook  is 
not  good  when  evidence  of  breaking  down  of  cardiac 
compensation  is  present,  and  such  serious  signs  as 
dropsy  and  albuminuria  usually  presage  a  fatal  issue. 
Emphysema  is  a  frequent  accompaniment  of  inter- 
stitial nephritis  and  is  in  such  instances  altogether  a 
subordinate  feature,  the  prognosis  resting  on  the  con- 
dition of  the  kidneys. 

Treatment. — Jenner  truly  remarks  that  as  "emphv- 
sema  is  an  incurable  disease,  its  prevention  is  of  the 
highest  importance,  and  to  determine  its  cause  .  .  . 
is  to  determine  to  some  extent  the  means  to  be 
employed  for  its  prevention."  It  is  of  muchimpor- 
tance  to  prevent  frequent  recurrences  of  bronchitis 
and  to  this  end  the  various  causes  of  bronchitis  should 
be  as  far  as  possible  avoided.  If  circumstances  per- 
mit, residence  in  a  temperate  and  equable  climate  is 
to  be  recommended  in  winter  and  in  the  changeable 
and  uncertain  weather  of  the  spring  and  fall.     After 
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the  development  of  any  degree  of  the  disease  it  is  of 
importance  to  avoid  occupations  involving  straining 
efforts  as  such  are  certain  to  aggravate  the  malady. 

Patients  with  emphysema  usually  seek  advice  for 
attacks  of  bronchitis  or  asthma,  and  as  the  treatment 
of  these  conditions  does  not  differ  from  that  ordinarily 
adopted  it  is  not  necessary  further  to  refer  to  them 
here. 

The  use  of  the  compressed-air  bath  is  highly  spoken 
of  by  C.  T.  Williams,  Fowler,  and  others.  Dyspnea 
is  markedly  lessened  and  the  good  effect  continues 
after  a  course  of  baths.  The  lack  of  apparatus  has 
hitherto  prevented  any  extensive  use  of  this  mode  of 
treatment.  Expiration  into  rarefied  air,  carried  out 
with  the  view  of  emptying  the  chest  of  residual  air 
and  so  aiding  expiration,  has  not  been  attended  with 
such  good  results  as  the  use  of  compressed  air. 

Wiien  symptoms  of  carchac  failure  are  present  digi- 
talis and  strychnine  are  of  value,  and  in  cases  of 
marked  cyanosis  and  dyspnea  bleeding  and  the  with- 
drawal of  ten  to  twenty  ounces  of  blood  maj'  be 
necessary. 

It  is  of  importance  not  to  overload  the  stomach,  as 
distention  of  the  abdomen  increases  the  difficulty  of 
breathing  and  precipitates  asthmatic  attacks.  An 
occasional  dose  of  calomel  or  blue  pill  followed  by  a 
saline  is  of  much  value  in  relieving  the  portal  cir- 
culation, particularly  in  plethoric  subjects. 

II.  Atrophic  Emphysema. — Synonyms:  Small- 
lunged  emphysema,  Senile  atrophy.  This  variety 
of  emphysema  is  met  with  in  old  people  and  is  really 
a  senile  atrophy  of  the  lung,  accompanied  by  some  dil- 
atation of  the  air  vesicles. 

The  contrast  between  hypertrophic  and  atrophic 
emphysema  is  very  striking,  the  only  feature  they  have 
in  common  being  some  dilatation  of  the  air  sacs. 

In  atrophic  emphvsema  the  lungs  are  small  and 
dark-colored  from  excess  of  pigmentary  deposit. 
They  can  be  compressed  into  a  very  small  space  and 
collapse  when  the  thorax  is  opened.  The  bronchi 
share  in  the  general  atrophy  and  sometimes  present 
evidences  of  catarrhal  inflammation.  Some  of  the 
air  cells  are  enlarged,  partly  as  the  result  of  atrophy 
of  adjacent  alveolar  walls,  partly  from  the  bronchial 
cough  which  is  so  common  in  advanced  life.  The 
other  organs  present  the  changes  of  senile  involution. 

Individuals  who  are  the  subjects  of  this  condition 
are  thin,  old,  and  shrivelled-looking,  and  they  do  not 
suffer  from  any  symptom  which  can  be  dissociated 
from  the  debility  and  failure  of  old  age.  Dyspnea  is 
absent  owing  to  the  general  atrophy  of  the  tissues 
causing  a  lessened  demand  for  oxygen. 

The  thorax  is  diminished  in  size  and  the  ribs  lie 
more  obliquely  than  usual,  being  closely  packed 
together  and  the  lower  ones  depressed  so  as  to  be  near 
the  iliac  crest.  The  shoulders  are  often  rounded  and 
stooping  is  therefore  present.  The  percus.sion  note 
is  often  hyperresonant,  owing  to  the  thin  chest  wall, 
but  the  pulmonary  area  is  not  increased  as  in  the 
hypertrophic  form.  Cardiac  dulness  is  not  dimin- 
ished and  may  even  be  increased  owing  to  retraction 
of  the  lungs. 

III.  Compensatory  Emphysema. — This  form  of 
emphysema  results  from  disease  of  any  portion  of  the 
lung  in  which  the  volume  of  the  organ  is  diminished. 
It  is  seen  constantly  in  the  neighborhood  of  old  tuber- 
culous foci  or  of  areas  of  collapse  in  bronchopneu- 
monia. With  disease  resulting  in  contraction  of  one 
lung  the  opposite  side  becomes  emphvsematous,  this 
change  being  seen  in  its  highest  degree  in  the  fibroid 
lung,  and  to  a  lesser  extent  in  pleurisy  or  pneumo- 
thorax. In  the  earlier  stages  of  the  affection  the  air 
vesicles  are  simply  dilated,  but  ultimately  the  adja- 
cent alveolar  walls  atrophy  and  a  permanent  dilata- 
tion ensues.  Gairdner's  view  that  emphysema  is  due 
to  inspiratory  stretching  of  the  air  vesicles  is  probably 
in  part  the  explanation  of  this  form  of  emphysema, 
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although  the  expiratory  stretching  due  to  cough,  so 
rarely  absent  in  pulmonary  disease,  doubtless  inten- 
sifies the  condition.  When  confined  to  a  small  area 
this  form  of  emphysema  is  chieth*  of  pathological 
interest  and  may  give  rise  to  no  physical  signs.  A 
hyperresonant  note  with  feeble  respiratory  murmur 
and  prolonged  expiration  over  a  limited  area  of  lung 
is  suggestive  of  the  condition,  and  if  present  at  the 
apex  of  a  lung  usually  indicates  a  tuberculous  focus. 
Compensatory  change  in  a  healthy  lung  may  be  of 
the  nature  of  true  hypertrophy.  It  is  indicated  by  an 
increased  rather  than  diminished  expansion,  and  by 
the  presence  of  puerile  breathing. 

Acute  Vesicular  Emphysem.\. — In  any  condition 
in  which  extreme  dyspnea  is  present  this  type  of  em- 
physema develops.  It  occurs  in  the  dyspnea  of  car- 
diac or  renal  disease,  in  asthma  and  bronchitis,  and  in 
obstruction  of  the  air  passages. 

There  is  only  a  temporary  distention  of  the  air 
vesicles,  pas.sing  off  with  the  cessation  of  the  dyspneic 
attack,  and  not  going  on  to  atrophy-  and  destruction  of 
the  alveolar  walls. 

The  condition  is  recognized  by  the  extreme  inspir- 
atory distention  of  the  thorax,  by  the  increase  of  the 
resonant  areas  of  the  lungs,  and  by  the  hyperresonant 
note.  Edema  is  frequently  present,  evidenced  by 
the  crackling  rales  at  the  bases  and  bj'  sonorous 
and  sibilant  rales  over  the  chest. 

The  treatment  is  that  of  the  primary  condition. 

In-ter.stiti.\l  Emphysema. — This  form  of  emphy- 
sema is  rather  rare  and,  clinically,  is  of  but  slight 
importance. 

Air  occasionally  passes  into  the  interstitial  tissue 
of  the  lung  from  rupture  of  an  air  vesicle.  This 
accidfmt  is  seen  after  severe  paroxysms  of  cough,  and  it 
is  probable  that  such  a  condition  not  infrequently 
occurs  and  recovery  ensues  without  any  special  symp- 
toms. In  some  instances,  however,  the  air  passes 
along  the  connective  tissue  to  the  mediastinum  and 
thence  to  the  subcutaneous  tissue  of  the  neck  and  tho- 
rax, where  it  is  recognized  by  the  crepitating  sensation 
conveyed  to  the  fingers.  On  the  other  hand,  the  air 
may  find  its  way  down  from  a  wound  in  the  neck,  be- 
neath the  deep  fascia,  and  thence  to  the  connective 
tissue  of  the  lung.  Money  has  recorded  cases  of 
tracheotomy  wounds  in  which  this  complication 
arose,  and  in  a  few  instances  pneumothorax  was  in- 
duced by  rupture  of  the  pleura. 
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Emphysema,  Subcutaneous. — By  this  term,  or 
pneumatosis,  is  meant  the  presence  of  air  or  other 
gaseous  compounds  beneath  the  skin. 

Symptoms.  — The  evidences  of  this  condition  are:  a 
swelling  covered  with  skin  of  either  normal  appear- 
ance or,  if  the  pressure  upon  it  be  great,  rather  pale; 
this  tumor  pits  upon  pressure,  as  in  the  case  of  ana- 
sarca, but  the  pitting  more  quickly  disappears  when 
the  swelUng  is  due  to  the  presence  of  air.  Palpation 
causes  a  peculiar  crackling  or  crepitation  in  the  sub- 
cutaneous tissues.  If  the  air  have  entered  from  with- 
out, a  wound  or  puncture  can  generally  be  discovered; 
if  from  within,  expiratory  efforts  with  closed  lips  and 
nostrils  will  generally  produce  immediate  increase  in 
size.  It  is  possible  for  the  whole  subcutaneous  tissue 
to  become  inflated  from  anj-  superficial  part  of  the 
body  as  a  starting-point. 

In  case  the  emphysema  is  that  of  decomposition, 
there  may  be  an  altered  hue  of  the  integument;  but 
the  discoloration,  of  course,  is  entirel)'  independent 
of  the  emphysema. 

Etiology. — Subcutaneous  emphysema  may  result 
from  causes  either  traumatic  or  pathological.  Among 
instances  of  the  latter  may  be  mentioned  ulcers  or 
abscesses  communicating  with  the  air  pa.ssages,  and,  as 


already  suggested,  gangrene.  We  may  include  in  the 
discussion  of  this  subject  emphysema  of  other  parts 
external  to  the  lungs,  such  as  mediastinal  and  sub- 
mucous collections  of  air. 

In  the  head,  orbital  emphysema  sometimes  follows 
a  blow  of  sufficient  violence  to  break  one  of  the  thin 
and  fragile  bones  of  the  inner  wall  of  the  orbit — the 
lacrymal  or  thj  orbital  plate  of  the  ethmoid.  If,  .soon 
thereafter,  the  patient  blows  his  nose,  the  compres.sed 
air  finds  a  ready  exit  from  the  nose  into  the  orbit,  and 
distends  the  lids. 

Eustachiaii  Emphysema. — \n  ulcer  of  the  tube,  or 
a  rupture  following  awkward  Eustachian  catheteriza- 
tion, may  lead  to  distention  and  approximation  of 
the  pharyngeal  walls  by  the  dissecting  air.  Blowing 
the  nose  and  the  Valsalvan  experiment  increase  the 
emphysema  in  these  cases.  Von  Troltsch  mentions 
a  case  in  which  dysphagia  consequent  upon  such 
emphysema  persisted  for  five  days. 

In  the  neck  we  may  have  escape  of  air  as  a  result  of 
foreign  bodies,  ulcers,  or  abscesses  perforating  the 
esophageal,  laryngeal,  or  tracheal  wall;  but  emphy- 
sema will  not  be  produced  if,  as  a  result  of  the  perfora- 
tion, a  broncho-esophageal  fistula  is  established. 

Ulcers  of  the  larynx  or  trachea  may  lead  to  sub- 
mucous dissection  by  air.  Wounds  of  the  neck  pene- 
trating these  parts  may  be  followed  by  subcutaneous 
emphysema  if  there  is  not  free  escape  for  the  expired 
air.  Under  these  circumstances  inflation  of  the  skin 
has  been  known  to  occur  over  an  area  extending 
from  the  head  to  the  scrotum.  As  a  rule,  the  con- 
sequences are  not  serious;  but  Holmes  quotes  Hilton 
as  stating  that  emphysema  about  the  phrenic  nerves 
may  so  interfere  with  their  functional  integrity  as  to 
cause  death. 

During  tracheotomy,  and  afterward  if  much 
inspiratory  difficulty  is  present,  Champneys  finds 
that  anterior  mediastinal  emphysema  and  even 
pneumothorax  are  Uable  to  occur;  and  this  is  es- 
pecially so  if  artificial  respiration  by  Schultze's 
method  is  employed. 

In  the  chest  we  may  have  the  surgical  symptom  in 
question  produced  in  several  ways:  Pathologically 
by  the  opening  of  a  vomica  or  abscess  of  the  lung  into 
the  parietes  of  the  chest,  the  two  pleural  surfaces 
being  adherent  at  the  point  where  the  abscess  per- 
forates. Emphysema  sometimes  complicates  wounds 
of  the  chest-wail,  both  the  penetrating  and  the  non- 
penetrating varieties.  In  the  latter  instance,  the 
air  which  enters  the  wound  from  without  during  one 
movement  of  respiration  is  prevented  in  a  valvular 
way  from  escaping  during  the  opposed  movement, 
and  is  dis.seminated  by  the  muscular  and  tegumentary 
pressure  upon  it  during  this  movement.  In  the  case 
of  wounds  penetrating  the  parietal  pleura  only,  we 
may,  besides  the  consequent  pneumothorax,  have  a 
subcutaneous  emphysema  from  the  same  cause. 

Wounds  that  penetrate  the  lung,  and  a  puncture  of 
the  lung  by  a  fractured  rib,  are  alike  liable  to  produce 
emphysema,  air  escaping  from  the  lung  with  the 
same  result  as  in  the  case  last  given. 

A  rare  variety  of  traumatic  emphysema  of  thoracic 
origin  is  that  consequent  upon  rupture  of  air  cells  by 
violent  expiratory  efforts,  vrith  a  closed  or  partially 
closed  glottis,  as  while  coughing,  straining,  or  blowing 
a  wind  instrument.  Here  the  air  makes  its  way 
between  the  lobules,  and,  unless  it  ruptures  the 
pleura,  producing  pneumothorax,  it  escapes  at  the 
root  of  the  lung  into  the  mediastina,  and  thence  into 
the  cellular  tissue  of  the  neck,  becoming  subcutaneous. 
Guttman  says:  "Most  of  the  cases  of  this  variety  of 
emphysema  are  observed  in  connection  with  croup, 
diphtiieritis  of  the  larynx,  whooping-cough,  and 
bronchitis  in  children,  and  with  advanced  pulmonary 
emphysema  in  the  aged."  I  have  seen  one  case 
complicating  whooping-cough.  The  patient,  a  child 
of  two  years,  had  been  suffering  for  about  three 
weeks,  the  parents  said,  from  violent  fits  of  coughing. 
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I  was  called  to  treat  the  sudden  appeiirance  of 
"dropsv"  in  the  case.  I  found  the  skin  of  the  head, 
neck,  and  chest  distended,  crepitation  everywhere 
well  marked,  and  no  dropsy.  Whenever  the  child 
coughed  the  swelling  incresi.sed  in  size  suddenly, 
apparently  causing  distention  first  in  the  left  supra- 
clavicular region.  The  respiration  was  r.apid,  but 
seeminglv  free;  the  pulse  rapid  and  feeble.  The 
child  died  within  a  few  hours.  Unfortunately,  no 
autopsv  was  allowed. 

In  the  abdomen  we  may  have  subcutaneous  emphy- 
sema from  \ilcerative  perforation  of  the  stomach  or 
intestine  at  a  point  previously  adherent  to  the 
abdominal  wall.  Unless  such  adhesions  prevent  it, 
gas  will  escape  from  the  viscera  into  the  peritoneal 
cavity. 

Artificial  Production. — Subcutaneous  emph.v- 
sema  possesses  an  interest  for  us  outside  of  its  patho- 
logical or  accidental  caus.ation.  It  has  often  been 
induced  intentionally  by  the  malingerer;  and,  more- 
over, its  production  was  once  seriously  advocated 
by  Dr.  11.  R.  Sylvester  in  an  article  entitled  "On 
Life-saving  from  Drowning,  by  Self-inflation."  Hero 
it  was  recommended  that  those  in  peril  of  the  deep 
should  make  a  sm.all  puncture  or  cut  in  the  cheek, 
leading  from  the  mucous  membrane  about  opposite 
the  first  molar  tooth  to — but  not  through — the 
superficial  fascia  and  skin;  and  then,  closing  the  lips 
tightly,  they  should  proceed  to  blow  themselves  up, 
until  the  skin  of  the  head,  neck,  and  chest  was 
distended.  Dr.  Sylvester  alleged  that  a  moderate 
and  quite  painless  and  harmless  inflation  was  ample 
to  keep  one  afloat  without  effort.  It  seems  probable 
that  Vidocq  refers  to  such  a  practice  when,  in  his 
memoirs — as  mentioned  by  Gavin — he  asserts  that 
he  could  make  his  head  swell  like  a  bushel,  without 
giving  p.ain,  and  that  he  could  remove  all  traces  of  it 
by  the  day  following. 

In  order  to  test  the  degree  of  pain,  and  the  sub- 
jective effects  of  such  distention  upon  the  skin,  I 
some  time  ago  performed  the  following  experiment, 
assisted  by  my  friend  Dr.  F.  A.  Manning:  Having 
connected,  by  a  piece  of  rubber  tubing,  a  h^-podermic 
needle  with  my  compressed-air  receiver,  I  forced  air 
beneath  the  skin  of  my  left  forearm  until  the  limb 
was  much  increased  in  size,  the  skin  tense,  and 
emphysematous  crepitation  could  be  felt  from  wrist 
to  armpit.  The  pain  was  very  trifling  in  amount. 
The  distended  skin  was  somewhat  anesthetic; 
whereas  before  the  injection  I  could  distinguish  sepa- 
rate points  on  the  anterior  surface  at  an  average  dis- 
tance of  four  millimeters,  immediately  thereafter  I 
could  name  them  only  when  they  were  ten  to  fifteen 
millimeters  apart.  Still,  pinching  and  pricking  were 
distinctly  ptiinful.  The  emphysema  thus  induced 
was  slow  in  disappearing.  It  was  still  somewhat 
noticeable  on  the  third  day  after  the  experiment. 

As  regards  the  production  of  emphysema  upon  the 
human  subject  with  intent  to  deceive,  it  has  been 
employed  to  simulate  hernia,  hydrocele,  hydrocepha- 
lus, ascites,  etc.  Gavin  says:  "It  is  a  trick  used 
every  day  by  butchers,  and  has  been  known  from  time 
immemorial  by  the  Ethiopians  and  mendicants  of 
Abyssinia."  Beck  quotes  Sauvage's  "  Nosology"  re- 
garding a  mendicant  who  "gave  his  child  all  the  ap- 
pearances of  hydrocephalus  by  blowing  air  under  the 
tegument  of  the  head  near  the  vertex."  He  also 
cites  a  case  of  emphysema  of  the  abdominal  parietes, 
induced  by  a  woman  who  wished  to  feign  dropsy. 

Sir  George  Ballingall  declared  that  the  artificial 
production  of  this  for  the  simulation  of  other  diseases 
was  at  one  time  regulated  by  a  recipe  current  in  the 
British  army.  The  differential  diagnosis  of  the 
tumors  so  caused  presents  no  difficulty. 

Tre.^tment. — As  a  rule,  air  beneath  the  skin  is  of 
slight  consequence  and  requires  no  treatment,  be- 
coming absorbed  after  a  time.     If,  however,  impor- 
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tant  parts — as  the  phrenic  nerves,  or  the  larynx, 
trachea,  etc. — are  .subjected  to  a  degree  of  pressure 
injurious  to  respiration,  or  if  the  subcutaneous  air  is 
spreading  further  and  further,  we  may  employ 
pressure  at  the  point  of  escape,  or  may  make  incisions 
through  the  skin  to  give  relief  to  tension,  or  both. 
Robert  H.   ^L  Dawuarn. 


Emplastra. — Plasters  consist  of  mixtures  of  vair- 
ous  solids  which  are  friable  when  cold  but  are  ren- 
dered adhesive  by  the  heat  of  the  body.  The  plaster 
masses  are  spread  as  thinly  as  possible  upon  rubber, 
calico,  or  other  suitable  material.  Plasters  may  be 
used  as  a  protective,  to  aid  in  the  approximation  of  the 
edges  of  a  wound,  and  also  to  keep  some  medicinal 
preparation  in  intimate  contact  with  the  skin.  There 
are  seven  emplastra  official  in  the  United  States 
Pharmacopoeia,  twelve  in  the  British  Pharmacopoeia, 
and  thirteen  in  the  National  Formularv. 


Composition. 

Emplastrhm  Adh/esivum. 

U. 

S.  P. 

Rubber  20,  petrolatum  20, 

(.\clhesive  plaster.) 

and  Ie.ad  plaster  960. 

Emplastrum  Ammoniaci. 

N. 

F. 

.Ammoniac       100,       diluted 

(.Ammoniac  plaster.) 

acetic  acid  140. 

E.MPLASTRUM    AMMONIACI 

B. 

P. 

Ammoniac  328,  mercury 

CUM    Hydrargyro. 

S2,  olive  oil  3.5,  and  sub- 

(.Ammoniacum   and 

limed  sulphur  0.5. 

Mercury  plaster.) 

Emplastrum  Ammoniaci 

N. 

F. 

Ammoniac     720,     mercury 

CUM    Hydrargyro. 

180.   oleate  of  mercury  S, 

(.\mmoniac  plaster  with 

diluted    acetic    acid    1000, 

mercury.) 

lead  plaster. 

Emplastrum    Aromati- 

N. 

F. 

Cloves     10,     cinnamon     10, 

CUM.      (Aromatic    plas- 

ginger 10,  capsicum  5.  cam- 

ter or  spice  plaster.) 

phor  5,  cotton  seed  oil  35, 
lead  plaster  25. 

Emplastrum    Arnic.e. 

N. 

F. 

Extract  of  arnica  root  330, 

(.\rnica  plaster.) 

resin  plaster  670. 

Emplastrum  Asafcetid.e. 

N. 

F. 

Asafetida    35,    lead    plaster 

(.Asafetida  plaster.) 

35,  galbanum  15,  yellow 
wax  15,  alcohol  120. 

Emplastrum    Bella- 

U. 

S.  P. 

Extract  of  belladonna  leaves 

DONN.E.     (Belladonna 

300,  adhesive  plaster  700. 

plaster.) 

Emplastru.m    Bella- 

B. 

P. 

Liquid  extract  of  belladonna 

DONN.E.     (Belladonna 

100,  resin  plaster  125. 

plaster.) 

Emplastrum    Calefa- 

B. 

P. 

Cantharides      100.      yellow 

ciENS.    (Warming  plas- 

beeswax    100.     resin     100, 

ter.) 

resin  plaster  1300.  soap 
plaster  800,  distilled  water 
500. 

Emplastrum  Canthari- 

B. 

P. 

Cantharides  35,  yellow  bees- 

Dls.      (Cantharides 

wax  20,  lard  20,  resin  20, 

plaster.) 

soap  plaster  5. 

Emplastrum    Capsici. 

U. 

S.  P. 

Oleoresin  of  capsicum  0.  25, 

(Capsicum  plaster.) 

adhesive  plaster.  15  cm.sq. 

Emplastrum     Ferri. 

N 

F. 

Ferric    hydroxide   90,    oUve 

(Iron  plaster.) 

oil  50,  burgundy  pitch  140, 
lead  plaster  720. 

Emplastrum    F  u  s  c  u  m 

N 

F. 

Red  oxide  of  lead  30.  olive 

Camphoratum.    (Cam- 

oil    60,     yellow     wax     15, 

phorated  brown  plaster. 

camphor  1. 

or  Camphorated  mother 

plaster.) 

Emplastrum    Galbani. 

Galbanum  16,  turpentine  2, 

(Galbanum  plaster.) 

N 

F. 

burgundy  pitch  6,  lead 
plaster  76. 

Emplastrum    Hydrar- 

U 

S.  P. 

Mercury  30,  oleate  of  mer- 

OYRI.   {Mercurial  plas- 

cury   1,    hydrous    wool-fat 

ter.) 

10,  lead  plaster  59. 

Emplastrum   Hydrah- 

B. 

P. 

Mercury    30,    olive    oil    3.5, 

GTRi.    (Mercurial  plas- 

sublimed sulphur  0.5,  lead 

ter.) 

plaster  164. 

Emplastrum    Menthol. 

B. 

P. 

Menthol  30,  yellow  beeswax, 

(Menthol  plaster.) 

20,  resin  150. 

Emplastrum    Opii. 

U. 

S.  P. 

Extract  of  opium  6,  water  8 

(Opium  plaster.) 

adhesive  plaster  90. 

Emplastrum    Opii. 

B. 

P. 

Opium  10,  resin  plaster  90. 

(Opium  plaster.) 
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Emulsa 


Emplastrtm    Pi  CIS. 
(Pitch  plaster.) 


Emplastrum    Picis 

liquid.e  compositum. 

(Compound  tar  piaster; 
Emplastrum    Picis 

BuRGUNDiC-E.     (Bur- 
gundy pitch  plaster.) 
Em  PL. 4  STRUM    Picis 

Canadexsis.    (Canada 

pitch  plaster.) 
Kmpl.v  STRUM    Picis 

Caxtharidatum. 

(Cantharidal  pitch  pl.is- 

ter,  or  warming  plaster.) 
Emplastrum    Plumbi. 

(Lead  plaster.) 
Emplastrum     Plumbi. 

(Lead  plaster.) 
EMPLASTRii..M    Plumbi 

loDiDi.        (Lead  iodide 

plaster.) 
Emplastrum    Resin.e. 

(Resin  plaster.) 
Emplastrum    Resin.^. 

(Resin  plaster.) 
Emplastrum    Saponis. 

(Soap  plaster.) 
Emplastrum    Saponis. 

(Soap  plaster.) 


Composition. 


B.  P. 


N.  F. 


N.  F. 


N.  F. 


N.  F. 


B.  P. 


Burgundy  pitch  520,  frank- 
incense 260,  resin  90, 
yellow  beeswax  90,  olive 
oil  40,  distilled  water  40. 

Resin  5,  tar  4,  podophyllum 
1,  Phytolacca  rootl,san- 
guinaria  1. 

Burgundy  pitch  300,  olive 
oil  50,  yellow  wax  150. 


Canada    pitch 
wax  10. 


90,     yellow 


Cantharides  cerate  80,  bur- 
gundy pitch.  20. 


Soap  100,   lead  acetate   GO, 

water. 
Lead  oxide  400,  olive  oil  800, 

distilled  water  400. 
Lead  iodide  50,  lead  plaster 

400,  resin  50. 

Resin  100,  lead  plaster  800, 

hard  soap  50. 
Resin  140,  lead  plaster  800, 

yellow  wax  60. 
Soap    10,    lead   plaster    90, 

water. 
Hard  soap  150,  lead  plaster 

900,  resin  25. 


R.  J.  E.  Scott. 


Empyema. — See  Pleurisy. 


Ems. — This  well-known  .spa,  about  seventy  miles 
from  Cologne  via  Coblenz,  is  beautifully  situated  in 
the  narrow  valley  of  the  River  Lahn,  at  an  elevation 
of  300  feet.  On  both  sides  of  the  river  rise  precipi- 
tous and  forest^eovered  mountains.  It  exhibits  all 
the  characteristics  of  a  spa  town;  numerous  hotels, 
large  and  small,  villas  and  lodging  houses;  the  bath- 
houses with  a  magnificent  Kursaal;  public  gardens 
admirably  laid  out,  with  a  fine  covered  walk;  bazaars, 
restaurants,  cafes,  and  an  English  church. 

The  climate  is  a  mild  one,  the  average  temperature 
of  the  vear  being  49.1°  F.,  and  for  the  summer,  Mav, 
57.9°  F.,  June  64.6°  F.,  July  66.2°  F.,  August  63.5° 
F.,  September  57.9°  F.  The  annual  rainfall  is 
26.2  inches.  The  season  extends  from  May  1  to  Sep- 
tember 30.  May  and  September  are  the  pleasantest 
months;  the  summer  is  said  to  be  rather  too  warm 
for  comfort.  The  town  contains  about  8,000  inhabi- 
tants and  about  22,400  persons  visit  it  annually, 
among  whom  are  many  Americans,  English,  and  Rus- 
sians. Here  one  can  lead  a  pleasant  life  with  good 
music  and  good  society.  For  many  years  the  Em- 
peror \Yilliam  I.  was  accustomed  to  take  these  waters, 
and  it  was  here,  on  July  15,  1870,  that  he  made  his 
memorable  answer  to  the  French  ambassador  which 
led  to  the  war  of  1870-71. 

The  warm  waters  of  Ems  have  been  known  and  used 
since  the  fourteenth  century  or  even  earlier,  and  flow 
from  warm  alkaline  saline  springs  whose  source  is 
from  a  very  compact  sandstone  which  runs  into 
quartzite;  the  temperature  ranges  from  80°  F.  to 
120°  F.  The  principal  constituents  are  sodium 
carbonate,  sodium  chloride,  and  free  carbonic  acid; 
the  Eisenquelle  contains  only  carbonate  of  iron. 
There  are  eight  or  nine  springs,  all  similar  chemically 
but  differing  in  temperature;  those  most  used  are  the 
following,  ■n-ith  their  temperatures:  Kesselbrunnen, 
116°  F.;  Krahnchen  96°  F.;  Fiir.stenbrunnen,  103°  F.; 
Augusta,  102°  F.;  Victoria,  81°  F.;  Kaiserbrunnen, 
83°  F. 


According  to  Buckland,  the  chief  ingredients  in  six- 
teen ounces  are  as  follows: 

Bicarbonate  of  sodium 14  to  15  grains. 

Chloride  of  sodium 7  grains. 

Bicarbonate  of  calcium 1  to    2  grains. 

Bicarbonate  of  magnesium 1  to    2  grains. 

Carbonic  acid  gas 6  to    8  cu.  in. 

These  waters  are  used  principally  for  drinking,  but 
they  are  also  employed  for  the  purposes  of  gargling, 
inhalation,  and  bathing. 

The  baths  are  well  fitted  up  with  apparatus  for  hot 
and  cold  douches  and  various  other  methods  for 
water  application.  There  are  six  public  bath-houses 
with  1 8()  bath-rooms.  One  of  the  special  features  in  the 
utilization  of  these  waters  is  the  method  of  applying 
sprays  to  the  throat,  and  the  inhalation  of  finely  pul- 
verized water,  either  simple  or  medicated.  There  are 
also  rooms  for  gargling;  a  milk  and  whey  cure;  and  a 
"terrain  kur."  Massage  is  also  given  in  connection 
with  the  baths.  The  waters  are  chiefly  drunk  between 
six  and  eight  in  the  morning,  and  the  "jour  medical" 
is  very  much  like  that  at  other  European  spas. 

A  large  quantity  of  this  water  is  annually  exported, 
three  and  one-half  million  bottles.  From  the  town 
a  wire-rope  railway  leads  to  the  top  of  the  wooded 
Malberg,  1,090  feet  high,  where  are  charming  walks 
provided  with  convenient  resting  places;  there  are 
also  numerous  other  attractive  excursions  in  the 
vicinity.  The  accommodations  are  good  and  abun- 
dant, and  the  health  reports  are  satisfactorj-. 

The  waters  of  Ems  are  employed  in  a  variety  of 
maladies,  and,  as  is  more  or  less  the  case  in  all  carefully 
regulated  spas,  the  hygienic-dietetic  rules  inculcated 
along  with  the  use  of  the  waters  undoubtedly  greatly 
increase  their  efficacy.  Two-thirds  of  the  patients 
who  visit  Ems  are  sufferers,  it  is  said,  from  chronic 
catarrh  of  the  nose,  laryn.x,  pharynx,  and  bronchi. 
Indeed,  one  of  the  unpleasant  features  of  the  place  is 
the  coughing  and  expectoration  met  Tvith  on  all  sides. 
Chronic  bronchitis  from  measles  or  whooping-cough 
receives  marked  benefit  from  the  treatment  here. 
Chronic  gastric  and  intestinal  catarrh,  hepatic  con- 
gestions, atonic  dyspepsia  associated  with  anemia, 
cystitis,  gouty  and  rheumatic  affections,  especially 
the  former;  excessive  nervous  irritability,  hj-pochon- 
dria,  hysteria,  paralytic  affections  of  the  limbs,  are 
diseases  which  are  treated  more  or  less  successfully  at 
Ems.  Skin  diseases  and  scrofula  are  also  in  evidence 
here  as  at  almost  every  other  bath  resort.  The  baths 
are  extensively  employed  in  cases  of  leucorrhea,  in 
catarrhal  conditions  of  the  uterus  and  cervix  uteri,  in 
nervous  cases  of  dysmenorrhea,  and  in  sterility. 

Indeed,  one  sometimes  wonders  what  chronic 
diseases  that  flesh  is  heir  to  are  not  benefited  at  such 
popular  spas  as  Ems,  according  to  the  advocates  of 
natural  hydrotherapy.  The  comparative  ease  of 
access  from  Paris  or  England  renders  Ems  very 
available  for  Americans;  and  its  attractive  situation 
in  the  vicinity  of  the  Rhine  invites  the  weary  traveller 
to  settle  down  there  for  a  brief  season,  improve  his 
metabolism  by  a  course  of  water-drinking,  diet,  and 
rest,  and  then  go  on  his  wa^'  rejoicing  in  his  renewed 
health  and  vigor.  Edward  O.  Otis. 


Emulsa. — An  emulsion  {emulsxim)  is  a  fluid 
mixture  consisting  of  a  fatty  body  diffused  in  a  state 
of  fine  mechanical  subdivision  through  a  more  or 
less  viscid  water}-  menstruum.  Milk  is  a  natural 
example  of  an  emulsion.  Emulsions  constitute  a 
serviceable  form  in  which  to  administer  fixed  oils  whose 
dose  is  considerable — such  as  castor  oil  and  cod-liver 
oil — for  the  double  reason  that,  in  such  condition,  the 
oil  is  less  apt  to  nauseate,  and  also  permits  of  having  its 
taste  qiiite  perfectly  disguised.  The  agents  most 
commonly  used  to  emulsify  fixed  oils  are  gum  arable 
and  yolk  of  egg.     Of  these  emulsifiers  gum  arable  is 
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the  more  generally  serviceable;  emulsions  made  with 
egg  yolk  being  not  so  ready  to  form,  and  also,  aft^r 
making,  being  more  prone  to  spoil.  Gum  tragacanth 
also  may  be  used,  but  gives  inferior  results;  and 
alkaline  "solutions,  often  quoted  as  emulsifiers,  work 
with  oils  a  chemical  change — saponification — instead 
of  the  purely  mechanical  subdivision  properly  un- 
derstood as  emulsification.  To  emulsify  with  gum 
arabic,  a  thick  mucilage  is  first  made  with  a  quantity 
of  the  gum  equal  to  one-half  the  weight  of  the  quantity 
of  oil  to  be  emulsified,  and  to  this  mucilage  the  oil  is 
gradually  added  with  thorough  trituration,  one  por- 
tion of  oil  not  being  added  until  the  previous  one  has 
been  fully  emulsified.  After  emulsification  the  prod- 
uct may' be  diluted  with  an  aqueous  menstruum,  in 
quantity  up  to  from  eight  to  ten  times  the  volume  of  oil 
represented  in  the  emulsion.  When  yolk  of  egg  is 
to  be  used,  it  should  be  taken  in  the  proportion  of  one 
yolk  to  each  fluid  ounce  of  oil.  Volatile  oils  in  con- 
siderable quantity  are  best  emulsified  by  first  mixing 
with  two  or  three  Volumes  of  a  bland  fixed  oil,  and  then 
emulsifying  the  mixture  as  in  the  case  of  a  simple 
fixed  oil.  Mixtures  of  resins  and  of  balsams  in  fine 
mechanical  subdivision  in  viscid  menstrua  are  also 
sometimes  called  emulsions.  Such  emulsions  may  be 
procured  l)y  the  use  of  the  same  emulsifiers  and  method 
as  above  described.  Gum  resins  may  be  emulsified 
by  trituration  with  water  alone,  the  gum  of  the  gum 
resin  serving  to  make  the  necessary  mucilage  for 
emulsification.  Six  emulsions  are  official  in  the  United 
States  Pharmacopoeia;  the  British  Pharmacopceia 
contains  none;  the  National  Formulary  includes  ten. 


Emulsum    Ammoniaci.     N.  F. 

(Emulsion  of  ammoniac;  . 

Mistura  ammoniaci.)  I 

Emulsum    A  m  y  g  d  a  l  .e  .     U.S.  P. 

(Emulsion  of  almond.) 
Emulsum    A  s  a  pceti  d  ^  .     V.  S.  P. 

(Emulsion  of  asafetida.)     [ 
Emulsum    Chloroformi.     V.  S.  P. 

(Emulsion  of  chloroform.) 

Emulsum  Olei  Morrhu.e.     U.  S.  P. 

(Emulsion    of    cod    liver 

oil.) 
Emulsum  Olei  Morrhu.e     N.  F. 

CUM     Calcii     et     Sodii 

Phosphatibus.       (Emul- 
sion of  cod-liver  oil  vdih 

calcium  and  sodium  phos- 
phates. 
Emulsum  Olei   Morrhu.e     N.  F. 

cum   Calcii   Lactophos- 

phate,        (Emulsion       of 

cod-liver  oil  with  calcium 

iactophosphate.) 
Emulsum  Olei   Morrhu.e      N.  F. 

CUM   Calcii   Phosphate. 

(Emulsion  of  cod-liver  oil 

with   calcium   phosphate. 
Emulsum  Olei    Morrhu.e     N.  F. 

CUM   EXTRACTO    MaLTI, 

(Emulsion  of  cod-liver  oil 
with  extract  of  malt.) 
Emulsum   Olei   Morrhu.e   'U.  S.  P. 
CUM    Htpophobphitibitr. 
(Emulsion  of  cod-liver  oil 
with  hypophosphites.) 


Emulsum   Olei    Morrhu.e  i  N.  F. 

CUM    PrUNO    ViHGINlANA. 

(Emulsion  of  cod-liver  oil 
with  wild  cherry.) 
Emulsum    Olei    Ricini.  ^  X.  F. 
(Emulsion  of  castor  oil.) 


Composition. 


Ammoniac  40,  water. 


Sweet   almond  60,    acacia 

10,  sugar  30,  water. 
Asafetida  40,  water. 

Chloroform  40,  expressed 
oil  of  almond  60,  traga- 
canth 10,  water. 

Cod-liver  oil  500,  acacia 
125,  syrup  100,  oil  of 
gaultheria  4,  water. 

Cod-liver  oil  464,  acacia 
116,  calcium  phosphate 
17.5,  sodium  phosphate 
17.5,  syrup  of  tolu  100, 
flavoring,  and  water. 

Cod-liver  oil  464,  acacia 
116,  calcium  lactate  35, 
phosphoric  acid  20,  ayrup 
of  tolu  100,  flavoring, 
and  water. 

Cod-liver  oil  464,  acacia 
116.  calcium  phosphate 
35,  ayrup  of  tolu  100, 
flavoring,  and  water. 

Cod-liver  oil  500,  muci- 
lage of  dextrin  125,  ex- 
tract of  malt  375. 

Cod-liver  oil  500,  acacia 
125,  calcium  hypophos- 
phite  10,  potassium 
hypophosphite  5.  sodium 
hypophosphite  5,  syrup 
100,  oil  of  gaultheria  4, 
water. 

Cod-liver  oil  464,  acacia 
116,  fluid  extract  of  wild 
cherry  65,  syrup  of  tolu 
100,  flavoring,  and  water. 

Castor  oil  32,  acacia  S-, 
tincture  of  vanilla  2.5, 
syrup  20,  water. 


Composition. 

Emulsum    Olei    Terebin- 

U. 

S.  P. 

Rectified  oil  of  turpentine 

THiN.E.     (Emulsion  of  oil 

15,    expressed    oil    of    al- 

of turpentine.) 

mond  5,  syrup  25,  acacia 
15,  water. 

E.mulsum    Olei    Terebin- 

N. 

F. 

Oil     of     turpentine     50, 

THIN.E     FORTIOR. 

acacia  2.5,  water  50. 

(Stronger  emulsion  of  oil 

of  turpentine:  or  Forbes' 

emulsion  of  oil  of  turpen- 

tine.) 

Emulsum    Petrolei. 

N 

F. 

Petrolatum  album  50,  ex- 

(Emulsion of  petroleum.) 

pressed  oil  of  almond 
250,  acacia  50,  traga- 
canth 25,  syrup  100, 
tincture  of  lemon  peel 
15,  water. 

Emulsum    Phosphaticum. 

N. 

F. 

Cod-liver  oil  250,  glycer- 

(Phosphatic  emulsion;  or 

ite  of  yolk  of  egg   165, 

Mistura  Phosphatica.) 

diluted  phosphoric  acid 
50,  oil  of  bitter  almond 
1.5,  Jamaica  rum  250, 
orange  flower  water. 

Edward  Curtis. 
R.  J.  E.  Scott. 


Emulsin  is  an  enz)-me  characterized  by  an  ability 
to  decompose  amygdalin,  a  glncoside.  Both  are 
found  in  bitter  almonds  and  in  the  kernels  of  a  number 
of  fruits  such  as  apple,  cherry,  prune,  plum,  and 
apricot.  When  bitter  almonds  are  macerated  in 
water  the  action  of  emulsin  upon  amygdalin  gives 
rise  to  the  formation  of  hydrocyanic  acid,  dextrose 
and  benzaldehyde,  according  to  the  following 
reaction : 
C20H27NO,,  +2H2O  =  2C6H,206 + HCN  +  CHeO 

Dextrose    Hydrocyanic       Benzalde- 
Acid  hyde 

Franx  p.  Underbill. 
Encephalin. — See  Cerebrosides. 

Encephalitis. — Definition. — Encephalitis  may  be 
defined  as  inflammation  of  the  encephalon  or  brain. 
It  is  a  term  which  has  been  used  so  freely  for  entirely 
obscure  conditions  that  the  census  statistics  of  the 
United  States  cannot  be  trusted  even  as  to  the  most 
general  facts  concerning  the  distribution  of  the  disease. 
Modern  work  has,  however,  tended  to  limit  the  term 
"encephalitis"  to  inflammatory  conditions  of  an  ex- 
udative n.ature.  Encephalitis  should  be  used  in  such 
a  way  as  to  exclude  the  immediate  or  reparative  eflfects 
of  trauma,  of  vascular  plugging  and  of  toxic  degenera- 
tions (for  example,  degenerations  due  to  alcohol  or 
lead  poi.soning).  The  conditions  just  enumerated  are 
all  examples  of  encephalopathy,  but  encephalitis  is 
that  separate  species  of  encephalopathy  which  is  due, 
for  example,  to  the  Staphyloccocus  pyogenes  aureus, 
the  influenza  bacillus,  or  the  organism  of  poliom.yelitis. 
The  present  article  will  accordingly  exclude  the  various 
encephalopathies  above  mentioned  from  considera- 
tion. We  shall  likewise  exclude  several  conditions  of 
true  encephalitis  which  will  be  considered  elsewhere. 
For  example,  true  encephalitis  or  exudative  inflamma- 
tion of  the  brain  which  occurs  with  practical  con- 
stancy in  tuberculous  meningitis  as  well  as  in  rabies, 
syphilitic  meningitis,  sleeping  sickness  and  general 
paresis. 

Etiology. — The  etiology  of  (a)  influenzal  enceph- 
alitis and  of  (6)  pyogenic  encephalitis  has  been  well 
established.  The  etiology  of  (c)  acute  hemorrhagic 
encephalitis,  Striimpell  type,  has  not  been  well  estab- 
lished although  the  disease  is  clinically  well  defined. 
It  may  be  safely  stated  that  some  forms  of  the  Striim- 
pell type  are  of  pyogenic  origin,  some  forms  of  influen- 
zal origin,  and  some  very  probably  are  due  to  the  virus 
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of  poliomyelitis.  There  are  two  other  forms  of  en- 
cephalitis which  are  not  only  etiologically  but  also 
clinically  obscure,  although  they  must  be  "mentioned 
(d)  acute  yion-suppuralioe  encephalilia.  Hayem  type, 
and  (e)  encephalilis  Jieonatorum.  There  is  in  the  lit- 
erature a  small  group  of  other  etiologically  well- 
characterized  types  of  encephalitis,  viz.,  (/)  that  due 
to  Bacillus  typhosus,  (g)  that  due  to  Bacillus  anthra- 
cis,  and  (h)  that  due  to  the  TrichineUa  spiralis. 
Cases  of  different  etiologj'  cannot  be  safely  distin- 
guished on  clinical  grounds  alone  in  the  majority  of 
cases.  Experience  indicates  that  the  first  duty  of  the 
clinician  is  to  find  out  whether  or  not  the  case  is  due 
to  the  influenza  bacillus.  This  bacillus  was  cultivated 
by  Nauwerck  from  a  case  of  encephalitis  in  189.3-94, 
which  isolation  must  be  considered  to  be  the  first  in- 
stance of  the  assignation  of  the  definite  etiology  to  a 
case  of  encephalitic  type.  The  encephalitis  "of  in- 
fluenzal origin  is  not,  as  a  rule,  a  portion  of  the  typical 
influenzal  attack,  but  it  follows  recovery  or  partial 
recovery  from  such  an  attack  after  an  interval  of 
several  weeks.  The  onset  in  these  cases  is  sometimes 
acute,  but  often  passes  by  insensible  gradations 
through  the  s.vmptoms  which  are  persisting  in  con- 
valescents from  the  ordinary  attack  of  influenza. 
Many  patients  are  now  thought  to  recover  from  this 
influenzal  type. 

The  pyogenic  type  of  encephalitis  is  often  no  more 
nor  less  than  an  example  of  local  small  pyemic  ab- 
scesses visible  in  the  coarse  brain  as  simply  small 
"flea-bite  like"  hemorrhages  which  turn  out  micro- 
scopically to  show  a  core  of  pus  cells  with  a  focus  of 
organisms  (for  example  the  Staphylococcus  pyogenes 
aureus).  The  coalescence  of  these  small  hemorrhages 
may  give  rise  to  the  picture  of  "acute  red  softening" 
(this  must  be  distingui^^hed  from  the  acute  red  soften- 
ing due  to  bland  or  malignant  embolism).  This  form 
is  not  infrequently  a  sequela  of  scarlet  fever  and  other 
exanthems.  It  has  been  suggested  that  the  origin  of 
.some  of  the  cases  of  acute  hemorrhagic  encephalitis  is 
an  acute  inflammatory  lesion  of  the  arachnoidal  villi 
of  the  longitudinal  sinus. 

Little  is  known  about  the  Hayem  or  hyperplastic 
type  of  acute  non-suppurative  encephalitis,  except 
that  such  phenomena  are  the  invariable  concomi- 
tants of  all  not  too  severe  destructive  injuries  in  the 
central  nervous  system.  This  type  of  disease  is  still 
a  matter  of  the  pathological  laboratories. 

More  important  is,  beyond  question,  the  encepha- 
litis of  the  new-born  which  was,  as  described  by  Vir- 
chow,  a  cause  of  death  in  a  considerable  proportion 
of  still-born  and  new-born  infants.  These  cases  were 
apparentl.v  related  to  a  great  epidemic  of  smallpox 
which  raged  in  Berlin  in  186.5.  The  question  is  still 
unsettled,  since  the  fat-laden  cells  upon  which  Virchow 
grounded  his  diagnosis  have  been  asserted  to  occur  in 
all  brains  in  the  new-born  dying  of  different  causes. 
Probably  it  would  be  unsafe  to  base  a  diagnosis  upon 
such  fat-laden  cells  unless  injury'  of  nerve  fibers  could 
also  be  demonstrated.  This  condition  also  is  still  a 
matter  rather  of  the  pathological  l.iboratory  than  of 
the  clinic. 

The  so-called  hemorrhagic  superior  polioencephalitis 
(Wernicke's  disease). — This  disease,  described  by 
Gayet  in  1875,  but  commonly  named  after  Wernicke, 
appears  to  be,  in  the  vast  majority  of  cases,  a  peculiar 
and  unusual  phenomenon  in  alcoholics.  It  has  been 
recently  .shown  that  this  disease,  although  a  fairly 
definite  clinical  and  anatomical  entity,  is  actually  not 
a  true  encephalitis  in  the  exudative  sense.  It  is  un- 
likely that  organisms  will  be  demonstrated  in  connec- 
tion with  this  disease  if  we  trust  the  careful  working- 
out  of  its  histology  by  Schroder.  The  disease  may  be 
briefly  defined  as  an  acute  hemorrhagic  disease  of  the 
nuclei  of  the  eye  muscle  nerves,  leading  to  death  in 
from  ten  to  fourteen  days,  and  characterized  by  par- 
alysis of  the  eye  muscles  of  rapid  onset  which  quickly 
progresses  to   an   almost    complete   ophthalmoplegia 


(sphincter  iridis  and  levator  [jalpebrarum  excepted). 
Somnolence  is  a  striking  feature. 

The  disease  somewhat  re.sembles  in  general  features 
Korsakow's  polyneuritic  psychosis,  and  subjects 
having  the  .symptom-complex  are  often  brought  to  the 
ho.spital  as  cases  of  delirium  tremens.  The  victims 
are,  as  a  rule,  males  of  middle  age  who  have  been  suffer- 
ing from  chronic  whiskey  drinking  for  months  or 
years.  Brain  tumor  and  more  especially  apoplexy  and 
focal  encephalomalacia  are  sometimes  suggested  by 
the  clinical  conditiim. 

Cli.nical  Picture  of  Encephaliti.s. — Prof.  W.  P. 
Lucas  and  I  have  constructed  a  typical  history  of  the 
onset  and  cour.se  of  a  case  of  acute  encephalitis  in  a 
child.  This  description  will  perhaps  lead  to  a  better 
under-standing  of  the  disease  than  a  catalogue  of 
symptoms:  A  child  of  five  or  six  years  while  walk- 
ing along  the  street  suddenly  falls  dazed  for  no  appar- 
ent reason.  In  falling  he  strikes  his  head  but  inflicts 
no  injury.  He  is  picked  up  and  carried  still  dazed 
into  the  nearest  hou.se.  There  he  has  one  or  two  con- 
vulsions that  involve  the  right  side  more  than  the  left. 
In  an  hour  he  has  apparently  regained  consciousne.ss 
sufficiently  to  inquire  his  whereabouts.  He  seems  dull, 
speaks  in  a  far-away  manner,  and  on  questioning  him 
as  to  what  has  happened  he  is  unable  to  answer  co- 
herently but  begs  to  go  home.  On  reaching  home  in 
the  same  semi-conscious  condition  he  is  put  to  bed  and 
passes  a  very  restless  disturbed  night .  He  .seems  fever- 
ish and  ever  more  listless  and  stupid  than  immediately 
following  the  initial  attack.  He  complains  of  feeling 
nauseated,  and  on  attempting  to  have  him  take  a  glass 
of  milk,  he  vomits  profusely.  Following  this  he  has 
another  convulsion,  and  it  is  then  noticed  for  the  first 
time  that  his  right  eye  is  turned  in.  There  is  slight 
facial  paralysis  on  this  side  as  well  as  marked  weakness 
of  the  right  arm,  but  there  is  also  some  involvement 
of  the  left  side,  shown  in  the  apparent  hypersensitive- 
ness  of  that  side  and  of  both  lower  extremities.  His 
deep  reflexes  are  variable,  but  on  the  whole  exagger- 
ated. Pupils  are  equal  but  sluggish  to  light  reaction. 
Knee-jerks  are  very  lively.  Kernig  is  present  at  times, 
absent  at  other  examinations.  His  temperature  ranges 
from  100°  to  105°,  his  pulse  is  rapid  and  respirations 
moderatel}'  so.  This  general  condition  continues  for 
a  week  or  ten  daj-s,  during  which  time  he  has  from 
one  to  three  convulsions  a  day.  He  is  very  sensitive 
to  touch  or  sound,  complaining  loudly  of  pain  on  being 
examined,  and  crying  out  that  his  head  ached  if  there 
was  any  excessive  noise  in  his  room.  Toward  the 
end  of  this  time  his  temperature  begins  to  drop  and  the 
convulsions  are  of  a  less  severe  type  and  of  shorter 
duration.  In  two  weeks  he  shows  evidence  of  want- 
ing to  sit  up,  is  markedly  less  stupid.  There  still  re- 
mains a  general  muscular  weakness,  more  noticeable 
on  the  right,  and  the  paralysis  of  the  external  rectus 
still  per.sists.  If  left  alone,  however,  he  spends  most 
of  the  day  in  dozing  and,  if  wakened  suddenly,  has 
noticeable  general  muscular  twitchings.  His  appe- 
tite increases  rapidly  and  at  the  end  of  three  weeks  he 
is  up  and  about,  apparently  normal  except  for  (a) 
ocular  paralysis,  (6)  defective  memory,  (c)  at  times 
defective  impressibility  (familiar  objects  not  recog- 
nized), (d)  will  disorder  ("has  to  be  coaxed"  to  do 
things),  (c)  confusion  or  bewilderment  under  condi- 
tions of  excitement. 

The  influenzal,  pyogenic  and  Striimpell  t>-pes  of 
encephalitis  are,  so  far  as  we  yet  know,  somewhat 
similar,  and  they  can  hardly  be  differentiated  at  pres- 
ent without  careful  laboratory  tests.  Some  points  in 
connection  with  the  influenzal  type  were  mentioned 
above.  In  general  it  may  be  said  that  the  influenzal 
type  is  more  likely  to  be  an  occasional  instance  in  an 
endemic  or  pandemic  of  influenza.  The  pyogenic  type 
is  more  likely  to  be  found  as  a  sequela  of  one  of  the 
exanthems,  e.specially  scarlet  fever.  Many  are  com- 
ing to  believe  that  the  Striimpell  type  is  really  nothing 
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more  or  less  than  a  special  localized  disease  due  to  the 
virus  of  poliomyelitis,  and  a  family  investigated  by 
the  clinician,  W.  Pasteur,  is  often  quoted  in  which 
different  members  of  the  family  showed  symptoms  of 
poliomyelitis  and  symptoms  of  encephalitis. 

The  obscurity  of  the  clinical  picture  is  such  that 
when  Prof.  Lucas  and  the  writer  were  engaged  in 
working  out  the  clinical  features  of  the  disease,  we  had 
to  search  the  records  of  a  children  's  hospital  not  only 
for  cases  diagnosticated  encephalitis,  but  for  those 
diagnosticated  meningitis  with  a  question  mark.  The 
cases  in  children's  clinics  are  often  cases  in  which  an 
effort  to  establish  tuberculous  meningitis  or  syiihihtic 
meningitis  has  failed,  both  clinically  and  by  the  re- 
sults of  blood  and  cerebrospinal  fluid  examinations. 
There  is  a  moderate  leucocvtosis  varying  from  ten  to 
thirtv-three  thousand.  The  fluid  withdrawn  by  lum- 
bar puncture  is  usually  under  slight  pressure  but  ex- 
cessive amounts  are  not  as  a  rule  found.  The  fluid  is 
clear  and  rarely  demonstrates  a  clot  even  on  standing. 
It  would  seem  as  if  the  poliomyelitic  cases  should 
show  often  mononuclear  cells.  As  a  matter  of  fact, 
such  cells,  as  a  rule,  in  comparatively  small  numbers — 
from  20  to  ISO  cells  to  the  cubic  millimeter — were 
found  in  six  of  eight  cases  examined  by  Lucas  and 
Southard. 

Co.MPLir.iTioxs. — A  not  infrequent  complication  is 
otitis  media  (  four  in  twelve  cases,  Lucas  and  South- 
ard). 

Sequel-e. — Of  extreme  importance  is  the  prognosis. 
Lucas  and  the  writer  found  that  three  cases  of  epilepsy 
developed  later  in  a  series  of  twenty-nine  cases.  In  all 
these  cases  there  was  an  apparently  normal  interval 
between  recovery  from  the  acute  attack  and  the  onset 
of  epilepsj'.  Tliis  is  so  important  that  I  give  a  brief 
summary  of  the  findings  in  one  of  these  cases: 

January  23,  1909.    Children's  Hospital.    F.  C,  aged  three  years. 

Family  Ilislory. — Father,  mother  and  six  children  well  and 
normal.  No  deaths,  no  miscarriages.  An  aunt  is  reported  to 
be  epileptic. 

Past  History. — Normal  birth.  Always  well.  In  July,  1908 
(when  two  and  one-half  years),  had  a  convulsion  for  which  she 
was  given  castor  oil  and  dieted.  Apparently  made  a  speedy 
recovery  and  had  been  well  from  that  time  to  onset  of  present 
trouble  six  months  later. 

Present  Illness. — On  January  20,  1909,  taken  sick  suddenly, 
geemed  "fretful  and  queer"  and  a  few  minutes  later  had  a  convul- 
sion. Has  had  fifteen  or  twenty  in  three  days.  Has  vomited 
once.  Has  been  apathetic  between  convulsions  but  conscious. 
Has  been  feverish  and  constipated. 

Physical  Examination. — She  was  a  well-developed  and  nourished 
child,  very  apathetic  but  conscious.  Pupils  were  equal  but 
reacted  sluKsishly  to  light.  Knee-jerks  could  not  be  obtained. 
There  was  moderate  rigidity  of  neck.  There  was  a  suggestive 
Kernig  on  the  right.  Spleen  was  not  palpable.  In  every  other 
way  the  child  was  normal.  Her  history  while  in  the  hospital 
was  one  of  apparent  rapid  recovery.  On  entrance  her  temperature 
was  lOS*^;  this  fell  by  lysis  and  on  the  ninth  day  was  normal. 
Her  white  cell  count  was  23,000,  taken  the  day  after  entrance. 
Her  spinal  fluid  was  negative.  Skin  tuberculin  reaction  was 
negative.  She  had  no  convulsion  while  in  the  hospital,  and  her 
mentality  cleared  up  slowly,  so  that  two  weeks  after  her  onset 
she  seemed  to  be  bright,  sat  up  in  bed,  and  wanted  to  play.  Knee- 
jerks  were  very  slow  in  returning  and  were  still  very  slight  when 
she  was  discharged,  twenty  days  after  the  onset.  She  was  very 
weak  on  standing  and  seemed  unable  to  balance  herself. 

She  was  discharged  very  much  relieved  and  apparently  normal 
on  February  7,  1909,  or  twenty  days  after  her  acute  onset. 

Subsequent  History. — On  writing  to  her  parents  for  further 
information  about  her  present  condition  it  was  learned  that 
shortly  aft«r  leaving  the  Children's  Hospital  she  had  a  return  of 
convulsions  and  had  been  sent  to  the  Hospital  Cottages  for  Chil- 
dren at  Baldwinville,  Mass.,  where  she  rarely  went  more  than 
three  or  four  days  without  an  attack.  On  the  days  on  which  the 
attacks  occurred  she  usually  had  more  than  one,  often  three  or 
four,  and  they  were  severe.  During  her  stay,  there  was  a  marked 
lengthening  of  the  interval  between  the  attacks,  and  diminution 
in  the  severity  of  them.  In  the  last  three  months  of  observation, 
she  has  had  only  four  slight  attacks. 

Another  important  sequela  is  a  moderate  degree  of 
feeblemindedness  or  what  the  English  writers  term 
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"imbecility."  Over  twenty-five  per  cent,  of  our  series 
yielded  marked  mental  defects.  Some  fifteen  per 
cent,  more  of  the  cases  reacted  later  by  e.xcessive  ner- 
vousness and  by  increased  fatigability. 

Strabismus  persists  in  two  of  twenty-nine  cases. 
Mental  normalily  as  carefully  investigated  by  subse- 
quent examinations  has  been  demonstrated  in  six  of 
twenty-nine  cases. 

How  far  these  cases  of  encephalitis  are  responsible 
for  epilepsy  and  feeblemindedness  in  the  community 
cannot  be  established,  but  it  would  appear  that  there 
is  a  small  but  definite  group  of  such  postencephalitic 
cases  which  bear  some  resemblance  to  institutional 
cases  of  s.vphilitic  origin.  These  groups,  together 
with  a  small  group  of  traumatic  cases,  will  doubtless 
fail  to  show  the  high  index  of  hereditarv  taint  which 
the  usual  cases  of  epilepsy  and  feeblemindedness  are 
now  thought  to  show  on  the  basis  of  the  work  of  the 
Eugenics  Record  Office.  Our  study  of  this  problem 
does  not  .show  that  these  cases  have  a  higher  index  of 
hereditary  taint  than  that  of  the  general  population. 

Diagnosis. — The  diagnosis  of  acute  encephalitis  is  not 
often  successfully  made  and  often  not  made  until  the 
autopsy.  The  diagnosis  is  rendered  more  accurately 
in  children's  clinics,  owing  to  the  greater  proportion 
of  cases  in  children,  and  under  epidemic  conditions 
when  special  conseciuence  is  attached  to  eases  with 
neurological  symptoms.  Many  of  the  diagnostic 
features  are  negative,  yet  not  even  lumbar  puncture 
fluid  which  shows  no  leucocytes  of  blood  or  bacteria 
must  be  considered  as  excluding  the  possibility  of 
hemorrhagic  encephalitis,  since  the  lesions  may  be 
central  and  so  placed  as  not  to  pour  these  elements 
into  the  fluid.  Stiff  neck,  retraction  of  the  abdomen 
and  hyperesthesia  are  not  common  symptoms  in  en- 
cephalitis, nor  has  herpes  been  reported.  The  diag- 
nosis frequently  depends  on  the  association  of  the  un- 
usual monoplegia  or  hemiplegia  with  successive  in- 
volvement during  the  next  few  hours  of  more  and  more 
parts  of  the  body.  Aphasia  may  often  develop  as  a 
later  but  not  as  an  unusual  .symptom  in  the  disease. 
This  is  to  be  accounted  for  by  the  oozing  of  the  hem- 
orrhage or  infiltration  of  the  purulent  lesion  as  the  case 
may  be. 

In  differential  diagnosis  we  must  consider:  (1) 
Other  intracranial  infective  diseases,  such  as  meningo- 
coccus meningitis,  tuberculous  meningitis,  pyogenic 
meningitis,  and  sinus  thrombosis;  ('2)  brain  tumor  and 
brain  syphilis;  (3)  cerebral  hemorrhage  and  focal 
encephalomalacia;  (4)  certain  conditions  of  cerebral 
intoxication  resembling  meningitis  but  anatomically 
negative;  and  (5)  rarely  acute  poisoning,  hysteria,  and 
other  diseases. 

The  differential  diagnosis  in  the  first  group,  intra- 
cranial infective  diseases,  is  greatly  aided  by  lumbar 
puncture  with  microscopic  examination  of  the  cells  in 
the  centrifuge  deposit,  and  with  bacteriological  exami- 
nation. This,  in  doubtful  cases,  should  include  an 
attempt  to  grow  the  influenza  bacillus  on  blood  media. 
The  finding  of  blood  in  the  lumbar  puncture  fluid  may 
suggest  chronic  internal  hemorrhagic  pach_vmenin- 
gitis  and  cerebral  hemorrhage  as  well  as  acute  hemor- 
rhagic encephalitis.  Nor  will  every  case  of  hemor- 
rhagic encephalitis  show  blood  in  the  cerebro-spinal 
fluid.  Blood  obtained  through  technical  accident 
from  the  vessels  at  the  point  of  puncture  must  not  be 
regarded  as  indicating  true  intraventricular  hemor- 
rhage. A  careful  cytological  examination,  preferably 
by  Alzheimer's  or  some  similar  method,  should  be  per- 
formed. Examinations  for  the  tubercle  bacillus,  men- 
ingococcus, and  other  pyogenic  bacteria  should  be 
made. 

The  acute  onset,  the  drowsiness  or  tendency  to 
coma,  vomiting,  convulsions,  and  optic  neuritis  offer 
no  points  in  differential  diagnosis  against  meningitis, 
nor  can  much  weight  be  placed  upon  the  condition  of 
the  pulse  or  respiration. 

As  against  sinus  thrombosis  the  stasis  of  blood  in 
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the  veins  of  the  face  has  been  mentioned  by  Macewen, 
but  this  is  not  always  present.  Sinus  thrombosis  runs 
a  very  acute  course.  The  differentiation  often  fails, 
except  in  middle-ear  disease. 

With  respect  to  the  difTerential  diagnosis  from  brain 
lumor,  the  onset,  the  fever,  and  rapid  course  are  im- 
portant. Hemorrhagic  encephalitis  rarely  shows  an 
altogether  characteristic  tumor  syndrome.  Oppen- 
heim  especially  warns  against  the  immediate  diagnosis 
of  brain  tumor  in  cases  showing  attacks  of  cortical 
epUepsy. 

Cerebral  intoxication  ivithout  anatomical  signs  (the 
so-called  pseudomeningitis  of  Krannhals)  gives  rise  to 
the  diagnosis  of  encephalitis,  although  more  often  to 
the  diagnosis  of  meningitis,  in  some  cases.  Ivrann- 
hals'  cases  occurred  in  the  influenza  pandemic  of  1889 
to  1890.  The  occurrence  of  focal  symptoms  would 
ordinarily  exclude  this  diagnosis.  Poisoning  was  con- 
sidered in  one  of  the  writer's  cases  (Staphylococcus 
pyogenes  aiireus)  of  bacterial  apoplexy,  which  ran  an 
acute  course  of  three  days.  Attention  to  the  acute 
infective  feature  of  encephalitis  will  usually  exclude 
the  diagnosis  of  hysteria  with  certainty.  Uremia  and 
acetonemia  may  need  to  be  considered. 

Concerning  the  difTerential  diagnosis  of  some  of  the 
residuals  of  encephalitis,  Dr.  James  Taylor  has  given 
valuable  data  to  distinguish  the  following  varieties: 


Hemiplegic  forms,  resulting 
from  pncephalitis,  vascu- 
lar lesions  and  injury. 


Diplegic  forms,  resulting 
from  death  of  cortical 
cells. 


Acute  encephalitis,  infantile 
hemiplegia,  infantile  mo- 
noplegia, idiocy  with  cra- 
nial asymmetry,  choreiform 
hemiparesis,  hemiathetosis. 

Generalized  rigidity,  idiocy 
with  general  rigidity,  para- 
plegic rigidity,  spastic 
facial  diplegia,  amaurotic 
family  idiocy,  bilateral 
athetosis,  choreiform  di- 
plegia, epileptiform  myo- 
clonus. 


Only  the  diseases  mentioned  by  Taylor  of  hemiplegic 
forms  are  considered  by  him  to  be  of  encephalitic 
origin. 

Treatment. — It  is  hardly  possible  to  sj-stematize  the 
treatment  of  these  cases.  I  repeat  some  general  state- 
ments made  concerning  the  treatment  of  encephalitis 
in  a  contribution  to  Osier's  Modern  Medicine: 

"The  febrile  nature  of  hemorrhagic  encephalitis 
indicates  certain  general  measures.  Although  the 
hemorrhages  are,  as  a  rule,  of  an  oozing  character,  and 
the  progress  of  focal  symptoms  depends  rather  upon 
spread  of  inflammatory  lesions  than  upon  massive 
hemorrhages,  it  is,  nevertheless,  desirable  to  avoid  any 
drug  treatment  which  may  stimulate  the  heart.  The 
patient  should  rest  in  bed  with  the  head  higher  than 
the  trunk,  and  shielded  from  light  and  noise.  In  the 
somnolent  or  comatose  condition  especial  attention 
must  be  paid  to  the  administration  of  food  and  the 
evacuation  of  the  bladder  and  intestine.  Inconti- 
nence occasionally  occurs.  Cold  compresses  or  ice- 
bags  may  be  applied  to  the  head.  Except  in  cases 
of  chlorosis,  venesection  or  leeches  in  the  temporal  or 
mastoid  region  are  said  to  have  given  good  results 
(Oppenheim).  Drug  treatment  is  unsatisfactory. 
Restless  patients  may  require  various  narcotics  or 
moist  packs.  Oppenheim  warns  against  surgical 
treatment  and  even  against  lumbar  puncture.  It 
appears  that  there  have  been  few  surgical  attempts  at 
alleviation  of  this  disease.  It  might  seem  that,  were 
,  accurate  localizing  diagnosis  possible  in  certain  cases 
of  massive  hemorrhage,  surgery  would  be  helpful.  A 
case  of  traumatic  subcortical  hemorrhage  reported  by 
Cushing,  1907,  gives  a  hint  in  this  direction;  and  cases 
are  undoubtedly  seen  at  autopsy  in  which  evacuation 
of  a  clot  would  have  been  possible.  In  general,  how- 
ever, surgeons  are  doubtful  of  the  value  of  surgical  in- 
tervention   in   encephalitis.     Auvray    speaks   of   the 

Vol.  IV.— 2 


difficulties  in  the  differential  diagnosis  of  nonsuppura- 
tive encephalitis  and  brain  abscess,  but  would  not 
intervene  in  encephalitis.  Operation  in  meningo- 
encephalitis (Macewen 's  case)  has  been  done,  and 
Oppenheim  calls  attention  to  Hahn's  case  (1896),  in 
which  trephining  was  performed  under  the  false  im- 
pression that  abscess  or  hemorrhage  of  traumatic 
origin  was  present. 

"Since,  in  the  future,  our  diagnoses  of  encephalitis 
must  improve  in  the  line  of  etiology,  it  is  possible  that 
especially  in  the  influenzal  and  pyogenic  groups  the 
possibilities  of  immunization  and  opsonic  treatment 
may  be  exploited.  The  somewhat  rare  chance  of  a 
syphilitic  encephalitis  must  be  considered." 

E.  E.  Southard. 

Encephalocele. — See  Cephalocele. 

Enchondroma. — See  Chondroma. 

Encystina. — \  subtribe  of  Hartman's  tribe  Bi- 
n  ucleata  in  the  Protozoa,  in  which  the  odkinete  becomes 
encysted.  This  group  includes  trypanosomes,  Plas- 
modia, and  Heroetomonidx.     See  Protozoa. 

A.  S.  P. 


Encystment. — .\  resting  stage  in  the  life  cycle 
of  many  animals  during  which  they  exist  withm  a 
resistant  envelope.  Such  stages  are  found  in  pro- 
tozoans, flat-worms,  rotifers,  and  other  animals. 

A.  S.  P. 

Endocarditis. — Endocarditis  is  an  inflammation  of 
the  endocardium,  that  is,  of  the  membrane  lining  the 
cavities  and  valves  of  the  heart.  In  the  great  majority 
of  cases  the  valvular  endocardium  alone  is  involved. 

Cl.\ssification. — Endocarditis  is  divided  into  two 
large  classes,  acute  and  chronic.  We  shall  eon- 
fine  ourselves  chiefly  to  a  description  of  the  acute 
form.  Chronic  endocarditis  is  practically  synony- 
mous with  chronic  vah-ular  disease  of  the  heart. 
.A.cute  endocarditis  has  been  divided  into  two  groups, 
the  maligitant  and  the  simple  acute  tj'pe.  These 
two  types  are  differentiated  both  clinically  and  patho- 
logically but  the  distinction  is  one  rather  of  degree 
than  of  kind,  since  in  a  large  collection  of  cases  all 
stages  between  the  two  may  be  represented.  Also  the 
same  bacteriological  cause  may  be  present  in  both 
varieties. 

History. — Vieussens  in  1715  described  lesions  of  the 
valves  occurring  in  the  form  of  warty  or  cauliflower 
excrescences  or  vegetations,  which  prevented  the 
closure  of  the  valves.  BouiUaud  first  recognized 
endocarditis  as  a  distinct  disease,  publishing  an 
account  of  it  in  his  work  on  the  heart  and  vessels  in 
1824.  The  discovery  of  the  stethoscope  by  Laennec 
made  it  posssible  to  recognize  endocarditis  during 
life.  In  1814  Kreysig  of  Dresden  devoted  special 
attention  to  inflammation  of  the  lining  membrane  of 
the  heart.  BouiUaud  at  about  this  time,  with 
the  aid  of  the  stethoscope,  was  able  to  localize  the 
endocarditis  on  certain  valves  and  declared  that  there 
was  a  close  relationship  existing  between  endocarditis 
and  rheumatism.  Virchow  described  the  process  of 
embolism  and  in  1809  Heiberg  and  Virchow  demon- 
strated microscopically  the  presence  of  bacteria  within 
the  vegetations.  In  1883  Weichselbaura  cultivated 
staphylococci  and  streptococci  from  endocardif  1 
vegetations,  and  his  pupil  Wyssokowitch  produced 
them  experimentally  in  animals  by  the  injection  cf 
bacteria  into  the  blood.  Since  that  time  our  knowl- 
edge of  the  etiology  of  the  disease  has  been  largely 
increased  by  numerous  bacteriological  investigations. 

Etiology. — .\cute  endocarditis  is  probably  in  all 
cases  a  product  of  bacterial  activity.     The  most  im- 
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portaiit  infective  agents  are  the  cause  of  rheumatic 
fever,  tlie  pyogenic  cocci,  the  pneumococcus,  the 
gonococcus,  the  bacillus  of  influenza,  and  the  spiro- 
chete of  sj-philis.  The  bacilli  of  typhoid  fever, 
anthrax,  and  diphtheria  and  the  colon  bacillus  are  less 
frequent  causes.  True  tuberculous  endocarditis  is 
rare  though  it  has  been  produced  experimentally  in 
animals.  Mechanical  or  toxic  injury  is  an  important 
factor  in  bringing  about  the  lesion  on  the  valve. 
Since  the  time  of  Bouillaud  rheumatism  has  been 
recognized  as  the  most  important  and  most  frequent 
cause  of  endocarditis,  though  strictly  speaking  rheu- 
matism is  not  a  cause  but  an  associate.  Both  dis- 
eases are  due  to  infection  with  the  same  organism 
though  what  that  organism  is  has  not  yet  been  de- 
termined. Closely  associated  with  rheumatism  are 
chorea  and  tonsillitis  and  it  is  probable  that  the  same 
bacterial  cause  is  often  behind  all  three.  The  pyo- 
genic cocci  may  cause  an  endocarditis  in  association 
with  scarlet  fever,  diphtheria,  infected  wounds,  puer- 
peral fever,  or  septicemia.  Endocarditis  not  infre- 
quently appears  as  a  complication  in  pneumonia  and 
the  importance  of  the  gonococcus  as  a  cause  is  growing 
rapidly.  When  occurring  as  a  terminal  manifestation 
in  diabetes,  nephritis,  cancer,  etc.,  it  is  due  to  infection 
which  has  occurred  because  of  the  patient's  lowered 
resistance.     Syphilis  has  not  been  demonstrated  as  a 


Flo.  2032. — Malignant  Endocarditis  Invohing  the  Mitral  Valves  and  the  Left  .\uricle.     (Original.) 

cause  of  actite  endocarditis  but  does  produce  manv 
cases  of  aortic  insufficiency  so  that  it  is  possible  that 
the  acute  condition  does  occur. 

Pathological  Anatomy. — Pathologically,  the  differ- 
ence between  the  malignant  and  the  simple  endocar- 
ditis is  merely  the  usual  difference  between  a  mild  and 
a  virulent  infection  of  any  tissue.  As  a  rule  the  lesion 
is  restricted  to  the  endocardium  of  the  valves  though  it 
may  appear  on  any  part  of  the  heart  lining.  The  proc- 
ess begins  with  injury  of  the  endothelium  followed  by 
infection.  There  is  a  rapid  development  of  a  fibrin- 
ous exudate  which  soon  presents  the  graj-ish  yellow 
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ragged  appearance  which  is  recognized  as  a  vegetation. 
These  vegetations  may  be  minute  and  numerous,  re- 
sembling venereal  warts,  or  so  large  as  to  resemble 
an  extensive  cock's  comb.  Microscopically,  they  con- 
sist of  a  superficial  layer  of  coagulated  filirin,  in  the 
upper  layer  of  which  are  entangled  numbers  of 
leucocytes  deposited  from  the  blood  stream.  Deeper 
down  is  a  layer  of  simple  fibrin  free  from  corpuscular 
elements  and  below  this  again  is  a  layer  of  granulation 
tissue.  The  development  of  this  exudate  varies  with 
the  virulence  of  the  bacterial  cause.  If  the  virulence 
is  high  the  lesion  is  large  and  may  spread  to  the  walls 
of  the  heart.  The  necrosis  may  extend  to  the  deeper 
tissues  and  result  in  a  perforation  or  aneurysm  of  a 
valve.  The  vegetation  is  rich  in  polynuclear  leuco- 
cytes and  under  the  influence  of  ferments  which  these 
cells  secrete,  portions  of  the  mass  become  liquefied 
and  their  attachment  loosened  so  that  they  are  easily 
swept  off  as  emboli  by  the  force  of  the  blood  stream. 
Such  emboli  vary  in  size  and  cause  infarction  or  abscess 
formation  in  the  tissues  in  which  they  lodge.  When 
the  virulence  is  low  the  ulcerated  area  becomes  walled 
off  with  leucocytes  and  gradually  organization  takes 
place.  The  endothelium  grows  out  over  the  injured 
surface  and  under  favorable  conditions  forms  again  an 
intact  covering.  This  probably  does  not  occur  regu- 
larly for  it  is  known  that  a  valve  which  has  once  been 

injured  is  more  suscep- 
tible to  infection.  With 
the  subsequent  contrac- 
tion of  the  newly 
formed  fibrous  tissue 
occur  those  deformities 
of  the  valve  which  are 
characteristic  of  the 
so-called  valvular  dis- 
ease of  the  heart. 

Sl-MPTOMATOLOGT. 

The  malignant  form  of 
acute  endocarditis  has 
been  divided  into  three 
types  which  have  been 
recognized      clinically. 
The  septicemic  type  is 
the  most  common  and 
typical.     It  is   charac- 
terized by  prostration, 
anorexia,   malaise,   fre- 
quently headaches  and 
shaking     chills.        The 
temperature  is  often  of 
the  septic  variety  with 
wide  excursions.      The 
skin  is  sallow  and  there 
is    rapidly   progressing 
anemia     and     loss     of 
weight.       The    cheeks 
are    sunken,    the    skin 
dry  and  the  tongue  dry 
and  furred.     The  lungs 
may  be  clear  or  show 
bronchopneumonia,  the 
respirations  are  rapid. 
The     signs     over    the 
heart  are  variable.     In 
some  cases  the  only  abnormality  is  the  increased  rate. 
M\irmurs  of  all  kinds  and  in  all  places  may  be  heard 
and  often  change  markedly  from  day  to  day.     The 
pulse  is  small,  weak  and  rapid,  and  the  blood  pres- 
sure is  low.     Pericarditis  may  develop  with  its  sign. 
There  is  sometimes  edema  of  the   extremities.     In 
addition  there  may  be  present  the  symptoms  of  em- 
bolism which  vary   according  to  the  organ   affected. 
The  spleen  is  the  most  frequent  site  of  such  infarctions. 
The  blood  coimt  shows  a  diminution  in  the  number  of 
the  red  cells  which  may  be  extreme.     There  is  almost 
always  a  leucocytosis  and  a  pohmucleosis.     Cultures 
of  the  blood  are  positive  in  about  ninety  per  cent,  of 
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the  cases.  The  urine 
usually  contains  albumin 
and  casts  and  often  there 
is  definite  blood  due  to 
infarction  of  the  kidney. 

The  t_\-phoidal  tj-pe  is 
characterized  by  a  more 
or  less  continuousl}'  high 
fever,  delirium,  dry 
tongue,  distended  ab- 
domen, roseola,  splenic 
enlargement,  and  possi- 
bly diarrhea,  but  no 
definite  localizing  symp- 
toms. The  differentia- 
tion from  t^Tshoid  fever 
is  often  possible  only  by 
means  of  the  blood  cul- 
ture. 

In  the  cerebral  tii-pe 
the  symptoms  due  to 
embolism  of  the  brain 
and  usually  of  the  left 
middle  cerebral  artery 
dominate  the  picture. 
There  is  a  history  of 
onset  with  chills  and 
fever  and  then  a  sudden 
development  of  hemi- 
plegia and  perhaps  im- 
consciousness.  Purulent 
meningitis  may  develop. 

There  is  a  chronic  form 
of  malignant  endocar- 
ditis which  may  last 
several  months.  It  is 
characterized  by  asthe- 
nia, a  moderate  degree  of  remittent  or  intermittent 
fever,  chiUs,  petechias,  and  changing  heart  signs. 
There  is  progressive  anemia  with  gradual  loss  of 
weight.  The  leucocytes  are  increased  but  usually 
not  beyond  15,000.  A  positive  blood  culture  may  not 
be  obtained  until  after  several  atteinpts.     In  this  tj-pe 


Fig.  2033. — Malignant  Endocarditis; 


Fig.  2034. — Malignant  Endocarditis:  Destruction  of  .\ortic  Leaflet:  Old  Thickening  of  .\ortic  Valves: 
Dilatation  of  the  Left  Ventricle.       (Original.) 


riceration  of  the  .\ortic  \'alves:  Hole  through  One  of  the  \'alvea: 
old  .\theroma.     (Original.) 

of   endocarditis   the   Steplococcus    nridans    has    been 
found  more  frequently  than  any  other  organism. 

The  symptoms  of  simple  acute  endocarditis  are 
primarily  those  of  the  accompanying  rheumatic  dis- 
ease. The  onset  of  the  cardiac  complication  may  be 
marked  by  pain  and  collapse.     The  rise  in  fever  may 

be  very  slight.  The 
sudden  appearance  of  a 
heart  murmur  or  the 
sjnnptoms  of  embolism 
may  be  the  first  evi- 
dence of  implication  of 
the  heart.  There  is 
sometimes  precordial 
bulging  in  children. 

DlFFEREN"TI.\L      Dl.\n- 

NOsis. — In  the  simple 
acute  type  the  asso- 
ciated disease  should 
lead  to  expectation  of 
cardiac  involvement  and 
the  characteristic  signs 
should  be  recognized  as 
they  api)ear.  In  the 
malignant  tj'pe  the 
blood  culture  is  the  most 
important  single  diag- 
nostic measure.  The 
differentiation  from 
pneumonia  and  from 
typhoid  fever  may  be 
very  difficult  and  de- 
pend entirely  upon  the 
findings  in  the  blood. 
If  in  the  course  of  an 
acute  disea.se  a  murmur 
develops  under  our  ol>- 
servation,  which  cannot 
be  accounted  for  by 
anemia  or  weakness  of 
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the  cardiac  wall,  and  et;pecially  if  it  is  accompanied 
by  an  increase  in  fever,  we  are  justified  in  diagnosing 
endocarditis. 

PROdNosis. — In  the  vast  majority  of  cases  simple 
acvite  endocarditis  entails  no  immediate  danger. 
The  lesions  heal  to  a  greater  or  lesser  extent  and  the 
subsequent  cicatricial  contractures  result  in  vahnilar 
defects  which  may  prove  fatal  long  aftern-ard.  In 
malignant  endocarditis,  death  may  take  place  in  tliree 
davs,  or,  as  when  due  to  Sir.  nridans,  only  after  ten  to 
fourteen  months.  The  prognosis  is  always  unfavor- 
able but  in  some  instances  recovery  does  occur  and  the 
patient  acquires  a  valvular  disease  of  the  heart. 

TuEATMENT. — Tlio  treatment  of  simple  acute  endo- 
carditis is  first  of  all  the  treatment  of  the  associated 
disease.  The  salicylates  should  be  given  in  doses 
sufficient  to  control  the  arthritic  pain  but  they  are  said 


Flo.  2035. — Malignant  Endocarditis  on  Top  of  Old  Scleroaing  Process, 
involvement  of  the  mitral  valves.     (Original.) 


to  have  a  certain  amount  of  depressing  effect  upon  the 
heart.  Rest  is  all  important.  Digitalis  is  the  most 
important  single  drug  and  strychnine  maj'  often  be 
Used  to  advantage.  The  diet  should  be  especially 
nutritious  and  iron  may  be  indicated  in  order  to  com- 
bat the  anemia.  Arsenic  is  also  used  for  this  purpose. 
One  of  the  most  im]5ortant  prophylactic  measures 
consists  in  the  removal  of  ton.sils  which  are  subject  to 
recurrent  inflammation.  The  removal  should  of 
course  be  done  in  the  interval  between  attacks. 
It  is  sometimes  very  striking  to  see  the  improvement 
in  a  patient  following  the  removal  of  susceptible  ton- 
sils. The  care  of  the  teeth  in  order  to  prevent  caries 
and  pyorrhea  is  also  very  important.  The  treatment 
of  malignant  endocarditis  is  that  of  any  form  of  gen- 
eral septicemia;  absolute  rest,  light  diet,  and  an 
ice-bag  over  the  precordium  to  quiet  the  action  of  the 
heart.  Drugs  ar^  of  little  value  and  sometimes  the 
heart  is  so  damaged  that  attempts  at  stimulation  are 
actually  harmful.  Intravenous  infusions  of  collargol 
and  other  antiseptic  solutions,  and  the  administration 
of  Marmorek's  antistreptococciis  serum  have  proven 
of  no  value.  Inoculation  with  bacterial  vaccines, 
more  especially  autogenous  ones,  has  apparently  re- 


s\ilted  favorably  in  a  small  percentage  of  cases  but  the 
disappointments  have  been  many.  The  adminis- 
tration of  filtrates  of  cultures  of  one  or  more  organisms, 
the  so-called  phylacogens,  has  little  to  recommend  it 
theoretically  and  there  has  as  yet  been  no  con^^ncing 
demonstration  of  beneficial  results  following  their  use. 
The  effects  and  treatment  of  chronic  endocarditis 
!',re  those  of  chronic  valvular  lesions  and  will  be  con- 
sidered under  that  heading. 

James  Rae  Arneill. 
Revised  bv  Ralph  G.  Stillman. 


End-organs,  Nervous. — -The  nervous  end-organs 
fall  into  two  groups  which  have  very  appropriately 
been  termed  by  Sherrington  the  receptors  and  the 
effectors,  the  former  being  the  nervous  endings  in  the 
sense  organs  and  the  latter  the  endings  within  the 
organs  of  response — muscles,  glands,  etc. 
The  body  is  surrounded  by  a  complex 
of  manifestations  of  energy  which  im- 
pinge upon  its  surface,  some  of  which  are 
noxious,  some  beneficial,  and  others  indif- 
ferent. Those  sense  organs  which  respond 
to  the  action  of  these  external  agents  are 
termed  exteroceptors,  in  distinction  from 
the  interoceptors  which  are  stim\ilated  by 
internal  (chiefly  visceral)  processes. 

We  are  surrounded  by  many  forms  of 
external  energy  to  which  our  receptive 
end-organs  are  entirely  insensitive,  such 
as  ultraviolet  rays  from  the  sun,  Hertzian 
electric  waves,  etc.  Receptors  have  been 
differentiated  only  for  those  forces  of  our 
natural  environment  which  can  either 
benefit  or  injure  the  body;  to  the  rest  we 
are  entirely  indifferent.  The  purpose  of 
the  receptors,  then,  is  to  analyze  the  envi- 
roning energ}-  complex  in  such  a  way  as  to 
facilitate  the  execution  of  the  adaptive  or 
useful  modes  of  response  to  all  significant 
environmental  factors.  This  is  accom- 
plished, as  Sherrington  points  out,  by 
lowering  the  stimulus  threshold  of  each 
receptor  for  some  one  kind  of  energy 
manifestation  and  raising  it  for  all  others ; 
or,  otherwise  stated,  each  receptor  is 
attuned  to  respond  only  within  a  definite 
range  of  energy  manifestations  and  to 
remain  silent  to  aU  others. 

An  acceptable  classification  of  the  re- 
ceptors or  sense  organs  of  the  body  must 
take  account  of  their  anatomical  relations, 
of  the  nature  of  the  physical  or  chemical 
forces  which  serve  as  the  adequate  stimuli,  of  the 
subjective  qualities  which  we  experience  upon  their 
excitation,  and  of  the  character  of  the  physiological 
responses  which  commonly  follow  their  stimulation. 
The  last  point  has  been  too  much  neglected. 

In  fact,  the  most  fundamental  di\ision  of  the 
nervous  system  which  we  have,  cutting  down  through 
the  entire  bodily  organization,  is  based  upon  this 
physiological  criterion.  Sherrington,  whose  analysis 
with  some  modifications  is  here  adopted,  recognizes 
three  types  of  sense  organs,  or  receptors:  (1)  the 
interoceptors,  or  visceral  receptive  organs,  which 
respond  only  to  stimulation  arising  within  the  body, 
chiefly  in  connection  with  the  processes  of  nutrition, 
excretion,  etc.;  (2)  the  exteroceptors,  or  somatic 
sense  organs,  which  respond  to  stimtilation  arising 
from  objects  outside  the  body ;  (3)  the  proprioceptors, 
a  system  of  sense  organs  found  in  the  muscles,  tendons, 
joints,  etc.,  to  regulate  the  movements  called  forth 
by  stimulation  of  the  exteroceptors.  _  This  thirrl 
group  is  really  subsidiary  to  the  somatic  system,  or 
exteroceptors,  and  will  be  considered  more  in  detail 
beyond.  The  important  point  to  bear  in  mind  here 
is  that  stimulation  of  the  visceral  sense  organs  typic- 
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ally  calls  forth  visceral  responses,  i.e.  adjustments 
wholly  within  the  body,  while  stimulation  of  the  so- 
matic (exteroceptive)  sense  organs  typically  callsforth 
somatic  responses,  i.e.  a  readjustment  of  tlie  body  as  a 
whole  with  reference  to  its  environment.  This  is  a 
very  fundamental  distinction. 

From  this  standpoint  the  nervous  system  has  a 
two-fold  part  to  play  in  the  vital  economy.  In  the 
first  place,  the  nervous  system  is  the  chief  organ  by 
which  the  correlation  or  "correspondence"  (Herbert 
Spencer)  of  bodily  and  environmental  forces  is 
maintained.  And  in  the  second  place,  the  nervous 
syst«m  has  the  important  function  of  the  internal 
regulation  of  the  parts  of  the  body  inter  se,  to  ensure 
their  proper  nutrition  and  continued  well-being. 
These  two  fimctions  are  quite  diverse  and  the  organi- 
zation of  these  two  parts  of  the  nervous  system  shows 
corresponding  structural  differences. 

We  divide  the  nervous  organs,  then,  into  two  great 
groups,  the  exteroceptive  or  somatic  group,  and  the 
interoceptive,  visceral  or  splanchnic  group.  The 
latter  group  comprises  the  nerves  and  nerve  centers 
concerned  with  digestion,  respiration,  circulation, 
excretion  and  reproduction.  These  are  chiefly  found 
within  the  sympathetic  nervous  system  and  those 
parts  of  the  central  nervous  system  directly  connected 
therewith,  though  the  more  highly  specialized  mem- 
bers of  this  group  are  independent  of  the  sympathetic 
svstem .  The  exteroceptive  or  somatic  group  comprises 
the  greater  part  of  the  brain 
and  spinal  cord  and  the  cere- 
bral and  spinal  nerves,  or 
briefly,  the  cerebrospinal  nerv- 
ous system,  as  distinguished 
from  the  s\Tnpathetic  system. 
This  is  the  mechanism  by  which 
the  body  is  able  to  adjust  its 
own  activities  directly  in  rela- 
tion to  those  of  the  outside 
world — to  procure  food,  avoid 
enemies,  and  engage  in  the 
pursuit  of  happiness. 

The  organs  belonging  to 
each  of  these  two  groups  do 
much  of  their  work  independ- 
ently of  the  other  group;  i.e. 
visceral  stimuli  call  forth  vis- 
ceral responses  and  external  or 
somatic  stimuli  call  forth  so- 
matic responses.  Nevertheless 
the  two  groups  of  organs  are 
by  no  means  entirely  inde- 
pendent, for  external  excita- 
tions may  produce  strong 
visceral  reactions,  and  con- 
versely. Thus,  the  sight  of 
luscious  fruit  (exteroceptive 
stimulus)  naturally  calls  forth 
movements  of  the  body  (so- 
matic responses)  to  go  to  the 
desired  object  and  seize  it. 
But  if  one  is  himgry,  the  mouth 
may  water  in  anticipation,  a 
purely  visceral  response.  On 
the  other  hand,  the  strictly 
visceral  (interoceptive)  .sen.sation  of  hunger  is  apt  to 
set  in  motion  the  exteroceptive  reactions  necessary  to 
find  a  dinner. 

With  these  principles  in  mind,  let  us  now  imdertake 
an  analysis  of  the  human  sense  organs  and  of  their 
effectors.  The  following  list  is  by  no  means  complete 
and  is  in  some  parts  merely  provisional. 

I.  Somatic  Senses. — These  are  senses  concerned  with 
the  adjustment  of  the  body  to  external  or  environ- 
mental relations. 

A.  Exteroeeptors. — Stimulated  by  objects  outside 
the  body  and    typically    evoking   reactions   of    the 


Fig.     2036. —  Tactile 
Nerve  Endings  in  the  Deep 
Layer    of    the  Cutis  from 
the  Nose  of  a  Cat.    (.\fter 
Botezat.) 


whole  body,  such  as  locomotion,  etc.  This  group 
includes  a  very  complicated  system  of  general  cu- 
taneous sense  organs,  some  organs  of  deep  sensibilitv, 
and  some  of  the  higher  sense  organs.  The  cutaneous 
exteroeeptors  comprise  a  complex  system  whose  an- 
alysis has  proven  very  difficult.  "The  conclusions 
presented  in  the  paragraphs  which  follow  are  based 
chiefly  upon  the  observations  of  von  Frey  and 
Henry  Head.  The  correlation  of  the  data  of  phy- 
siological experiment  with  the  anatomical  structure 
of  the  cutaneous  end-organs  is  still  somewhat  prob- 
lematical and  the  structures  a,ssigned  here  to  the 
various  cutaneous  senses  should  be  regarded  as 
provisional   rather   than   as   demon.strated. 

1.  End-organs  of  the  pressure  or  tactile  sense. 
These  fall  into  three  groups  distinguished  by  Henry 
Head  as  epicritic,  protopathic,  and  deep  sensibilitv. 
Epicritic  tactile 
sensibility  is  a 
highly  refined 
type,  regarded  as 
of  later  evolution- 
ary origin  than  the 
other  two.  It  in- 
cludes light  touch 
on  the  hairless 
parts  of  the  body 
particularly.  Cu- 
taneous localiza- 
tion ("spot-nam- 
ing") and  the  dis- 
crimination be- 
tween two  points 
s  i  m  u  1 1  a  n  e  ously 
stimulated  ("the 
compass  test") 
are  functions  of 
this  system.  The 
threshold  for  pres- 
sure stimuli  is 
lower  than  in  the 
case  of  direct  stim- 
ulation of  the  pro- 
topathic and  deep 
end-organs.  The 
receptive  organs 
are  special  tactile 
bodies,  such  as 
Meissner's  corpus- 
cles. They  are 
generally  found  in 
the  cutis  and  sub- 
ciiticular  tiss>ies, 
either  as  free  skein- 
like terminal  ar- 
borizations of  me- 
dullated  cutaneous  nerves  or  as  similar  more  elab- 
orate endings  enclosed  in  connective-tissue  capsules. 
Fig.  2036  illustrates  a  simple  form  of  these  endings  in 
the  cutis  of  the  nose  of  a  cat,  and  Fig.  2037  a.  more 
complex  endings,  partly  -within  the  perichondrium  and 
partly  within  the  cutis  from  the  same  region.  The 
Meissner's  corpuscles  (Fig.  203S)  are  the  most  charac- 
teristic tactile  endings  of  this  system  in  the  human 
body,  consisting  of  a  simUar  skein  of  nerve  termini 
enclosed  within  a  connective-tiss\ie  capsule. 

Protopathic  tactile  sensibility  is  a  more  primitive 
t>-pe  of  general  diffuse  touch,  especially  well  developed 
on  the  hairy  parts  of  the  skin.  These  sensations 
have  no  clearly  defined  local  sign,  and  yet  their  end- 
organs  are  tliemselves  definitely  grouped  about  the 
hair  bulbs.  The  hairs  are  the  most  important  soiU"ces 
of  excitation  of  these  organs  and  the  sensitiveness  of 
hair-clad  parts  is  greatly  reduced  after  the  hair  is 
shaved.  "The  liminal  stimulus  for  the  touch  spots 
about  a  short  hair  is  three  to  twelve  times  greater 
than  for  the  hair  itself,  i.e.  the  hair  is  three  to  twelve 
times  more  sensitive  than  the  spots"    (Sherrington). 
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Fig.  2037. — Complt-x  Xerve  Endings, 
from  the  Nose  of  a  Cat.  (After 
Botezat.)  The  apparatus  lies  partly  in 
the  cutis  cu.  and  partly  in  the  perichon- 
drium pc.  above  the  nasal  cartilage  c. 
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The  innervation  of  the  hair  bulbs  is  very  complex  and 
varies  greatly  for  diflereiit  animals  and  for  the  dif- 
ferent kinds  of  hairs  on  the  same  body,  so  that  no 


Fio.  203S. — Meissner'3  Tactile  Corpuscle  from  the  Cutis  of 
the  Human  Skin.  (After  Dogiel  from  Bohm-Davidoff-Huber's 
Histology.) 

general  description  is  possible.  The  large  vibrissae 
of  the  rat  receive  their  nerve  supply  from  two  sources 
{Vincent,   1913).     A  large  nerve  bundle  pierces  the 
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Fio.  2039. — Straight  and  Circular  Nerve  Endings  on  the  Root 
of  a  Soft  Hair  from  the  Lower  Lip  of  a  Man  49  Years  Old.  (After 
Szymonowicz.)  The  coarser  forked  endings  belong  to  the  straight 
sj'stem  and  the  finer  fibers  to  the  circular  system. 

dermal  sheath  in  the  lower  part  of  the  bulb,  spreads 
out  over  the  inner  follicle  in  a  heavy  plexus,  and  ter- 
minates chiefly  in  a  mantle  of  touch"  cells,  resembling 

22 


Merkel's  corpuscles,  in  the  outer  root  sheath  all  over 
the  follicle.  A  second  nerve  supply  comes  from  the 
dermal  plexus  of  the  skin,  from  which  branches  run 
down  and  form  a  nerve  ring  about  the  neck  of  the 
follicle.  Experimental  studies  show  that  these  hair.s 
are  very  important  not  only  as  general  tactile  organs, 
but  specifically  as  aids  in  locomotion  and  ecjuilibra- 
t  ion.  The  ordinary  hairs  of  man  and  other  mammals 
have  three  forms  of  specific  ner\-e  endings  in  addition 
to  various  forms  of  terminal  arborizations  in  the 
surrounding  tissues:  (1)  straight  and  often  forked 
endings  running  parallel  with  the  base  of  the  hair; 


Fig.  2040. — Pacinian  Corpuscles  from  the  Mesorectum  of  a  Cat. 
(After  Sala  from  Bohm-Davidoff-Huber's  Histology.) 

(2)  circular  fibers  forming  a  plexiform  ring  around 
the  root  of  the  hair  external  to  the  straight  endings; 
and  (3)  leaf-like  nerve  endings  associated  with 
special  cells  resembling  Merkel's  corpuscles.  Fig.  2039 
illustrates  the  first  and  second  types  of  these  endings. 
The  deep  pressure  sense  is  served  by  special  nerve 
endings  throughout  the  tissues  of  the  bod}'  and  is 
preserved  after  loss  of  all  cxitaneoiis  nerves.  By  these 
end-organs  relatively  coarse  pressure  may  be  dis- 
criminated and  localized  and  movements  of  muscles 
and  joints  can  be  recognized.  Most  of  the  functions 
of  the  deep  sensory  nerves  belong  to  the  interoceptive 
and   proprioceptive   series    (see   beyond),    but   some 


Fig.  2041. — End-bulb  of  Krause  from  the  Conjunctivum  of  Man. 
(After  Dogiel  from    Bailey's  Histology.) 

exteroceptive  functions  are  here  present  also.  The 
latter  are  probably  related  chiefly  to  the  Pacinian 
corpuscles  and  similar  encapsulated  end-organs.  The 
Pacinian  corpuscle  has  a  central  nerve  fiber  enclosed 
in  a  firm  lameUated  connective-tissue  sheath  (Fig. 
2040). 

2.  End-organs  for  sensibility  to  cold. 

3.  End-organs  for  sensibUity  to  heat.  Physiolog- 
ical experiment  shows  that  heat  and  cold  are  sensed 
by  different  parts  of  the  skin — the  warm  spots  and 
the  cold  spots  respectively — and  that  each  of  these 
may  be  present  in  an  epicritic  and  a  protopathic  form. 
What  end-organs  are  involved  here  is  by  no  means 
certain.     The  margin  of  the  cornea  was  found  by 
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von  Frey  to  be  sensitive  to  pain  and  cold  only.  The 
free  nerve  endings  found  here  he  assumes  to  be 
pain  receptors  and  the  end-bulbs  of  Krause  (Fig.  2041) 
to  be  cold  receptors.  By  an  analogous  argument 
he  assumes  that  the  "genital  corpuscles"  of  Dogiel 


Fig    2042  —Genital    Corpuscle    from    the   Glans    Penis   of    Man. 
(-■Vfter  Dogiel  from  Bohm-Davidoff-Huber's  Histology.) 

(Fig.  2042)  and  some  similar  endings  widely  distributed 
in  the  skin  are  warmth  receptors.  By  some  other 
physiologists  these  two  types  of  end-organs  are  re- 
garded as  belonging  to  the  tactile  system. 

4.  End-organs  for   pain.     Some   physiologists  be- 
lieve that  there  are  separate  nerve  endings  for  pain; 
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Fig.  2CW3. — Vertical  Section  Through  the  Cornea,  (.\fter  Cohn- 
heim  from  Barker's  Nervous  System.)  The  corneal  corpuscles  and 
the  cells  of  Descemet's  membrane  are  left  out  of  the  drawing:  the 
anterior  epithelium  has  been  drawn  only  in  part,  a,  Descemet's 
membrane:  6,  nerv-es  from  the  plexuses;  c,  branches  going  to  the 
epithelium,  here  ascending  by  accident  very  obliquely;  d,  fibers  of 
the  subepithelial  layer;  e,  vertical  cut  threads  with  horizontal  out- 
runners: end  nodules  can  be  seen;  /,  an  undoubted  precorneal 
horizontal  fiber. 

others  regard  pain  as  a  quality  which  may  be  present 
in  any  sense,  and  not  as  itself  a  true  sensation.  The 
free  intraepithelial  nerve  endings  are  regarded  by 
von  Frey  as  the  pain  receptors,  because  these  endings 
alone  are  present  in  some  parts  of  the  body  where 


susceptibility  to  pain  is  the  only  sense  quality  present, 
such  as  the  dentine  and  pulp"  of  the  teeth  and  the 
cornea  (Fig.204:j).  Similar  endings  are  found  through- 
out the  epidermis  (Fig.  2044)  and  in  many  deep 
structures. 

5.  End-organs  of  general  chemical  sensibility. 
In  man  this  is  found  only  on  moist  epithelial  surfaces, 
■such  as  the  mouth  ca\aty;  but  in  fishes  it  may  be 
jjresent  over  the  entire "  bodily  surface  (Sheldon). 
The  sense  organ  is  probably  the  free  nerve  terminals 
among  the  cells  of  the  epithelium,  never  special  sense 
organs  lilce  taste  buds,  for  these  when  present  in  the 
skin  belong  to  a  quite  different  system. 

6.  Organs  of  hearing.  The  "stimulus  is  material 
vibrations  whose  frequency  ranges  between  16  and 
40,000  per  second.  The  "receptor  is  the  organ  of 
Corti  m  the  cochlea,  perhaps  also  the  sen.sorv  spots 
in  the  saccule  and  utricle.  There  are  two  forms,  (1) 
noise,  stimulated  by  sound  concussions  or  irregular 
mixtures  of  aerial  vibrations;  (2)  tone,  stimulated  by 
sound  waves  or  periodical  aerial  vibrations. 


Fig.  2044. — Transverse  Section  Through  the  Skin  of  the  Ear  of 
a  White  Mouse  Three  Days  Old.  (.\fter  Van  Gehuchten.)  a, 
horizontal  fibers:  b,  bifurcation:  /n,  nerve  fibers. 

7.  End-organs  of  vision.  The  stimulus  is  ethereal 
vibrations  ranging  between  392  bUlions  and  757 
billions  per  second.     Here  also  there  are  two  forms: 

( 1 )  brightness,  stimulated  by  mixed  ethereal  vibrations ; 

(2)  color,  stimulated  by  simple  ethereal  vibrations. 

8.  End-organs  of  smell.  This  sense  has  both  ex- 
teroceptive and  interoceptive  qualities,  the  latter 
being  apparently  the  more  primitive.  See  the  fuller 
discussion  beyond  under  the  Interoceptors  (Visceral 
Senses)  and  in  the  article  Olfactory  Xerve. 

B.  Proprioceptors. — These  sense  organs  are  con- 
tained within  the  skeletal  muscles,  joints,  etc.,  and  are 
stimulated  by  the  normal  functioning  of  these  organs, 
thus  reporting  back  to  the  central  ner\-ous  system 
the  exact  state  of  contraction  of  the  muscle,  flexion 
of  the  joint,  tension  on  the  tendon,  etc.  These 
reactions  are  generally  unconsciously  perfonned. 

9.  End-organs  of  muscular  sensibility.  The  organ 
is  a  series  of  nerve  endings  among  special  groups  of 
muscle  fibers  kno\\Ti  as  muscle  spindles.  These 
endings  are  usxially  spirally  woimd  arovmd  their 
muscle  fibers  and  are  stimulated  by  the  contraction 
of  the  muscle  (Fig.  2045). 

10.  End-organs  of  tendon  sensibility.  Similar 
nerve  endings  are  spread  out  over  the  surfaces  of 
tendons  and  are  stimulated  by  stretching  the  tendon 
during  muscular  contraction  (Fig.  2040). 

11.  End-organs  of  joint  sen.sibility.  Nerve  end- 
ings found  in  the  joints  and  the  surrounding  ti.ssues 
are  stimulated  by  bending  the  joint  and  report  back 
to  the  central  nervous  system  the  degree  of  flexion 
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(if    the   joint.     The    chief   end-organs   are    probably 
Pacinian  corpuscles.  .  . 

12.  Static  and  equilihratory  sensations  ansnig  from 
stimulation  of  the  semicircular  canals 
of  the  internal  oar  (Fig.  2047).  This 
is  the  most  highly  specialized  mem- 
ber of  the  proprioceptive  group  and 
acts  in  conjimction  with  all  of  the 
other  somatic  senses  to  maintani 
equilibrium,  iwsture,  and  the  tone 
of  the  muscul.ar  system.  The  eyes 
and  most  of  the  other  exteroceptive 


Fio.  2045. — Neuro-niuscular  Nerve  End-organ  from  tlie  In- 
trinsic Plantar  Muscles  of  a  Dog,  froni  Te.ased  Preparation  Stained 
with  Methylene  Blue.  The  figure  shows  the  intrafusal  muscle 
fibers  of  the  muscle  spindle,  the  nerve  fibers  and  their  termin- 
ations: the  capsule  and  the  sheath  of  Henle  are  not  shown,  (.\fler 
Huber  and  DeVVitt.) 


sense  organs,  so  far  as  they  act  in  the  way  just  sug- 
gested, serve  as  proprioceptors. 

II.  Visceral  Senses. — The  visceral  or  interoceptive 
senses  fall  into  two  well-defined  groups.  First,  the 
general  visceral  senses  are  without  highly  specialized 
end-organs  and  are  innervated  through  the  sjinpa- 
thetic  nervous  system.  Their  reactions  are  chiefly 
unconsciously  performed.  Second,  the  special  visceral 
senses  are  provided  with  highly  developed  end-organs 
which  are  innervated  directly  from  the  brain  without 
any  connection  with  the  sympathetic  system.  The 
special  visceral  sense  organs  may  in  some  cases  serve  as 
exteroceptors  as  well  as  interoceptors.  Their  reac- 
tions may  be  conscious  and  voluntary. 

A.  General  Visceral  Senses. — 13.  Hunger.  Stimulus, 
strong  contractions  of  the  gastric  muscle  (Cannon, 
Carlson).     This  is  a  variety  of  muscle  sense. 

14.  Thirst.  Stimulus,  dryness  of  the  pharyngeal 
mucous  membrane  (?). 

15.  Nausea.     Stimulus,  antiperistaltic  reflex. 

16.  Respiratory  sensations,  suffocation,  etc. 

17.  Circulatory  sensations,  flushing,  heart  panics, 
etc. 
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18.  Sexual  sensations. 

19.  Sensations  arising  from  distention  of  cavities, 
stomach,  rectum,  bladder,  etc.  (muscle  sense).         ' 

20.  Visceral  pain.  ' 

21.  Obscure  abdominal  sensations  associated 
with  strong  emotions  of  fright,  anger,  affection, 
etc.,  characterized  (])robably  correctly)  by  the 
ancients  by  such  expressions  as  "yearning  of  the 
bowels,"  etc.     The  stimulus  is  probably  a  tonic 

contraction  of  the  unstriped  visceral  musculature. 

The  nerve  endings  of  the  general  visceral  receptors 
are  generally  free  arborizations  in  or  under  the  various 
nuicous  surfaces,  without  the  development  of  special- 
ized accessory  cells  to 
form  differentiated 
sense  organs.  These 
nerves  in  general  are 
distributed  through  the 
sympathetic  nervous 
system  and  are  of  two 
sorts:  (1)  Visceral  sen- 
sory fibers  of  cerebro- 
spinal origin,  whose  cell 
bodies  lie  in  .the  spinal 
or  cerebral  ganglia  and 
whose  central  processes 
pass  through  the  dorsal 
roots  to  terminate 
within  the  central  ner- 
vous system.  The 
peripheral  processes  of 
these  neurones  pass  out 
by  the  rami  communi- 
cantes  into  the  sympa- 
thetic system  through 
whose  nerves  they 
reach  their  respective 
sensory  surfaces. 
These  fibers  are  usually 
meduUated  and  are  the 
largest  fibers  of  the 
sympathetic  nerves. 
Their  endings  spread 
widely  below  and 
within  the  mucous  epi- 
thelia  of  the  digestive 
tract,  bladder,  etc. 
(Figs.  2048,  2049).  (2) 
Besides  the  visceral 
fibers  of  cerebrospinal 
type,  there  are  through- 
out the  body  peripheral 
sympathetic  neurones 
forming  a  diffuse  gang- 
lionic plexus  pervading 
all  the  tissues.  Some 
of  these  neurones  are 
regarded  by  Langley  as 
non-polarized  and  serv- 
ing local  reflexes ;  others 
are  apparently  differen- 
tiated as  specific  motor 
(postganglionic)  or  sen- 
sory elements.  Many 
ciliated  epithelial  and 
glandular  visceral  sur- 
faces are  innervated  by 
endings  which  either 
arborize  freely  around 
the  epithelial  cells  or 
end  upon  them  with 
trefoil  expansions  (Fig. 
2050).  These  are  pro- 
bably  endings  of  this 

type.  Unmedullated  fibers  of  this  system  enter  the 
spinal  ganglia  through  the  rami  communicantes  and 
there  effect  fimctional  connections  with  the  spinal 
ganglion  neurones  (Dogiel). 


FiQ.  2046.  —  Neuro-tendinoua 
Nerve  End-organ  from  the  Rab- 
bit: Teased  Preparation  Stained 
with  Methylene  Blue.  (.\fter 
Huber  and  DeWitt.) 
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Fig.  2047. — Transverse  Section  of  the  Semicircular  Canal  of  the 
Ear  of  a  Mouse  showing  Terminals  of  the  Vestibular  Branch  of 
the  VIII.  Nerve,  (.\fter  Ram6ny  Cajal.)  X,  Lumen  of  the  canal; 
B,  crista  acustica:  C,  bundle  of  nerve  fibers  containing  bipolar 
ganglion  cells;  D,  a  similar  bundle  supplying  the  top  of  the  canal; 
a.  6.  and  c,  varieties  of  bipolar  epithelial  cells. 


Fig.  204S. — Tangential  Section  of  the  Mucosa  of  the  Esophagus 
of  a  Cat.     (After   DeWitt.) 


Fig.  2049. —  Free  Endings  of  Afferent  Nerve  Fibers  in  ihe 
Epithelium  of  a  Rabbit's  Bladder,  {-\fter  Retzius.)  6ff.  Subepithe- 
lial connective  tissue;  n,  nerve  fiber  entering  the  epithelium  where 
it  breaks  up  into  numerous  terminals  among  the  epithelial  cells; 
o,  surface  epithelium  of  the  bladder. 


B.  Sprcial  Viaceral  Sense-t. — 22.  Taste.  Chemical 
.'itiiuulation  of  taste  buds  on  the  tongue  and  pharynx 
by  sweet,  sour,  .salty,  or  bitter  substances.     In  man 


Fig.  20.)0. — Nerve  Endings  in  the  Mouth  Epithelium  of  the 
Frog.  (After  Bethe.)  A,  "Gabezelle."  from  sensory  papilla  of 
the  tongue:  B,  cylinder  cells;  C,  isolated  rod  cell;  D.  upper  part  of 
papilla:  E,  ciliate  cells  of  palate 

this  is  a  strictly  interoceptive  sense;  but  in  some 
fishes  taste  buds  are  scattered  over  the  outer  body 
surface  in  addition  to  the  mouth  cavity,  and  thus  serve 
as  exteroceptors  also. 
The  organ  is  a  special- 
ized flask-shaped  col- 
lection of  epithelial 
cells  of  two  sorts,  sup- 
porting elements  anil 
specific  seusorv  ele- 
ments (Fig.  "2051). 
There  is  a  double  in- 
nervation, partly  by 
perigemm  al  fibers 
whose  endings  sur- 
round the  bud,  and 
partly  by  intragemmal 
fibers  which  penetrate 
the  bud  and  arborize  in 
intimate  relation  with 
the  specific  sensory 
cells  (Figs.  2052,  2053). 
23.  Smell.  Chemical 
stimulation  of  the 
specific  olfactory  mu- 
cous membrane  of  the 
nose.  The  munber  of 
substances  which  may 
than  in  the  case  of 
subjective  qualities  is 
crimination    threshold 


Fig.  ^051. — Taste  Bud  from  Side 
Wall  of  Circumvailate  Papilla- 
(.\fter  Merkel-Henle.)  a.  Taste 
pore;  6,  nerve  fibers,  some  of  which 
enter  the  taste  bud  (intragemmal 
fibers),  while  others  end  freely  in 
the  surrounding  epithelium  (inter- 
gemmal  fibers). 

act  as  stimuli  is  greater 
taste  buds,  the  number  of 
also  greater,  and  the  dis- 
is    much    lower.     That    this 


r-- 


FiQ.  2052. — A,  Perigemmal  Nerve  Ending  from  Taste  Buds  of 
the  Conger  Eel;  B,  intragemmal  nerve  endings  from  taste  buds 
of  Barbus  vulgaris,     (.\fter  Lenhossi^k.) 

system  was  originally  an  interoceptive  sense  seems 
clear;  Ijut  in  all  vertebrates  living  at  the  present 
time  tlie  visceral  responses  to  .smell  are  quite  sub- 
ordinate   to    the    somatic    reactions.     The    sense    of 
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smell  is  the  loading  oxteroceptor  in  most  lon-er  verte- 
brates, and  this  function  has  been  secondarily  tie- 
rived  from  the  primary  visceral  function.  We  have 
seen  above  that  the  sense  of  taste  in  some  fishes  has 
secondarily  acquired  exteroeejjtive  functions;  and  in 
the  case  of  smell  this  secondary  change  has  been 
carried  still  further  until  the  exteroceptive  function 

has  come  to  dominate 
the  primitive  intero- 
ceptive, though  the 
latter  has  by  no  means 
6/ifi(IU   1  ¥  i'/     irflW     ^^een     entirely     elimi- 

TV/frttl^         II   y       \\\\     nated      (cf.     Oljaclorij 

Nerve). 

The  peripheral  organ 
of  smell  is  a  specific 
sensory  epithelium 
within  the  nose,  whose 
sensory  cells  give  rise 
directly  to  the  fibers 
of  the  olfactory  nerve, 
this  being  the  only  peripheral  nerve  of  the  human 
body  whose  fibers  arise  from  superficially  placed  cell 
bodies.  Jacobson's  organ  of  many  animals  gives  rise 
to  a  separate  part  of  the  olfactory  nerve,  the  ner\iis 
vomero-nasalis  (Fig.  205.3). 

III.  Somatic  Effectors. — 24.  End-organs  on  the 
striated  skeletal  muscles.     These  muscles  are  derived 


A 

Fig.  2053. — .1,  Olfactory  Nerve 
Endings  in  Jacobson's  Organ  (After 
Lenhoss(5k.)  B,  Nerve  endings  in 
taste  buds.     (After  Arnstcin.) 


Fio.  20.i4. — A  and  fi,  Motor  End-plates  from  Striated  Muscle 
of  the  Rabbit:  C,  cross-section  of  a  muscle  fiber  and  motor  end- 
plate  of  the  frog,     (.\fter  Huber  and  DeWitt.) 

embryologically  from  the  somites  or  primarj'  meso- 
dermal segments  of  the  embryo.  They  are  imder 
the  direct  control  of  the  will  and  are  concerned 
chiefly  with  locomotion  or  other  movements  which 
change  the  relations  of  the  body  to  its  environment ; 
they  are  typically  stimulated  to  action  through  the 
exteroceptive  sense  organs.     They  are  innervated  by 

A. 


Cranial  Nerves).  The  end-organ,  or  motor  end-plate, 
is  a  complex  terminal  arborization  of  the  motor 
nerve  fiber,  associated  with  an  elevated  granular 
mass  of  sarcoplasm  and  a  collection  of  nuclei  of  the 
muscle  fiber  (Fig.  2054). 

IV.  ViscER.\L  Effectors. — 25.  End-organs  on  the 
involuntary  visceral  muscles.  These  muscles  may 
be    unstriated    or     striated  (as     in    heart     muscle). 


Fig.    205.5. — Nerve  Endings  on  Smooth  Muscle  Ceils.       (.\fter    Huber  and 
DeWitt.)    a,  Axis  cylinder;  6,  its  termination;  n,  nucleus  of  the  muscle  cell. 


a  system  of  somatic  motor  nerves  arising  from  a 
ventral  motor  column  of  nerve  centers.  The  com- 
ponents of  this  system  found  in  the  cranial  nerves 
(III.,  IV.,  VI.,  and  XII.  pairs)  are  sometimes  dis- 
tinguished as  a  special  group,  in  contrast  with  the 
general    somatic    motor    nerves    of    the    trunk    (cf. 


J^uatic 


Fig.  2030. — Thick  Section  Through  the  Skin  of  a  Toad  (Bufo). 
Illustrating  a  network  of  fine  unmedullated  nerve  fibers  over  the 
uncut  surface  of  a  cutaneous  gland.  The  duct  and  part  of  the  body 
of  the  gland  are  out  of  the  plane  of  the  section,  (.\fter  C.  L. 
Herrick.) 

They  are  innervated  through  the  sympathetic 
nervous  system  and  tj-pically  by  a  chain  of  two 
neurones,  the  preganglionic  and  the  postganglionic 
neurones.  The  body  of  the  preganglionic  neurone 
lies  in  the  central  nervous  system  and  its  neurite 
passes  out  into  the  sympathetic  nervous  system 
where  it  ends  in  a  sympathetic  ganglion.  The 
efferent  impulse  is  here  taken  up  by  a  postgan- 
glionic neurone,  whose  body  lies  in  the  sympathetic 
ganglion  in  question  and  whose  neurite  passes 
onward  through  a  sympathetic  nerve  to  end 
in  the  appropriate  effector.  The  nerve  end- 
ings of  this  system  are  simple  or  branched 
free  terminals  ending  on  the  surface  of  the 
muscle  fiber  (Fig.  20.55);  in  the  case  of  heart 
muscle  the  fibers  usually  have  expanded 
trefoil  tips. 

26.  End-organs  on  glands.  The  innerva- 
tion of  these  organs  is  in  most  respects  similar 
to  that  of  the  involuntary  muscle  last  de- 
scribed. A  fine  plexus  of  non-medullated 
fibers  of  sympathetic  origin  envelops  the 
smaller  glands  and  pervades  the  larger  ones 
(Fig.  20.56);  they  are  believed  to  be  the  ex- 
citoglandular  fibers. 
27.  Special  visceral  motor  end-organs.  The  nerves 
of  this  system  have  no  connection  with  the  sympa- 
thetic system.  These  effectors  are  striated  muscles 
acting  imder  the  direct  control  of  the  will.  They  are 
derived  phylogenetically  from  the  branchial  or  gill 
muscles  of  lower  vertebrate  ancestors  and  they  are 
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developed  emljryologically  from  the  ventral  unseg- 
niented  mesoderm  and  not  from  the  primitive  meso- 
dermal segments  which  give  rise  to  the  somatic  nuis- 
cles.  They  are  innervated  directly  from  a  ventrolateral 
column  of  motor  neurones  of  the  medulla  oblongata, 
whose  neurites  form  part  of  the  motor  roots  of  the  V., 
VH.,  IX.,  X.,  and  XI.  cerebral  nerves. 

C.  JuDsoN  Herrick. 
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Endothelioma. — See  Sarcoma. 

Enema. — See  Enteroclysis. 

Enema,  Nutritive. — Qe&  Alimenlation,  Rectal. 

Energy. — This  term  may  be  roughly  defined  as 
the  doing  or  the  capacity  for  doing  work;  that  which 
overcomes  resistance;  activity;  the  exertion  of  power; 
efficiency.  It  is  purely  a  matter  of  one's  intellectual 
temperament  and  philosophical  opinions  whether 
mental  energies  or  energy  be  included  for  him  or  not 
in  this  definition.  The  word  energy  comes  from  the 
Greek  adverb  energos  (meaning  active),  wliich  in  its 
turn  was  compounded  of  en,  in,  and  ergon,  work. 
The  idea  comprised  in  this  expression  "in  working" 
is  indeed  very  exactly  the  essence  of  the  modern 
physical  concept  expressed  bj'  the  word  energy. 
One  of  the  two  great  classes  of  energies,  those  of 
position,  termed  in  physics  potential  energy,  is  of 
especial  interest  in  organic  energetics  and  therefore 
in  medicine;  the  other  class  of  energies,  those  of  motion, 
kinetic  energies,  are  far  more  obviously  true  energies, 
since  they  contain  the  root  idea  of  activity.  A  man, 
for  example,  pulling  upward  on  a  ring-bolt  firmly 
fixed  in  the  curbstone,  might  exert  a  great  amount  of 
energy  without  exerting  any  "energy"  at  all  on  the 
purely  physical  definition  of  energy  as  "the  capacity 
for  doing  work,"  where  "  work  "  means  the  overcoming 
of  resistance  through  space.  The  non.sense  of  this 
old-time  definition  of  work,  then,  as  involving  space 
of  necessity,  is  at  once  apparent,  for  of  all  energies 
the  energies  of  living  organisms  are  the  most  obviously 
certain.  If,  then,  such  a  notion  of  energy  interferes 
with  a  definition  in  physics,  we  must  give  up  the 
definition,  for  tlie  expense  of  energy  under  the  con- 
ditions suggested  is  quite  undeniable. 

The  tendency,  then,  is  to  limit  the  term  energies 
to  tho.se  by  physics  termed  kinetic,  energies  of  motion. 
Potential  energy,  that  imagined  as  inherent  in  position. 


is  loss  obviously  energy  or  even  something  else,  in  a 
scn.se,  bemg  a  wholly  relative  matter,  relative  namelv 
to  s])ace.  On  the  other  hand  real  or  obvious  energy 
may  be,  as  we  have  seen  by  the  illustraticm  above, 
wholly  independent  of  space,  especially  in  organi-sms. 
The  relations  hero  are  metaphysical  and  recondite  to  a 
degree,  and  taken  together  suggest  how  intimately  de- 
rived from  our  own  exertion  is  our  concept  of  energy. 

No  definition  of  energy,  for  example  "the  capacity 
to  do  work,"  is  .satisfactorj'  which  is  so  utterly 
relative  that  it  fits  only  a  part  of  the  instances. 
Suppose,  for  another  in.stance,  a  stone  carried  to  the 
summit  of  a  granite  mountain  and  thrown  into  a 
vertical  hole  drilled  o\it  of  the  rock  there;  the  con- 
ventional ])hysicist  would  say  it  had  "acquired  the 
(potential)  energy  reciuired  to  lift  it  from  its  original 
place,  and  that  if  the  mountain  were  removed  this 
energy  would  show  it.sclf  as  kinetic  energy  and  draw 
it  toward  the  center  of  the  earth."  Certainly  this 
stone  in  its  new  position  has  no  velocity  of  its  mass; 
on  the  other  hand,  to  define  its  acquired  (potential) 
energy  as  due  to  strains  is  to  ascribe  it  not  to  itself  but 
to  the  earth  which  somehow  tends  to  attract  it  into 
its  midst.  The  conventional  physicist  seems  to  be 
content  with  the  old-time  definitions  of  his  science, 
however,  although  he  cannot  well  help  being  puzzled 
at  times  by  their  inconsistencies.  We  may  well  rest 
with  an  opinion  not  unlike  that  of  the  well-known 
English  philosopher,  F.  H.  Bradley:  "No  one  is 
bound  to  be  intelligible  outside  his  own  science,  I 
am  quite  convinced  as  to  that."  It  is  not  any  too 
pleasing,  none  the  less,  to  see  glaring  inconsistencies 
(compare  the  conservation  of  energy  doctrine  taken  as 
an  absolute  law!)  concerning  the  one  ultimate  thing 
(energy)  with  which  the  science  is  properly  concerned. 

Not  only  in  such  respects,  but  in  others,  is  the  idea 
of  energy  commonly  held  by  the  world  at  large  at 
present  in  a  state  of  fusion  not  to  say  confusion — 
fusion  with  other  concepts,  confusion  because  of  the 
discovery  of  radium  and  its  emanations,  together 
with  the  doctrine  of  the  "electrons"  and  of  the 
"structureless"  ether  between  them.  Yet  even 
here  we  may  not  rest,  because  scientists  and  thinkers 
as  valid  as  the  learned  world  has  produced  do  not 
hesitate  to  think  of  consciousness  as  a  form  of  energy 
and  indeed  as  the  most  pervasive  of  all  its  forms. 
We  are  at  a  loss  for  answers  to  all  these  indefinitenesses 
concerning  the  limitations  of  the  energy-concept, 
and  consequently  can  do  no  better,  perhaps,  in  the 
entire  absence  of  authority  (because  authorities  con- 
fiict)  than  to  attempt  a  brief  discussion  of  the  most 
obvious  of  the  various  phases  of  energy,  so  far,  espe- 
cially, as  medicine  is  concerned  with  them. 

Whether  in  part  hereditary  or  (according  to  John 
Locke)  entirely  the  result  of  personal  experience 
during  infancy  (the  former  seems  the  more  likely 
supposition),  the  human  concept  of  energy  must 
originate  wholly,  either  at  first-hand  or  at  second- 
hand, from  the  direct  expenditure  of  energy  by  our 
muscles  under  the  .stimulation  of  our  coordinating  cere- 
bral (voluntary)  nerve  impulses.  Here  alone  do  we 
come  in  direct  relationship  with  the  expenditure  of 
force — but  here  we  experience  this  very  thing  con- 
tinually. Our  whole  life  is,  in  fact,  a  series  of  experi- 
ences of  this  phenomenon  as  a  manifestiition  of  irrita- 
bility; in  many  respects  it  is  most  imfortunate  that 
language  has  crystallized  the  concept  unduly  hard 
into  what  we  think  of  as  "cause  and  effect."  At  any 
rate,  useful  as  is  this  idea  in  our  common  life  as  an 
indicator  of  a  certain  pha.se  of  empirical  relationship, 
it  is  quite  essential  to  remember  that  in  pointing  to 
aneventora  condition  asthe  "cause"  of  another  event 
or  condition  we  are  using  only  a  symbol  of  convenience 
for  what  is  really  a  multiplicity  of  conditions  each 
more  or  less  concerned  in  the  ,s(-ries  of  events.  This 
obvious  integrative  and  broadening  trend  in  the 
thought,  especially  the  biologic  thought,  of  the  day 
was  so  ably  expressed  by  Max  Verworn  of  Bonn  in 
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his  Silliman  Lectures  at  Yale  in  October,  1911,  that 
we  can  do  no  better  than  to  quote  his  remarks  at 
some  length,  as  follows: 

"The  interpretation  of  the  unity  of  being  and 
happenings  in  accordance  with  natural  laws,  which 
to-day  is  widely  accepted  in  the  scientific  world  as 
the  only  exact  one,  implies  the  assumption  of  a  causa- 
tion according  to  which  things  are  explained  by  the 
law  of  'cause  and  effect.'  I  have  already  on  various 
occasions  taken  the  opportunity  to  criticise  this 
view  and  to  show  the  error  and  confusion  to  which 
it  leads.  1  should  like  here  to  enter  somewhat  more 
in  detail  into  the  reason  for  this  criticism.  It  is 
particularly  directed  against  the  scientific  use  of  the 
term  '  cause'  on  the  basis  of  our  best  known  theoretical 
principles.  It  is  clear  that  all  scientific  observations 
and  explanations  are  founded  on  experience.  Can 
it  be  said  that  the  conception  of  'cause'  originates 
from  experience? 

"  We  can  say  with  absolute  certainty  that  the  con- 
ception of  cause  dates  from  prehistoric  times.  Its 
beginning  reaches  back  to  the  stone  age,  at  least  to 
neolithic,  possibly  to  paleolithic  culture.  This  is 
demonstrated  by  the  careful  reconstruction  of  these 
prehistoric  races  based  on  a  critical  comparison  of 
the  remains  of  their  culture  with  that  of  primitive 
races  living  to-day.  The  ideas  of  these  primitive 
races  show  an  inclination  to  an  extraordinary  degree 
to  explain  all  happenings  in  the  world  anthropomor- 
phously.  All  happenings  in  surrounding  nature  are 
given  the  same  origin  as  the  activities  of  man  himself. 
To  man  on  this  plane  of  fantastic  religious  specu- 
lation all  events  in  nature  appear  as  the  acts  of  will 
of  invisible  powers,  which,  having  originally  proceeded 
from  the  souls  of  dead  human  beings,  think,  feel,  and 
act  exactly  as  he  docs.  This  anthropomorphic  con- 
ception of  the  occurrences  in  the  surrounding  world  is 
one  of  the  many  conclusions  which  ensue  from  the 
supposition  of  an  invisible  soul,  which  can  be  sepa- 
rated from  the  body.  It  was  this  conception  which 
fiave  the  impetus  for  the  transition  of  human  thought 
from  the  era  of  the  naively  practical  to  the  era  of 
the  theoretical  spirit  in  that  far  removed  age.  In 
this  anthropomorphic  transference  of  personal  sub- 
jective impulses  of  will  to  the  objectively  oljserved 
events  of  the  surrounding  world,  lies  the  origin  of 
causal  conception,  which  since  then  has  been  gener- 
ally used  as  the  explanation  of  the  happenings  in 
the  world.  One  cannot  assert  that  the  forma- 
tion of  the  conception  of  cause  is  purelj'  a 
product  of  experience  but  rather  a  result  of  naive 
speculation.  Even  if  a  later  evolution  of  human 
thought  shows  a  continued  endeavor  to  dismantle 
the  conception  of  cause  of  its  primitive  trappings, 
and  to  modernize,  as  it  were,  its  outer  appearance, 
we  still  find  today  many  inner  components  clinging 
to  it,  which  do  not  agree  with  the  strict  demands  of 
critical  scientific  exactness,  demands  which  must 
particularly  be  made  concerning  a  conception  which 
has  been  given  such  fundamental  importance  in 
theoretical  knowledge. 

'  T  wish  to  observe  here,  however,  that  the  conception 
of  cause,  even  though  more  or  less  unconsciously 
so,  is  still  the  remains  of  a  part  of  the  old  anthropo- 
morphic mysticism  carried  over  into  our  own  times. 
This  shows  itself  especially  in  the  conception  of  force, 
which  is  nothing  more  than  a  form  of  the  conception 
of  cause  [and  of  energy].  Force  is  the  cause  of  move- 
ment. One  has  here  in  anthropomorphic  manner 
transferred  the  action  of  the  iinll  of  man,  which 
produces  movement  of  the  muscles,  into  lifeless  nature. 
The  force  of  the  sun  attracts  the  earth,  that  of  the 
magnet  attracts  iron,  etc.  In  short,  one  has  intro- 
duced a  mvsterious  unknown  factor  instead  of  being 
content  with  the  simple  description  of  facts  such  as 
C;.  Kirchhoff  {' Vorlesungen  iiber  mathematische 
jihysik.  Mechanik,'  Leipzig,  1876)  has  advanced  in 
the   field   of   mechanics.     Although    of    late   natural 

28 


science  has  also  dispensed  more  and  more  with  the 
conception  of  force  as  a  means  of  explanation,  it  is 
still  to-day  not  wholly  done  away  with." 

We  might  continue  the  history  of  this  "naive 
speculation"  as  to  the  notion  of  energy,  force,  and 
cause,  and  be  still  more  sure  at  the  end  that  our 
conception  of  these  arose  wholly  in  our  own  expendi- 
ture of  energy  in  our  organism,  product  of  hundreds 
of  thousands  of  years  of  quasi-human  evolution.  It 
will  be  better,  however,  to  try  to  obtain  a  notion  of 
the  concept  of  energy  as  held  by  its  actual  employers 
in  their  scientific  work. 

As  a  chance  example  of  the  research  which  is  tending 
to  demonstrate  the  unity  of  the  "different  kinds 
of  energy"  described  by  the  former  conventional 
physicist  (surer  of  his  principles  than  of  his  own  ac- 
tual experience),  we  maj' quote  part  of  the  summary 
and  conclusions  from  experimental  work  on  the 
mechanical  efficiency  of  muscle  done  by  A.  V.  Hill  of 
Cambridge  University  and  reported  in  the  Journal  of 
Physiology  for  August,  1913  (xlvi.,  6):  "It  is  con- 
cluded that  under  certain  conditions  the  initial 
process  of  contraction  consists  largeh-  if  not  entirely 
of  the  liberation  of  free  potential  energy,  manifested 
as  tension  energy  in  the  excited  muscle;  that  this 
potential  energy  can  be  used  indifferently  for  the  ac- 
complishment of  work  or  the  production  of  heat; 
that,  including  the  recovery  process,  the  efficiency  of 
the  whole  muscular  process  may  be  almost  as  high 
as  fifty  per  cent.;  that  the  muscular  machine  is  one  in 
which  free  energy,  prospective  mechanical  or  potential 
energy,  is  stored  in  certain  unstaiile  chemical  com- 
pounds, under  the  influence  of  preliminary  chemical 
processes  carried  out  in  the  presence  of  oxygen  with 
the  evolution  of  heat;  and  that  after  activity  these 
unstable  chemical  compounds  are  rebuilt;  that  the 
chemical  body  possessing  this  free  energy  is  the 
lactic  acid  precursor;  and  that  under  some  conditions, 
e.g.  high  initial  tension  and  strong  excitation,  more 
or  less  of  the  free  energy  may  be  degraded  into  heat 
before  appearing  as  mechanical  potential  energy  in 
the  muscle." 

For  our  present  purpose  (as  well  as  for  other  pur- 
poses) there  is  a  whole  lot  of  thought-food  in  a 
chance  report  like  this,  for  it  suggests  how  entirely 
arbitrary,  as  a  matter  of  denotative  and  descriptive 
words  only,  the  various  concepts  of  varieties  of 
energy  at  present  are — how  perfectly  integrated  and 
unified  and  almost  identified  they  must  be  in  fact 
in  the  actual  nature.  And  even  then  the  dominant 
aspect  of  bodily  energy,  namely,  the  actuating  (or 
inhibiting?)  kinetic  strains  in  the  motor  neurones,  are 
only  alluded  to  casually  {e.g.  "strong  excitation") 
although  of  the  living  normal  neuromuscular  mechan- 
ism they  must  constitute  a  most  essential  factor,  and 
through  them  the  whole  volitional  phase  of  energies 
is  involved  in  the  actual  motor  event. 

In  an  appendix  to  this  same  article  Hill  discusses 
this  germane  topic  of  free  energy  in  relation  to 
physiologic  problems.  This  goes  so  directly  to  the 
heart  of  our  present  topic  that  it  is  expedient  to 
quote  it  almost  entire,  thus:  J.  Baron  and  M.  Polanyi 
(Biochem.  Ztschr.,  liii.,  p.  1,  1913),  "assuming  the 
truth  of  various  hypotheses  made  by  Nernst,  find 
that  the  free  energy  of  the  oxidation  of  glucose  at 
37°  C.  is  some  fourteen  per  cent,  greater  than  the  total 
energy  of  that  oxidation;  in  other  words  this  reaction 
can  conceivably  be  made  to  give  up  not  only  100  per 
cent,  of  its  energy  as  mechanical  work,  but  actually 
to  acquire  some  of  the  heat  energy  of  the  surroundings 
and  turn  this  also  into  work.  In  the  same  way  they 
show  that  the  free  energy  developed  in  the  oxidation 
of  fat  is  106  per  cent,  of  the  total  energy,  and  in  the 
oxidation  of  protein  107  per  cent.  Whether  Nernst's 
assumptions  and  figures  are  exact  or  not  it  seems 
probable  that  the  free  energy  of  all  food  stuffs  is 
at  any  rate  very  high,  that  the  plant  stores  free  energy 
from  the  sunlight  in  a  very  concentrated  form  and  is 
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not  primarily  concerned  at  all  with  the  storing  of 
total  energy.  In  nearly  all  living  things  the  mani- 
festations of  life,  growth,  electrical  and  osmotic 
phenomena  require  solely  a  supply  of  free  energy; 
total  energy,  that  is,  practically  total  heat  production, 
except  in  the  case  of  the  wasteful  and  highly  differ- 
entiated warm-blooded  animal,  is  only  incidental. 
The  bodies  stored  by  plants  under  the  influence  of  the 
free  energy  of  the  sunlight,  and  used  by  them  and  by 
animals  for  showing  the  phenomena  of  life,  are  capable 
if  suitably  employed  of  having  absolutely  all  their 
energy  turned  into  mechanical,  electrical  or  osmotic 
energy,  and  are  capable  apparently  even  of  taking 
up  a  certain  amount  of  the  heat  energy  of  their  sur- 
roundings and  turning  it  into  work.  This  being  so, 
it  is  not  very  astonishing  that  under  some  conditions 
the  muscle  can  provide  mechanical  potential  energy 
with  an  efficiency  of  91  per  cent,  from  a  partial  break- 
down. The  possibility  of  an  efficiency  of  114  per 
cent,  is  present  in  the  existence  of  the  reaction  whereby 
glucose  is  oxidized  to  CO2  and  water;  and  in  the  living 
muscle  the  efficienc}'  of  the  whole  process  (i.e. 
counting  the  recovery  oxidative  process)  never  seems 
to  rise  beyond  50  per  cent.  The  voluntary  muscle, 
therefore,  seems  to  have  at  the  most  an  efficiency  of 
only  about  one-half  of  what  is  theoretically  possible 
in  the  break  down  of  the  ordinary  food  stuffs.  Pos- 
sibly other  tissues,  slow  unstriped  muscles,  glands, 
the  kidney,  the  electrical  organs,  etc.,  in  which  the 
velocity  of  response  is  less,  may  have  an  efficiency 
in  delivering  up  free  energy  more  nearly  approxi- 
mating to  the  theoretical  maximum;  in  some  organs 
efficiency  may  not  be  sacrificed  to  quickness  of  re- 
sponse, for  it  is  well  known  that  the  theoretically 
reversible,  and  therefore  most  efficient  machine,  is 
one  in  which  the  reaction  proceeds  almost  infinitely 
slowly.  The  striped  muscle  has  hitherto  proved  the 
best  material  on  which  to  investigate  the  "efficiency," 
i.e.  the  relation  of  free  energy  delivered  to  total 
energy,  attained  by  living  things.  Other  forms  of 
free  energy,  osmotical  and  electrical,  are,  however, 
available  for  this  comparison,  as  well  as  the  mechanical 
energy  provided  by  unstriped  muscles;  and  results 
of  the  most  intense  interest  may  possibly  be  acquired 
by  a  study  of  the  free  energy  delivered  by  living  organs 
and  organisms  of  all  kinds,  as  well  as  by  an  investi- 
gation of  the  process  in  which  all  this  free  energy  is 
obtained  by  the  green  plant  from  the  sunlight." 

It  is  important  to  notice  the  considerable  number  of 
forms  of  energy  mentioned  in  this  note  and  to  observe 
the  readiness  with  which  (it  is  assumed  as  a  common- 
place acceptable  by  all)  they  transmute  into  each  other. 

An  article  by  H.  S.  'Williams,  M.  D.,  in  Harper's 
Magazine  for  June,  1913,  summarizes  recent  "naive 
speculation''  concerning  the  interrelations  of  energy 
and  matter  in  a  way  to  drive  home  this  confusing 
concept:   

"This  dissection  of  the  ray  of  radiant  energy  was 
made,  as  we  have  seen,  with  the  aid  of  the  spectro- 
scope. It  is  obvious,  however,  that  an  ordinary  beam 
of  light,  before  it  is  split  up  by  a  prism,  must  contain 
the  entire  scries  of  waves  of  energy — heat-waves, 
light-waves,  and  ultra-violet  waves — blended  and 
intermingled.  We  have  just  seen  that  different  por- 
tions of  these  waves  may  be  tested  by  the  ther- 
mometer (or  by  its  more  delicate  coimterpart,  the 
bolometer),  by  the  eye  with  or  without  the  aid  of  the 
j  spectroscope,  and  by  the  photographic  plate. 
I  "But  there  is  a  joint  effect  of  the  waves  of  radiant 

'  energy  which  may  be  interpreted  in  terms  neither  of 
heat,  light,  nor  photographic  effect;  but  in  terms  of 
physical  pressure. 

"The  exquisitely  delicate  instrument  which  meas- 
ures this  effect  is  called  the  radiometer.  It  was  de- 
vised by  two  American  physicists.  Professors  E.  F. 
Nicholsand  G.  F.  Hull,  and  it  is  in  effect  a  more  deli- 
cate modification  of  an  apparatus  first  made  by  the 
Engli.sh  physicist  Sir   William   Crookes.     The   little 


instrument  demon.strates  that  the  waves  in  the  ether, 
which  are  interpreted  as  heat  or  light  or  electro- 
magnetism,  and  which  are  rushing  through  space  at 
the  speed  of  18(5,000  miles  per  second,  wash  against 
any  object  that  lies  in  their  path  -nith  an  actual  pre- 
sure — manifesting  themselves  as  a  positive  push,  in 
addition  to  their  other  effects. 

"This  is  quite  what  one  might  expect,  perhaps, 
were  it  not  that  the  ether  is  .so  exceedingly  intangible 
an  entity — one  dare  not  say  substance.  Clerk- 
IMaxwell,  the  most  famous  student  of  the  ether,  did 
indeed  declare,  from  theoretical  considerations,  that 
this  push  must  take  place.  But  between  theory  and 
demonstration  there  may  be  a  wide  gap,  and  it  re- 
mained for  the  experiments  of  Professor  Lebedew  in 
Europe  and  of  Professors  Nichols  and  Hull  in  America, 
undertaken  simultaneously  but  quite  independently, 
to  place  the  matter  beyond  di-spute.  Now  we  know 
that  every  ray  of  .sunlight  gives  a  positive  push  to  any 
material  substance  it  reaches,  and  that  a  similar  pu.sh 
accompanies  all  other  radiations.  And  as  every  body 
not  at  the  absolute  zero  of  temperature — a  degree 
of  cold  never  yet  attained  in  a  terrestrial  laboratory, 
and  obtaining,  if  anywhere,  only  in  the  depths  of 
stellar  space — is  giving  off  radiations,  it  follows  that 
all  bodies  are  pushing  and  tending  to  repel  all  other 
bodies  that  their  radiations  can  reach 

"  Meantime,  the  proof,  that  thb  radiant  push  exists 
and  is  everywhere  operative,  is  in  the  highest  degree 
interesting  and  important.  For  an  ether  wave,  that 
pushes  with  such  force  against  anything  with  which 
it  comes  in  contact,  mu.st  be  a  factor  in  the  distribution 
throughout  the  universe  not  only  of  energy  but  of 
matter.  Profe.ssor  Svante  Arrhenius,  the  famous 
Swedish  physicist,  has  estimated  the  size  of  a  particle 
of  matter  which  would  be  driven  before  the  light- 
waves, as  particles  of  du.st  are  driven  before  the  wind. 
He  believes  that  radiation  pressure  explains  the  phe- 
nomena of  the  comet's  tail,  of  the  sun's  corona,  and 
of  the  aurora  borealis,  the  latter  being  due  to  the 
activities  of  electrified  particles  driven  to  the  earth 
from  the  sun.  Thus  radiation  is  in  a  sense  a  counter- 
force  to  gravitation. 

"What  gives  the  phenomenon  chief  interest  from 
the  present  standpoint,  however,  is  that  it  shows  the 
tremendous  energy  of  the  atomic  forces  that  send  out 
the  ether  waves.  A  molecule  or  atom  vibrating  in 
such  a  way  as  to  send  off — at  the  rate  of  many  billions 
per  second,  and  at  a  speed  of  186,000  miles  per  second 
— waves  powerful  enough  to  drive  relatively  large 
particles  of  matter  before  them  must  be  in  itself  a 
center  of  energy  of  astounding  power,  notwithstanding 
the  incomprehensible  minuteness  of  its  size. 

"  .\11  these  studies  of  the  different  manifestations 
of  energy  point  in  the  direction  of  the  atom,  and  give 
us  more  or  less  vague  estimates  of  the  activities  of 
its  tiny  structure.  It  remained  for  a  new  line  of 
investigation  to  reveal  the  atom  it.self.  The  new 
observations  came  about  through  the  discovery  of 
substances  having  curious  properties  hitherto  un- 
suspected but  now  familiar  to  every  one  under  the 
name  of  radioactivity. 

"The  initial  di.scovery  of  a  radioactive  substance 
was  made  by  the  French  physicist  Becquerel,  through 
the  accidental  observation  of  the  effect  of  the  chemical 
called  uranium  on  a  photographic  plate.  The  dis- 
covery of  other  radioactive  substances,  including 
radium,  by  Professor  and  Madame  Curie,  quickly 
followed,  and  the  strange  new  properties  were  studied 
hy  many  workers,  chief  among  whom  is  Professor 
Ernest  Rutherford,  now  of  Manchester  I'niversity. 

"The  essential  phenomenon  of  radioactivity  con- 
sists in  the  giving  off  of  rays  capable  of  affecting  the 
photographic  plate  and  of  penetrating  opaque  sub- 
stances. The  radiation  comprises  at  least  three 
different  types  of  rays,  which  have  been  named  alpha, 
beta,  and  gamma  rays.  It  is  now  known  that  the 
alpha  rays  consist  of  relatively  heavy  particles  which 

29 


Energy 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


are  in  reality  atoms  of  helium,  each  carrying  a  double 
charge  of  positive  electricity.  The  beta  ray  is  iden- 
tical with  the  cathode  ray,  which  develops  when 
electricity  is  passed  through  a  Crookes  or  vacuum 
tube.  The  gamma  ray  is  identical  w^ith  the  x-ray, 
which  is  developed  when  a  cathode  ray  strikes  the 
walls  of  the  glass  receptacle.  It  is  due  to  the  ini- 
pingement  of  beta  rays  on  the  particles  of  the  radio- 
active substance  itself,  and  it  probably  constitutes 
a  pulsation  in  the  ether  of  a  kind  analogous  to  the 
waves  of  light  and  electromagnetism.  But  its  pre- 
cise nature  is  not  very  clearly  understood. 

"The  alpha  ray  has  been  studied  with  great  care, 
and  it  has  given  up  one  secret  after  another.  That  the 
alpha  particle  is  an  atom  of  helium  is  a  startling  fact. 
For  helium  is  an  clement,  hitherto  known  as  an  inert 
constituent  of  the  atmosphere.  And  to  suppose  that 
one  element  can  be  transformed  into  another  is  to 
suggest  a  restoration  of  the  obsolete  heresy  of  the 
alchemist.  Nevertheless  the  demonstration  is  com- 
plete that  the  alpha  ray  does  consist  of  helium  atoms, 
and  that  it  is  jjrecisely  the  same  whether  it  emanates 
from  thorium,  from  radium,  or  from  any  other  known 
radioactive  substance — however  the  fact  may  be 
explained 

''  Already  it  has  been  shown  that  even  an  elementary 
gas  may  consist  of  a  mixture  of  a  great  many  different 
substances.  In  the  case  of  oxygen,  the  photographs 
reveal  no  fewer  than  eight  different  forms  of  atoms  and 
molecules,  ranging  from  individual  neutral  atoms  of 
oxygen  to  molecules  composed  of  six  atoms  with  a 
positive  charge  of  electricity.  Thus  the  physicist 
not  only  photographs  the  atoms,  but  records  their  in- 
timate transformations  and  combinations. 

"  We  have  seen  that  the  atoms  which  thus  give  up 
their  secrets  to  the  photographic  plate  are  billions  of 
times  smaller  than  the  smallest  particle  of  matter  that 
is  directly  visible  under  the  microscope.  It  w-ould 
seem,  then,  as  if  this  recent  feat  of  Sir  .Joseph 
Thomson,  together  with  the  spectacular  demonstra- 
tions of  Professor  Rutherford,  must  carry  us  into  the 
realm  of  the  invisible  almost  to  the  limits  of  imaginable 
minuteness.  But,  in  point  of  fact,  there  remains  one 
other  step  that  the  physical  investigators  of  our  time 
have  been  able  to  take,  which  would  still  further  tax 
credulity  were  it  not  certain  that  the  things  recorded 
are  the  results  of  definite  experimentation  and  not  of 
mere  day-dreaming. 

"The  final  feat  of  analysis  to  which  I  now  refer  is 
that  which  demonstrates  that  within  the  smallest 
atom  there  is  a  something  almost  two  thousand  times 
smaller  than  the  atom  itself — a  Something  that  is 
detachable  from  the  atom,  and  susceptible  of  being 
measured  as  to  its  mass  and  tested  as  to  its  electric 
charge  with  the  aid  of  apparatus  actually  in  use  in 
the  laboratory.  This  ultimate  particle  of  matter  is 
called  the  electric  corpuscle  or  electron.  We  owe 
our  knowledge  of  it  chiefly  to  Sir  Joseph  Thomson. 
It  is  the  smallest  thing  in  the  world;  and  it  is  probably 
the  basal  substance  out  of  which  all  matter  of  what- 
ever character  is  built.  Our  present  view  of  it  must 
be  confined  to  a  brief  reference  to  the  manner  in  which 
it  has  been  weighed  and  measured. 

"The  electron  was  first  revealed  in  the  cathode  ray, 
which,  as  we  have  seen,  is  generated  in  a  vacvium  tutie 
when  electricity  passes  through  it.  The  cathode  ray, 
as  such,  consists  of  a  stream  of  electrons  driven  off  from 
the  negative  pole  or  cathode.  The  fact  that  these 
particles  are  deflected  by  an  electric  current  shows 
that  they  are  tangible  substances,  and  the  amount 
of  deflection  with  a  given  current  makes  it  possible 
to  compute  the  charge  of  electricity  they  carry. 

"The  electron  appears  again  as  the  con.=tituent  of 
the  so-called  beta  ray  given  off  by  a  radioactive  sub- 
stance. Electrons  may  also  be  liberated  from  ordi- 
nary matter  when  any  substance  is  heated  to  a  very 
high  degree,  or  when  rays  of  ultra-violet  light  impinge 
on  a   metal   at  ordinary  temperature.     Yet,   again, 
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they  appear  in  ordinary  gases  when  a  heavy  charge 
of  electricity  is  forced  through  the  gas — say,  a  light- 
ning-stroke. They  are  likewise  liberated  in  a  gas 
subjected  to  the  i-ray  or  to  the  so-called  gamma  ray 
of  radium 

"  As  we  penetrate  thus  far  and  farther  into  the  realm 
of  the  infinitely  little,  seeing  in  imagination  the  small- 
est visible  particle  of  matter  resolved  into  myriads 
of  molecules,  each  molecule  into  -sundry  atoms,  and 
each  atom  into  its  teeming  swarms  of  electrons,  the 
question  naturally  arises.  What  lies  beyond? 

"The  answer  is,  that,  so  far  as  present-day  science 
knows,  the  electron  is  the  last  term  of  the  series.  Since 
the  mind  cannot  grasp  the  conception  of  empty  space, 
physicists  imagine  an  all-pervading  ether,  permeating 
everywhere  between  the  particles  of  matter,  and  serv- 
ing as  the  medium  of  communication  whereby  energy 
is  transmitted  from  one  particle  of  matter  to  another 
throughout  the  universe.  Light,  electricity,  magnet- 
ism, radiant  heat,  are  various  manifestations  of  energy 
transmitted,  as  it  is  believed,  in  the  form  of  waves 
in  the  ether. 

"This  ether,  as  the  physicist  conceives  it,  has 
neither  weight  nor  discrete  substance.  It  is  the 
unique,  all-pervading  something  that  is  neither  energy 
nor  matter.  Its  importance  from  a  human  stand- 
point may  be  summarized  in  the  statement  that  but 
for  the  ether  neither  light  nor  heat  would  come  to  us 
from  the  sun.  When  we  reflect  that  the  ether  is 
supposed  to  penetrate  everywhere  between  the  parti- 
cles of  matter,  and  that  material  substances,  so  far  as 
experiment  goes,  move  through  the  ether  without 
being  in  the  remotest  degree  obstructed,  it  will  be 
obvious  that  this  all-pervading  medium  is  an  ever- 
present  mystery.  It  has  been  a  puzzle  to  surmise 
how  the  particles  of  matter  could  produce  waves  in  a 
mediimi  which  seemed  in  no  wise  to  obstruct  the 
activities  of  these  particles. 

"  But  now  it  appears  that  the  link  between  the 
structureless  ether  and  matter,  with  its  atomic 
structure,  is  found  in  the  electron.  This  infinitesimal 
particle  grips  the  ether  somewhat  as  material  sub- 
stances grip  the  air,  and  its  activities  set  up  waves  in 
the  ether  which  are  as  tangible  as  the  waves  that 
radiate  out  from  a  pebble  dropped  into  the  smooth 
surface  of  a  pond. 

"The  ether- waves  set  up  by  the  electron  vary  in 
length  or  degree  of  agitation.  But  they  move  through 
space  at  a  uniform  rate  of  speed  which  has  been  demon- 
strated to  be  about  186,000  miles  per  second.  Waves 
of  a  certain  degree  of  agitation  we  interpret  as  heat; 
waves  of  another  order  we  interpret  as  light — red 
light,  or  green  or  yellow  or  blue  or  violet,  according 
as  the  waves  are  longer  or  shorter.  Still  shorter 
waves  produce  ultra-violet  light,  which  affects  the 
photographic  plate,  but  is  invisible  to  the  eye.  Waves 
of  yet  another  order  constitute  electromagnetic 
currents,  such  as  are  used  in  wireless  telegraphy. 

' '  But,  according  to  the  view  of  present-day  physics,  no 
one  of  these  sets  of  waves  would  agitate  the  ether  were 
it  not  for  the  activities  of  the  electrons,  which,  grouped 
in  various  fashions,  are  hurtling  hither  and  thither 
within  the  structure  of  every  atom  of  matter,  or  are 
dashing  at  breakneck  speed  from  one  atom  to  another. 

"Some  imaginative  physicists  think  of  the  electrons 
as  making  up  planetary  systems  within  the  atom,  and 
as  circling  about  with  infinite  speeds  in  orbits  dif- 
fering only  in  their  infinitesimal  smallness  from  the 
orbits  of  planets  and  stars  of  the  visible  universe. 
Other  physicists  caution  us  against  drawing  too  close 
analogies  between  the  stellar  and  atomic  systems. 
But  all  are  agreed  that  the  activities  of  the  electron, 
whether  thought  of  as  orbital  or  as  vibratory,  are 
enormous.  Sir  Joseph  Thomson  estimates  that  an 
electron  once  dislodged  from  its  atomic  system  may 
dash  hither  and  thither  from  one  atom  to  another  at 
such  speed  as  to  change  its  location  forty  million 
times  in  a  second. 
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"  Be  that  as  it  may,  the  demonstration  seems  com- 
plete that  the  activities  of  the  electron,  and  these  alone, 
produce  the  manifestations  of  energy  which  we  inter- 
pret as  light,  radiant  heat,  and  electricity.  All 
chemical  action  is  likewise  held  to  he  due  "to  the 
activities  of  the  electron.  It  is  suspected  that  gravi- 
tation is  of  the  same  origin. 

"The  electron  which  thus  seems  to  be  responsible 
for  all  manifestations  of  energy  is  regarded  by  many 
physicists  as  the  sole  constituent  of  matter.  DifFcroiit 
kinds  of  atoms,  in  this  view,  differ  from  one  another 
only  in  the  varying  number  or  diverse  arrangement 
of  their  component  electrons.  It  seems  well  within 
bounds,  therefore,  to  say  that  this  inconceivably 
minute  particle,  which  is  far  and  away  the  smallest 
thing  of  which  present-day  science  has  any  knowledge, 
is  at  the  same  time  far  and  away  the  most  important 
thing  in  the  universe." 

W.  W.  Strong  takes  another  step  into  recent  specu- 
lation in  this  direction,  enlarging  yet  further,  some- 
what, the  range  of  the  perfect  unification  of  things, 
thus:  "Is  there  a  penetrating  radiation  in  space? 
Do  the  stars,  the  sun,  the  moon,  etc.,  emit  a  pene- 
trating radiation?  It  is  quite  probable  that  they  do — 
especially  those  bodies  such  as  the  moon,  that  possess 
little,  if  any,  atmosphere.  It  is  doubtful,  however,  if 
any  such  radiation  can  penetrate  our  atmo.sphere,  it 
being  equivalent  in  absorbing  power  to  thirty  centime- 
ters of  mercury.  If  the  radiation  was  more  highly 
penetrating  it  could  easily  pass  through  tour  atmos- 
phere. Up  to  the  present  time  no  evidence  of  any 
cosmical  penetrating  radiation  has  been  obtained. 

"If  it  were  possible  to  focus  the  gamma  radiation 
and  to  transmit  parallel  beams  of  it,  and  if  radium  was 
not  so  expensive,  it  might  be  used  as  a  means  of  signal- 
ling. Imagine  a  prisoner  in  a  cell  with  a  small  quan- 
tity of  radium.  He  moves  this  back  and  forth  in 
front  of  his  window  so  that  at  one  time  the  gamma 
rays  are  cut  off  by  the  wall  while  at  other  times  the 
rays  pass  on  to  the  outside.  His  motion  is  made  to 
correspond  to  the  dots  and  dashes  of  a  Morse  tele- 
graph code.  A  man  at  a  distance  has  an  ionization 
chamber  connected  to  a  galvanometer  and  the  gal- 
vanometer needle  records  the  dots  and  dashes.  This 
constitutes  probably  the  simplest  possible  form  of 
wireless  apparatvis. 

"Another  question,  do  the  radium  and  thorium 
emanations  in  the  air,  the  active  deposit  or  the  pene- 
trating radiation  either  directly  or  indirectly  affect 
our  health?  Does  it  affect  the  growth  of  plants? 
At  the  present  time  no  definite  answer  can  be  given 
but  the  writer  has  thought  that  such  effects  existed, 
especially  as  regards  the  growth  of  plants.  The 
existence  of  the  emanations  and  of  the  active  deposit 
certainly  affects  the  ionization  of  the  air  very  greatly 
in  the  neighborhood  of  plants  and  this  affects  the  po- 
tential gradient.  The  potential  gradient  should  have 
a  very  pronounced  influence  upon  the  flow  of  the  sap. 

"In  the  early  days  of  radioactivity  it  was  suggested 
that  there  was  either  a  penetrating  radiation  or  a 
kind  of  pervading  energy  that  the  disintegrating 
radioactive  atoms  could  transmute  into  kinetic  energy. 
It  may  be  that  there  is  a  penetrating  radiation  coming 
from  space  that  penetrates  the  upper  ten  or  twenty 
kilometers  of  the  earth's  surface  and  causes  the  thor- 
ium and  uranium  radioactivity.  The  generally  ac- 
cepted belief  to-day  is  that  the  cause  of  radioactivity 
depends  upon  the  structure  of  the  atom  itself.  The 
quantitative  relations  between  the  atomic  constants, 
the  decay  constant  and  the  initial  velocity  of  the 
alpha  particles  of  the  different  radioactive  elements 
supports  the  latter  view.  Swinne  finds  that  the  differ- 
ence between  the  initial  velocity  of  an  alpha  radiator 
of  one  family  and  the  corresponding  element  of  another 
family  is  nearly  a  constant.  On  the  other  hand,  it 
may  be  these  properties  of  certain  atoms  that  gives 
them  the  power  of  absorbing  outside  energy.  If  there 
is  such  a  very  penetrating  radiation  and  its  intensity 


showed  periods  of  maxima  and  minima,  the  amount 
of  heat  generated  by  radioactive  proces-ses  would 
fluctuate.  These  fluctuations  might  aid  in  the  ex- 
planation of  the  glacial  epochs 

"  Geologists  have  usually  claimed  that  the  earth 
has  been  cooling  during  the  past  and  that  at  one  time 
it  was  a  molten  mass.  These  conclusions  were  in- 
evitable as  long  as  there  was  no  source  of  heat  in  the 
earth.  Since  radioactive  matter  is  evolving  heat 
continually,  it  follows  that  its  existence  in  the  rocks 
furni^^hes  a  source  of  heat  and  if  it  generates  heat  more 
rapidly  than  the  rocks  conduct  it  to  the  surface,  the 
temperature  must  rise.  Assuming  that  the  rocks  of 
the  earth  possess  the  radioactive  content  as  deter- 
mined by  Strutt,  Eve,  and  others,  it  follows  that  a 
thickne.ss  of  about  thirty  miles  of  the  radioactive 
bearing  rock  would  generate  the  heat  which  is  being 
lo.st  by  conduction  and  radiation.  If  radioactive 
matter  is  distributed  in  the  same  way  throughout  the 
earth,  two  conclusions  follow — either  the  earth  ia 
getting  hotter  or  radioactive  processes  are  different 
under  these  conditions  from  what  they  are  in  the  labor- 
atory. Up  to  the  present  no  one  has  been  able  to 
affect  in  any  way  the  velocity  of  radioactive  trans- 
formation, either  by  the  action  of  high  pressure  or 
by  high  temperatures. 

"In  the  radioactivity  of  uranium  and  thorium  we 
see  the  disintegration  of  complex  atoms  into  simpler 
atoms  with  the  liberation  of  comparatively  enormous 
quantities  of  energy.  Does  the  reverse  process  take 
place?     Is  there  an  evolution  of  the  elements? 

"In  seeking  an  answer  for  this  question  we  must 
consider  two  worlds,  the  intraatomic  world  and  the 
extraatomic  worlds.  What  are  the  processes  and  the 
laws  that  govern  the  internal  mechanism  of  atoms? 
Is  there  such  a  thing  as  an  intraatomic  temperature 
determined  by  the  average  kinetic  energy  of  its  parts? 
What  are  the  means  of  conveying  energy  into  and  out 
of  the  atom? 

"Our  extraatomic  world  consists  of  the  motions 
of  molecules  and  atoms.  Temperature  is  a  measure  of 
the  amount  of  this  motion.  We,  on  the  earth,  are 
fairly  well  familiar  with  a  range  of  temperature  ex- 
tending from  absolute  zero  to  say  2,000°  C.  The  upper 
limit  of  temperature  velocities  is  given  by  the  velocity 
of  light.  No  electron  and  hence  no  molecule  can  move 
with  any  greater  velocity.  But  before  such  velocities 
are  reached  electrons  and  even  other  atoms  begin  to 
move  "through  each  other"  {e.g.  the  alpha  particles). 
We  no  longer  have  ordinary  molecular  collisions. 
Thus  when  the  temperature  becomes  sufficiently 
high  the  relations  between  the  phenomena  of  the 
intraatomic  and  extraatomic  worlds  become  very  inti- 
mate. Our  world  is  one  of  great  inanition  compared 
with  a  world  at  2,000°  C.  A  world  at  2,000°  is  one  of 
comparative  rest  compared  with  a  world  at  a  tem- 
perature of  200,000°  or  higher,  one  where  the  average 
kinetic  energy  of  atoms  is  equal  to  that  of  an  electron 
moving  with  a  velocity  almost  equal  to  that  of  light. 
It  is  in  this  latter  temperature  region,  that  things 
really  become  interesting  and  it  is  probably  under 
these  conditions,  that  atoms  are  born.  If  there  is  an 
evolution  of  the  elements  it  must  be  expected  under 
these  conditions.  At  our  ordinary  temperatures  the 
intraatomic  world  is  surrounded  by  an  almost  perfect 
refrigerator — there  is  practically  no  relation  with  the 
outside  world  at  all. 

"Recently  quite  a  ntmiber  of  interesting  papers 
have  appeared  which  indicate  that  matter  may  be 
much  more  complex  than  we  consider  it  to  be  and 
that  all  the  elementary  atoms  are  closely  related 
through  their  origin  by  radioactive  evolution.  Soddy 
and  others  consider  that  many  of  the  elements  are 
practically  identical  from  a  chemical  point  of  view. 
.\mong  these  groups  are  Ur  X,  radioactiniimi  and 
thorium;  mesothorium  and  actinium;  Th  B,  lead  and 
possibly  Ra  B  and  Ac  B;  and  probably  Th  C,  Ra  C, 
.\c  C,  and  bismuth.     According  to  Fajani  the  expul- 
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sion  of  an  alpha  particle  moves  an  element  two  places 
to  the  left  in  the  periodic  system,  while  the  expulsion 
of  a  beta  particle  moves  the  element  one  place  to  the 
right  without  changing  the  atomic  weight.  Follow- 
ing this  rule  the  radioactive  products  can  all  be  placed 
in  the  periodic  system.  That  this  can  be  done  is  a 
very  strong  indication  that  every  element  originated 
by  a  process  of  radioactive  disintegration  such  as  takes 
place  in  the  thorimn  and  radium  families. 

"At  the  present  time  the  only  evidence  of  the  evolu- 
tion of  the  atoms  is  to  be  found  in  a  study  of  the 
nebulit  and  the  stars.  The  highly  attenuated  nebulie 
contain  only  a  few  elements,  mostly  helium  and  hydro- 
gen. Apparently  as  these  nebulse  condense  and  grow 
older,  carbon,  silicon,  magnesium,  calcium,  andiron 
appear.  Apparently  sodium  does  not  appear  until 
later  and  the  nitrogen  family  is  often  absent  (as  it 
is  in  the  sun).  Just  how  the  elements  can  grow  is 
entirely  speculative,  though  one  would  expect  the 
combination  of  the  elements  to  be  the  inverse  of  the 
disintegration  process.  In  this  connection  it  is 
interesting  to  mention  Nicholson's  process  of  building 
all  the  elements  out  of  four  protyles:  coroniuni. 
0..5131;  hydrogen,  1.008;  nebullium,  1.6277,  and  proto- 
fluorine,  2. .3004.  It  is  very  remarkable  that  many  of 
the  atomic  weights  can  be  made  to  be  an  almost  exact 
multiple  of  integral  multiples  of  one  or  more  of 
the  above  protvles.  According  to  this  view,  radium  is 
a  compound  as  follows:  SCHesNuaPfjHj)  2(He2Pf3H3)- 
Hcj"  ("Radium"). 

But,  just  as  inevitably  as  before,  surges  the  eternal 
question  of  the  ages.  What  lies  beyond?  Not  in  space, 
this  time,  but  in  reality,  in  imagination,  in  terms  of 
the  best  human  reason,  eager  for  ultimate  truth. 
What  lies  beyond  this  ether  and  these  electrons,  pro- 
ducers of  the  manifestations  of  energy,  interpreted  as 
light  and  radiant  heat,  and  electricity,  and  chemical 
action,  and  gravitation,  and  muscular  force,  and  the 
"free  energy"  of  muscle,  and  the  nervous  impuLse, 
and  mechanic  energy  of  every  phase?  Does  nothing 
lie  beyond?  Are  these  electrons  real?  Can  one's 
imagination,  one's  thought,  the  speculations  of  the 
physicist  eager  for  truth  go  thus  far  into  infinite 
division  and  stop,  content?  "But  what  go  ye  forth 
for  to  see?"  Something,  we  may  be  sure,  no  human 
eye  will  ever  see,  the  electron;  all  right  as  the  present 
limit  of  physical  speculation  were  not  one  actually 
compelled  to  ask,  What  lies  beyond? 

Some  considerations  tend  when  taken  together  to 
deprive  the  nervous  system  of  its  pre-eminence  as  the 
representative  of  consciousness  in  animals,  a  supposi- 
tion which  naturally  arose  from  the  former's  peculiar 
function  of  being  the  chief  means  of  associating  im- 
pulses passing  between  the  really  active  tissues  of 
the  body  and  between  their  parts.  On  the  other 
hand,  certain  events  in  the  realm  of  chemiphysics  have 
recently  altered  somewhat  our  view  of  matter  itself 
and  this  alteration  bears  in  a  sense  on  the  basal  rela- 
tions or  unity  perhaps  of  mind  and  body.  Matter 
Is  proven  in  certain  cases  at  least  to  be  not  something 
fixed  and  immutable  but  rather  centers  of  spontaneous 
forces  active  despite  all  known  conditions,  and  the 
tendency  is  undoubtedly  to  place  force  where  formerly 
matter  stood.  In  biology  the  same  tendency  has 
long  been  felt,  for  it  is  seen  that  those  reactions  we 
summarily  call  vital  are  indiscriminately  composed 
of  heat,  movement,  electricity,  light,  etc.  But  now 
that  similar  phenomena  are  seen  to  take  place  in 
inorganic  substances  as  well  as  in  protoplasm,  it  is 
obvious  that  little  is  left  of  the  "substantial"  part  of 
matter.  Just  as  a  limited  and  rationally  forced  pan- 
psychism  is  in  the  philosophical  air,  so  this  pan- 
energism  or  pan-kinetieism  (if  I  may  be  pardoned 
the  rude  terms)  is  in  the  physical  air.  To  the  one 
view  (the  substantial  r.ational  seeing  of  idealism) 
nervous  processes  as  well  as  mental  processes  are 
psychical  and  the  body  itself  is  sentient  experience. 
To  the  becoming  physical  view,  matter  is  something 
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akin  to  a  vortex  of  kinetic  energies  and  the  brain,  in 
the  last  analysis,  becomes  reduced  to  the  powers  of 
chemiphysical  attraction  and  repulsion,  of  heat,  of 
electricity,  of  light,  of  chemism,  modes  of  movement. 
Both  to  physics  and  to  epistemology  protoplasm  is  a 
somewhat  whose  chief  characteristics  are  movement, 
change,  indescribable  because  unicjue  but  identical 
in  terms  of  consciousness.  Deny  it  as  one  may  with 
wealth  of  dialectic,  with  statement  heard  so  often 
that  "force  and  movement  are  not  consciousness  but 
force  and  movement,"  still  consciousness  does  seem 
more  like  these  various  forces  to  which  protoplasm 
bids  fair  to  be  reduced  by  physics  than  like  the 
lumps  of  white  and  grayish  matter  from  out  the  inte- 
rior of  a  bony  skull,  and  to  this  extent  the  becoming 
view  of  physics  and  the  liberal  view  of  con.sciousness 
approach  each  other.  If  consciousness  is  not  a  force 
still  it  has  some  of  the  qualities  of  force  as  we  know 
it — and  no  matter  what  force  is  as  we  don't  know  it! 
Is  this  heresy  to  orthodox  idealism,  to  claim  the  forces 
of  protoplasm  and  the  thing  we  call  consciousness 
alike  in  some  respects  and  to  base  on  this  similarity  an 
increased  claim  for  the  wider  locus  of  consciousness? 
At  any  rate,  the  sole  contention  is  that  the  becoming 
conception  of  protoplasm  including  nerve  as  made  up 
of  molecules  or  of  clusters  of  molecules  which  are,  even 
physically,  reducible  to  centers  of  chemic  force,  makes 
it  somewhat  easier  to  conceive  of  some  sort  of  corre- 
spondence between  consciousness  in  animals  and  the 
mechanism  of  their  life.  The  difficulty  is  not  to  see 
this  this  way  but  rather  to  persist  in  spite  of  basal 
resemblances  in  maintaining  a  contrast  based  alone 
on  a  logical  .syllogism.  Above,  we  urged  the  useful- 
ness of  this  very  syllogism  at  the  basis  of  idealism — 
at  present  we  urge  its  limitations  when  the  basal 
paradox  of  our  experience  demands  that  we  should 
do  so.  A  few  years  ago  most  physicists  would  have 
claimed  the  doctrine  of  the  conservation  of  energy 
infallible  in  our  experience;  to-day  he  may  see  hints 
of  phenomena  which  relegate  it  perhaps  to  the  limbo 
of  other  tottering  theatrical  idols!  If  simple  metals 
exhibit  phenomena  of  this  sort,  surely  we  may  expect 
from  a  substance  as  highly  elaborated  as  living  proto- 
plasm relations  at  least  as  aberrant  from  the  supposed 
laws  of  matter.  And  protoplasm  finds  only  one  of 
its  forms,  and  that  apparently  not  the  most  active 
chemically,  in  the  protoplasm  of  the  nervous  system. 
The  structure  of  protoplasm,  of  late  gradually 
made  out  conjecturally  at  least,  offers  a  pre-eminently 
appropriate  and  adequate  seat  or  representative  for 
consciousness — its  uniqueness  and  the  uniqueness  of 
sentient  experience  correspond.  Let  us  glance  at 
some  of  what  are  probably  the  salient  features  of  this 
substance  bioplasm,  biogen,  or  protoplasm,  "life- 
stuff,"  "life-bearer,"  "primal  matter."  Each  year 
enlarges  our  knowledge  of  it  as  obtained  through  the 
microscope,  and  continually  its  general  chemiphysical 
nature  becomes  better  known.  Into  the  theories  of 
its  morphology  we  need  not  go,  for  surely  it  is  its  basal 
chemic  constitution  and  not  its  physical  structure 
which  imdcrlie  its  relations  to  consciousness.  If 
biochemistry  has  learned  anything  surelj-  about  the 
structure  of  biogen  it  is  that  the  group  or  cluster 
corresponding  to  the  molecule  of  inorganic  matter  is  of 
uniciue  complexity  and  of  a  maximum  instability. 
Among  the  constituents  of  this  substance  and  prob- 
ably of  every  cluster  composing  it  are  three  material ? 
organic  in  nature  and  each  of  great  complexity. 
These  three,  of  course,  are  proteid,  fat,  and  carbohy- 
drate, and  proteid  constitutes  nearly  the  whole. 
Besides  these,  there  are  water  and  an  unkno-mi  number 
and  variety,  very  large,  of  salts  which  elsewhere  are 
termed  "inorganic,"  here  doubtless  part  of  the  bio- 
molecule,  or  life-unit.  Of  these  five  classes  of  constitu- 
ents of  this  vit.al  unit  every  one  is  a  compound  and 
three  at  least  of  them  of  great  complexity,  especially 
so  the  protein.  No  two  analyses  of  the  many  forms 
of  this  substance  are  alike  and  no  one  at  all  represents 
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the  original  substance,  for  chemical  analysis  inevitably 
.  kills  it  and  its  structure  chemically  depends  on  its  life. 
There  is  no  doubt  that  all  of  the  proteins  contain 
hundreds  of  "atoms"  in  their  units  and  many  of 
them  thousands.  To  account  for  the  spatial  arrange- 
ment of  these  thousands  of  atoms  the  imagination 
must  be  actively  employed,  but  the  problem  is  simpli- 
fied by  considering  the  "atoms"  stresses  and  strains, 
forces,  rather  than  as  space-filling  material  bodies. 
The  fats  of  the  vital  molecule  and  the  carbohydrates 
are  also  complicated  in  molecular  structure  with 
scores  of  "atoms,"  and  in  instability  only  secondary  to 
the  proteids,  -^s-hile  the  inorganic  salts  form  combina- 
tions with  these  in  the  life-unit  group  which  are  quite 
unknown.  All  of  these  "atoms"  are  continually 
interchanging  as  the  vital  unit  anabolizes  or  cata- 
bolizes,  and  not  only  interchanging  with  themselves 
but  with  other  more  or  less  similar  complexes  brought 
to  them  as  food.  Of  all  the  "molecules"  known  to 
chemistry,  this  one,  probably,  at  the  basis  of  proto- 
plasm and  of  life  is  the  most  complex  in  its  ever-chang- 
ing construction  and  probably  has  as  its  essence  a 
metabolism  quite  unique.  This  metabolism,  these 
most  intricate  chemical  interactions  within  and 
between  these  vital  clusters  making  up  protoplasm, 
can  be  occasionally  imagined  by  the  chemist,  who 
knows  the  nature  of  chemical  reactions  generally 
and  the  materials  and  end-products  of  these  vital 
processes,  but  they  cannot  be  described  by  him. 
From  them  are  set  free  motion,  heat,  light,  electricity, 
power  of  various  sorts,  phenomena  we  call  forces. 
Nowhere  else  than  in  the  living  tissues  of  animals  are 
the  causal  or  the  effected  conditions  so  complex  and 
interinvolved,  and  above  all  so  capable  of  permanent 
adjustment  to  varying  relations.  Such  a  uniqueness 
i«  fit  concomitant  for  the  uniqueness  of  consciousness. 
This  intricacy  of  forceful  interaction  would  seem  to 
supply  the  only  apparent  basis  for  the  intricate 
phenomena  of  the  mental  process.  On  the  one  side 
a  living  body  made  up  of  events  like  the.se  implied, 
almost  too  complicated  to  be  even  suggested  by  other 
than  a  biochemist — on  the  other  side  the  indescrib- 
•  able  experience  consciousness.  Only  these  two  of  all 
finite  things  are  reasonabh'  adequate,  it  may  be, 
to  represent  each  other  mutually. 

Here  then  in  living  matter,  especially  in  ourselves 
as  body  and  mind,  energy  and  consciousness,  we  see 
the  dirn  basis  of  the  last  answer  to  the  problem  which 
death  alone  perhaps  will  really  solve:  What  lies  be- 
yond in  the  range  of  our  thinking? 

In  the  writer's  humble  opinion,  everything  that  is 
commonly  considered  the  ultimate  essence  of  things, 
alive  and  changing  in  a  world  of  change,  lies  beyond. 
To  this  view  we  must  come  if  we  would  see  the  final 
fulness  of  "energy"  and  its  pre.sent-day  implications 
and  meaning.  We  must  let  our  mind  bridge  once  for 
all  the  gap  between  matter  (as  protoplasm)  and  energy 
(as  neurility)  and  conscioiisness,  for  here,  along  the 
ner\-es,  this  transition  seems  easiest.  If  we  can  go 
a  step  more  and  contrive  to  see,  with  Bergson,  the 
essence  of  all  this  finally  in  duration,  we  have  reached 
the  present  limit  of  analysis  of  answer  as  to  what  lies 
beyond — sentient  duration,  enduring  sentiency,  as 
one  pleases  to  say  it;  conscious  activity  at  any  rate. 

Nor  may  we  stop  short  of  this  if  we  would  have 
what  seems  a  real  answer  to  our  imiuiry  as  to  the 
nature  of  energy.  George  V.  N.  De.\rbor.\. 


Engadine,  Upper. — The  Upper  Engadine  valley 
extends  from  Maloja,  at  the  summit  of  the  pass,  to 
a  little  beyond  Samaden,  in  a  direction  from  south- 
west to  northeast.  Through  this  valley  runs  the  Inn, 
while  high  mountains  belonging  to  the  Bernina  and 
Julier  chains  enclose  it  on  either  side.  The  Upper  En- 
gadine valley  is  wider  than  the  lower  and  contains 
several  lakes".  It  is  about  thirty  miles  in  length,  and 
varies  from  a  half  a  mile  to  a  mile  in  width;  and  its 
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mean  height  above  sea-level  is  .0,.5OO  feet.  The  whole 
Engadine  is  one  of  the  highest  inhabited  valleys  in 
Europe.  In  the  Upper  Engadine  are  situated  the 
health  resorts  of  Maloja,  St.  Moritz,  and  Samaden, 
where  consumptives  go  in  the  winter  for  the  "air 
cure";  and  Pontresina  and  others  which  are  visited 
in  the  summer  only. 

The  Upper  Engadine  vallej'  is  again  divided  into  an 
upper  and  a  lower  portion,  quite  different  in  the 
character  of  their  scenerj-.  In  the  upper  portion, 
extending  from  Maloja  to  St.  Moritz,  where  are 
situated  the  lakes  before-mentioned,  the  mountain 
bound.aries  on  either  side  are  grander  and  wilder  and 
much  loftier,  and  their  summits  are  covered  with 
extensive  glaciers  and  snow  fields.  In  the  lower 
half,  extending  from  St.  Moritz  to  the  termination 
of  the  valley,  the  picture  is  quite  different.  "Here 
there  are  no  lakes,  the  floor  of  the  valley  is  much 
wider,  and  is  occupied  by  broad  stretches  of  meadow- 
land  through  which  the  Inn  quietl}'  and  tamely  flows 
along."  "The  mountains  on  each  side  are  of  lower 
elevation;  they  all  rise  in  gentle  slopes  from  the  floor 
of  the  valley,  and  present  no  bold  or  striking  features 
of  form  or  outline. 

The  upper  or  southern  end  of  the  valley  is  open  and 
affords  a  ready  ingress  to  storms  of  wind  and  rain 
approaching  the  valley  from  the  southwest;  the 
wind,  however,  blows  most  in  spring  and  summer, 
while  the  winter  is  the  calmest  season  of  the  year. 

Climate. — The  climate  of  the  Upper  Engadine  is 
very  similar  to  that  of  the  neighboring  valley  of 
Davos,  already  described.  (Of.  Davos.)  In  the  first 
place,  there  is  the  striking  variability  of  the  tempera- 
ture as  in  all  high-lying  stations.  The  diurnal 
variations  are  sudden  and  great;  for  instance,  in 
August,  between  seven  and  ten  o'clock,  the  mercury 
rises  from  44.6°  to  53.6°  F.;  and  again  at  sunset  it 
falls  as  rapidly  as  in  the  morning  it  rose.  Secondly, 
the  great  radiant  heat  of  the  sim  is  another  character- 
istic; for  instance,  the  maximum  sun  temperature  in 
the  upper  Engadine  on  February  4,  1876,  was  118°  F. 

The  number  of  hours  of  possible  sunshine  in  winter 
is  somewhat  greater  in  the  Engadine  than  at  Davos; 
for  example,  on  January  1,  the  sun  rises  at  Maloja 
at  9:35  and  sets  at  3:45,  while  at  Davos  it  rises  at 
10:03  and  sets  at  3. 

The  average  rainfall,  most  of  it  being  snow,  is 
32.67  inches;  it  lies  on  the  ground  for  over  five 
months,  beginning  about  November  14.  The  relative 
humidity  is  75  per  cent.  The  mean  annual  tem- 
perature is  about  36.5°  F.,  and  for  the  seasons  as 
follows:  Winter,  18.1°  F.;  spring,  33.7°  F.;  summer, 
50.9°  F.;  autumn,  36.5°  F.  There  is  said  to  be  rather 
more  cloudiness  in  the  Upper  Engadine  than  at 
Davos.  As  at  Davos,  the  purity  and  exhilarating 
cjuality  of  the  air  in  this  region  constitute,  in  brief, 
the  great  striking  characteristic  which  all  experience 
who  enter  this  valley.  The  writer  can  never  forget 
his  own  sensations  as  he  came  over  the  pass  from  Chia- 
venna  into  this  delicious  atmosphere.  Merely  to 
exist  was  a  delight,  and  to  spend  the  day  in  tramping 
over  a  glacier  or  mountain  climbing  was  exquisite 
pleasure,  and  after  such  exertions  no  sign  of  weariness 
was  experienced. 

A  considerable  number  of  consumptives  take  the 
winter  cure  here,  and  there  are  excellent  accommoda- 
tions at  Samaden,  St.  Moritz,  and  Maloja;  at  the 
latter  is  the  large  Kurhaus,  accommodating  five 
hundred  guests  and  especially  arranged  for  a  winter 
residence;  the  ventilation  and  sanitary  arrangements 
are  of  the  best.  In  the  vilLage  of  St.  Moritz  is  the 
great  caravansa.ry  "Engadiner  Kulm,"  with  a  won- 
derful view  over  the  whole  district  of  St.  Moritz. 
Here  one  can  find  every  comfort,  and  even  luxury — 
large  reception-rooms,  a  library,  a  dining-room  for 
three  hundred  and  fifty  persons,  and  a  fine  collection 
of  engravings  and  pictures.  The  English  and 
Americans  chiefly  patronize  this  hotel,     bt.   Morita 
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is  the  highest  village  in  the  Engadine  or  in  Switzer- 
land, having  an  elevation  of  0,085  feet. 

A  mile  or  two  from  St.  Moritz  village  are  the  bt. 
Moritz  baths.  These  are  supplied  from  two  acidulous 
iron  springs — the  old  and  the  new,  containing  soda 
with  a  large  proportion  of  fixed  solids  and  free  carbonic 
acid.  These  waters  are  used  both  for  drinking  and 
for  baths  and  are  visited  in  the  season — from  the 
middle  of  June  to  the  middle  of  September — by 
numerous  patients  of  all  nations.  The  conditions 
benefited  bv  these  waters  are  anemia,  chlorosis, 
dyspepsia,  liienstrual  irregularities,  various  derange- 
ments of  the  nervous  system,  etc.  There  is  a  large 
Kurhaus  with  manv  rooms,  two  bath  houses  contain- 
ing eightv  baths,"  and  complete  hydrotherapeutic 
arrangements  (warm,  cold  and  Scotch  douches,  sitz 
baths,  vapor  baths,  etc.),  as  well  as  facilities  for 
massage.  There  is  a  covered  promenade  leading 
from  the  Kurhaus  to  the  spacious  pump  room  of  the 
new  spring.  There  are  generally  about  three  hundred 
and  eighty  patients  in  the  Kurhaus,  and  every  atten- 
tion is  given  to  their  comfort  and  diversion. 

What  has  been  said  regarding  the  winter  climate  of 
Davos  in  the  treatment  of  pulmonary  tuberculosis 
applies  equally  to  that  of  the  Engadine;  there  is  no 
material  ditTe'rence  between  the  "air  cure"  of  the 
Davos  and  that  of  the  Engadine  valley,  and  the  re- 
sults should  closely  resemble  each  other.  In  the  winter 
resorts  of  the  Upper  Engadine  there  is  greater  variety 
of  scenery  and  the  life  is  more  restful  and  quieter. 

Regarding  the  uses  of  such  a  climate  as  that  of  the 
Upper  Engadine  for  cases  other  than  tuberculosis,  a 
few  words  can  properly  be  said  here,  applicable  also, 
in  a  measure,  to  all  high-altitude  resorts.  Whatever 
the  malady  or  condition  there  should  exist  a  "certain 
integrity  and  reactionary  power  of  the  constitution," 
if  the  patient  is  to  be  benefited  by  a  climate  which  is 
stimulating  and  bracing,  such  as  this.  This  being 
presupposed,  we  can  say,  in  general,  that  where 
functional  activity  needs  to  be  improved,  and  the 
whole  system  toned  up,  a  few  weeks'  residence  in  this 
pure,  clear,  dry,  bracing  air  will  almost  surely  produce 
favorable  results.  "I  believe,"  says  Burney  Yeo, 
"this  kind  of  climate  is  especially  useful  to  those  who 
have  been  strong,  but  by  some  accident  or  other,  such 
as  overwork,  or  illness,  or  trouble,  have  become 
weak;  to  those  who  possess  a  latent  power  of  reaction." 
To  enumerate  especial  conditions,  there  may  be  men- 
tioned, nervous  dyspepsia,  want  of  appetite,  sleep- 
lessness, malaria,  neuralgia,  anemia,  the  later  stages 
of  convalescence  from  severe  illness,  hypochondriasis, 
asthma  uncomplicated  with  emphysema  or  organic 
disease  of  the  heart  or  arteries,  chronic  bronchitis 
with  much  secretion,  and  those  various  mal-conditions 
arising  from  "insufficient  exercise  in  the  open  air  and 
deficient  absorption  of  oxygen." 

Burney  Yeo  happily  expresses  it  when  he  saj's  that 
much  of  the  benefit  that  is  derived  from  a  short  resi- 
dence in  an  elevated  region  like  that  of  the  Upper 
Engadine  is  due  to  the  alterative  influence  which  it 
exercises  on  the  human  organism.  "In  passing,"  he 
continues,  "from  the  sea-level  to  an  elevation  of 
over  6,000  feet  we  must  alter  in  a  very  essential 
manner  the  conditions  of  our  lives." 

It  is  well  also  to  bear  in  mind  some  of  the  contra- 
indications of  a  mountain  climate  like  this.  Such  are, 
weakness  from  extremes  in  age;  constitutional  weak- 
ness; organic  cardiac  disease;  atheroma;  chronic 
bronchitis  with  dilated  bronchi;  and  emphysema, 
muscular  debility  and  general  exhaustion,  rheumatism, 
and  inability  to  endure  groat  and  sudden  changes  of 
temperature. 

Finally,  if  we  are  not  in  search  of  health  or  better 
health,  we  all  need  change  occasionally — "that 
change  which  is  the  type  of  life  and  the  condition  of 
health;  that  change  which  is  rest."  Where  can  a 
more  complete  or  a  more  refreshing  change  be  found 
than  among  the  grand  glaciers  and  majestic  mountain 

34 


peaks  of  the  Upper  Engadine,  where  we  can  "draw  in 
easier  breath  from  larger  air."  Edward  O.  Otis. 

Enhydrina. — A  genus  of  poisonous  sea  snakes 
in  which  the  tail  is  flat.  These  reptiles  are 'found  m 
tropical  seas.  A.  S.  P. 

Entamceba. — A  genus  of  parasitic  rhizopodous 
Protozoa,  suborder  Gymnamcrbina,  which  is  dis- 
tinguished from  Amceha  by  the  fact  that  it  is  para- 
sitic, and  by  the  absence  of  a  contractile  vacuole. 
Several  species  have  been  found  in  the  intestine, 
mouth,  urinary  bladder,  lungs,  and  in  abscesses  and 
serous  exudations.  E.  coH  is  a  harmless  commensal 
in  the  intestine;  E.  histolylica  causes  dysentery, 
abscesses,  etc.     See  Protozoa.  A.  S.  P 

Enteralgia. — See  Colic. 

Enteritis. — An  inflammation  of  the  intestine,  in- 
volving particularly  the  mucous  membrane,  and  to  a 
less  extent  the  submucous  layer.  It  may  be  either 
acute  or  chronic.  The  whole  length  of  the  intestine 
may  be  involved  or,  more  usually,  the  inflammation 
is  limited  to  certain  portions  of  this. 

The  meaning  of  the  term  enteritis  has  varied  con- 
siderably as  used  by  different  authors,  and  at  different 
periods  "in  medical"  literature.  It  does  not  appear  to 
have  been  in  use  by  the  ancients.  In  the  eighteenth 
century  it  was  applied  to  the  group  of  symptoms  now 
included  under  peritonitis,  although  CuUen  (1784) 
mentions  two  varieties  of  the  disease,  one  of  which 
evidently  refers  to  an  inflammation  of  the  mucous 
membrane  and  subjacent  tissues  of  the  intestine. 
In  France,  at  about  the  end  of  the  eighteenth  century, 
Pinel  limited  the  use  of  the  word  to  an  inflammation 
of  the  intestinal  mucous  membrane.  Its  meaning 
was  further  restricted  during  the  first  half  of  the 
nineteenth  century  by  Broussais  (1821),  who  applied 
it  to  an  inflammation  of  the  mucous  membrane  of 
the  small  intestine  only,  and  gave  the  name  colitis 
to  a  similar  process  in  the  colon.  This  restricted 
meaning  is  still  retained  by  some  but  the  term  is  more 
generally  applied  to  inflammation  of  both  the  large 
and  small  intestine. 

At  the  beginning  of  the  last  century  the  lesions  of 
the  intestinal  lymphoid  structures  found  in  tyj)hoid 
fever  were  included  under  the  general  term  enteritis, 
and  this  use  of  the  term  was  continued  to  some 
extent  even  after  the  specific  nature  of  the  lesions  had 
been  demonstrated.  At  present  the  term  is  avoided 
by  some  authors,  "intestinal  catarrh"  being  used  in- 
stead as  indicating  the  character  of  the  most  frequent 
form  of  inflammation  of  both  the  large  and  the  small 
intestines.  As  the  same  etiological  factors  may 
produce  similar  changes  in  both  the  large  and  the 
small  bowel,  and  usually  each  is  involved  to  a  greater  or 
lesser  extent  in  both  the  acute  and  the  chronic  catarrhs 
of  the  intestine,  and  as  it  is  often  impossible  to 
determine  just  what  part  of  the  bowel  is  involved  the 
term  enteritis  will  be  used  in  this  article  as  applying 
alike  to  inflammation  of  the  small  and  large  intestines, 
and  hence  svnonymous  with  the  term  enterocolitis, 
while  the  terms  ileitis,  duodenitis,  colitis,  etc.,  will  be 
used  as  applying  to  inflammation  of  the  respective 
divisions  of  the  intestine. 

The  summer  diarrheas  of  children  will  not  be  dis- 
cussed here,  nor  will  the  specific  infections  of  the 
intestine,  as  these  topics  are  treated  elsewhere. 

The  catarrhal  variety  of  enteritis  is  by  far  the  most 
common,  and  for  this  reason  the  most  important,  and 
is  bv  many  authors  the  only  form  of  inflammation 
inchided  under  enteritis.  Both  the  acute  and  the 
chronic  forms  of  this  will  be  discussed  at  some  length. 

Acute  Catarrhal  Enteritis. — Catarrhal,  as  here 
used,  has  the  common  meaning  of  the  term,  that  is, 
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as  indicating  an  inflammation  of  a  mucous  membrane 
characterized  by  a  free  exudation  from  the  surface, 
usually  rich  in  mucus.  During  life  such  an  inflam- 
mation is  evidenced  by  the  presence  of  the  inflamma- 
tory exudate  which  is  discharged  from  the  body,  as 
«v  ell  as  by  various  other  symptoms  which  are  explained 
by  the  process. 

Etiology. — The  causes  of  acute  catarrhal  enteritis  are 
most  numerovis.  They  may  act  as  predisposing  to,  or 
direct  excitants  of,  the  inflammatory  process.  The 
dividing  line  between  these  two  classes  is  frequently 
difficult  to  determine.  The  disease  of  the  intestine 
may  occur  alone,  or  it  may  accompany  or  result 
from  various  other  disorders.  The  intestine  is  par- 
ticularly liable  to  be  affected  by  any  kind  of  irritat- 
ing substances  which  are  ingested,  unless  these  are 
rendered  harmless  in  the  stomach,  as  well  as  by 
certain  excretory  products  which  pass  through  its 
walls ;  and  of  prime  importance  among  the  predisposing 
factors  is  the  ease  and  freciuency  with  which  an  ab- 
normal condition  of  the  blood  supply  of  the  intestinal 
wall  occurs,  in  part  due  to  some  obstruction  to  the  re- 
turning blood  in  the  portal  system,  and  in  part  to  the 
lack  of  sufficient  support  for  the  blood-vessel  walls  by 
the  STirrounding  tissue. 

An  unsuitable  dietary  is  probably  the  most  frequent 
direct  cause  of  intestinal  derangement.  This  may  be 
at  fault  only  in  quantity,  or  in  quality,  or  in  both. 
Food  which  is  entirely  wholesome  may,  when  eaten 
in  too  great  quantities  and  particularly  when  only 
partially  masticated,  excite  a  diarrhea,  as  may  also 
unripe  fruit,  uncooked  vegetables,  etc.  This  may  be 
only  an  evidence  of  increased  peristalsis,  but  often 
there  is  a  true  catarrhal  inflammation  of  the  intestine. 
The  undigested  food  here  may  act  as  a  mechanical 
irritant,  but,  of  greater  importance,  it  furnishes  favor- 
able conditions  for  abnormal  bacterial  development  in 
the  intestinal  canal.  This  microbic  growth  evidently 
gives  rise  to  a  variety  of  active  irritants.  Also  at 
times  foods  before  being  eaten  have  already  under- 
gone bacterial  decomposition  and  contain  poisonous 
products  resulting  from  this.  8uch  are  tainted  meat 
and  fish,  occasionally  milk  and  its  various  products, 
etc.  At  times  the  inflammation  can  be  explained  as 
due  to  some  idiosvncrasy.  Thus  lobsters,  cheese, 
eggs,  etc.,  when  entirely  wholesome  and  in  moderate 
quantities,  may  in  certain  individuals  give  rise  to  an 
acute  enteritis.  Foul  water  also  frequently  produces 
a  similar  disturbance. 

Among  the  active  poisons  whose  entrance  into  the 
alimentary  canal  is  followed  by  severe  inflammatory 
processes  are  included  arsenic,  corrosive  sublimate, 
antimony,  the  mineral  acids,  and  caustic  alkalies. 
The  drastic  purgatives,  as  croton  oil,  colocynth,  elate- 
rium,  etc.,  in  unsuitable  doses  may  produce  enteritis. 

Exposure  to  cold,  particularly  a  sudden  chilling  of 
the  body  after  overheating,  is  a  recognized  cause  of 
the  disease.  In  what  way  this  acts,  whether  reflexly 
through  the  nervous  system,  as  seems  probable,  or 
otherwise,  is  a  question;  but  some  disturbance  of  the 
intestinal  function  is  produced  sufficient  to  excite  an 
inflammatory  process.  Cold  drinks,  ice,  ice-cream, 
etc.,  when  taken  in  immoderate  amounts,  may  have 
a  similar  result. 

Excessive  summer  heat  is  also  a  common  cause  of 
catarrhal  enteritis,  particularly  in  young  children; 
hence  the  popular  term  "summer  complaint"  so 
frequently  applied  to  this.  Its  action  is  largely  an 
indirect  one,  furnishing  favorable  conditions  for 
bacterial  growth  in  food  before  its  consumption. 
Extensive  burns  of  the  skin  may  give  rise  to  an 
inflammation  and  ulceration  of  the  duodenum.  The 
actual  exciting  agent  here  is  probably  a  toxic  sub- 
stance which  is  formed  at  the  site  of  the  burn,  and  is 
excreted  into  the  upper  portion  of  the  intestine. 

The  role  of  bacteria  in  producing  decomposition 
products  in  various  articles  of  food  has  already  been 
referred    to.     No    specific    microorganism    can    be 


accepted  as  the  usual  cause  of  enteritis.  In  fact,  the 
part  played  in  the  production  of  inflammation  by 
bacteria  growing  in  the  intestine  is  so  complex  and 
as  yet  so  imperfectly  understood  as  not  to  warrant 
any  considerables  discussion.  In  brief,  it  can  be 
stated  that  different  members  of  the  colon-typhoid 
grouj),  including  the  so-called  enteritidis  group,  are 
factors  in  this.  Also  that  streptococci  and  the 
various  intestinal  anaerobes  play  a  part.  They  may 
do  this  by  direct  action  upon  the  mucous  membrane, 
which  is  probably  infrequent,  or  by  chemical  products 
of  their  growth  in  the  intestinal  contents.  That 
bacteria  play  an  important  part  in  the  production 
of  enteritis  appears  beyond  question. 

Traumatic  causes,  such  as  blows  on  the  abdomen, 
may  give  rise  to  intestinal  inflammation.  Gall- 
stones may  mechanically  prodiice  it,  as  can  also 
the  presence  of  certain  intestinal  wonns. 

Among  the  more  important  predisposing  causes  is 
age.  Young  children  show  but  slight  resistance  to 
iiitestin.al  irritants,  .so  that  even  cow's  milk  may  be 
sufficient  to  produce  a  catarrhal  enteritis  in  an  iivfant. 
Old  and  debilitated  persons  have  an  increased  intes- 
tinal susceptibility,  and  chronic  congestion  of  the 
intestinal  wall  predisposes  to  the  disease.  Previous 
attacks  of  inflammation  usually  render  the  mucous 
membrane  very  susceptible  for  a  time  to  slight 
irritation. 

Pathology. — An  external  examination  of  the  intes- 
tines may  show  them  to  be  considerably  distended 
with  an  accunmlation  of  gas  in  the  canal,  or  in  severer 
cases,  with  early  fatal  termination,  there  may  be  a 
lessening  of  the  intestinal  lumen  due  to  muscular 
contraction.  The  color,  as  seen  from  the  serous 
surface,  depends  upon  that  of  the  contents  of  the 
intestines  and  upon  the  vascularity  of  the  walls.  It 
may  be  pale  when  the  intestine  is  distended,  red  in 
spots  corresponding  to  areas  of  congestion  of  the  mu- 
cous membrane,  yellowish  due  to  bile,  or  dark  red  when 
blood  pigment  is  included  in  the  intestinal  contents. 

The  appearance  of  the  mucous  membrane  may 
varj-  much  from  what  the  severity  of  the  disease 
would  siiggest.  At  times  neither  redness,  nor  swell- 
ing, nor  increased  secretion  may  be  found  post- 
mortem, even  when  during  life  the  symptoms  of 
intestinal  catarrh  were  marked.  It  is  not  usual  to 
find  the  whole  length  of  the  intestine  uniformly 
involved,  though  this  may  occasionally  be  seen  in  the 
secondary  enteritis  of  infectious  diseases,  as  scarlet 
fever  and  measles.  It  is  more  common  to  find  por- 
tions of  apparently  normal  mucous  membrane  sepa- 
rating the  inflamed  areas,  which  may  be  from  only 
a  few  centimeters  up  to  a  meter  or  more  in  length. 
The  inflammatory  process  may  be  confined  to  a 
single  anatomical  division  of  the  intestine  (hence  a 
duodenitis,  colitis,  etc.)  More  often  the  colon  to- 
gether with  the  lower  part  of  the  ileum  is  involved. 

The  acute  catarrli  is  usually  characterized  by 
hyperemia  of  the  nauco.sa,  either  diffuse  or  localized, 
the  latter  being  seen  particularly  in  the  vicinity  of 
the  lymph  follicles  and  on  the  crests  of  the  valvulse 
conniventes.  This  congestion  n\ay  be  so  great  as  to 
give  rise  to  numerovis  pimctate  hemorrhages.  The 
color  varies  from  a  bright  red  to  purplish.  But  the 
entire  wall  may  be  gray,  probabl_\'  due  to  a  post- 
mortem disai)pearance  of  the  hyjieremia.  The  dis- 
tention of  the  vessels  in  the  more  dependent  loops  of 
the  intestines,  due  to  a  settling  of  the  blood  after 
death,  is  not  to  be  mistiiken  for  an  inflammatory  con- 
gestion. In  rapidly  fatal  ca-scs  the  hyperemi.a  may 
be  the  ortly  macroscopic  evidence  of  inflamn\ation. 
More  commonly  the  mucous  niembrane  is  swollen, 
and  on  its  surface  there  is  a  collection  of  a  greater  or 
lesser  (|uantity  of  mucus,  either  in  a  uniform  layer  or 
in  small  masses.  This  may  be  quite  translucent  or 
opaciue,  the  cloudiness  being  then  diie  to  the  epi- 
thelial cells  contained  in  the  mucus;  or  it  may  be 
stained  by  the  various  substances  in  the  intestinal 
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canal — yellow  or  greenish  l)y  bile,  red  or  l)rown  due  to 
the  presence  of  l>h)od  pigment,  or  dark  from  iMsnuilh. 
The  active  exudation  on  the  part  of  tlie  inflamed 
mucous  membrane  is  indicated  by  the  watery  char- 
acter of  the  intestinal  contents.  Here  at  times  may 
also  be  found  considerable  masses  of  cast-off  epithelial 
cells.  To  this  condition  the  term  dcsquamalwe 
catarrh  has  been  apjilied.  That  this  process  is  not 
entirely  a  postmortem  one  is  shown  by  tlic  presence 
in  th((  colon  of  hollow,  finger-shaped  masses  of  epithe- 
lial cells  whicfi  covered  the  villi  of  the  small  intestine. 
The  valvuhe  conniventes  may  be  thickened  and  the 
villi  swollen  so  that  the  latter  can  be  seen  more  easily 
than  they  norn^ally  can.  Not  infreq\iently,  in  se- 
vere cases"  of  enteritis,  there  occurs  a  localized  super- 
ficial necrosis  of  the  inflamed  membrane,  with  resulting 
ulceration.  These  ulcers  are  at  first  small,  rounded, 
flat,  with  walls  that  show  but  little  infiltration,  but 
thev  mav  graduallv  enlarge  (catarrhal  ulcers). 

The  lymphoid  structures  of  the  intestine  are  often 
enlarged,  appearing  as  grayish  projections  with  a 
hvperemic  border.  The  solitary  follicles  may  reach 
the  size  of  a  pin's  head.  At  first  they  are  somewhat 
trai\slucent,  the  increase  in  size  being  then  due  to 
edema.  As  hyperjjlasia  and  cellular  infiltration  occur 
they  become  opaque.  In  the  agminated  glands  the 
enlargement  may  be  uniform  over  the  entire  patch, 
or  only  single  follicles  or  groups  of  these  are  swollen. 
At  times  these  changes  in  the  lymphoid  structures 
are  very  marked  (follicular  enteritis).  The  super- 
ficial portion  of  the  follicles  may  become  necrotic, 
and  by  a  separation  of  this  necrosed  tissue  there 
result  "small  round  ulcers,  the  so-called  follicular 
ulcers.  This  follicular  enlargement  and  ulceration 
are  seen  most  fretjuently  in  children  and  may  take 
place  very  rapidly.  .Such  ulcers  may  increase  in 
size  and  unite  with  neighboring  ones  to  form  irregu- 
larly shaped  ulcerated  areas,  in  the  midst  of  which 
there  remain  small  portions  of  mucous  membrane. 
In  the  small  intestine  this  process  is  most  marked  at 
the  lower  part  of  the  ileum,  although  here  it  is  usu- 
ally less  advanced  th.an  in  the  colon. 

Microscopically  there  may  be  seen  more  or  less 
edema  and  cellular  infiltration  of  the  mucous  mem- 
brane. The  distance  between  Lieberkiihn's  glands 
is  frequently  increased,  and  the  epithelial  cells  lining 
these  may  show  various  forms  of  degeneration 
(mucoid,  etc.).  There  may  also  be  a  marked  pro- 
liferation of  the  endothelial  cells  of  the  lymph  vessels. 
In  the  severer  cases  of  acute  catarrhal  enteritis 
the  submucous  layer  shows  hyperemia  with  a  cellular 
exudate  around  the  vessels.  The  muscle  coat  is  not 
involved  in  acute  catarrh. 

In  the  acute  forms  of  enteritis  there  can  be  a  com- 
plete recovery  from  the  disease  without  leaving  any 
permanent  anatomical  change.  If  ulceration  oc- 
curred, small  pigmented  areas  may  indicate  the  sites 
of  the  healed  ulcers. 

Symptoms. — An  attack  of  acute  catarrhal  enteritis 
usually  begins  suddenly,  following  directly  upon  the 
action  of  the  exciting  cause,  the  connection  with 
which  is  often  evident.  There  is  at  first  a  feeling  of 
fulness  and  discomfort,  soon  amounting  to  actual 
pain,  in  the  lower  part  of  the  abdomen.  This  pain, 
which  is  colicky  or  griping  in  nature,  is  quickly  fol- 
lowed by  diarrhea.  After  each  evacuation  there  is 
a  lessening  or  cessation  of  the  abdominal  pain  which 
reappears  before  the  next  movement.  The  number 
and  character  of  the  stools  are  important  in  establish- 
ing the  diagnosis,  and  in  determining  the  extent  and 
severity  of  the  process.  They  usually  vary  from 
two  or  three  daily,  in  the  lighter  cases,  up  to  fifteen 
or  twenty  or  even  more  in  the  severe  attacks.  If 
diarrhea  is  not  present,  as  may  happen  when  the 
small  intestine  alone  is  involved,  the  recognition  of 
the  catarrh  becomes  more  difficult.  In  general  the 
more  the  large  intestine  is  involved  the  greater  is  the 
number  of  movements.     The  consistence  of  the  first 
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stool  may  be  that  of  the  normal  feces,  or  it  may  be 
jelly-like.  The  subsequent  ones  rapidly  become  more 
liquid,  gruel-like,  and  later  watery,  and  are  often 
frothy  from  the  admixtiire  of  gas,  the  result  of  bac- 
terial growth.  The  stools  at  first  may  give  the  u.sual 
fecal  odor,  but  this  soon  changes,  becoming  more 
offensive.  There  may  be  a  marked  sour  smell,  par- 
ticularly in  milk-fed  patients.  Later,  the  watery  dis- 
charges may  become  nearly  odorless,  but  these  if 
allowed  to  stand  rapidly  develop  an  offensive  odor. 

The  color  of  the  discharges  depends  largely  \ipon 
the  extent  to  which  the  small  intestine  is  involverl. 
When  the  upper  portion  of  this  takes  part  in  the 
enteritis  the  stools  vary  from  brown  to  light  yellow 
from  the  presence  of  unchanged  bile  pigment;  or,  in 
children,  but  not  in  adiilts,  they  may  be  green  from 
the  oxidation  of  the  pigment.  The  discharges  may 
also  be  variously  colored  by  articles  of  food,  or  by 
medicines  (bismuth,  iron,  etc.),  and  by  the  presence 
of  blood.  The  copious  liquid  stools  may  be  nearly 
colorless.  When  there  is  a  duodenitis,  with  catarrhal 
occlusion  of  the  common  bile  duct,  the  feces  may  be 
very  pale  because  of  the  absence  of  bile. 

In  normal  feces  mucus  can  be  demonstrated  only 
by  chemical  means.  In  enteritis  it  can  almost  always 
be  demonstrated  by  macroscopic  or  microscopic 
examination.  This  may  be  in  larger  or  smaller 
shreds,  readily  recognized,  when  the  lower  part  of 
the  large  intestine  is  involved,  or  only  in  minute 
gelatinous  particles  intimately  mixed  with  the  stool. 
When  the  iipper  part  of  the  colon  and  the  small 
intestine  are  alone  inflamed  it  may  be  unstained, 
colored  yellow  by  the  bile,  or  pigmented  by  the 
other  intestinal  contents.  Epithelial  cells,  either 
fairly  well  preserved  or  showing  various  degrees  of 
degeneration,  are  contained  in  the  mucus.  These 
may  be  present  in  sufficient  numbers  to  give  it  an 
opaque  appearance  which  macroscopically  resembles 
pus,  but  pus  cells  are  not  often  found  in  large  numbers 
in  the  stools  of  acute  catarrh.  Blood,  which  is  at 
times  present  in  the  stools  in  catarrhal  enteritis  in 
small  quantities,  indicates  a  marked  inflammatory 
hyperemia  or  ulceration. 

In  the  early  stages  of  the  disease  remnants  of 
undigested  food  are  frequently  passed  per  rectum, 
such  as  pieces  of  meat,  particles  of  starchy  foods,  etc. 
When  these  bits  of  meat  consist  of  connective  tissue 
only  they  indicate  a  disturbance  of  the  gastric  func- 
tion, but  when  muscle  masses  are  found  they  are  to 
be  referred  to  a  disturbance  in  the  intestinal  digestion. 
Svich  undigested  food  may  occasionally  be  foimd 
even  on  the  fourth  or  fifth  day  of  the  disease,  having 
been  retained  in  the  bowel  up  to  this  time,  and  having 
served  to  excite  the  inflammation.  Bacteria  are 
usually  present  in  the  stools  in  large  numbers.  Promi- 
nent among  these  will  be  found  the  normal  inhab- 
itants of  the  intestinal  canal,  but  at  times  streptococci 
may  readily  be  seen. 

Among  the  subjective  symptoms  the  most  promi- 
nent is  the  feeling  of  discomfort  in  the  abdomen, 
with  the  colicky  pains  already  referred  to,  which 
precede  the  evacuations.  This  sense  of  discomfort 
may  be  slight  and  may  pass  off  in  a  few  hours  or  a 
day  or  two,  but  in  the  severer  cases  the  suffering  may 
be  so  great  as  to  produce  a  feeling  of  faintness,  with 
coldness  of  the  surface  and  sweating.  There  is  a 
feeling  of  thirst,  but  all  desire  for  food  is  lost.  Only 
when  the  large  intestine  alone  is  inflamed  may  the 
appetite  remain.  Nausea  may  be  present,  at  times 
accompanied  by  vomiting  even  when  no  lesion  of  the 
stomach  can  be  found  post  mortem.  There  is  always 
some  feeling  of  debility  and  malaise,  which  in  children 
or  persons  weakened  in  any  way  may  amount  to 
severe  prostration. 

The  abdomen  is  often  somewhat  distended  and  is 
tender  on  pressure,  either  diffusely  or  in  particular 
regions.  Loud  borborygmi,  due  to  the  presence  of 
gas  in  the  intestine,  are  frequently  heard.     Little  of 


REFERENCE    HANDBOOK    OF   THE    MEDICAL   SCIENCES 


EnterltlD 


value  is  obtained  by  percussion.  Fever,  is  often  not 
present  in  simple  catarrhal  enteritis,  and  -nhen  it 
does  occur  is  slight  in  degree  and  passes  off  in  a  few- 
days.  On  the  other  hand,  the  attack  may  be  ushered 
in  with  a  chill,  followed  by  a  pronounced  rise  in 
temperature,  and  a  suspicion  may  be  aroused  that 
the  case  is  one  of  t\-phoid  fever.  The  spleen,  how- 
over,  is  not  usually  enlarged,  althotigh  Fischl  de- 
scribes this  as  of  occasional  occurrence. 

The  quantity  of  urine  varies  inversely  to  that  of 
the  watery  stools.  It  may  be  but  little  changed  from 
normal,  but  is  frequently  small  in  amount  and  con- 
centrated. Temporary  albuminuria  with  hyaline 
casts  is  occasionally  present,  and  this  even  in  the  less 
severe  cases,  without  fever  or  collapse.  The  casts 
may  be  found  within  a  few  hours  after  the  beginning 
of  the  diarrhea.  As  a  rule  they  disappear  quickly 
as  the  catarrh  improves.  Jaundice  is  common  when 
the  duodenum  is  involved. 

Such  special  symptoms  as  may  occur  in  the  second- 
ary forms  of  enteritis  belong  rather  to  the  primary 
disease  and  will  not  be  discussed  here. 

The  diagitosis  is  ordinarily  made  without  difficulty. 
Some  error  in  diet,  exposure  to  cold,  or  other  etio- 
logical factor  is  often  evident.  The  acuteness  of 
the  onset,  the  gastrointestinal  disturbance,  the 
presence  of  mucus  in  the  diarrheal  stools,  slight 
distention  of  the  abdomen  with  diffuse  or  localized 
abdominal  tenderness,  and  loud  borborygmi,  can 
hardly  be  mistaken  for  any  other  condition.  The 
febrile  cases  may  so  closel_v  simulate  typhoid  fever 
for  the  first  few  days  that  a  Widal  test  of  the  blood 
may  be  necessary  to  eliminate  this.  In  epidemics  of 
cholera,  the  watery  discharges  of  enteritis  may  so 
closely  resemble  those  of  the  former  disease  that  a 
bacteriological  examination  of  the  stools  for  the 
cholera  spirillum  may  be  necessary. 

The  determination  of  the  particular  portion  of  the 
intestine  which  is  involved  in  the  inflammatory  process 
offers  more  difficulty  and  is  to  be  determined  largely 
by  an  examination  of  the  feces.  Still  the  localization 
of  pain  upon  pressure  when  this  is  limited  in  area  may 
be  of  significance.  This  is  seen  in  the  tenderness 
elicited  along  the  course  of  the  colon  in  catarrh  of 
the  large  intestine,  while  in  those  unusual  cases 
where  the  inflammation  is  limited  to  the  small  intes- 
tine pain  upon  pressure  is  found  in  the  central  por- 
tion of  the  abdomen  and  is  absent  at  the  sides. 
Duodenitis  frequently  accompanies  a  catarrhal 
gastritis,  and  the  symptoins  of  the  latter  may  com- 
pletely obscure  those  of  the  former  until  the  common 
bile  duct  becomes  involved,  when  the  resulting  jaun- 
dice together  with  a  dull  pain  on  pressure  in  the 
right  hypochondriac  region  indicates  the  condition 
of  the  duodenum.  As  previously  noted,  the  upper 
part  of  the  small  intestine,  or  even  its  lower  end 
when  the  colon  is  in  normal  condition,  may  be  in- 
flamed without  an  accompanying  diarrhea.  Yet 
here  the  feces  give  evidence  of  the  condition.  Mucus 
from  the  small  intestine  or  from  the  upper  portion  of 
the  large  bowel  is  found  intimately  mixed  with  the 
feces,  but  not  in  masses  of  any  size.  The  microscope 
may  be  needed  to  show  its  presence.  Unusual 
Cjuantities  of  undigested  food,  particularly  muscle 
tissue,  and  the  presence  of  unchanged  bile  pigment, 
are  indications  that  the  bowel  above  the  ileocecal 
valve  is  at  fault.  In  catarrh  of  the  lower  end  of  the 
large  intestine  the  mucus  is  usually  found  in  larger 
masses  and  less  intimately  mixed  with  the  feces 
whether  solid  or  liquid. 

The  course  of  the  lighter  forms  of  the  disease  is 
recovery  in  two  or  three  days.  In  the  severer  types, 
or  when  the  conditions  for  convalescence  are  un- 
favorable, this  may  occur  only  aft^r  several  weeks. 
In  adults  the  prognosis  is  generally  good,  but  in  young 
children  and  in  the  old  or  those  otherwise  debilitated, 
the  disease  is  much  more  serioxis.  After  the  patient 
appears  to  be  entirely  well  there  is  f  retiviently  a  marked 


Rvisceptibility  of  the  mucous  membrane,  so  that  slight 
irritants  may  again  excite  a  catarrhal  condition.  A 
tendency  to  constipation  may  follow  the  acute  diar- 
rhea; it  is  due  to  a  partial  paralysis  of  the  muscle 
layer  of  the  intestine.  This  may  develop  into  chronic 
constipation. 

Treatment. — The  treatment  should  be  directed 
toward  the  removal  of  the  exciting  ca\ise  and  the 
protection  of  the  intestine  against  further  injury. 
Frequently  in  the  milder  cases  no  medicinal  treat- 
ment is  necessary.  The  diarrhea  has  expelled  the 
irritating  substances  which  produced  the  catarrh, 
and  a  temporary  withdrawal  of  all  food,  or  the  u.se  of 
small  quantities  of  liquid  nourishment  only,  com- 
bined with  rest,  is  quickly  followed  by  recovery. 
When,  however,  the  colicky  pains  persist  and  the 
abdomen  becomes  distended  in  spite  of  the  frequent 
stools,  a  cathartic  may  well  be  given.  For  this 
purpo.se  either  calomel  or  castor  oil  is  most  often 
chosen;  the  proper  dose  for  an  adult  being  from  two 
to  five  grains  of  the  former,  or  a  tablespoonful  of 
the  latter.  Or  the  calomel  may  better  be  given  in 
small  doses  repeated  at  short  inter\-als,  and  followed 
by  a  Seidlitz  powder.  After  the  action  of  the  purga- 
tive, and  with  a  proper  restriction  of  the  diet  and  rest, 
the  symptoms  generally  subside.  When  the  pain  is 
more  intense  this  may  often  be  relieved  by  the  ap- 
plication of  warm  or  hot  fomentations  to  the  abdomen. 
Opiates  are  occasionally  reqxiired  for  this  purpose. 
.\fter  the  acute  pain  has  been  relieved,  a  flannel 
bandage  around  the  abdomen  is  frequently  of  valiie 
in  keeping  this  warm  and  so  preventing  a  recurrence 
of  the  discomfort. 

If  the  attack  is  of  a  more  severe  character,  and 
accompanied  by  fever,  there  should  be  complete  rest 
in  bed  for  a  few  days.  When  after  thorough  evacua- 
tion has  been  accomplished  the  diarrhea  persists, 
astringent  and  slightly  antiseptic  remedies  may  well 
be  employed.  The  bismuth  preparations  are  here 
particidarly  vahiable.  Salol  in  five-grain  doses  three 
or  four  times  a  day  may  often  be  given  to  advantage. 
Irrigation  of  the  large  intestine  with  physiological 
salt  solution  or  with  0.5  per  cent,  solution  of  boric 
acid  may  be  employed.  Opium  may  be  required  in 
the  more  obstinate  diarrheas.  The  tincture  of  opium 
may  be  prescribed  in  doses  of  from  five  to  ten  drops 
every  three  hours;  or  the  opium  may  be  combined 
with  bismuth  and  chalk.  Evidences  of  cardiac  weak- 
ness are  to  be  treated  by  the  appropriate  stimulants. 

After  the  diarrhea  disappears  a  tendency  toward 
constipation  not  infre<iuently  occurs.  This  is  to  be 
treated  by  enemata  rather  than  b_\-  purgatives.  Also 
in  those  cases  in  which  diarrhea  is  absent  from  the 
first,  when  there  is  a  history  of  the  taking  of  indigest- 
ible food  followed  by  colic  and  ineffectual  straining 
at  stool,  a  generous  enema  of  warm  water  may  well 
be  given  instead  of  a  cathartic. 

Regulation  of  the  diet  is  of  absolute  importance 
both  for  cure  and  for  prevention  of  a  recurrence  of 
the  disease.  Complete  abstinence  from  food  for  the 
first  day  or  two  is  advisable.  As  the  appetite  is 
usually  lost  this  is  easily  accomplished.  At  this 
time  such  drinks  as  pure  water,  weak  tea  without 
sugar,  or  even  small  amounts  of  bouillon,  or  hot 
diluted  milk,  from  which  the  cream  has  been  removed, 
are  in  place.  These  should  be  given  in  sm.iU  quanti- 
ties at  intervals.  Very  cold  drinks  and  ice  should  not 
be  employed.  After  this  brief  i)eriod  of  abstinence 
from  food,  the  patient  may  be  allowed  to  take  thin 
soups  of  barley,  rice,  oatmeal,  etc.,  or  gruels  made 
from  the  conunon  prepared  foods  used  for  infants. 
For  many,  milk  alone  or  diluted  with  barley  or 
rice  water  is  all  that  is  required.  Egg  albumen, 
scraped  raw  beef,  toasted  bread  or  crackers,  and 
later  lamb  chops,  tender  steaks,  oysters,  etc.,  are  easily 
digested.  Baked  or  mashed  potatoes  are  to  be 
allowed  only  after  the  diarrhea  is  completely  stopped. 
Fruits  and  vegetables  should  be  partaken  of  only  spar- 
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ingly  for  some  time  after  the  attack,  and  for  weeks  the 
patient  should  avoid  all  kinds  of  indigestible  food. 
The  appetite  usually  returns  with  the  disappearance 
of  the  symptoms.  Othcmise  stomachics  may  be 
employed.  In  secondary  enteritis  the  treatment  be- 
comes largely  that  of  the  priraarj-  affection. 

Chronic  Cat.^rrhal  Enteritis. — EHologij. — The 
causes  of  chronic  intestinal  catarrh  are  largely  those 
of  tlie  acute  form  of  the  disease.  A  severe  acute 
attack  of  enteritis,  when  prolonged  because  of  un- 
favorable conditions  for  recovery,  may  gradually  pass 
into  the  chronic  type.  Or  the  repeated  action  of 
slight  irritants,  as  indigestible  food,  alcohol,  purga- 
tives frequently  employed,  intestinal  parasites,  etc., 
may  give  rise  to  this  condition.  Here  the  process  is  at 
times  evidenced  by  several  acute  attacks,  or  the 
symptoms  of  chronic  enteritis  constitute  the  first 
appearance  of  the  disease.  Anything  which  inter- 
feres witli  the  normal  circulation  of  the  blood  or 
lymph  in  the  vessels  of  the  intestinal  wall  tends  to 
render  it  susceptible  to  inflammatory  excitants. 
Thus  cirrhosis  of  the  liver  and  chronic  diseases  of 
the  lungs  and  heart,  which  give  rise  to  a  continuous 
overdistention  of  the  venous  system,  are  very  fre- 
<iuently  associated  with  a  chronic  enteritis.  Con- 
tinual excretion  of  toxic  substances  through  the 
intestinal  wall,  as  occurs  in  chronic  nephritis,  and 
probably  also  in  tuberculosis,  malaria,  and  other 
diseases,  favors  a  catarrhal  inflammation.  Overwork 
of  all  kinds,  whether  physical  or  mental,  predisposes  to 
the  disease.  Secondary  forms  of  enteritis  frequently 
follow  various  gastric  disturbances,  as  well  as  intestinal 
tumors,  disijlacements,  and  adhesions. 

Pathology. — In  chronic  catarrhal  enteritis  the 
changes  from  normal  which  are  found  in  the  intestine 
are  fully  as  varied  as  those  of  the  acute  form  of  the 
disease.  In  general  the  exudative  processes  here  are 
less  pronounced  tlian  the  proliferative;  the  latter  in 
turn,  in  long-standing  cases,  frequently  being  followed 
by  atrophy  of  the  affected  mucosa.  Also  the  deeper 
layers  of  the  intestinal  wall  are  involved  to  a  greater 
extent  than  in  the  acute  process. 

The  mucous  membrane  is  at  times  found  to  be 
strikingly  pale.  This  may  be  seen  in  autopsies  upon 
small  children  who  have  died  as  a  resvilt  of  the  dis- 
ease. On  the  contrary,  when  a  chronic  congestion 
of  the  abdominal  vessels  has  been  prominent  the  color 
may  be  a  dark  red  due  to  the  hyperemia;  or  altered 
blood  pigment  may  be  deposited  in  the  tissue  in  suf- 
ficient quantities  to  give  it  a  slaty  hue.  The  pigmen- 
tation here  is  most  marked  in  the  vicinity  of  the 
follicles  and  on  the  villi. 

In  chronic  as  in  acute  enteritis  the  whole  length  of 
the  intestine  is  rarely  involved,  bTit  areas  of  diseased 
and  of  normal  mucous  membrane  alternate.  The 
ileum,  particularly  in  its  lower  portions,  shows  the 
characteristic  changes  more  freciuently  than  does 
the  jejunum  or  the  duodemun;  but  the  processes  in 
the  large  intestine  are  often  more  marked  than  those 
of  any  part  of  the  small  intestine. 

The  intestinal  wall  becomes  thickened  as  a  result  of 
proliferative  changes  occurring  in  it.  Both  the 
mucous  and  submucous  coats  are  involved,  and  the 
glandular  as  well  as  the  connective-tissue  elements 
take  part  in  the  process.  The  tubules  of  the  glands 
elongate,  become  distended,  and  produce  abnormal 
quantities  of  mucus  which  appears  as  a  layer  often 
quite  adherent  to  the  surface  of  the  mucosa.  At  the 
same  time  the  glands  are  somewhat  separated  by  newly 
formed  connective  tissue.  When  the  hyperplasia  is 
circumscribed  there  may  result  polypoid  projections 
of  the  thickened  mucosa.  This  is  more  frequently 
seen  in  the  colon  than  it  is  in  the  small  intestine. 

The  subsequent  changes  that  occur  in  the  thick- 
ened wall  are  largely  atro])hic  in  nature.  As  the 
young  connective  tissue  of  the  mucous  and  sub- 
mucous coats  gradually  contracts,  it  compresses  the 
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glands  of  Lieberkiihn,  and  as  a  result  they  undergo 
more  or  less  atrophy.  The  villi  likewise  largely 
disappear  so  that  the  mucosa  becomes  thinned,  and 
also  smoother  on  the  surface  than  normal. 

The  hyperplasia  of  the  Ijiuphoid  tissue  may  be 
even  more  marked  here  than  in  acute  enteritis;  later, 
this  too  may  atrophy,  leaving  behind  smooth,  darkly 
pigmented  spots  in  place  of  the  follicles.  Here  also 
are  found  both  catarrhal  and  follicular  ulcers.  These 
gradually  enlarge  and  become  deeper.  They  may 
even  extend  to  the  serous  layer,  giving  rise  to  a  cir- 
cumscribed chronic  peritonitis  by  which  adhesions 
between  the  different  peritoneal  surfaces  are  formed. 

Complete  recovery,  in  the  anatomical  sense,  does 
not  occur  in  chronic  enteritis.  An  atrophy  of  the 
mucous  membrane,  smooth  pigmented  dots  at  the 
site  of  the  follicles,  scars  resulting  from  healed  ulcers, 
or  some  other  structural  e^'idences  of  the  process  still 
remain. 

Symptoms. — .\mong  the  symptoms  of  chronic 
catarrhal  enteritis  the  number  and  character  of  the 
stools  again  hold  the  chief  place.  Subjective  symp- 
toms may  be  entirely  lacking  except  as  they  are 
connected  with  irregularity  in  the  stools.  Whereas  in 
acute  intestinal  catarrh  diarrhea  is  generally  present, 
this  does  not  hold  true  in  the  chronic  form  of  the 
disease.  Here  the  stools  vary  much.  The  classifica- 
tion of  the  cases,  as  given  by  Xothnagel,  depending 
upon  the  frequency  and  nature  of  the  discharges, 
will  here  be  followed.  This  includes  four  groups. 
In  the  first  one  there  is  constipation,  the  stools  being 
from  two  to  four  days  apart  and  frequently  occurring 
only  after  a  laxative  has  been  taken.  This  constipa- 
tion is  to  be  explained  as  due  to  a  decreased  auto- 
matic activity  of  the  nervous  apparatus,  produced  bj' 
the  chronic  catarrhal  process.  But  with  this  les- 
sened automatic  activity  there  may  be  a  normal  or 
even  increased  susceptibility  toward  various  irritants. 
The  condition  here  is  probably  to  be  explained  chiefly 
by  a  chronic  catarrh  of  the  large,  rather  than  of  the 
small,  intestine. 

The  second  class,  which  is  larger,  shows  alternately 
constipation  and  diarrhea,  and  frequently  these  recur 
with  noticeable  regularity.  The  daily  stools  for  two 
or  three  days  will  be  very  hard;  during  the  follow- 
ing twenty-four  hours  there  will  be  from  four  to  six 
diarrheal  discharges  containing  consiflerable  mucus, 
and  accompanied  by  a  diff'use  pain  in  the  abdomen. 
Then  constipation  again  follows.  Or  the  stools  may 
be  normal  for  some  days  and  then  from  four  to  seven 
diarrheal  movements,  with  colicky  pains,  follow  in 
one  day,  and  this  is  succeeded  by  constipation.  Here 
also  constipation  is  the  main  feature,  but  the  decom- 
position of  the  stagnant  intestinal  contents  produces 
an  increased  peristalsis  by  acting  upon  the  fairly 
irritable  nervous  apparatus.  The  periodicity  of  the 
constipation  may  be  entirely  irregular. 

In  the  third  class,  which  includes  but  few  cases, 
there  is  a  daily  movement,  but  this  is  rather  soft,  not 
well  formed. 

The  last  group  comprises  those  cases  in  which  for     ^ 
months  there  may  be  daily  frequent  diarrheal  dis-     " 
charges.     In  this   class   there    is    good    evidence    of         ' 
disease  of  the  small  intestine   as   well   as  the   large, 
furnished  by  the  presence  of  unchanged  bQe  pigment, 
or  j-ellow-stained  epithelial  and  round   cells,   in   the 
stools.     The  condition  is  explained  on  the  supposi- 
tion that,  because  of  the  chronic  enteritis,  digestion 
does  not  proceed  in  a  normal  manner  in  the  small         i 
intestine,   and   that   the   abnormal   products    (acids, 
etc.)  formed  here  act  in  such  a  way  as  to  irritate  the 
inflamed  mucous  membrane  of  the  large  intestine  and 
so  keep  up  a  marked  peri-stalsis,  causiug  the  diarrhea. 

There  are  still  other  cases  in  which,  owing  to  some 
nervous  influence,  the  evacuations  may  occur  only  at 
night  time,  or  early  in  the  morning. 

Of  the  contents  of  the  stools,  mucus  is  most  char- 
acteristic   of   the    catarrhal    condition.     This    varies 
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greatly  in  quantity,  and  may  even  rarely  be  absent 
in  severe  catarrhal  conditions  when  the  mucous  mem- 
l^rane  is  atrophic.  In  general,  its  continued  presence 
in  the  stools,  whether  these  are  firm  or  liquid,  may  be 
considered  an  indication  of  an  existing  catarrh. 

The  conditions  of  odor,  color,  and  the  presence  of 
epithelial  cells  and  of  food  particles  are  similar  to 
those  in  acute  catarrh.  Blood,  when  present,  gives 
evidence  of  an  ulcerative  process. 

The  subjective  .symptoms  may  be  few  in  number 
and  inconspicuous,  or  they  may  stand  out  promi- 
nently. Soreness  and  distention  of  the  abdomen,  due 
to  gas  formation,  may  occur,  but  severe  pains  are 
usually  lacking.  By  palpation  the  tenderness  may 
be  found  limited  to  certain  intestinal  areas,  thus 
indicating  to  some  extent  the  parts  involved.  In 
the  severer  cases  the  abdominal  symptoms  may  be 
constant,  while  in  the  others  they  may  be  called 
forth  only  by  some  slight  error  in  diet,  or  appear  as 
an  accompaniment  of  a  cold,  or  follow  overexertion. 
The  general  condition  is  more  or  less  disturbed. 
Dulness  and  headache  frequently  result  from  the 
absorption  of  poisonous  products  from  the  intestinal 
tract.  The  appetite  is  poor,  nutrition  suffers  more 
and  more,  and  the  disturbances  in  this  may  assimie 
a  very  grave  character  when  a  large  extent  of  the  intes- 
tinal mucous  membrane  becomes  involved. 

The  diagnosis  of  a  chronic  catarrh  of  some  portion 
of  the  intestinal  canal  usvially  follows  readily  from 
the  symptoms.  The  determination  of  the  involve- 
ment of  the  small  intestine  is  made  from  the  stools 
chiefly,  and  involves  the  same  factors  as  those  al- 
ready given  for  the  acute  variety. 

The  course  of  the  disease  is  protracted.  After 
months  or  years  a  functional  cure  may  be  achieved, 
but  frequently  the  enteritis  remains  until  the  end  of 
life.  It  is  most  dangerous  in  early  childhood  and  in 
old  age.  By  it  the  patient  may  be  so  debilitated 
that  intercurrent  diseases  often  prove  rapidly  fatal. 

Treatment. — In  chronic  catarrhal  enteritis  the 
regulation  of  the  patient's  mode  of  life  for  a  con- 
siderable period  is  of  greater  value  than  medicinal 
treatment.  This  includes  avoidance  of  overwork  of 
any  kind,  but  with  sufficient  exercise  in  the  open  air, 
a  simple  diet  composed  of  easily  digested  food  taken 
at  regular  intervals,  and  carefulness  about  exposure 
to  cold,  with  the  wearing  of  sufficient  warm  clothing 
especially  about  the  abdomen.  As  those  cases  in 
which  chronic  diarrhea  is  a  prominent  feature  are 
more  serious  than  those  with  constipation,  it  may 
here  be  necessary  to  keep  the  patient  in  bed  for  some 
weeks  in  order  to  secure  as  complete  rest  for  the 
system  as  possible,  to  avoid  unfavorable  external 
influences,  and  at  the  same  time  to  regulate  the  diet 
carefully.  Small  amounts  of  food  should  be  gi^■en 
frequently  and  regularly,  but  sufficient  nourishinent 
must  be  "taken  if  possible  to  prevent  loss  in  weight. 
Large  quantities  at  a  time  are  to  be  avoided.  In 
the  severer  cases  with  diarrhea  the  diet  may  need  to 
be  temporarily  restricted  to  the  forms  of  liquid  food 
recommended  above  as  suitable  for  cases  of  acute 
enteritis.  But  in  general  easily  digested  meats,  as 
beefsteak,  lamb  chops,  chicken,  etc.,  as  well  as  soft- 
boiled  eggs,  oysters,  toasted  bread  with  butter,  baked 
potatoes,  and  similar  articles  may  be  allowed,  together 
with  soups  and  gruels.  Most  kinds  of  fruits  and 
vegetables,  and  all  foods  in  general  that  leave  much 
undige.sted  residue  or  are  difficult  of  digestion,  must 
be  avoided,  as  also  very  cold  drinks,  or  those  con- 
taining sugar  or  acid  in  anv  considerable  amount, 
or  those  liigMy  charged  with  carbonic-acid  gas. 
Pure  water,  weak  tea,  cocoa,  milk,  kumyss,  etc.,  are 
to  be  used,  but  only  in  moderate  quantities.  They 
may  be  given  warm  or  moderately  cool,  never  ice  cold. 

A  more  liberal  diet  may  be  allowed  when  constipa- 
tion is  marked,  and  when  the  food  is  properly  chosen 
the  condition  may  often  be  relieved  by  this  means 
alone.     Soups  are  to  be  avoided  as  they  appear  to 


arrest  peristalsis.  Aside  from  this  the  articles  of 
food  above  mentioned  may  be  emplojed.  The 
additions  to  these  should  be  such  as  tend  to  increa.se 
the  intestinal  peristalsis;  the  phy.siological  astrin- 
gents should  be  avoided.  Thus  foods  containing 
sugar,  honey,  grapes,  and  cooked  fruits  are  often  of 
value,  as  are  also  starchy  foods.  Fats  in  the  form  of 
butter  or  cream,  chicken  fat,  etc.,  may  be  recom- 
mended. Generous  amounts  of  buttermilk  and 
kumyss  may  be  advantageously  given.  But  a  diet 
which  will  leave  a  large  amount  of  indigestible  residue, 
such  as  cal)bage,  beets,  fruits  containing  many  seeds, 
etc.,  is  to  be  avoided  here  also  as  liable  to  produce  too 
much  irritation  of  the  intestinal  mucosa.  A  glass  of 
cool  water  taken  an  hour  before  breakfast  often  acts 
favoraVjly. 

Nothnagel  has  emphasized  particularly  the  use  of 
various  mineral  waters  in  chronic  enteritis  as  being  of 
much  value,  not  merely  by  temporarily  relieving  the 
symptoms,  but  at  the  same  time  by  acting  benefi- 
cially upon  the  diseased  intestine  to  favor  the  repair 
of  the  lesions.  Naturally  the  results  are  more  favor- 
able when,  as  is  exceptionally  the  case,  the  treatment 
can  be  carried  out  at  the  sanatoria  connected  with 
the  various  springs;  such  favorable  results  being  due 
to  some  extent  to  the  rest  and  regular  habits  there 
insisted  on.  In  lieu  of  this  the  bottled  waters  or 
artificially  prepared  salts  are  to  be  employed.  Of 
particular  value  in  those  ca.ses  in  which  diarrhea  is 
marked  are  the  waters  of  Karlsbad  and  Vichy,  those 
of  Kissingen  being  somewhat  less  active.  When 
constipation  is  present  certain  of  the  Saratoga  waters 
act  very  favorably,  as  do  also  those  from  Marienbad 
in  Austria. 

Medicinally,  chronic  enteritis  with  diarrhea  may 
frequently  be  benefited  by  the  use  of  chalk,  or  chalk 
and  bLsmuth.  Boas  recommends  the  mixture,  in 
equal  parts,  of  the  carbonate  and  phosphate  of  lime, 
or  the  addition  to  this  chalk  mixture  of  one-fifth  its 
weight  of  bism\ith  beta-naphthol,  a  teaspoonful  of 
either  preparation  being  given  three  times  daily. 
Cathartics  should  not  be  employed  to  relieve  the  con- 
stipation. If  the  regulation  of  the  diet  or  the  use 
of  spring  waters  does  not  accomplish  this,  other 
laxatives  may  be  employed;  but  enemata,  either  of 
plain  water,  or  of  soap  and  water,  or  containing  oil 
in  some  form,  are  to  be  preferred. 

The  employment  of  certain  strains  of  lactic  acid 
bacilli  in  enormous  numbers  in  intestinal  conditions 
accompanied  by  excessive  putrefaction  has  been 
advocated.  The  attempt  here  is  to  replace  the  putre- 
factive bacteria  in  the  intestine  by  harmless  bacteria. 
This  method  of  treatment  is  still  in  the  experimental 
stage  although  it  has  been  demonstrated  that  the 
intestinal  flora  can  be  materially  changed  by  the  diet. 

When  the  catarrh  is  secondary  to  other  chronic 
forms  of  disease,  as  is  frequently  the  case,  treatment 
is  to  be  directed  primarily  toward  the  original  dis- 
ease, as  frequently  it  is  only  by  relieving  this  that  the 
catarrhal  condition  can  be  improved. 

Croupous  or  Diphtheritic  Enteritis. — This  com- 
paratively rare  form  of  enteritis  is  characterized  by 
the  presence  of  a  fibrinous  exudate  m  the  tissue  and 
on  the  surface  of  the  intestinal  mucosa,  where  it 
forms  a  false  membrane  (croupous),  frequently  com- 
bined with  more  or  less  coagulation-necrosis  of  the 
inflamedtissue (diphtheritic).  Anatomically  itclosely 
resembles  certain  forms  of  clysentery,  but  the  small  as 
well  as  the  large  intestine,  though  to  a  less  extent,  may 
be  involved  in  the  inflammatory  process,  and  it  has 
no  specific  etiological  factor. 

Various  bacteria  probably  play  an  important  part 
in  the  production  of  this  form  of  inflammation,  but 
the  action  of  these  is  as  a  rvile  secondary  to  that 
of  other  injurious  agents.  Thus,  different  mineral 
poisons,  as  corrosive  sublimat<>.  arsenic,  etc.,  may  be 
the  primary   cause,   and   the  toxic   substances   sup- 
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posed  to  bo  formoci  in  certain  chronic  conditions,  as 
Bright's  disease,  the  cachexia  of  malignant  tiimors, 
etc.,  and  excreted  through  the  intestinal  tract,  are 
apparently  factors  in  its  production.  It  occurs  occa- 
sionally in  infectious  diseases,  as  pneumonia,  scarlet 
fever,  septic  processes,  etc.  It  may  develop  from  a 
catarrhal  inflammation  of  the  mucous  membrane, 
but  is  not  constantly  preceded  by  this.  Macro- 
scopicallv  the  fibrinous  exudate  appears  as  a  gray 
or  a  gravish-vellow  layer  of  greater  or  lesser  extent  on 
the  surface  of  the  mucosa.  It  may  be  limited  to  the 
tips  of  the  villi  or  to  the  crests  of  the  valvidK  con- 
niventes,  or  the  patches  may  be  of  considerable  size. 
There  mav  be  merely  a  very  thin  film  of  this  on  the 
surface  of"  the  mucosa  or  the  infiltration  and  necrosis 
may  extend  deeply  into  the  membrane.  The  solitary 
follicles  mav  not'  be  involved,  or  they  may  be  en- 
larged and  take  i)art  in  the  diphtheritic  process.  In 
the  latter  case  follicular  ulcers  are  common. 

Diphtheritic  enteritis,  when  occurring  in  the 
course  of  severe  infections,  may  not  give  rise  to  any 
symptoms  not  referable  to  the  primary  disease. 
The  condition  is  at  times  met  with  post  mortem 
when  not  suspected  during  life.  Diarrhea  and 
abdominal  pain  may  exist  but  are  not  distinctive. 
The  character  of  the  stools  shows  nothing  to  differ- 
entiate this  from  dysentery.  The  treatment  must 
be  symptomatic,  with  proper  attention  to  the  ac- 
companying disease. 

Phlegmonous  enteriti.s  is  to  be  mentioned  as  a  very 
rare  form  of  intestinal  inflammation.  Here  there  is 
a  more  or  less  diffuse  suppurative  infiltration,  par- 
ticularly of  the  submucous  coat.  It  is  caused  by 
bacterial  invasion  and  is  nearly  always  secondary  to 
other  forms  of  intestinal  disease,  such  as  the  various 
kinds  of  ulcers,  intussusception,  strangulated  hernia, 
etc.  The  symptoms  belong  rather  to  the  primary 
disease  than  to  the  phlegmonous  inflammation. 
There  is  no  clinical  picture  by  which  it  can  be  recog- 
nized before  death.  Charles  J.  Bartlett. 

Enteroclysis. — Enteroclysis,  lavage  of  the  intes- 
tines, is  the  title  of  the  subject  that  we  shall  discuss, 
though,  to  speak  correctly,  it  is  but  a  subdivision  of 
the  larger  topic,  which  we  shall  designate  "Inte.stinal 
Hydrotherapy."  We  would  define  intestinal  hydro- 
therapy as  the  employment  of  water  in  the  intestinal 
tract  for  therapeutic  purposes,  the  fluid  being  admin- 
istered through  the  anal  orifice. 
This  would  include: 

1.  The  enema. 

2.  Irrigation  with  a  single  tube 
— true  enteroclysis. 

3.  Irrigation  with  a  double-cur- 
rent t\ibe,  or  with  two  tubes — 
also  true  enteroclysis. 

4.  Recurrent  enteroclysis  com- 
bined with  electricity. 

5.  Proctoclysis — administration 
by  the  drop  method. 


clysis  with  Water  at  Different  Temperatures. — Normal 
saline  solution  (a  dram  of  salt  to  a  pint  of  water)  was 
employed  in  all  cases.  With  a  temperature  not 
lower  than  100°  F.,  nor  higher  than  10.')°  F.,  the  ten- 
sion of  the  pulse  was  slightly  increased;  with  a 
temperature  higher  than  105°  F.,  the  increase  in 
tension  was  more  noticeable,  becoming  progressively 
greater  as  the  temperature  of  the  solution  was  in- 
creased. At  110°  F.  there  were  marked  increase  in 
the  tension  of  the  pulse,  increased  rapidity  of  respira- 
tion, and  changes  in  the  respiratory  curve.  And  from 
110°  to  120°  F.,  there  were  progressively  increasing 
tension  of  the  pulse  and  strong  heart  action. 

With  a  temperature  from  90°  F.  down  to  a  point 
as  low  as  30°  or  37°  F.  (iced  water),  the  tension  of  the 
pulse  continued  to  increase  as  the  temperatiire  of  the 
water  decreased.  After  irrigation  for  about  twentj' 
minutes  with  water  at  the  lower  temperatures  the 
heart  action  became  weaker  and  the  pressure  fell. 

Practical  Deductions. — (1)  Irrigate  at  a  temperature 
of  100°  to  102°  F.,  or  even  as  high  as  104°  F.,  if  in- 
crease in  pul.se  tension  is  to  be  avoided. 

Though  physiologically  a  slight  increase  in  the 
tension  of  the  pulse  occurs  at  these  lower  tempera- 
tures, clinically  none  can  be  detected.* 

(2)  If  a  moderate  increase  of  pulse  tension  is  not 
objectionable,  a  temperature  of  105°  to  108°  F.  can 
be  employed. 

(3)  To  increase  rapidly  the  pulse  tension  and 
stimulate  the  heart,  employ  the  fluid  at  a  temperature 
of  110°  F.,  and  increase  the  heat  gradually  to  120°  F. 
This  is  excellent  in  shock;  before,  or  during  severe 
operations,  to  prevent  shock;  and,  from  the  com- 
mencement of  chloroform  anesthesia,  to  prevent  the 
sudden  dilatation  of  the  vessels. 

(4)  Cold  is  a  temporary  stimulant;  later,  it  acts  as 
a  depressant.  It  should  therefore  be  employed  with 
caution.  More  patients  have  an  idiosyncrasy  as 
regards  cold  than  as  regards  heat. 

II.  Effect  of  Enteroclysis  on  Shock  from  Hemorrhage. 
— The  degree  of  the  tension  of  the  pulse  was  first 
noted  in  an  animal,  and  then,  after  blood  had  been 
withdrawn  from  the  femoral,  the  effects  on  the  pulse 
tension  and  the  heart  were  observed.  The  report 
of  a  single  experiment  will  suffice: 

Weight  of  dog,  twenty  pounds;  blood  pressure,  155 
millimeters;  50  c.c.  of  blood  removed  at  a  time,  until 
509  c.c.  in  all  had  been  withdrawn.  Under  the 
influence  of  these  successive  removals,    the   pressure 
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Diagram  Illustrating  the  Effects  of  Shock  from  Hemorrhage  and  its 
Treatment  by  Enteroclysis. 


Experiments  with  Enteroclysls. — We  will  give  a 
rdsumc^  of  the  experiments  which  were  conducted  in 
the  physiological  laboratory  of  the  College  of  Phy- 
sicians and  Surgeons  (Columbia  University),  and 
which  had  for  their  object  to  determine  the  relations 
of  this  procedure  to  pulse  tension,  renal  activity,  and 
intestinal  absorption;  and  to  ascertain  the  effects  pro- 
duced by  water  of  different  temperatures.  The  ani- 
mals employed  for  these  experiments  were  dogs,  and 
generally  those  of  larger  size. 

They  "who  are  interested  in  the  technical  details  of 
the  procedures  will  find  them  recorded  in  the  New 
York  Medical  Journal,  January  29,  1898,  and  also  in 
the  author's  manual,"  entitled  "Enteroclysis,  Hypo- 
dermoclysis,  and  Infusion." 

I.  The  Effect  on  Pulse  Tension  Produced  by  Entero- 
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fell  rapidly  to  112  millimeters.  Enteroclysis  was  at 
once  begun  with  normal  saline  solution  at  110°  F., 
and  the  heat  was  rapidly  increased  to  120°  F._  Im- 
mediate rise  of  blood  pressure  followed,  and  in  ten 
minutes  it  reached  140  millimeters,  and  remained 
steady  at  this  point;  the  heart  was  by  this  time 
acting  with  fair  force  (see  Fig.  2057). 

Deduction. — In  shock  from  hemorrhage  irrigate  with 
normal  saline  solution  at  a  temperature  of  110°  to 
120°  F.,  preferably  at  120°  F. 

III.  Effect  of  Enteroclysis  upon  Body  Temperature. — 
Dogs  were  employed  for  the  experiments,  which  were 
conducted  in  a  room  of  a  temperature  of  about  72°  F. 

•  This  statement  is  in  regard  to  the  pure  reflex  effect  of  the 
temperature  upon  pulse  tension  — not  in  relation  to  effects  pro- 
duced by  absorption  of  the  fluid. 
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Irrigation  was  continued  for  about  twenty  minutes, 
the  temperature  of  the  water  being  gradually  raised 
from  110°  to  120°  F.  The  results  were:  a  gradual 
rise  of  the  body  temperature;  in  the  axilla  the  increase 
amounted  to  1°  F.;  the  temperatiire  of  the  aortic 
blood  increased  0.5°  to  0.8°  F.;  the  tension  of  the 
pulse  increased  markedly. 

Hot  Irrigation  was  then  suddenly  changed  to  cold, 
the  water  having  a  temperature  of  30°  to  37°  F.,  aiici 
this  was  continued  for  twenty  minutes,  vith  the 
following  results:  Axillary  temperature  fell  2°  F.; 
blood  temperature  fell  1°  F.;  pulse  tension  at  first 
continued  high,  but  later  it  fell,  and  the  heart  action 
became  rapid  and  feeble.  With  a  temperature  of 
from  100°  to  105°  F.,  the  irrigating  fluid  exerted  no 
appreciable  influence  upon  the  body  temperature. 
Water  temperatures  of  150°  to  110°  F.  cau.sed  slight 
increase  of  bod.v  temperature  in  the  course  of  twenty 
minutes;  while  at  from  90°  to  60°  F.  they  caused 
slight  fall  in  the  bod\-  temperature  in  the  same 
period  of  time. 

With  enteroclysis  at  a  temperature  of  less  than  G0° 
F.,  there  ■«  as  a  loss  of  body  temperature  in  the  course  of 
twenty  minutes;  but  it  was  not  very  marked  until  the 
extreme  degrees  of  cold  were  reached.  There  were 
idiosyncrasies  in  the  animals.  Cold  at  first  stimulated, 
but,  when  prolonged,  it  depressed  the  circulation. 

Deductions.— 1.  Hot  irrigation  at  110°  to  120°  F., 
when  prolonged,  increases  the  temperature  of  the 
body  and  blood,  and  heiice  its  value  as  a  means  of 
stimulating  the  heart.  In  shock  and  in  allied  condi- 
tions its  great  value,  especially  when  water  at  a  high 
temperature  is  employed,  has  been  demonstrated 
clinically. 

2.  In  severe  fever.?  it  might  not  be  advisable  to 
employ  enteroclysis  at  a  high  temperature,  and  yet  it 
is  possible  that  the  etiological  conditions  may  radi- 
cally modify  this  rule. 

3.  Cold  irrigation  reduces  temperature  and  at  first 
stimulates  the  circulation;  but  later  it  is  a  depressant. 
It  has  been  employed  to  rediice  temperature  in  dysen- 
tery, etc.  I  believe  that  it  should  be  cautiously 
used  and  at  a  temperature  not  below  70°  to  S0°  F.  at 
first,  and  only  in  sthenic  cases.  It  should  be  em- 
ployed for  a  brief  period,  and  friction  during  its 
application  might  be  advisable. 

Cold  rectal  irrigation  is  safer,  and  iced  water  has 
been  so  employed  for  rectal  congestion  for  a  period 
of  over  thirty  minutes  continuouslj'  and  with  a 
successful  issue. 

IV.  Effect  of  Enteroclysis,  icith  TVater  at  Different 
Temperatures,  on  Renal  Activity  and  Intestinal  Ab- 
sorption.— The  experiment  was  made  in  the  following 
manner:  The  manometer  was  in  each  case  attached 
to  the  carotid  artery,  to  enable  the  observer  to  note 
the  effect  on  pulse  tension;  one  ureter  was  catheter- 
ized  and  the  catheter  was  so  adjusted  that  the  drops 
of  urine  impinged  on  a  lever  supported  by  a  tambour, 
each  movement  of  which  was  transmitted  to  a  second 
tambour,  which  supported  a  registering  pen;  every 
drop  of  urine  was  thus  registered  on  a  revolviTig 
kymograph,  in  the  form  of  an  inverted  V.  The 
urine  was  collected  and  measured.  The  opposite 
ureter  was  also  catheterized  and  the  urine  measured. 

Enteroclysis  with  normal  saline  solution  at  tem- 
peratures of  from  110°  to  120°  F.  increases  renal 
secretion  in  the  course  of  ten  minutes,  and  very  mark- 
edly so  in  twenty  minutes.  There  is  a  marked 
increase  of  pulse  tension.  Note  the  two  cycles  of  the 
increase  of  the  secretion.  Thus,  for  example,  at  the 
end  of  ten  minutes  the  increase  in  secretion  corre- 
sponds to  the  maximum  height  of  the  blood  pressure 
obtained  by  enteroclysis  at  120°  F.,  and  to  the  com- 
mencement of  temperature  increase  (see  experiments 
just  described).  With  enteroclvsis  at  temperatures 
of  from  105°  to  110°  F.,  there  is,  at  the  higher  tem- 
peratures, a  .slight  increase  of  secretion  in  ten  minutes 
and  a  considerable  increase  in  twenty  minutes;  b\it 


at  the  lower  temperatures  there  is  no  increase  until 
after  the  lapse  of  twenty  minutes. 

With  enteroclysis  at  temperatures  of  from  100°  to 
103°  F.,  no  increase  in  renal  secretion  is  noted  until 
the  operation  has  been  kept  up  for  twenty  minutes, 
and  then  the  increa.se  is  considerable.  There  is  a 
slight  increa.se  in  pulse  tension.  Noteworthy  is  the 
single  cycle  of  increased  secretion. 

That  the  increase  in  renal  activity  which  occurred 
in  the  course  of  twenty  minutes,  from  an  enteroclysis 
with  normal  saline  solution  at  temperatures  varying 
from  100°  to  120°  F.,  was  due  to  absorption  of  the 
fluid  from  the  intestine,  was  demonstrated  as  follows: 
A  weak  solution  of  potassium  ferroeyanide,  1  to 
40,000,  was  added  to  the  normal  saline  solution  in 
each  case,  and  the  urine,  as  it  fell  into  the  receiving 
vessel,  was  tested  every  fifteen  to  thirty  .seconds  with 
chloride  of  iron.  On  every  occasion  the  Prussian- 
blue  reaction  was  secured  at  the  end  of  twenty 
minutes,  and  this  occurred  synchronously  with  the 
increa.se  of  renal  secretion.  This  experiment  further 
demonstrates  the  fact  that  intestinal  absorption 
occurs  from  the  large  intestine  (colon  or  rectum)  in 
about  twenty  minutes. 

The  following  interesting  fact  was  noted:  A  small 
enema,  or  an  enteroclysis,  of  normal  saline  solution, 
which  had  a  temperature  of  99°  to  100°  F.,  and  which 
contained  a  weak  solution  of  potassium  ferroeyanide, 
produced,  at  the  end  of  about  twenty  minutes,  in- 
creased diuresis,  as  demonstrated  by  the  greater 
number  of  drops  of  urine  registered  on  the  kymograph 
at  this  time,  synchronously  with  the  appearance  of 
the  Prussian-blue  reaction  in  the  urine  in  response  to 
the  chloride-of-iron  test;  yet  no  discoverable  rise  of 
pressure  occurred  in  the  manometric  tracings.  The 
increased  secretion  was  therefore  evidently  due  to  the 
action  of  the  saline  solution  on  the  kidney  cells. 
This  corresponds  to  the  results  obtained  by  Foster  in 
his  experiments  with  infusion;  for  this  authoritj- 
noted  that  a  normal  saline  solution,  administered  in  so 
small  an  amoimt  that  no  rise  in  pulse  tension  could  be 
detected  with  the  manometer,  caused  a  profuse  diuresis. 

The  effects  of  cold  irrigation  on  renal  secretion 
were  foimd  to  be  as  follows:  Enteroclysis  with  normal 
saline  solution  at  all  temperatvires  from  100°  F.  to 
iced  water  (30°  to  37°  F.)  produces  diuresis  in  about 
twenty  minutes,  this  effect  being  due  to  absorption 
of  the  fluid  from  the  intestines.  The  pulse  tension 
is  increased  as  the  temperature  is  lowered,  and  hence, 
by  this  means,  secretion  is  further  increased.  With 
the  lower  temperature,  however,  in  about  twenty 
minutes  the  animal  frequently  goes  into  shock  and 
renal  secretion  then  ceases.  Cold  enteroclysis,  or 
enemata,  would  seem,  therefore,  to  be  contraindicated 
in  renal  disease. 

We  believe  that  general  deductions  from  physio- 
logical experiments  on  healthy  animals  cannot  be 
universally  applied  to  the  human  subject,  and  this 
is  doubtless  the  true  explanation  why  the  pure  phys- 
iologist quite  frequently  leads  us  to  erroneous  con- 
clusions. In  the  practice  of  medicine,  the  results 
secured  are  often  markedly  modified  by  the  existing 
clinical  conditions.  For  example,  enteroclysis  at  a 
temperature  of  from  110°  to  120°  F.  was  recom- 
mended when  the  pulse  tension  and  temperature 
were  not  high.  Nevertheless,  I  have  secured  excel- 
lent results  in  acute  uremic  poisoning,  with  high 
pulse  tension  and  a  temperature  of  102  F.,  from  an 
enteroclysis  with  normal  saline  solution  at  a  temper- 
ature of  from  115°  to  120°  F.,  kept  up  for  a  period 
varying  from  half  an  hour  to  one  hour.  Profuse 
sweating,  diuresis,  and  bowel  action  followed,  and 
there  was  also  a  marked  fall  in  pulse  tension.  Other 
observers  have  had  the  same  experience. 

If  the  blood-vessels  are  atlieromatous,  a  groat 
degree  of  heat  might  be  undesiralile.  Nitroglycerin, 
gr.  if;;;,  glvcn  prcvlously  to  the  enteroclysis,  might 
be  of  value. 
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Effects  of  Irrigations,  or  Enemata. — The}-  may  be 
suniinarized  as  follows: 

1.  The  local  treatment  of  diseased  conditions,  as 
of  catarrhal  colitis. 

2.  Th(!  relief  of  congestion  or  acute  inflammation, 
as  of  the  rectum  or  prostate. 

3.  The  absorption  of  inflammatory  products  as  in 
pelvic  peritonitis  or  postuterine  adhesions. 

4.  To  replace  the  loss  of  fluid  from  the  body  as  in 
cholera  or  the  relief  of  thirst. 

5.  To  dilute  the  poison  of  disease,  as  in  uremia. 

6.  To  increase  the  flow  of  Ijlood  to  a  part,  as  in  in- 
sufficient menstruation — by  the  use  of  warm  irrigations. 

7.  To  check  hemorrhage  (extreme  cold  or  heat). 
Locally  as  in  bleeding  ulcers  of  the  rectum  or  from 
hemorrhoids;  in  an  adjacent  organ  as  in  uterine 
hemorrhage. 

8.  Reflex  effects  through  the  sympathetic  ganglia, 
on  the  circulatory  apparatus,  on  the  secretions,  as  a 
tonic  stimulant,  revulsive  effects,  and  reflex  effect  on 
a  distant  organ.  On  the  circulatorj'  apparatus  as  in 
shock;  on  the  secretions  as  in  the  production  of 
sweating,  bowel  action,  and  urinarj-  secretion  in 
uremia.  As  a  tonic  stimulant  as  by  the  use  of  the 
alternate  hot  and  cold  douche  in  diminution  of  erec- 
tile power  or  in  atonic  con.stipation.  The  revulsive 
effect,  as  by  the  production  of  bowel  action  in  apo- 
plexy. The  reflex  eff'ect  on  a  distant  organ  as  from 
enemata  in  jaundice. 

9.  The  relief  of  pain  and  irritability  as  in  spasm  of 
the  sphincter  or  vesical  irritability  in  the  male. 

10.  The  effect  on  the  heat  centers — the  temperature 
can  be  raised  in  shock  by  hot  irrigation,  or  lowered 
in  fever  by  cold  irrigation  or  enemata. 

11.  Simple  cleanliness  by  removing  undigested 
food  products  and  preventing  autointoxication. 

12.  Antispasmodic,  by  relieving  spasm  of  colic. 

13.  Mechanical,  as  in  intussusception  by  exertion 
of  pressure. 

14.  Water  as  a  vehicle — the  nutritive  or  medicated 
enema. 

From  these  effects  one  can  readily  deduce  the 
clinical  applications. 

Clinical  Applications. — Hot  saline  enterocly.sis 
is  an  excellent  remedy  in  acute  uremic  poisoning,  in 
oliguria,  in  renal  congestion,  or  in  any  dropsical  con- 
dition due  to  oliguria,  such  as  pulmonary  edema, 
pleurisy  witli  effusion,  ascites,  etc.  It  aids  elimination 
of  the  toxins,  through  the  kidneys,  in  typhoid  fever, 
sepsis,  septic  endocarditis,  diphtheria,  etc.  Many 
practitioners  have  obtained  excellent  results  by  the 
employment  of  this  mode  of  treatment. 

A  temperature  of  from  110°  to  120°  F.  gives  the 
best  results,  due  to  the  double  cycle  of  increase  in  the 
urine,  attributable  to  the  several  causes  heretofore 
noted  in  the  account  of  the  experiments. 

Renal  disease  with  polyuria  seems  to  contraindicate 
the  employment  of  this  method;  or,  at  all  events  the 
existence  of  the  latter  symptom  necessitates  a  cau- 
tious employment  of  the  method.  In  a  case  of  en- 
larged prostate,  I  found  that  prolonged  irrigation 
aggravated  the  polyuria. 

Among  other  indications  are  dysentery,  intestinal 
catarrh,  intestinal  hemorrhage  (particularly  in  the 
large  intestine  where  hot  or  cold  astringent  injections 
are  of  service),  intestinal  toxemia,  intestinal  dyspepsia, 
diarrhea,  thirst,  constipation,  fecal  impaction,  jaun- 
dice, intestinal  paresis,  t3-mpanites,  renal  colic, 
intestinal  colic,  shock,  and  in  inflammatory  con- 
ditions of  the  genitourinary  organs  of  both  sexes. 

The  Enema. — There  are  two  forms  of  enemata — the 
high  and  the  low.  The  high  enema  is  administered 
through  a  colon  tube,  or  long  catheter,  to  which  is 
attached  a  fountain  syringe,  or  a  vessel  arranged  on  a 
similar  principle.  Tlie  bag  should  hang  at  a  height  of 
two  or  three  feet  above  the  patient,  and  the  tube 
should  be  pinched  sufRciently  to  allow  the  fluid  to 
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enter  slowly,  so  as  not  to  excite  intestinal  spasm. 
The  colon  tube,  well  lubricated  with  olive  oil  or 
vaseline,  is  inserted  into  the  rectum  and  pushed  gently 
hi  to  the  bowel  for  a  distance  of  from  twelve  to  fourteen 
inches.  Its  progress  is  facilitated  by  allowing  the 
solution  to  flow,  as  the  tube  is  pushed  farther  up  into 
the  bowel.  In  infants  a  small  catheter  (No.  16  or 
No.  18  French)  can  be  used.  The  water  employed 
for  the  enema  should  preferably  be  sterile  (boiling  it 
for  about  fifteen  minutes  is  generally  sufficient). 
If  a  Davidson  .syringe  is  used,  the  flow  is  often  inter- 
mittent and  forcible,  exciting  spasm  of  the  bowel, 
and  hence  it  is  better  to  use  the  fountain  syringe. 

Position  of  the  Patient. — The  dorsal  position,  with 
the  hips  or  the  foot  of  the  bed  elevated,  is  be.st.  The 
knee-elbow  posture  is  at  times  employed  for  a  high 
injection. 

Quantity  of  the  Solution;  Temperature;  Indications. 
— When  it  is  desired,  in  a  case  of  fecal  accumulation, 
tympanites,  etc.,  to  secure  an  action  of  the  bowels,  the 
following  mixtures  may  be  employed  (in  the  case  of 
an  adult) :  one  quart  or  a  cjuart  and  a  half  of  simple 
water  at  a  temperature  of  from  101°  to  104°  F.;  or 
sufficient  soap  (brown  or  castile)  may  be  added  to 
this  to  form  suds;  or,  finaUy,  if  there  is  tympanites, 
3  ss.-j.  of  spirit  of  turpentine  may  be  added  to  the 
last.  Olive  oil  or  glycerin — 5  ss.-j. — constitutes  a 
valuable  adjunct.  For  the  purpose  of  softening  fecal 
accumulations  I  have  employed  as  much  as  Oss.-j.  of 
oil  or  of  glvcerin  at  a  single  injection.  In  the  case  of 
an  infant,  from  half  a  pint  to  a  pint  and  a  half  of  water 
— with  an  addition  of  5  i-ij.  of  olive  oil,  if  required 
— is  the  average  quantity  employed  at  an  injection. 

The  enema  is  also  of  value  in  apoplexy  and  in  in- 
fantile convulsions.  It  is  important  to  remember 
that  dilatation  of  the  intestine  and  loss  of  muscular 
tone  may  result  from  the  too  frequent  employment 
of  the  enema  or  the  use  particularly  of  too  large 
injections.  A  small  enema  of  a  pint  or  a  quart, 
particularly  if  given  in  the  knee-chest  position,  is 
extremely  valuable.  It  will  do  the  work  of  a  large 
injection  in  the  dorsal  posture. 

Kussmaul's  method  of  oil  irrigation  for  the  treat- 
ment of  chronic  constipation  appears  to  be  a  valuable 
therapeutic  measure.  He  employs  about  a  pint  of 
olive  oil  by  enema,  at  bedtime,  injecting  it  slowly 
through  a  long  tube;  the  patient  lying  down  during 
the  operation,  first  on  the  left  side,  then  changing 
gradually  to  the  dorsal  position,  and  finally  resting 
upon  the  right  side.  Gentle  massage  is  kept  up  -while 
the  oil  is  being  injected.  If  possible,  the  enema  is  to 
be  retained  over  night. 

For  stimulation  in  shock — to  whatever  cause  it 
may  be  due — in  heart  failure  during  ane.sthesia,  in 
uremia,  oliguria,  suppression  of  urine,  septic  condi- 
tions, cholera,  diphtheria,  etc.;  and  as  a  means  of 
replacing  to  some  extent  the  loss  of  fluid  from  the 
body,  such  as  occurs  in  gastroenteritis  and  after 
certain  surgical  operations,  the  enema  may  be  of 
great  value.  The  fluid  should  be  injected  slowly 
through  a  long  tube,  with  the  hips  of  the  patient,  or  the 
foot  of  the  bed,  well  elevated.  The  retention  of  the 
injected  fluid  nnist  be  carefully  provided  for.  Phys- 
iological saline  solution  (one  dram  of  salt  to  the  pint 
of  water),  at  a  temperature  of  from  110°  to  120°  F., 
should  be  employed  for  any  of  these  conditions.  In 
an  adult  the  quantity  to  be  injected  at  any  one  time 
should  not  be  less  than  one  pint  nor  more  than  two 
quarts,  and  the  injection  should  be  repeated  every  one 
to  three  hours,  according  to  the  indications  that  may 
be  present.  Some  patients,  however,  will  not  retain 
even  as  much  as  a  pint  of  solution  and  in  such  event 
even  small  quantities,  5  iv.-viii.  are  of  value.  In 
children  a  proportionately  smaller  quantity  of  fluid 
should  be  used.  In  addition  to  the  normal  saline 
solution  other  solutions  may  be  used  to  advantage. 
These  are  enumerated  in  the  section  on  Double- 
Current  Enterocl}-sis. 
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The  method  here  described  is  of  value  in  dysentery, 
typhoid,  cholera,  gastroenteritis,  etc.  It  .should  be 
more  correctly  classified  under  enteroclysis  vdth  a 
single  tulje,  l)ut  it  is  a  difficult  matter  to  draw  a  sharj) 
line  of  division  between  the  two  kinds  of  enteroclysis. 
In  cases  of  jaundice  or  of  hemorrhage  (intestinal  or 
in  adjacent  organs),  and  in  those  in  which  it  is 
desired  simply  to  reduce  temperature,  the  same 
method  is  to  be  employed,  but  the  solution  should 
have  a  temperature  of  from  90°  to  70°  F.,  or  even  less. 
Cold  should  be  employed  in  sthenic  cases  only,  and 
even  then  with  caution.  In  cases  of  hemorrhage  or  of 
jaundice  a  temperature  of  from  110°  to  120°  F.  at 
times  gives  the  best  results.  Normal  saline  solution 
is  commonly  employed  under  these  circiimstances. 
Some  advocate  tiie  injection  of  fresh  beef  blood  to 
check  intestinal  hemorrhage. 

For  relaxing  spasm,  such  as  occurs  in  renal,  biliary 
or  intestinal  colic,  as  much  as  one  or  two  quarts,  at  a 
temperature  of  from  101°  to  104°  F.,  is  to  be  injected, 
in  the  case  of  adults.  In  the  case  of  children  a  smaller 
quantity  is  to  be  employed.  At  times,  especially  in 
intestinal  colic,  a  temperature  of  from  110°  to  120° 
F.  gives  the  best  results. 

(The  nutritive  enemata  are  described  in  Vol.  I., 
under  the  head  of  Alimenlalioii,  Rectal.) 

Intussusception. — In  this  condition  the  enema  may 
often  prove  a  iiseful  therapeutic  agent  through  its 
mechanical  effects.  When  it  is  administered  for  this 
purpose,  the  patient's  hips  should  he  elevated  and 
the  shoulders  depressed.  Some  advocate  Trendelen- 
burg's position.  Emmett  Holt,  in  the  case  of  infants 
or  young  children,  places  them  in  the  dorsal  position, 
with  the  thighs  flexed,  and  from  time  to  time  during 
the  injection  he  inverts  the  patient,  gently  man- 
ipulating the  tumor  through  the  abdominal  wall. 
Hydrostatic  pressure  should  supply  thef  orce  required. 
In  the  case  of  adults  the  long  colon  tube  should  be 
employed,  while  for  infants  a  small  catheter,  No.  IS, 
will  be  found  better  suited  to  the  work.  As  regards 
the  height  at  which  the  fountain  syringe  should  be 
hung,  I  may  state  it  to  be  four  or  five  feet  above  the 
patient;  this  elevation  giving  a  pressiire  of  not  over 
three  pounds  to  the  inch.  Occasionally  it  may  be 
necessary  to  place  the  bag  at  an  elevation  of  six  or 
even  eight  feet,  in  order  to  increase  the  pressure,  but 
this  is  rarely  advisable."     (Holt.) 

Experiments  made  iipon  the  cadaver,  for  the 
purpose  of  throwing  light  upon  this  c|uestion  of 
pressure,  furnish  results  which  are  apt  to  be  mislead- 
ing; and  it  must  be  remembered  that  great  pressure 
upon  the  wall  of  a  viscus  like  the  intestine,  especially 
if  it  be  in  a  damaged  condition,  is  likely  to  prove 
dangerous. 

The  solution  to  be  employed  should  consist  either 
of  water  or  of  normal  salt  solution.  Holt  also 
advises  milk  and  water  or  thin  gruel  as  being  less 
irritating  than  plain  water.  He  advocates  at  times 
the  injection  of  air.  The  injection  of  oxygen,  as  em- 
ployed by  Dr.  Clement  Cleveland,  in  postoperative 
intestinal  obstruction,  or  paresis,  should  be  of  value. - 

"The  temperature  of  the  fluid  employed  should  be 
at  some  point  between  100°  and  10.5°  F.,  and  in  all 
cases  an  anesthetic  should  be  administered.  The 
quantity  of  fluid  to  l^e  injected  should  vary  according 
to  the  position  of  the  intussusception.  The  best 
guide  as  to  the  amoimt  is  furnished  by  the  degree  of 
tension  of  the  abdominnl  wnlls.  During  the  progress  of 
the  injection  the  buttocks  shoiild  he  held  tightly  to- 
gether, to  prevent  escape  of  the  fluid.  If  at  any 
moment  the  tension  should  seem  to  be  too  great,  the 
pressure  upon  the  buttocks  may  be  withheld  and 
some  of  the  fluid  allowed  to  escape.  As  a  further 
guide,  in  estimating  the  amount  of  fluid  to  be  injected, 
we  can  remember  that  the  colon  of  an  infant,  six 
months  old,  will  hold  about  a  pint  without  distention, 
and  that,  at  the  age  of  two  years,  it  will  hold  two,  or 
possibly   three,   pints.     The"  adult   colon   holds   con- 


siderably more  than  a  gallon  (Weir  says  nine  pints,  or 
a  little  over)  without  distention.  Pressure  should 
be  kept  up  for  from  teir  to  twenty  miiuites,  or  even 
for  half  an  hour.  If  the  injection  fails  to  reduce  the 
intussusception  within  this  time,  then  stop.  A 
second  attempt  can  be  made  within  two  hours,  and  if 
failure  again  results,  then  resort  to  laparotomy." 
This  is  the  advice  given  by  Holt.  My  own  personal 
view  is,  that  it  is  better  to  resort  to  operative  inter- 
ference after  one  failure  of  the  injection. 

The  loiv  enema  is  one  in  which  the  fluid  injected 
does  not  extend  beyond  the  rectum.  For  this 
purpose  a  fountain  syringe,  provided  with  the  short 
rectal  tip,  well  lubricated,  is  to  be  preferred.  A 
Davidson  .syringe  or  even  a  suitable  pattern  of  a 
hard-rubber  hand  .syringe  may  be  employed  when 
only  a  small  quantity  of  fluid  is  to  be  injected. 

In  this  form  of  enema  the  patient  may  occupy  either 
the  dorsal  or  the  .semi-oblique  or  the  sitting  posture; 
and,  when  solutions  of  a  high  temperature  are 
employed,  it  is  well  to  lubricate  the  nates  and  the 
anus  as  far  as  to  a  point  beyond  the  .sphincter.  If  the 
enema  is  to  be  retained,  the  patient  should  assume 
either  the  dorsal  posture,  with  the  hips  elevated  or 
what  is  known  as  the  Sims  position. 

The  conditions  which  call  for  the  use  of  the  low 
enema  do  not  differ  materially  from  those  which 
suggest  the  desirability  of  employing  the  high  variety. 
In  fact,  the  difference  often  amounts  simply  to  this: 
in  one  set  of  cases  it  seerrLs  desirable  to  inject  a  small 
mass  of  fluid,  while  in  the  other  a  larger  quantity 
appears  to  be  required.  Thus,  in  shock,  uremia,  etc., 
from  two  to  six  oimces  of  normal  saline  sohition,  at  a 
temperature  of  110°-12()°  F.,  is  injected;  the  inten- 
tion being  that  it  should  be  absorbed.*  Such  an 
injection  should  be  given  very  .slowly,  and,  as  the  tip 
is  withdrawn,  a  towel  should  be  slipped  over  the  anus, 
and  the  buttocks  should  be  held  together  for  some 
minutes  therafter  to  prevent  escape  of  thefluid.  Then, 
again,  small  enemata  of  starch  water  containing 
Tlitv.-xij.  of  laudanum,  or  of  tincture  of  belladonna, 
etc.,  often  prove  useful  in  allaying  irritability  of  the 
rectum  or  adjacent  organs.  Finally,  in  cases  of  dys- 
entery, etc.,  after  thorough  irrigation  of  the  bowel, 
enemata  of  this  class  are  generally  of  value. 

When  it  is  desired  that  the  fluid  injected  .should  be 
retained  for  a  short  time  and  then  evacuated,  the 
quantity  employed  should  vary  from  two  ounces  to  a 
pint,  according  to  the  circumstances  of  the  case. 
The  temperature  of  the  fluid  should  vary  in  a  similar 
manner;  hot  solutions  (from  110°  to  120°  F.)  being 
best  .suited  to  certain  conditions,  and  cold  (from  90° 
to  60°  F.)  to  others.  There  are  even  cases — tho.se  of 
internal  hemorrhoids,  for  example — in  which  iced 
water  may  be  used  to  advantage.  On  the  other  hand, 
there  are  individuals  who  show  a  decided  repugnance 
to    cold  enemata. 

Enteroclvsis  with  .\  Single  Tvbe. — Enteroclysis 
with  a  single  tube  may  belong  to  either  of  the  two 
varieties — the  high  or  the  low.  There  are  several 
methods.  Thus,  for  example,  a  colon  tube  or  large 
catheter  is  introduced  into  the  bowel  and  a  fountain 
syringe  or  a  funnel  is  attached.  A  definite  quantity 
of  fluid  is  allowed  to  flow  in.  and  then  tlie  fountain 
syringe  is  detached,  or  the  funnel  is  lowered  below 
the  level  of  the  patient  and  the  solution  evacuated. 
This  procedure  is  repeated  a  second  time,  or  .several 
times,  according  to  the  indications,  or  until  the  fluid 
that  returns  is  quite  clear.  As  already  stated  above, 
both  the  temperature  and  the  amount  of  the  fluid 
emjiloyed  should  vary  according  to  the  individual 
circumstances  of  each  case. 

A  Y-shaped  or  T-shaped  glass  tube  may  be  attached 
by  its  stem  to  the  rectal  t\ibc.  and  by  its  forks  to  the 
fountain  syringe  on  the  one  hand,  and  to  a  carry -off 

•In  these  conditions  an  even  larger  quantity,  if  it  can  be  ab- 
sorbed, is  preferable. 
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tube  on  the  other.  By  cheeking  the  outflow  through 
the  hitter  while  allowing  the  inflow  to  continue,  and 
then  by  arresting  the  latter  and  allowing  the  fluid  to 
escape  t  hroiigh  the  carry -off  tube,  one  can  irrigate  the 
intestine  in  a  satisfactory  nuinner. 

Still  another  method  is  to  allow  the  injected  fluid  to 
be  ejected  bv  the  patient  alongside  the  tube,  ininie- 
diatolv  after'which  a  fresh  supply  of  the  fluid  is  again 
injected.  This  operation  can  be  repeated  as  often  as 
may  be  desired.  It  will  be  found  useful  not  only  for 
cleansing  purposes  but  also  for  the  relief  of  siich  con- 
ditions as  shock,  uremia,  hemorrhage,  etc.  The  mode 
of  procedure,  in  the  case  of  an  infant,  is  thus  described 
by  Dr.  L.  Kminett  Holt,  who  places  the  ileocecal 
valve  as  the  limit  which  the  fluid  may  reach:  "The 
child  is  placed  on  the  back,  thighs  flexed,  buttocks 
brought  to  the  edge  of  the  table,  clothing  protected. 
The  fountain  svringe  at  a  height  of  four  to  iive  feet; 
a  flexible  rectal  tulie,  or  soft  catheter,  No.  18-20 
American  scale,  is  employed;  an  extra  eye  may  be 
cut  near  the  tip.  The  catheter  is  oiled  and  just  after 
the  tip  is  inserted  into  the  anus  the  water  is  turned  on. 
This  renders  it  stiffcr,  and  it  passes  more  readily. 
It  is  pushed  in  twelve  to  fourteen  inches.  Usually  a 
pint  and  often  a  quart  will  be  introduced  before  any 
water  returns.  The  water  is  evacuated  from  time 
to  time  alongside  the  catheter  and  often  with  con- 
siderable force;  hence  a  towel  should  be  spread  to  fall 
like  a  screen  over  the  anus  to  protect  the  operator. 
The  washing  should  be  continued  until  the  water 
returns  quite  clean.  Gentle  kneading  of  the  abdomen 
should  be  employed  during  the  early  part  of  the  irri- 
gation  to   facilitate   the   passage   of   water   into   the 


Fia.  2058. — Enteroclysia  with  Single  Tube.     Case  of  an  infant. 

upper  part  of  the  colon.  The  temperature,  in  most 
cases,  should  average  101°  F.  At  the  end  of  the 
irrigation,  the  tube  of  the  fountain  syringe  is  detached 
and  the  fluid  which  remains  allowed  to  escape  through 
the  catheter  before  removal  of  the  latter.  The  colon 
of  a  six-months'  infant  holds  a  pint  without  disten- 
tion, and,  at  the  age  of  two  years,  two  to  three 
pints." 

A    convenient    modification    of    the    operation    is 
shown  in  the  accompanjing  illustration  (Fig.  2058). 
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Entehoclysis  with  a  Double  Continuous  Cur- 
rent.— The  principle  of  double-current  irrigation  is 
ciuite  old;  the  instrument  of  Bodenhamer  was  prob- 
ably the  first  double-current  rectal  irrigator  devised. 
Many  other  irrigators  have  been  employed,  such  as 
two  tubes  or  catheters,  or  a  large  double-current 
catheter,  etc.  When  it  is  necessary  to  improvise  a 
double-current  irrigator,  this  may  be  accomplished 
in  the  following  manner:  Take  two  catheters — the 
smaller  one  for  the  entering  current,  the  larger  for 
the  outflow — and  pass  them  through  a  perineal  pad 
of  gauze  and  cotton,  covered  with  oiled  silk,  or 
through  a  dress-shield,  or  a  piece  of  oil  cloth,  marble 
cloth,  or  rubber  sheeting. 


Fig.  2059. — Author's  Irrigating  Tubes,  a,  I-'l  -xibli-  irrigator; 
h  and  c,  more  recent  models:  d,  glass  irrigator,  witli  aide  opening 
(closed  by  a  cork)  for  cleansing  purposes. 

One  can  furthermore  attach  a  Y  or  T  tube  by  means 
of  a  short  piece  of  rubber  tubing  to  the  central  tul)e 
of  the  recurrent  irrigator.  One  branch  of  the  Y  may 
be  attached  to  a  fountain  syringe  containing  hot 
normal  salt  solution  and  the  other  branch  to  a  foun- 
tain syringe  containing  cold  solution.  An  alternate 
hot  and  cold  intestinal  douche  can  thus  lie  given. 
This  method  would  be  of  value  as  a  stimulant  in 
atonic  constipation  and  in  diminution  of  erectile 
power— the  irrigation  in  the  latter  case  being  admin- 
istered low  in  the  rectum. 

In  the  accompanying  figures  are  shown  several  of 
the  author's  latest  patterns  of  irrigating  tubes  (see 
Fig.  20o9,  n,  b,  c,  d). 

Prccaiilions  to  he  Observed  before  Inserting  the  Tube. — 
Allow  the  irrigating  fluid  to  flow  from  the  tube  until 
all  the  air  has  been  expelled;  then  check  the  flow.  _  As 
the  tip  of  tlie  instrument  passes  through  the  sphinc- 
ter, start  the  flow  in  order  to  force  the  mucous  mem- 
brane away  from  the  irrigator  and  from  its  fenestra. 
Attach  the  fountain  syringe  to  the  central  tutie  and 
the  carry-off  tube  to  "the  larger  curved  lateral  tube. 
By  alternately  pinching  this  and  the  tube  of  the 
fountain  syringe,  the  quantity  of  fluid  entering  and 
escaping  can  be  regulated.  As  the  outflow  is  larger 
than  the  inflow,  unless  the  outflow  is  checked  no  fluid 
will  pass  up  the  bowel. 

Insertion  of  the  Instrument. — The  tube  should  be 
well  lubricated  and  inserted  with  a  gentle  rotary 
motion,  and  not  forced  in.  The  tip  of  the  instru- 
ment should  be  directed  slightly  backward  toward 
the  sacrum,  and  the  fluid  allowed  to  flow  at  the 
moment  when  the  tip  passes  the  sphincter.  If  the 
flow  ceases,  rotate  the  tube  slightly  or  withdraw  it 
slightly  while  rotating,  and  push  it  back.  If  the 
outflow  seems  to  be  obstructed,  stop  the  inflow  and 
then  force  fluid  back  through  the  outflow  tube  with 
a  small  hand  syringe,  or  detach  the  fountain  .syringe 
and  force  the  flow  back  through  the  outflow  tube  for 
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ail  instant.  Sometimes  "milking"  the  outflow  tube 
with  the  fingers  will  start  the  flow.  Avoid  pressing 
the  tip  of  the  instrument  against  the  wall  of  the 
bowel,  or  directing  the  current  against  it,  as  eitlier  of 
these  procedures  is  irritating. 

Distance  to  which  the  Irrigator  should  he  Pushed  up 
into  the  Bowel. — The  rectal  tube  should  be  in.serted 
for  a  distance  of  ffom  one-third  to  one-half  its  length 
in  prostatic  cases,  etc.,  and  in  its  entire  length  when 
high  irrigation  is  to  be  carried  out.  In  actual  practice 
it  is  found  that  the  introduction  of  the  short  tube  to 
its  full  length,  provided  the  patieiit'.s  hijis  are  ele- 
vated, gives  as  good  results  in  high  irrigation  as  does 
the  colon  tube. 

Withdrawal  of  the  Instrument. — Do  not  withdraw 
the  instrument  like  an  ordinary  tip,  lest  the  nuicous 
membrane  catch  in  the  fenestra,  but  rotate  it  slightly, 
first  in  one  direction  and  then  in  the  other,  as  it  is 
being  withdrawn.  By  observing  this  precaution  the 
physician  will  not  be  likely  to  experience  the  accident 
just  described. 

Cleansing  the  Irrigators. — To  clean  the  stiff  tubes, 
unscrew  the  central  tube  and  withdraw  it.  To  clean 
the   flexible   tube,    unscrew   the    accessory    cap    and 


Fia.  2060. — Enteroclysis   in    the    Semi-recumbent    Position. 

loosen  the  main  cap,  meanwhile  holding  the  rubber 
fitting  of  the  central  tube  firmly,  to  prevent  twisting 
the  central  linen  catheter;  push  the  caps  along  the 
central  tube  to  nearly  the  end,  then  withdraw  the 
hard-rubber  tip  from  the  main  outer  tube  and  with  it 
about  half  an  inch  of  the  central  linen  tube;  next  un- 
screw the  tip,  holding  the  catheter  firmly  just  below 
it;  and  finally  withdraw  the  central  tube,  as  in  the 
hard-rubber  instrument.  If  the  attempt  were  made 
to  unscrew  the  flexible  tube,  it  would  readil.v  tear. 
The  flexible  tubes  should  not  be  allowed  to  remain  in 
any  solution  except  for  a  moment,  as  the  central  tube 
readily  softens  and  collapses.  Should  this  occur,  a 
wire  passed  through  it  generally  remedies  the  diffi- 
culty. The  central  tube  is  often  made  of  a  linen 
catheter.  The  flexible  English  catheter  (such  as  has 
the  stylet)  is  much  more  durable;  the  ends  do  not 
fray  so  readily,  nor  does  it  crack  so  easily,  and  it  is 
cheap.  No.  7  is  a  good  size;  it  can  be  cut  in  lengths 
to  suit,  and  the  hard-rubber  fittings  will  cut  their 
own  thread  on  it.  A  fresh  central  tube  can  thus  be 
used  in  every  case,  and  the  outer  tube  and  fittings  can 
be  disinfected. 

Enteroclysis  in   the  Semi-ohlique  (Half-sitting)  Pos- 
ture.— Dr.    William    H.    Thomson's    method.     This 


has  been  employed  in  pulmonary  edema  and  in 
pleurisy  with  effusion,  when,  becau.se  of  respiratory 
difhcultv,  the  patient  wa.s  unable  to  lie  down  (see 
Fig.  •_>()()()). 

The  Different  Positions  of  the  Body  in  which  High 


FiQ.  2001. — Enteroclysis  in  Dorsal  Position  on  the  Bed  Pan. 

Irrigation  may  he  Practised. — The  first  position  is 
that  in  which  the  patient  lies  upon  his  back,  with  his 
hips  elevated  and  his  shoulders  at  a  lower  level. 
A  bed  pan,  preferably  a  douche  pan,  is  placed  be- 


FiQ.  2062. — Enteroclysis  in   Dorsal   Position   without   Bed   Pan. 

neath  his  buttocks  (see  Fig.  2061).  This  receptacle, 
however,  may  be  dispensed  with,  as  a  rubber  sheet, 
if  jiroperly  adjusted,  will  answer  sufficiently  well 
(see  Fig.  2002).     The  patient  may  also  lie  on  cither 
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side,  with  the  liips  elevat^'d  ami  the  shoulders  at  a 
ower  h;vel  (see  Fig.  2063).  Instead  of  a  rubber 
sheet,  a.  Kelly's  pad  may  be  employed.  The  method 
used  in  tlie  case  of  an  infant  is  depicted  in  Fig.  2004. 
What  is  known  as  the  method  by  Totntinn^  may  lie 
described  as  follows:  The  patient  is  placed  on  the 
left  side,  with  the  hips  elevated,  and  aljout  a  pint 
and  a  half  of  the  .solution  is  allowed  to  flow  into  the 
descending  colon;  tlio  outflow  tube  is  then  pinched 
and  the  patient  is  gradually  rotated  first  to  the  dorsal 
position  and  then  to  the  right  side.     As  the  next  stej) 


Fig.  2003. — Enteroclysi.s  in  the  Sims  Position. 

in  the  procedure  the  shoulders  are  elevated  above 
the  level  of  the  hips  (the  patient  still  being  on  the 
right  side),  in  order  that  the  fluid  may  gravitate  into 
the  caput  coli.  Then  the  steps  just  described  are 
reversed,  the  outflow  tube  is  released,  and  the  fluid 
is  permitted  to  escape.  This  method  resembles 
Kussmaul's  technique  for  irrigations  with  oil. 

Douglas  H.  Stewart*  of  New  York  has  devised  an 
ingenious  and  convenient  method.  For  continuous 
irrigation,  he  partly  fills  a  wash  boiler  with  normal 
saline  solution  at  the  desired  temperature,  and  this 
is  kept  hot  by  the  addition  of  fresh  hot  solution;  he 
hangs  a  gallon  foimtain  syringe  about  six  or  seven 
feet  above  the  patient.  He  employs  a  hand  pump  to 
force  the  solution  from  the  wasli  boiler  through  a 
connecting  tube  to  the  fountain  s.vringe  above. 
This  simplifies  the  entire  procedure  and  one  docs 
not  have  to  disturb  the  bag  in  order  to  refill  it.  In 
addition,  the  outflow  tube  of  the  irrigator  is  left  open, 
as  there  is  sufficient  force  on  account  of  the  height  of 
the  bag  to  carry  the  fluid  well  up  the  large  intestine. 
Distention  is  carefully  watched  for  and  the  entering 
current  diminished  by  lateral  pressure  on  the  tube 
of  the  foiuitain  syringe,  or  the  entering  current  is 
shut  off'.  The  patient  lies  on  the  bed  or  couch  in  the 
dorsal  position,  or  on  the  side  with  the  buttocks  over 
the  edge  of  the  bed — the  outflow  tube  passing  into  a 
pail  or  slop  jar.  The  wTiter  has  had  this  method 
employed  on  himself  with  excellent  results. 

The  indications  for  employing  double-current 
enteroclysls  may  be  deduced  for  the  most  part  from 
the  following  paragraphs. 

Quantity  and  Temperature  of  the  Solution. — In  colitis, 

46 


dysenterj',  typhoid,  intestinal  dyspepsia,  the  various 
forms  of  diarrhea,  constipation,  fecal  impaction,  etc., 
a  quantity  equal  to  from  six  ounces  to  one  pint  and  a 
half  may  be  allowed  to  flow  into  the  bowel  before 
escape  is  permitted.  Enteroclysls  may  be  employed 
once  or  twice  daily,  and  the  total  amoimt  of  fluid 
used  at  each  sitting  should  not  be  less  than  two 
([uarts.  In  some  cases  as  much  as  several  gallons  has 
thus  been  utilized.  If  there  are  no  special  contraindi- 
cating  circumstances  the  flow  should  be  kept  up  until 
the  escaping  fluid  is  quite  clear.  The  temperature  of 
the  fluid  used  should  be  from  101°  to  10.5°  F.  On  the 
other  hand,  in  sthenic  cases,  if  there  be  a  high  tempera- 
ture— as  in  dysentery,  gastroenteritis  in  infants, 
etc. — irrigation  with  a  solution  at  from  90°  to  7.5°  F. 
may  be  employed,  to  aid  in  the  reduction  of  tem- 
Ijerature.  Cold  should  be  used  cautiously,  and  I 
lielieve  that  it  is  contraindicated  if  there  are  renal 
complications. 

For  the  relief  of  the  spasm  which  accompanies  renal, 
biliary,  or  intestinal  colic,  it  is  a  good  plan  to  allow 
from  six  ounces  to  one  pint  of  a  hot  fluid  (saline  solution 
at  a  temperature  of  from  101°  to  103°  F.)  to  remain 
continuously  in  the  bowel  for  fifteen  minutes  or  longer. 
At  times  a  solution  having  a  still  higher  temperature 


Fig.  2064. — Enteroclysls  with  Double  Tube.     Case  of  an  iufant. 


Tliis  is  often  the 
condition  the  hot 


(from  110°  to  120°  F.)  acts  better, 
case  in  intestinal  colic,  in  which 
solution  aids  in  expelling  flatus. 

In  all  conditions  in  which  it  is  desirable  to  stimulate 
the  circulation,  to  increase  renal  secretion  when 
insufficient,  or  to  eliminate  toxins  through  promotion 
of  diuresis,  etc.,  the  quantity  of  the  solution  to  be  kept 
continuously  in  the  bowel  should  average  from  a  pint 
to  a  quart;  and  the  enteroclysls  should  be  kept  up  for 
from  half  an  hour  to  an  hoiir.  If  we  wish  to  secure  the 
best  results  under  the  conditions  referred  to,  we 
should  employ  normal  salt  solution  at  a  temperature 
.somewhere  between  110°  F.  and  120°  F.  In  addition 
to  the  conditions  last  named  and  to  those  enumerated 
in  the  earlier  part  of  the  article,  the  following  may  be 
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luiiufd:  sepsis  due  to  any  cause,  as  from  iieritonitis 
septic  endocarditis,  cliolera,  typlioid,  diphtheria,  etc. ; 
malarial  poisoning  (to  check  or  abort  a  chillj;  the 
various  dropsical  conditions,  etc. 

Enteroclysis,  as  may  readily  be  supposed,  has 
proved  to  be  of  use  in  gynecology.  Tims,  for  ex- 
ample, its  usefulness  in  the  case  of  an  unmarried 
woman,  as  a  substitute  for  vaginal  douching,  deserves 
sjjecial  mention.  It  may  be  employed,  in  the  form 
of  hot  enemata  of  normal  saline  solution  (at  a 
temperature  of  from  110°  to  120°  F.),  for  promoting 
the  absorption  of  pelvic  exudations,  for  the  relief  of 
leucorrhea.  of  ovaritis,  of  shock,  etc.,  and  in  many 
other  conditions. 


Fig.  2065. — Self-irrigation  of  the  Proatate   per  Rectum. 

In  genitourinary  and  rectal  affections — such  as  in- 
flammation of  the  prostate  or  bladder  (see  Fig.  2065), 
retention  of  urine,  spasmodic  stricture  of  the  urethra, 
chronic  or  acute  inflammation  of  the  urethra,  internal 
hemorrhoids,  etc. — enteroclysis  often  affords  great 
relief.  In  cases  of  intestinal  paresis  and  of  intestinal 
obstruction  injections  of  oxygen  have  been  found 
useful  by  Dr.  Clement  Cleveland  of  New  York.^ 

Solutions  that  may  be  1'sed  in  Enteroclysis. — 
Flaxseed  tea,  made  thin  and  oily,  is  of  value  in  catarrhal 
conditions  of  the  intestine,  especially  if  accompanied 
by  constipation;  it  also  aids  absorption  of  exudations. 
Gum  arable  or  slippery  elm  solutions  have  an  excellent 
effect  on  an  irritable  mucosa. 

Physiology  salt  solution,  a  dram  of  salt  to  a  pint  of 
water;  useful  for  cleansing  purposes;  bland  and  es- 
pecially safe  for  children;  useful  as  a  circulatory  stimu- 
lant, as  a  diuretic,  and  to  eliminate  toxins. 

Oil  of  peppermint  or  of  cinnamon  (five  to  fifteen 
minims  to  the  pint)  may  be  added  to  the  salt  solution 
for  cleansing  purpo.ses   (WOUam  H.  Thomson). 

Boiled  water,  with  boric  acid  (from  half  a  dram  to  a 
dram  to  the  quart,  or  even  stronger),  or  withjjer- 
manganate  of  potassium  (from  ten  grains  to  3  ss. 
to  two  quarts  of  water) ;  useful  when  there  is  marked 
fermentation  or  foul  odor.  A  similar  solution  of 
bichloride  of  mercury  (1  to  10,000)  has  been  suc- 
ces.sfully  employed  (two  quarts  at  each  irrigation 
daily)  in  membranous  (croupous)  colitis  of  a  septic 
type.*     Bichloride  solution  should  be  used  only  with 

•  Mercury  cyanide.  1-10.000.  after  Cumston's  formula  (mercury 
cyanide.  0.5  gram,  sodium  borate  (C.P.).  1  gram)  is  preferable. 
It  is  le.s3  irritating,  does  not  coagulate  albumin,  and  in  the  alka- 
line solution  is  more  stable  and  hence  leas  tosic. 


a  recurrent  irrigator.  In  dysentery  it  is  also  of  service. 
Stronger  solutions  do  not  appear  to  be  necessary. 
Solutions  of  carbolic  acid  and  of  camphor  have  been 
found  to  be  irritating.  Rovacs  and  others  employ 
quinine  solutions  (1  to  1,000)  in  amebic  dysentery. 
.J.  B.  Thomas  has  carried  on  extensive  researches  at 
Manila  and  finds  the  following  solutions  of  groat  value 
in  this  type  of  dysentery:  acetozone  1:1,000  (most 
destructive  to  ameba;);  aljihozone  1:1,000;  protargol 
or  argvrol  1 :  500;  quinine  bisulphate.  1 :  750  to  1 : 500; 
silver  nitrate  1 : 2,000;  thymol  1:2,500;  permanganate 
of  potassium  1:2,000.  Hydrogen  peroxide  five  per 
cent,  to  ten  per  cent,  solution  at  a  temperature  of  45° 
F.  or  less  is  also  of  value.  One  to  two  liters  of 
these  solutions  should  be  given  by  high  enema  and 
retained  for  five  to  fifteen  mimites,  once  to  several 
times  daily  in  irritable  cases;  when  it  is  difficult  for  the 
patient  to  retain  the  injection  recurrent  enteroclysis 
is  preferable.  Solutions  of  tamiin  (one  to  two  per 
cent.)  are  valuable  in  cholera.  Tannic  acid,  tannin, 
w-itch  hazel,  and  other  astringents,  are  useful  in 
dvsentery.  In  clironic  conditions  injections  of  silver- 
nitrate  solutions  (gr.  x.-xx.  to  the  quart  or  even 
the  pint),  to  be  followed  by  the  saline  solution  to 
prevent  overaction,  are  of  service.  Protargol  or  argy- 
rol  1:1,000  to  1:500  are  also  useful.  The  same  solu- 
tions are  of  value  in  acute  and  chronic  bacillary 
dysentery.  Solutions  containing  listerine,  boracic 
acid,  borolyptol,  borax,  bicarbonate  of  sodium,  or 
powdered  alum  (a  dram  of  the  latter  to  the  quart  of 
water,  or  even  a  stronger  solution),  are  of  .service. 
The  writer  has  already  referred  to  the  value  of 
permanganate  of  potassium  for  irrigation  when  the 
.stools  are  of  foul  odor.  Douglas  it.  Stewart  rec- 
ommends the  following  when  there  are  foul  odor, 
fermentation,  putrefaction,  and  excessive  bacteria : 

Commercial  acetic  acid 5  ss.  (1  tablespoon). 

Chlorinated  lime 5  ii-     (2  teaspoons). 

Dissolve  in  one  quart  of  water. 

Then  add  nine  quarts  of  plain  sterile  water  (salt 
is  incompatible  with  acetic  acid).  A  requisite  portion 
of  the  ten  quarts  is  used  for  irrigation.  The  solution 
eliminates  chlorine  and  yet  does  not  seem  to  irritate. 
If  salt  solution  is  desirable,  omit  the  acetic  acid  and 
substitute  two  teaspoonfuls  of  commercial  sulphuric 
acid  thus: 

Commercial  sulphuric  acid 3  ii-  (2  teaspoons). 

Chlorinated  lime Si-     (1  teaspoon). 

Physiological  salt  solution 10    quarts    (liters). 

The  recurrent  method  of  irrigation  should  be  used 
for  these  solutions.  Acetozone  solution  1:1,000  the 
writer  also  finds  of  value  in  these  putrefactive  cases. 

Hemorrhage  from  the  Rectum  or  Colon. — Tannic 
acid  grs.  xv.-5  i-  in  a  quart  of  hot  water  (120°  F.), 
or  in  iced  water,  or  the  same  quantity  of  alum  or 
tannin  is  of  service.  Tremolidre  has  demonstrated 
that  a  five  per  cent,  gelatin  solution  containing  two 
per  cent,  chloride  of  calcium  has  a  local  styptic 
effect.  Gelatin  of  course  is  of  value.  An  injection 
of  Tremoliere's  solution  is  of  service.  The  writer  has 
emploved  with  success  recently  a  ten  per  cent,  gelatin 
solution  containing  grs.  xv.-5  ss.  lactate  or  chloride 
of  calcium  and  adrenalin  chloride  (1: 1,0()0) — ten  drops 
for  severe  hemorrhage  from  hemorrhoids — the  solu- 
tion being  given  cold  and  administered  by  enema. 

Needle-douche;  Nebulizer. — F.  B.  Turck  recom- 
mends these  instruments.  The  colon  needle-douche 
mav  be  of  some  value  for  local  treatment  by  means  of 
an  "alternate  hot  and  cold  spray  for  the  atonic  type 
of  constipation.  The  nebulizer  is  recommended  by 
its  inventor  for  spraying  oil  of  cloves  or  cinnamon 
into  the  colon  for  their  antiseptic,  analgesic,  and 
vasomotor  effect. 

Recurrent  Enteroclysis  Combined  with  Elec- 
tricity.— Intrarectal  electricity  was  formerly  ad- 
ministered by  means  of  a  saline  injection  followed  by 
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the  insertion  of  Bondet's  electrode  or  an  instrument  of 
simihir  type.  It  is  didieult  for  tlie  patient  to  retain 
tlie  enema  and  repeated  evacuations  necessitate  the 
withdrawal  of  the  instrument.  The  writer  devised  a 
method  some  years  ago  wliich  is  simple  and  practical. 
His  instrument  consists  of  a  recurrent  irrigator,  ex- 
ternal tube  of  haril  rul)ber,  with  a  metal  internal  tube, 
with  an  attachment  to  the  latter  for  a  battery  pole. 
To  the  other  pole  of  the  battery  a  sponge  is  attached 
and  the  latter  is  placed  over  the  abdomen.  Con- 
tinuous enteroclysls  is  given  with  hot  normal  saline 
.solution,  the  water  carrying  the  electric  current  (or 
rather  making  the  connection).  Fig.  2066  illustrates 
this  device. 


Fig.  2066.— Rectal  Electrode  with  Recurrent  Irrigator. 

The  negative  pole  is  attached  to  the  irrigator,  the 
positive  to  the  sponge.  Treatment  should  be  given 
for  five  to  thirty  minutes,  depending  on  the  indica- 
tions. This  method  is  excellent  for  atonic  constipa- 
tion and  for  intestinal  paresis.  The  writer  has  had 
good  results  in  the  latter,  employing  it  as  an  adjunct 
to  other  treatment.  For  such  condition  prolonged 
application  is  required.  The  faradic  current  is  prefer- 
able— as  strong  as  the  patient  can  bear  with  comfort. 
The  galvanic  may  be  used  with  a  current  of  ten  to 
fifteen  milliamperes. 

Proctoclysis. — Proctoclysis,  or  the  injection  of  phys- 
iological saline  solution  into  the  rectum  by  the  drop 
method,  was  first  suggested  by  Dr.  John  B.  Murphy 
of  Chicago.  This  procedure  is  of  special  value  in 
sepsis  and  postoperative  thirst  and  is  of  use  as  an  adjunct 
to  other  treatment  in  postoperative  shock,  hemor- 
rhage, intestinal  paresis,  and  uremia.  In  my  experi- 
ence more  active  treatment,  the  employment  of  con- 
tinuous (recurrent)  irrigation  at  120°  F.  for  a  pro- 
longed period — an  hour  at  a  time  several  times  within 
twelve  hours  is  more  efficacious  in  shock,  uremia,  and 
intestinal  paresis — followed  by  proctoclysis  as  an 
adjimct  during  the  intermission  periods. 

One  of  the  difficulties  which  the  physician  must 
endeaver  to  overcome  in  the  administration  of  saline 
solution  by  proctoclysis  is  the  maintenance  of  a  con- 
stant temperature  of  the  solution.  The  application 
of  hot  water  bags  or  hot  towels  to  the  fountain  syringe 
and  connecting  tube  and  the  insertion  of  the  hot 
electric  bulb  in  the  solution  are  well-known  devices. 
Elbrecht's  apparatus  necessitates  a  special  heating 
chamber  in  addition  to  the  containing  reservoir, 
with  the  employment  of  an  electric  heater,  an  alcohol 
lamp  or  a  Bunsen  burner.  The  method  though 
scientific  seems  complicated  and  is  quite  expensive. 
There  are  many  other  devices. 

The  wTiter  in  August,  1909,  was  the  first  to  report 
the  use  of  the  vacimm  bottle  for  proctoclysis.'  It 
has  a  specially  devised  attachment,  and  has  proved 
efficacious  in  preserving  the  saline  solution  at  a  con- 
stant temperature.  Subsequently  other  adaptations 
of  the  vacuum  bottle  for  proctoclysis  were  reported, 
one  of  them  being  almost  a  fac-simile  of  my  own. 
No  reference  was  made  to  the  author's  pre-existing 
instrument,  until  he  called  the  publisher  s  attention 
to  the  fact. 

The  heat-retaining  proctoclysis  bottle  is  readily 
understood  from  the  illustration  (Fig.  2067).  A 
represents  a  thermos  or  vacuum  bottle;  S  is  the  sus- 
pending sling.  Through  the  screw-cap  B  which 
closes  the  bottle  passes  a  small  conducting  tube  of 
metal  or  hard  rubber  to  which  is  attached  the  outflow 
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tube  F.  Parallel  with  this  conducting  tube  is  the 
filiform  tube  C  which  allows  the  entrance  of  a  fine 
column  of  air,  so  as  to  render  the  flow  possible.  This 
last  tube  passes  through  the  solution  to  within  about 
one-eighth  inch  from  the  bottom  of  the  bottle.  As  the 
instrument  is  employed  inverted,  it  would  correspond 
to  the  same  distance  from  the  top  of  the  bottle. 
This  filiform  tube  can  be  covered  with  hard  rubber 
externally  where  exposed  to  the  air,  as  a  non-con- 
ductor. The  part  lying  within  the  bottle  is  pur- 
posely made  of  metal  sothatit  is  rapidlv  heated  by  the 
surrounding  solution  and  the  entering  air  is  thus  in 
turn  markedly  heated. 

A  series  of  experiments  have  demonstrated  that 
there  is  a  loss  of  only  1°  to  2°  F.  in  the  temperature 
of  the  solution  in  the  bottle  during  the  administra- 
tion of  proctoclysis  (the  drop  method)  lasting  half  an 
horn- — a  negligible  amount.  The  screw  compression 
valve  D  is  applied  close  to  the  bottle  attachment,  so 
to  avoid  as  much  as  pos,sible  the  solution  cooling  in 
the  soft  outflow  tube.  At  E  there  is  a  tube  for  the 
escape  of  flatus.  This  is  furnished  with  a  stopcock. 
The  tube  runs  to  the  level  of  the  top  of  the  bottle 
where  it  is  suspended  by  a  hook.  The  tube  for  flatus 
can  thus  be  opened  at  any 
time  without  interference  with 
the  flow.  Ordinarily,  how- 
ever, its  stopcock  is  kept 
closed.  Formerly  the  con- 
tainer was  lowered  when  flatus 
occurred,  or  a  T  tube  was  in- 
serted between  the  catheter 
and  outflow  tube  for  its  escape. 

The  outflow  tube  is  joined 
to  the  catheter  H  by  a  short 
piece  of  glass  tubing  G  for  the 
purpose  of  observing  whether 
the  flow  is  constant.  The 
glass  tube  can  be  covered  with 
a  small  piece  of  asbestos  pack- 
ing, or  the  catheter  can  be 
drawn  up  over  it;  or  it  can  be 
pushed  further  into  the  asbes- 
tos-covered tube. 

An  asbestos  tube  surrounds 
the  conducting  tube  from  its 
junction  at  the  bottle  to  the 
catheter  except  at  the  narrow 
area  compressed  by  the  clip. 
This  lessens  the  dissipation  of 
heat  and  obviates  the  use  of 
hot  towels.  The  asbestos 
tube  passes  up  the  flatus  exit 
tube  as  far  as  the  stopcock. 

The  catheter  H  for  rectal 
injection  passes  through  a 
self-retaining  rectal  tip  /  and 
the  former  can  be  inserted  to 
any  length  desired.  The  con- 
ducting tube  F  is  especially 
thick  as  in  Elbrecht's  appa- 
ratus. 

The  vacuum  bottle  is  filled 
in  the  usual  manner  and  the 
cork  with  special  attachment 
inserted  and  the  cap  screwed 
on.  The  bottle  is  then  in- 
verted and  suspended  in  a  cord  sling  S  as  in  the  illus- 
tration. 

A  small  amount  of  fluid  will  escape  from  the  bottle 
by  the  filiform  air  tube  until  the  solution  reaches  the 
level  of  this  tube,  which  now  lies  near  the  top  of  the 
bottle.  The  bottle  is  then  suspended  about  six  inches 
to  a  foot  above  the  rectum  or  higher  if  desired  and  the 
flow  te.sted  for  the  desired  speed  before  inserting  the 
retaining  rectal  tip  and  catheter.  As  already  stated, 
there  is  practically  no  loss  of  heat  in  the  container, 
all  of  it  occurring  during  the  passage  of  the  drops 
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through  the  outflow  tube;  the  slower  the  speed,  the 
greater  the  loss.  It  is  remarkable  how  great  this 
may  be  at  the  slow  speed.  Careful  thennometric 
tests  were  made  and  the  following  table  is  furnished  with 
each  instrument : 


Temperature  of! 
water  in 
bottle.  I 


Length  of  tube 
(in  inches). 


Number  of 
drops  per 
minute. 


Final 

temperature 

in  rectum. 


190°  F. 
160°  F. 
150°  F. 
138  to  140°  F. 
120°  F. 


30 

30 
30 
30 
30 


60 

20  or  less 

40  to  50 

150  to  200 

200  or  more 


115°  F. 
100°  F. 
100°  F. 
105  to  110°  F. 
120°  F. 


At  the  start  the  speed  is  always  more  rapid,  and, 
though  for  example  gauged  to  say  fifteen  drops  per 
minute,  it  may  in  the  course  of  two  minutes,  drop  to 
five  drops  per  minute.  A  test  of  two  or  three  minutes 
should  therefore  always  be  made  before  inserting  the 
catheter  so  to  insure  a  constant  flow  at  the  desired 
rate.  There  is  no  loss  of  temperature  at  a  speed  of 
200  drops  or  more  per  minute  and  at  this  speed  the  solu- 
tion should  never  be  over  120°  F.  in  the  bottle._  This 
bottle  can  be  used  for  enema  or  recurrent  irrigation 
in  shock.  It  could  also  be  employed  for  infusion,  or 
to  secure  a  constant  temperature  for  hypodermoclysis. 
Robert  Cole.max  Ive.mp. 
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Enterokinase. — In  certain  instances  digestive 
fluids  are  secreted  containing  incomplete  enzymes,  or 
as  these  bodies  have  been  called,  zymogens.  Zymo- 
gens have  no  activity  until  they  have  been  brought 
under  the  influence  of  an  activator.  _  The  best-known 
example  of  a  zymogen  is  contained  in  the  trypsinogen 
of  pancreatic  jiuce.  Pancreatic  juice  collected  directly 
from  the  pancreatic  duct  is  without  influence  upon 
protein.  If,  however,  an  extract  of  intestine  is  added 
to  the  inactive  pancreatic  juice  the  proteolytic  activity 
becomes  strong.  The  intestinal  extract  contains  an 
activator,  or  as  this  class  of  bodies  has  been  called,  a 
kinase,  and  from  its  origin  enterokinase.  During 
life  inactive  trypsinogen  is  transformed  to  active 
trypsin  on  its  entrance  into  the  duodenum.^  Little  is 
known  concerning  the  nature  of  enterokinase,  but 
since  its  action  is  stopped  by  heat  it  has  been  classed 
as  an  enzvme.  Fr.\.nk  P.  Underhill. 


Enterolithiasis. — Enteroliths  (intestinal  stones) 
are  as  a  rule  small  concretions  which  consist  in  the 
greater  part  of  inorganic  matter.  They  are  usually 
round,  firm,  and  heavy,  and  are  almost  entirely  com- 
posed of  ammoniomagnesium  phosphate  (triple  phos- 
phate) arranged  in  concentric  strata  around  a  nucleus 
generally  formed  by  some  indigestible  material  de- 
rived from  the  food. 

There  is  another  variety  of  intestinal  concretions, 
light,  irregularlv-shaped,  which  cannot  be  classed  as 
belonging  to  the  genuine  enteroliths.  These  concre- 
tions are  partly  porous  and  consist  of  organic  sub- 
stances incrusted  with  inorganic  salts,  such  as 
ammoniomagnesium  phosphate,  calcium  phosphate 
and     carbonate,     and     magnesium     phosphate     and 
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carbonate.  The  avenoliths  "oat-grit  stones"  belong 
to  the  latter  class,  ahso  incrusted  hair-balls,  and  some 
of  the  smaller  incru.sted  coproliths  have  perhaps  been 
counted  among  the.se  spiirious  intestinal  concretions. 
The  sclerenchymatous  cell-derivatives,  so  abundant 
in  the  fiesh  of  certain  varieties  of  pears,  are  also  apt 
to  appear  in  the  form  of  spurious  intestinal  con- 
cretions. 

Most  of  the  small,  hard  concretions  usually  desig- 
nated as  intestinal  gravel  or  sand  are  not  of  a  genuine 
enterolithic  character.  They  are  discharged  in  large 
amounts — occasionally  a  teaspoonful  at  a  time — are 
.sometimes  hollow  or  shell-like  in  appearance,  and  are 
composed  of  ammoniomagnesium  phosphate,  cal- 
cium carbonate,  and  organic  material.  The  granules 
represent  incru.stations  of  earthy  salts  upon  vegetable 
d(5bris  that  has  resisted  the  influence  of  the  digestive 
juices.  They  feel  quite  coar.se  to  the  touch  and  leave 
but  from  two  to  three  per  cent,  of  inorganic  residue 
on  incineration.  Pear-sand  is  the  most  frequent  of  all 
intestinal  sands.  Its  microscopical  appearance  is 
(|uite  characteristic.  According  to  Duckworth  and 
Garrod  the  graiuiles,  when  examined  under  low  power, 
appear  as  if  studded  with  projecting  crystals,  and,  after 
remov'al  of  the  inorganic  incrustation  by  an  acid,  they 
are  seen  to  be  composed  of  woody  cells  whose  thick 
transparent  walls  are  traversed  by  channels  ruiming 
from  the  narrow  cell-cavities  toward  the  surface. 

True  intestinal  sand,  on  the  other  hand,  shows  no 
vegetable  basis  and  no  rigid  skeleton.  Its  main  char- 
acteristics are  hardness  and  grittiness  which  are  due 
to  its  large  content  of  inorganic  salts.  The  masses 
exhibit  generally  a  dark-yellow,  reddish-brown,  or 
green  color,  occasionally  admixed  with  pale  particles, 
and  are  soluble  in  boiling  nitric  acid  and  insoluble  in 
cold  potassic  hydrate.  Most  analyses  of  intestinal 
sand  show  about  thirty  per  cent,  of  organic  matter. 
This  evinces  that  most  specimens  of  enteric  gravel 
submitted  to  chemical  examination  belonged  to  the 
spurious  variety.  Genuine  intestinal  sand  has  a 
composition  similar  to  the  following,  which  is  that  of  a 
genuine  enteric  concretion  in  a  horse: 

Per  Cent. 

Triple  phosphate 90.0 

Organic  constituents 3.2 

SiUca 5.2 

Earthy  s.alts 4.2 

Ferric  oxide 1.0 

Sodic  chloride 0.5 

Sulphric  acid 0.5 

Soda 0.4 

Lime 0.2 

Phosphoric  acid 0.2 

In  some  of  the  cases  of  intestinal  sand  or  concre- 
tions there  is  found  a  small  amount  of  coloring  matter, 
but  there  is  no  evidence  that  this  is  derived  from  bili- 
ary pigment  in  every  instance.  In  others,  especially 
such  from  herbivorous  animals,  two  jieculiar  com- 
ponents are  occasionally  met  with  which  have  been 
described  as  lithofellic  (CjOHjsOt)  and  bezoardic 
(,CuH60s-|-2H;0)  acids,  respectively. 

It  is  possible  that  in  exceptional  instancies  the  mass- 
ing together  of  this  intestinal  sand  may  give  rise  to 
enteric  concretions.  However,  as  has  already  been 
stated,  an  enterolith  is  generally  built  up  around  a 
nucleus  formefl  by  a  foreign  substance,  and  it  is  hardly 
conceivable  that  the  heavy  and  den.se  intestinal  calcu- 
lus with  its  arrangement  of  concentric  layers  of  inor- 
ganic material  should  result  from  an  accumulation  of 
granular  units.  The  opposite,  that  the  intestinal 
gravel  or  sand  originated  from  the  crumbling  of  entero- 
liths is  at  once  precluded  on  account  of  the  firmness 
of  the  latter  ami  an  equ.il  hardness  of  the  granules. 
.\s  a  matter  of  fact,  a  true  enterolith  is  a  concretion 
which  is  neither  affected  by  the  digestive  fluids  nor 
broken  up  or  dissolved  by  a  "chemical  agent  that  would 
not  mortallv  inj\ire  the  organism. 

On  the  other  hand,  it  is  quite  possible  that  the 
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sinirious  intestinal  sand  with  its  large  content  of 
organic  matter  may  at  times  be  derived  from  the 
light  and  poro\is  concretions  containing  a  quantity  of 
lignified  cellular  material. 

Tliere  is  a  third  variety  of  intestinal  calculi  which 
may  attain  considerable  size.  It  is  produced  by  the 
long-continued  medicinal  employment  of  earthy 
substances  such  as  calcium  carbonate,  calcined  mag- 
nesia, and  magnesium  carbonate.  They  are,  of  course, 
not  genuine  enteroliths,  but  may  be  formed  in  the 
same  locations  and  call  forth  similar  symptoms  as 
these.  iSucli  concretions  may  be  readily  demonstrated 
bv  means  of  the  Rontgen  rays. 

"  There  are  still  other  non-getmine  enteric  concretions 
which,  contrary  to  the  last,  are  usually  small  in  caliber. 
These  calculi  consist  of  calcium  and  magnesium  soaps 
and  are  produced  in  the  bowel  when  there  is  a  surplus 
of  ingested  fat. 

Intestinal  stones  and  granules  may  be  mistaken  for 
biliarv  or  pancreatic  concretions.  From  biliary  cal- 
culi tiiey  may  be  differentiated  by  their  extreme  firm- 
ness, high  density,  and  absence  of  bOe  pigments  and 
cholesterin;  from  pancreatic  concrements  by  their 
firmness,  density,  their  general  uniform  appearance, 
and  their  larger  numbers. 

A  more  thorough  and  systematic  study  of  the  stools 
in  abdominal  disease  has  demonstrated  the  relative 
frequency  of  both  the  general  and  spurious  varieties 
of  intestinal  concretions,  the  contention  of  Ewald,  who 
has  never  seen  an  enterolith  that  could  be  distinguished 
from  a  coprolith,  notwithstanding.  While  we  possess 
very  few  definite  facts  about  the  origin  of  enteric 
stones,  we  know  that  they  are  formed  by  inspissation 
and  incrustation  of  ingested  material  in  such  parts  of 
the  intestinal  tract  in  which  normally  even  there  is  a 
slowing  of  the  onward  passage  of  the  fecal  masses. 
Intestinal  locations  facilitating  the  development  of 
concretions  are  the  saccules  of  the  colon,  the  cecum, 
the  appendix,  and  the  folds  of  the  rectum.  Apparently 
the  small  intestine  does  not  furnish  the  diverticula 
necessary  for  the  lodgment  of  the  enterolithic  nucleus 
and  the  subsequent  process  of  incrustation. 

The  most  frequent  seat  of  the  formation  of  intestinal 
calculi  is  probably  the  atonic  cecum  in  which  the  con- 
ditions for  their  production  are  very  favorable.  To 
the  cecal  formation  and  lodgment  of  these  concretions 
point  (1)  the  atonic  sensitive  cecum  in  the  presence  of 
enteric  lithiasis;  (2)  the  paroxysmal  pains  lasting  for 
several  hours,  and  emanating  from  the  site  of  the 
cecum;  (3)  the  not  infrequent  occurrence  of  the  con- 
crements in  the  appendix,  giving  rise,  as  some  authors 
maintain,  to  appendicitis;  (4)  the  coexistence  of 
typhlomyxorrhea  in  a  large  proportion  of  instances  of 
enterolithiasis;  (.5)  the  alternating  constipation  and 
diarrhea  in  some  cases;  (6)  the  absence  or  defi- 
ciency of  imaltered  bile-pigment  in  the  enterolithic 
material  and  the  occasional  abundance  therein  of 
urobilin,  i.e.  the  already  far-advanced  conversion  of 
the  bile-pigment  into  iirobilin,  indicating  the  caput 
coli  as  the  site  where  the  transformation  has  taken 
place;  and  (7)  the  occurrence  of  two-thirds  of  the 
cases  in  women,  who  are  peculiarly  predisposed  to 
cecal  disease.  Furthermore,  as  the  clinical  symptoms 
of  enterolithiasis  are  the  same  as  those  of  one  or  the 
other  affection  of  the  cecum,  I  propose  the  term 
"  T\-phlolithiasis "  to  signify  true  intestinal  calculi 
and  the  most  frequent  site  of  their  formation. 

Intestinal  concretions  are  less  the  cause  than  the 
result  of  disease,  and  it  is  still  a  mooted  question 
whether  or  not  (with  the  possible  exception  of  appendi- 
citis) they  of  themselves  occasion  clinical  phenomena 
of  an  important  nature.  The  occurrence  of  these  cal- 
culi, on  the  other  hand,  always  suggests  an  affection 
of  the  large  intestine,  especially  the  cecum,  to  which 
the  treatment  should  be  directed. 

Heixrich  Stern. 


Enteroptosis. — See  Splanchnoptosis. 


Enterospasm. — The  term  '"enterospasm"  desig- 
nates in  brief  a  tetanic  contraction  of  the  intestine, 
whereby  it  is  converted  into  a  hard  cord,  and  peris- 
talsis is  suspended.  Peristalsis  is  normally  produced 
by  alternating  contraction  of  the  longitudinal  and 
circular  musculature  of  the  intestine.  But,  under 
certain  pathological  conditions  of  the  intestine,  the 
contraction  of  the  longitudinal  and  circular  muscu- 
lature is  simultaneous,  and  upon  this  fact  depends  the 
occurrence  of  enterospasm.  The  effect  of  the  spasm  is 
a  narrowing  of  the  intestinal  lumen,  which  in  severe 
cases  may  lead  to  a  disappearance  of  the  same.  The 
spasm  may  be  distributed  over  the  greater  i)art  of  the 
intestine,  or  limited  to  a  small  portion  of  it,  thus 
causing  varying  clinical  pictures. 

Etiology. — The  simultaneous  contraction  of  the 
longitudinal  and  circular  musculature  of  the  intestine 
in  entero-spasm  is  due  to  the  abnormal  irritability  of 
the  peristaltic  movement  of  the  intestine.  In  the 
majority  of  cases  this  abnormal  irritability  is  of  a 
purely  fvmctional  character;  hence,  neurasthenics  and 
those  afflicted  with  hysteria  are  the  most  likely  to  suffer 
from  enterospasm.  In  every  instance  in  which  steno- 
sis, inflammation  of  the  intestines,  or  anatomical 
changes  can  be  excluded  from  the  cliagnosis,  entero- 
spasm may  be  regarded  as  a  simple  neurosis.  Fur- 
thermore, enterospasm  may  also  occur  as  a  reflex 
neurosis  when  the  irritation  proceeding  from  diseased 
neighboring  organs  is  transmitted  to  the  peristalsis 
of  the  intestine.  This  is  especially  the  case  in  affec- 
tions of  the  uterus  and  its  adnexa.  Laborde  records 
several  interesting  cases  of  this  description.  Among 
other  causes  of  enterospasm  we  may  enumerate  men- 
ingitis and  chronic  lead  poisoning.  Here  also  the 
simultaneous  contraction  of  the  longitudinal  and  cir- 
cular musculature  of  the  intestines  may  be  traced 
back  to  reflex  action  by  means  of  the  nerves.  Dis- 
turbances of  innervation  of  the  peristaltic  motion  of 
the  intestines  may  be  caused  by  catarrh  and  other 
inflammatory  conditions  of  the  intestine  (typhlitis, 
appendicitis,  typhlomyxorrhea,  etc.);  and  finally  also 
by  ascarides  and  other  foreign  bodies. 

The  etiology  of  enterospasm  permits  us  therefore 
to  recognize  two  causes  as  prominent  factors  of  the 
disease.  In  one  portion  of  the  cases  the  intestine  is 
perfectly  normal,  at  least  no  anatomical  changes  are 
apparent  which  could  account  for  the  spasm  of  the 
organ.  In  another  set  of  cases  distinct  causes  pre- 
sent themselves  which  may  either  be  designated  as 
anatomical  changes  in  the  intestine,  or  are  due  to  the 
irritation  called  forth  by  some  foreign  body  in  the 
intestine.  There  can  be  no  doubt  that  enterospasm 
may  occur  as  a  pure  neurosis.  The  dominating  in- 
fluence of  the  nerves  on  the  most  diverse  conditions 
and  functions  of  the  intestines  is  not  questioned  by  any 
author.  Hence,  it  must  be  granted  that  purely 
functional  disturbances  of  peristalsis,  even  if  they 
induce  cramp,  are  quite  as  possible  as,  for  instance, 
the  so-called  "diarrhea  of  fear."  If  the  abnormal 
frequently  imaginary  sensations  of  the  neurasthenic 
and  the  hysteria  patient  are  often  capable  of  inducing 
the  most  serious  clinical  symptoms,  why  should  they 
not  produce  a  similar  effect  when  they  occur  in  the 
intestine?  In  any  case,  we  must  agree  with  Reed 
when  he  says  that  the  general  practitioner  rarely, 
if  ever,  meets  with  a  case  from  purely  nervous  causes. 
He  adds,  that  in  so-called  "functional  enterospasm" 
the  cases  are  partly  due  to  chronic  lead  poisoning, 
which  is  not  recognized  as  such  owing  to  the  fact  that 
good  care  of  the  teeth  and  mouth  have  often  obliter- 
ated the  "lead  streak."  Rosenheim  and  other  authors 
also  admit  that  enterospasm  of  a  purely  nervous 
origin  is  an  extremely  rare  occurrence.  They  agree, 
however,  that  in  .a  majority  of  cases,  it  is  a  question 
of  a  combination  of  functional  and  organic  causes,  so 
that  it  is  difficult  to  decide  which  factors  play  the 
most  prominent  part  in  producing  intestinal  spasm. 
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It  has  probably  never  occurred  that  the  entire 
length  of  the  intestine  was  contracted  by  si)asm;  at 
least,  there  is  no  mention  of  it  in  literatiire.  But 
large  sections  of  the  gut  may  be  affected  by  spasm, 
the  large  intestine  being  more  prone  to  it  than  the 
small  intestine.  This  is  probably  due  to  the  fact 
that  such  occurrences  as  inflammation,  foreign  bodies, 
etc.,  are  more  often  present  in  the  large  than  in  the 
small  intestine,  and  favor  a  spasmodic  contraction. 
Schiitz  observed  a  case  of  enterospasm  in  a  tabetic 
patient,  in  whom  the  greater  part  of  the  small  and  large 
bowels  were  affected,  so  that  they  felt  as  hard  as  a 
bone.  It  has  been  shown,  and  we  must  not  forget 
the  fact  that  intestinal  cramp,  even  when  anatomical 
changes  are  lacking,  may  endure  for  days,  even  weeks 
at  a  time,  and  we  may  also  point  out  that  women  are 
more  frequently  affected  with  enterospasm  than  men. 
As  regards  the  clinical  symptoms  there  is  no  appre- 
ciable difference  whether  the  intestinal  spasm  is  due 
to  functional  or  organic  causes,  whether  it  is  an  inde- 
pendent primary  symptom,  or  whether  it  plays  a  sec- 
ondary role  as  a  symptom  of  intestinal  disease,  espe- 
cially enteritis. 

SiTviPTOMS. — In  enterospasm  peristalsis  is  suspended 
and  the  intestinal  lumen  is  frequently  contracted  to 
such  a  degree  as  to  render  it  impassable.  The  imme- 
diate result  of  intestinal  spasm  therefore  is  obstinate 
constipation,  which  causes  the  patient  much  suffering. 
Sometimes  it  happens  that  mucus  or  blood  is  dis- 
charged without  any  apparent  cause  therefor  being 
discovered  in  the  intestine.  Pain  is  felt  in  the  imi- 
bilical  region  which  not  infrequently  suggests  appen- 
dicitis, but  usually  disappears  after  defecation.  This 
rarely  occurs  all  at  once,  but  by  degrees  and  at  longer 
or  shorter  intervals.  Occasionally  stenosis  due  to  the 
spasm  is  so  great  that  fecal  vomiting  occurs,  as  in 
ileus.  As  regards  the  shape  of  the  feces  in  entero- 
spasm, what  has  been  said  \uider  "Typhlospasm" 
(see  article  Cecitm)  also  applies  here.  There  is  no 
characteristic  shape  of  the  feces  in  enterospasm.  The 
pencil-shaped,  often  canaliculated  fecal  masses,  and 
those  resembling  goat  or  sheep  manure  attain  their 
respective  forms  when  passing  through  the  sphincters; 
these  may,  or  may  not,  be  in  spastic  contraction  when 
there  is  a  spasm  of  other  portions  of  the  intestine. 
Still,  there  may  be  a  sphincteral  spasm  without  a 
synchronous  spasm  in  the  intestine.  At  any  rate,  en- 
terospasm cannot  be  diagnosed  from  the  shape  of  the 
feces. 

The  characteristic  symptom  of  enterospasm  is  the 
asymmetry  of  the  lower  abdomen  which  in  conform- 
ity with  the  course  of  the  cramp  assimies  a  boat  shape 
(boat-belly),  and  in  other  portions  of  the  abdomen 
distinct  bulging  may  be  observed.  The  portions  of 
the  intestine  lying  above  the  constriction  are  in  a 
condition  of  atony  and  are  full  of  gas  and  fecal  matter. 
They  are  inflated  in  contradistinction  to  the  con- 
tracted portion  of  the  intestine.  The  boat-shaped 
contraction,  according  to  Reed,  is  most  marked  in  en- 
terospasm in  the  course  of  meningitis  and  lead-poison- 
ing; it  is  less  clearly  marked  in  intestinal  cramp  of  ner- 
vous origin.  According  to  Singer  and  Holzknecht,  in 
spasm  of  the  small  intestine  the  depression  in  the 
contracted  portion  and  the  corresponding  inflation 
above  this  point  r  re  not  so  distinctly  apparent.  Reerl 
also  says  that  in  cases  dependent  on  meningitis  there 
is  nearly  always  at  least  a  slight  rise  of  temperature. 
The  same  author  has  also  observed  that  the  abdominal 
walls  are  hyperemic  in  most  instances  of  enterospasm. 
If  the  large  intestine  alone  is  affected  it  gives  the 
effect  of  a  cord  on  palpation.  If  the  stenotic  condi- 
tion has  its  seat  in  the  rectum  it  may  be  recognized 
by  the  firm  compression  of  the  palpating  finger  as  well 
as  by  the  difficult.v  encountered  when  passing  a  bougie 
or  the  tube  of  an  irrigator  through  it.  In  spastic 
obstipation  hypermotility  of  the  upper  sections  of  the 
intestine  is  i^marked  feature  which,  as  evidenced  by 


the  Roentgen  ray,  causes  a  more  rapid  onward  passage 
of  the  bismuth  meal.  In  making  a  differential  diag- 
nosis the  following  must  bo  drawn  into  consideration. 
In  the  differentiation  from  peritonitis  one  should  bear 
in  mind  that  palpation  of  the  large  intestine  is  painful 
in  enterospasm,  while  the  remaining  portions  of  the 
abdominal  wall  are  not  sensitive.  In  the  differentia- 
tion from  inflammatory  changes  in  the  colon  one 
should  remember  that  the  inflamed  large  inte.stine  is 
swollen  and  when  contracted  by  spasm  is  shrunken. 
On  the  other  hand,  the  differential  diagnosis  between 
primary  (purely  functional)  and  secondary  spasmodic 
stenosis  may  be  difficult,  even  impossible  imless 
direct  inspection  of  the  large  intestine  by  means  of 
the  colonoscope,  electric  transillumination  or  i-ray 
examination,  the  presence  of  chronic  appendicitis  or 
some  other  organic  disea.se  is  either  established  or 
excluded.  According  to  Holzknecht,  radiography  is 
the  most  reliable  diagnostic  agent;  it  permits  "the 
differentiation  between  a  spasmodic  contraction  of 
the  intestine  from  a  condition  of  organic  stenosis. 

Treatment. — The  treatment  of  enterospasm  must 
first  of  all  endeavor  to  alleviate  the  cramp,  but 
not  to  bring  about  defecation.  Cath.artics  are  not 
only  useless,  but  tend  to  aggravate  the  spasticity. 
As  soon  as  the  cramp  has  subsided  defecation  will 
follow  of  itself.  One  must  clearly  understand  that  in 
obstipation  of  long  standing  great  quantities  of  food 
and  gas  have  collected  which,  in  consequence  of  in- 
creased peristalsis,  as  induced  by  cathartics,  are  only 
forced  against  the  stenotic  portion,  without  being  able 
to  pass  through  it.  If,  on  the  other  hand,  by  the  use 
of  atropine,  hyoscine,  or  one  of  the  opium  preparations 
the  intestinal  musculature  is  temporarily  paralyzed, 
thus  alleviating  the  spasm,  the  passage  becomes  again 
patent,  and  in  order  to  insure  a  rapid  and  thoroiigh 
evacuation  of  the  bowels  it  is  only  necessary  to  admin- 
ister rectal  injections  of  warm  water  or  olive  oil. 
Massage  is  also  contraindicated  in  enterospasm  as  such 
an  active  measure  tends  to  increase  the  tetanic  con- 
traction of  the  intestine.  The  same  must  be  said  of 
electricity.  Rest  in  bed  is  imperative;  a  non-irri- 
tating diet  should  be  pursued  for  a  certain  period,  and 
warm  baths,  heat  to  the  abdomen,  either  by  com- 
presses or  the  electric  heating  pad,  may  be  found  of 
service  during  an  entero.spasm.  The  dilatation  of 
the  rectum  by  means  of  bougies  has  also  some 
advocates. 

In  secondary  (si,Tnptomatic)  spasmodic  stenosis  of 
the  intestine  the  treatment  should  be  directed  toward 
removal  of  the  underlying  cause,  whether  it  be  a  renal 
or  gallstone  colic,  chronic  .appendicitis,  cecal  disturb- 
ances, etc.  In  case  there  are  incarcerated  coproliths 
or  foreign  substances  that  cannot  be  dislodged  by 
ordinary  means,  or  animal  parasites  that  cannot  be 
exterminated  by  anthelmintics,  operative  measures 
for  their  removal  should  be  resorted  to  as  was  done 
in  the  cases  described  by  Schaal  and  Kie.sselbach. 

Heixrich  Stern. 
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Entoderm,  also  called  entoblast,  and  occasionally 
hjpoblast,  is  the  innermost  layer  of  cells  in  the 
embryo;  it  is  an  epithelium  which,  in  the  adult,  lines 
the  digestive  caiuil  and  its  appendages,  lungs,  liver, 
pancreas,  etc.     (See6VrmLaj/crs.)  C.  S.  M. 
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Entomostraca. — The  subclass  of  crustaceans 
wliioh  includes  the  more  primitive  types.  They  are 
usiiuUy  small  species  with  a  variable  number  of 
metameres.  Cyclopx,  Daphnia,  and  Diaplomus  are 
common  genera.  Some  of  these  animals  serve  as 
intermediate  hosts  for  certain  parasites,  such  as 
round  worms.  A.  S.  P. 

Entropion. — Sec  Eyeliils. 

Enuresis  is  a  condition  in  which  the  urine  is 
passed  involuntarily  or  unconsciously.  It  is  not  so 
much  a  disease  as  a  symptom  common  to  many 
diseases  and  disorders.  In  childhood,  however,  it 
may  be  con.sidered  a  separate  malady,  since  it  is 
often  found  at  this  age  without  any  other  accompany- 
ing symptom  or  lesion;  in  infants,  up  to  about  three 
years  of  age,  it  is  physiological. 

Mechanism. — The  bladder  is  a  fibromuscular  sac 
which  acts  as  a  temporary  reservoir  for  the  urine. 
The  urine  does  not  normally  escape  as  it  falls  into  the 
bladder,  and  without  the  knowledge  of  the  individual; 
but,  slowly  and  constantly  secreted,  it  gradually 
accumulates  in  the  bladder  until  it  can  be  expelled. 
It  is  retained  in  the  bladder  by  the  sphincter  vesicEe; 
it  is  expelled  by  the  muscular  contraction  of  the  coats 
of  tlie  bladder  and  the  detrusor  urina;,  assisted  by  the 
diaphragm  and  abdominal  muscles.  Normal  mic- 
turition is  a  reflex  act.  As  the  urine  gradually  flows 
into  the  bladder  the  intravesical  pressure  increases, 
until,  on  a  sufficient  quantity  being  present,  afferent 
impulses  are  sent  from  the  bladder  to  the  center  for 
micturition  in  the  lumbar  enlargement  of  the  spinal 
cord;  from  this  efferent  impulses  are  sent  down 
strengthening  the  inhibitory  force  at  the  neck  of  the 
bladder,  and  thus  causing  delay  in  the  act  of  urina- 
tion. Further,  there  exist  a  motor  tract  and  an  in- 
hibitory tract  from  the  brain  to  the  center  in  the 
cord;  and,  as  the  intravesical  tension  continues  to 
rise,  impulses  are  sent  to  the  brain,  and  other  impulses, 
now  conscious,  are  remitted  to  the  neck  of  the 
bladder,  causing  either  relaxation  or  further  tightening 
till  a  suitable  time  and  place  present  themselves. 
The  act  of  urination  is  then  brought  about  by  the 
relaxation  of  the  sphincter  and  the  combined  action 
of  the  detrusor  uriiue  and  the  abdominal  muscles. 
Anv   interference    with   this   mechanism   mav   cause 


Etiology. — This  is  frequently  obscure,  and  many 
conditions  that  are  considered  causes  are  often  proba- 
bly only  coexisting  and  not  causal. 

Any  interference  with  the  normal  mechanism  of 
micturition,  as  given  above,  will  cause  enuresis; 
such  interference  can  take  place  at  the  lumbar 
center,  or  in  the  afferent  or  efferent  nerve  tracts,  or 
in  the  brain.  Other  causes  are:  1.  In  the  urine: 
increase  in  quantity  or  acidity.  2.  In  the  bladder: 
malformation,  increased  irritability,  muscular  spasm 
of  the  detrusor  urina;,  non-development  or  imperfect 
innervation  of  the  sphincter  vesica,  calculus.  3.  In  the 
penis:  phimosis,  paraphimosis,  elongated  or  adherent 
prepuce,  balanitis.  4.  Stricture  of  urethra  and 
enlarged  prostate  in  advanced  age.  6.  Fissure  or 
eczema  of  anus,  and  worms.  6.  Lesions  of  the 
nervous  system — shock,  hysteria,  locomotor  ataxia, 
apoplexy. 

Recently  the  suggestion  has  been  made  that 
enuresis  is  due  to  a  deficiency  in  the  secretion  of  the 
thyroid  gland,  and  on  this  supposition  thyroid  extract 
in  half-grain  doses  has  been  recommended  as  a  means 
of  cure.  If  there  are  other  signs  of  thyroid  deficiency 
this  treatment  may  be  of  service;  but  it  is  probably 
of  little  benefit,  when  the  child  shows  no  decided  signs 
of  thyroid  insufficiency.  The  treatment,  however, 
may  be  tried  when  other  measures  fail. 

In  children  this  distressing  condition  is  generally  due 
to  want  of  development  of  the  muscles  of  the  bladder, 
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chiefly  the  sphincter  vesica;,  and  to  lack  of  proper 
training.  It  must  be  remembered  that  iip  to  about 
three  years  of  age  enuresis  is  physiological,  and  that 
after  that  age  proper  education  can  do  much  toward 
inculcating  good  habits.  Often,  too,  there  may  be  a 
diminished  sensibility  of  the  nerves  of  the  bladder, 
when  the  sensations  are  not  sufficiently  strong  to 
awaken  the  patient,  or  else  the  sleep  is  abnormally 
deep  and  prolonged.  Children  with  a  neurotic 
tendency  are  often  afflicted  with  enuresis.  The 
trouble  generally  disappears  at  or  about  puberty. 

Symptoms. — Enuresis  may  be  mistaken  for  the 
"overflow"  or  retention  of  urine  common  in  enlarged 
prostate,  but  a  catheter  will  settle  the  diagnosis. 
Otherwise  the  diagnosis  is  clear  from  the  statement  of 
the  patient  or  parent. 

In  children  the  disease  is  classified  as  (1)  enuresis 
nocturna,  (2)  enuresis  diurna,  and  (3)  enuresis  con- 
tinua.  Of  these  the  commonest  is  the  nocturnal 
variety,  in  which  the  patient  is  troubled  only  at  night, 
but  regularly  every  night,  and  this  in  spite  of  the  fact 
that  he  has  emptied  his  bladder  before  being  put  to 
bed.  The  child  is  apt  to  be  gloomy  and  downcast, 
and  apparently  much  troubled  about  this  sad  condi- 
tion which  is  indeed  his  misfortune  and  not  his  fault. 
In  some  cases  the  trouble  continues  even  when  the 
patient  is  aroused  every  few  hours. 

The  diurnal  variety  is  caused  by  muscular  con- 
traction, chiefly  in  laughing  and  coughing,  and  is  apt 
to  persist  longer  than  enuresis  nocturna;  when  found 
after  the  age  of  puberty  it  is  more  commonin  woman. 

Treatment. — Whenever  possible  remove  the  cause 
or  apparent  cause.  Look  after  the  general  condition 
of  the  patient.  In  this  connection  it  may  be  well  to 
remember  to  look  for  adenoids  and  enlarged  tonsils. 
In  the  case  of  children  punishment  and  reproaches 
are  reprehensible;  the  little  patient  probably  suffers 
considerably  from  the  knowledge  of  his  affliction. 
Many  remedies  have  been  tried,  some  with  a  little 
success.  Raising  the  foot  of  the  bed,  so  that  the 
urine  does  not  rest  on  the  base  of  the  bladder,  has  been 
recommended;  so,  too,  has  electricity — the  faradic 
current — one  electrode  in  the  rectum,  the  other  on  the 
perineum.  Highly  seasoned  food,  which  may  prove 
irritating,  should  be  prohibited;  and  the  amount  of 
fluid  ingested,  particularly  in  the  afternoon  and  even- 
ing, should  be  reduced. 

Drug  medication  is  largely  empirical,  but  cures  have 
been  reported  from  the  use  of  strychnine,  fluidextract 
of  ergot,  iron,  atropine;  also  nitrate  of  silver  applied 
locally.  Of  these  atropine  has  probably  proved  of 
most  service.  One  grain  of  atropine  sulphate  is  put 
in  two  ounces  of  distilled  water;  the  dosage  may  be 
commenced  at  one  or  two  drops,  and  increased  one 
drop  at  a  time  until  the  patient  shows  flushing  of  the 
face  and  neck  in  about  twenty  minutes  after  the  ad- 
ministration of  the  drug.  The  dose  is  then  dimin- 
ished one  drop,  and  is  continued  at  this  amount  as  long 
as  necessary. 

In  the  Medical  and  Surgical  Reporter  for  March, 
1898,  is  reported  the  case  of  a  boy  who  by  mistake 
took,  four  times  a  day,  a  pill  of  extr.  cannabis  indica, 
gr.  \;  hyoscyamine,  gr.  ^l,,;  zinc  phosphide,  gr.  i;  and 
was"  cured,"  in  three  days,  of  enuresis. 

R.  J.  E.  Scott. 


Enzymes. — These  are  substances  that  bring  about 
chemical  reactions  by  their  presence  without  being 
used  up  materially  or  entering  into  the  reaction;  in 
other  words,  they  act  by  catalysis  and  for  a  long  time 
they  havebeeninoluded  among  the  catalytic  substances. 
To  the  enzymes  is  applied  a  specific  terminology. 
The  substance  upon  which  an  enzyme  acts  is  called 
the  substrate,  and  often  an  enzyme  is  named  for  the 
substrate;  thus,  lipase  acts  upon  fat,  amylase  acts 
upon  starch ;  or,  the  type  of  chemical  reaction  induced 
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determines  the  name  of  the  enzyme,  as  oxidase  or  red- 
nctase,  and,  finally,  an  enzyme  may  be  named  after 
the  product  formed,  as  alcoholase.  In  earlier  times 
no  uniform  system  of  designation  was  followed,  which 
accounts  for  the  names,  ptyalin,  pepsin,  trypsin.  Near- 
ly all  the  late  additions  to  the  list  of  enzymes  have  the 
termination  "ase,"  with  a  prefix  indicating  the  type  of 
substrate. 

Enzymes  in  general  are  of  two  great  classes:  (1) 
those  contained  in  secretions,  elaborated  by  special 
glands,  the  extracellular  enzymes;  and  (2)  those 
found  only  within  cells,  the  intracellular  enzymes. 
The  former  are  relatively  easy  to  obtain,  as  for  ex- 
ample, by  collection  of  the  secretion  of  a  specific  gland. 
For  the  demonstration  of  the  existence  of  the  intra- 
cellular enzymes  methods  must  be  followed  which 
provide  for  the  crushing  of  the  cells  and  the  pressing 
out  of  their  contents  as  a  cell  juice,  or  else  the  enzymes 
may  be  extracted  from  the  crushed  cells  by  means 
of  various  solvents,  as  water  or  glycerine.  In  what- 
ever way  obtained  enzymes  are  strongly  contami- 
nated with  other  substances,  especially  with  proteins. 
Up  to  the  present  time  an  enzyme  has  not  been 
isolated  in  a  pure  form  and  its  chemical  composition 
and  structure  are  unknown.  The  enzymes  are  prob- 
ably colloids,  or  at  least  they  cannot  be  separated 
from  colloidal  materials.  Many  finely  divided  sub- 
stances such  as  kaolin,  carbon,  infusorial  earth,  and 
colloids  such  as  proteins  and  alumina,  possess  the 
property  of  adsorbing  enzymes.  By  a  sufficiently  high 
temperature  enzymes  lose  their  specific  properties,  and 
certain  of  them  are  sensitive  to  the  action  of  light. 

Enzymes  are  formed  within  living  cells  and  in  cer- 
tain instances  only  an  incomplete  agent  is  elaborated. 
These  substances  are  called  zymogens  and  one  of  the 
best-kno'wn  examples  of  a  zymogen  is  trypsinogen 
which  is  not  an  active  enzyme  imtil  it  has  been  acted 
upon  by  the  enterokinase  of  the  intestine.  Entero- 
kinase  appears  to  possess  enzyme-like  characteristics 
since  it  is  destroyed  by  heat.  In  certain  other  cases, 
however,  the  presence  of  bodies  that  are  not  influ- 
enced by  heat  .and  are  dialyzable,  and  therefore  are  not 
enzymes,  are  essential  for  the  activity  of  the  enzyme. 
As  an  instance  of  this  type  may  be  mentioned  the 
necessary  pre.sence  of  hydrochloric  acid  for  the  action 
of  pepsin.  Certain  of  these  substances  are  ordinarily 
called  co-enzymes.  As  they  are  not  to  be  classed 
with  the  enzymes  they  may  be  designated  more 
correctly,  as  activators.  Enzyme  reactions  may  be 
reversible.  A  true  reformation  of  a  substrate  once 
split  has  not  been  proven  for  the  proteins  or  the  car- 
bohydrates. Such  syntheses  do  occur,  however,  of 
which  the  following  may  be  cited  as  an  example: 
Amygdalin  is  split  by  maltase  into  mandelic  acid, 
nitrile  glucoside,  and  dextrose.  From  these  products 
maltase  is  capable  of  synthesizing  amygdalin.  With 
fats  reversible  action  has  been  well  established. 

Enzymes  are  very  specific  in  their  action,  possess- 
ing an  ability  to  act  only  upon  certain  classes  of 
substances  (proteins,  carbohydrates,  fats)._  As  a  rule 
an  enzyme  has  a  very  narrow  range  of  activity  exerting 
its  influence  upon  "one  special  type  of  compound. 
Enzymes  are  neither  precipitated  nor  destroyed  by 
many  antiseptics,  such  as  toluene,  thymol  chloroform, 
etc.  "  The  products  of  enzyme  action  have  a  retard- 
ing influence  upon  further  activity.  They  are  also 
markedly  influenced  by  ions  and  salts.  Througliout  the 
body  are  a  varietv  of  enzymes  capable  of  retarding  or 
checking  the  activity  of  others.  These  inhibitory 
enzymes  have  been  called  anti-enzymes,  and  although 
they  have  been  studied  little  it  is  assumed  that  they 
have  the  power  of  regulating  or  controlling  enzyme 
action  in  the  organism. 

A  partial  classification  of  enzymes  follows:  Pro- 
teases or  proteolytic  enzymes  exert  a  hydrolytic 
splitting  action  on  proteins;  the  most  familiar  pro- 
teoses are  pepsin,  trypsin,  eripsin. 

The  amylases,  or  diastases,  are  capable  of  trans- 


forming starches  into  maltose  or  dextrose  with  dextrins 
as  intermediate  products. 

Inverta,ses  are  enzymes  formed  in  the  enteric 
juices  capable  of  transforming  disaccharides  into  mo- 
nosaccharides, sucrase  acting  on  sucrose  and  chang- 
ing it  to  a  mixture  of  dextrose  and  levulose  (invert 
sugar),  maltase  converting  maltose  to  dextrose,  lac- 
tase tran.sforming  lactose  to  dextrose  and  galactose. 

Lipases  act  upon  fats,  spUtting  them  into  fatty  acids 
and  glycerine.  Steapsin,  a  lipa.se,  is  present  in  pan- 
creatic juice,  and  lipa.ses  are  distributed  in  the  tissues 
generally  as  intracellular  enzymes. 

Nucleases  are  found  in  the  tissues  and  their  action 
is  to  decompose  nucleic  acid  to  purine  bases,  phosphorix 
acid,  etc.  Oxidases  are  oxidizing  enzymes.  They 
are  divisible  into  three  groups,  oxygenases,  peroxi- 
dases, and  catalases.  The  oxygenases  and  the  peroxi- 
dases yield  oxygen  to  other  sub,stances  and  then  at 
once  reoxidize  themselves.  Catalases  do  not  reoxi- 
dize  themselves  from  the  air.  Some  of  the  oxidases  are 
aldehydase,  which  converts  salicylaldehyde  into  sali- 
cylic acid;  laccase  transforms  hydroquinone  into  qui- 
none;  tyrosinase  changes  phenols,  naphthols,  amino- 
phenols,  indophenol,  phenolphthalein  and  similar 
compounds  into  substances  richer  in  oxygen.  Tyrosi- 
nase and  laccase  convert  the  aromatic  decomposition 
products  of  proteins  into  compounds  that  gradually 
grow  darker  and  then  become  insoluble  in  the  animal 
or  vegetable  fluids.  There  is  probably  a  relationship 
between  the  presence  of  a  tyrosinase  and  the  occurence 
of  homogentisic  acid  in  the  case  of  alkaptonuria.  In 
this  condition  the  urine  turns  dark  on  exposure  to  air. 

Coagulases  are  clotting  enzymes  and  include 
thrombase  or  thrombin,  which  coagulates  blood,  and 
rennin  which  clots  milk. 

Reductases,  or  reducing  enzymes,  are  capable  of 
causing  a  reaction  whereby  a  chemical  reduction 
occurs,  as  for  example,  the  formation  of  hydrogen 
sulphide  from  sulphur. 

Autolytic  enzymes  are  found  in  the  tissues  generally 
and  are  capable  of  transforming  tissue  constituents 
into  characteristic  cleavage  products. 

Frank  P.  LTnberhill. 
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Ephedra  Antisyphilitica. — Moiintain  Rush,  Can- 
uHllo,  Mormon  Tea,  Grease  Wood,  Whorehouse  Tea. 
The  twigs  of  Ephedra  antisyphilitica  C.  A.  Meyer 
(fam.  Gnelaccce).  This  peculiar  shrub,  and  various 
other  species  of  the  genus  used  similarly,  are  found 
in  groat  abundance  over  the  arid  regions  of  our 
great  plains.  The  plant  reaches  a  height  of  two 
or  three  feet  and  produces  a  dense  mass  of  erect, 
green,  leafless  branches,  half  the  thickness  of  a  lead- 
pencil  and  striate  or  chamielled,  with  membra- 
naceous .scales  at  the  joints.  Wherever  it  is  known, 
it  bears  a  high  repute  in  the  treatment  of  veneral 
diseases,  which  are  seldom  differentiated  in  the 
reports.  It  is  both  bitter  and  astringent.  The 
latter  property  might  give  it  some  value  in  gonorrhea, 
while  the  former  would  render  it  tonic  and  perhaps 
alterative.  No  systematic  study  of  its  properties 
has  been  made,  and  we  can  only  conclutie  that  it 
probably  has  some  merit.  It  is  chiefly  given  in 
decoction;  the  dose  employed  representing  one  to 
two  drams  of  the  drug.  The  remedy  may  also  be 
administered  in  the  form  of  a  fluid  extract.  The 
drug  contains  a  glucoside,  ephcdrin.  E.  monostachye 
L.,  of  .Asia,  has  a  similar  reputation. 

Hexrv  H.  RrsBY. 
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Ephedrine. — An  alkaloid  (doHisNO)  derived  from 
Ephedra  rulgaris  Rich,  and  E.  helvetica  C.  A.  Meyer. 
It  is  crystalline,  colorless,  and  soluble  in  alcohol. 
It  is  used  in  the  form  of  the  hydrochloride,  which  is 
.soluble  in  water.  It  is  poisonous,  resembling  atro- 
pine in  some  respects.  While  it  lowers  the  blood 
l)ressure,  it  causes  the  temperature  to  rise  and  the 
l)upil  to  dilate.  It  is  used  like  atropine  for  the  latter 
purpose,  one  to  two  minims  of  the  ten-per-cent. 
aqueous  solution  being  instilled.  It  usually  requires 
nearly  an  hour  to  obtain  the  desired  effect,  but  when 
once  obtained  it  visually  lasts  for  from  a  half  a  day  to 
one  day,  but  accommodation  is  not  aiTected. 

I'scudo-c iihedrine,  has  the  same  composition  as  the 
atiove  and  its  hydrochloride  has  the  same  properties 
and  is  used  in  the  same  way-        Henry  H.  Rusby. 

Ephelis. — See  Lentigo. 

Ephrata  Springs. — Lancaster  County,  Pennsyl- 
vania. 

Post-office. — Ephrata.     Hotel   and  cottages. 

Access. — Vial  Reading  Railroad.  Lititz,  an  old 
Moravian  settlement,  is  7  miles  distant;  Reading,  19; 
Lancaster,  14;  and  Wernersville,  11  miles. 

This  pleasant  resort  is  located  on  the  western  slope 
of  the  Ephrata  Mountain,  one  of  the  highest  points 
of  land  in  Lancaster  County.  Many  charming 
features  of  climate  and  scenery  are  united  here.  The 
visitor  will  find  pure  air,  a  comfortable  and  well-kept 
hotel,  excellent  fishing,  and  delightful  surroundings 
The  water  of  the  Mountain  Springs  is  celebrated  for 
its  purity  and  sparkle.  The  springs  discharge  about 
three  thousand  gallons  per  hour. 

The  following  analyses  have  been  made  of  three  of 
the   springs : 

One  United  States  Gallon  Contains. 


Solids. 


Grains. 


Silica 

Iron  and  aluminum  oxide. .  . . 

Calcium  carbonate 

Magnesium  carbonate 

Calcium  sulphate. 

Sodium-potassium  chlorides.  . 
Sodium-potassium  carbonates 


0.555 

1.518 

0.146 

0.088 

0.642 

4.868 

0.133 

1.482 

None 

0.803 

0.335 

Trace 

1.693 

0.208 

3.504 

8.967 

1.022 
0.093 
0.730 
0.300 
None 
0.335 
1.365 


3.845 


Various   amusements,    among   them   bowling   and 
tennis,  are  provided  for  the  guests. 

Emma  E.  Walker. 


Epicarin  is  a  condensation  product  of  beta- 
naphthol  with  cresylic  acid.  It  is  a  non-corrosive 
antiseptic,  and  has  been  used  as  a  five  to  ten  per  cent. 
ointment  with  lanolin  as  a  base  in  various  skin  dis- 
eases such  as  scabies  and  prurigo. 

R.  J.  E.  Scott. 


Epidemiology. — This  term  (from  tVi,  on,  hrjiio^, 
people,  and-ology,  the  science  of)  denotes  the  science 
which  deals  with  the  study  of  the  causes  of  outbreaks 
of  disease  among  human  beings,  the  factors  which 
contribute  to  their  spread  and  continuance,  and  the 
evolution  of  the  principles  for  their  control  and  eradi- 
cation. It  deals  with  the  diseases  of  human  beings  in 
contradistinction  to  epizoology,  which  has  to  do  with 
the  diseases  of  the  lower  animals.  Formerly  restricted 
to  those  diseases  which  occurred  in  epidemic  form,  at 
present  it  comprehends  the  study  of  any  disease  re- 
gardless of  its   character.     It   is   not  limited  to  con- 
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tagious,  infectious  or  communicable  diseases,  but 
may  be  applied  to  any  disease  of  mankind.  It  bears 
an  intimate  relation  to  the  other  sciences  because,  as 
may  be  readily  seen,  biology,  bacteriology  zoology, 
jjatholog}-,  chemistry,  geology,  mathematics,  hygiene, 
and  the  various  branches  of  medicine,  must  of  neces- 
sity be  drawn  upon  by  a  science  which  bears  such  an 
intimate  relation  to  every  activity  of  human  life. 

Epidemiological  studies  consider  every  factor  re- 
garding a  disease,  taking  into  consideration  everything 
which  may  have  any  possible  bearing  upon  its  pro- 
duction, spread,  or  continuance.  In  this  way  the 
sources  of  infection,  if  they  exist,  are  discovered,  and 
if  the  disease  be  one  of  deprivation,  or  poisoning,  a 
careful  studj-  of  the  dietary  of  persons  attacked  may 
throw  light  upon  the  way  in  which  the  disease  is 
produced. 

The  diseases  of  man  may  be  roughly  divided  into 
three  general  classes:  (a)  Those  which  are  caused  by 
living  organisms.  (6)  Those  which  are  caused  by  the 
ingestion  of  deleterious  chemical  substances,  or  by  the 
absence  in  the  dietary  of  necessary  constituents. 
(c)  Those  which  are  mental  in  character. 

In  the  first  may  be  placed  those  diseases  in  which 
the  infecting  agent  has  been  definitely  proven  to 
exist,  or  in  which  its  existence  may  be  suspected  with 
a  reasonable  degree  of  assurance. 

Under  the  second  heading  are  placed  those  diseases 
which  are  caused  by  taking  harmful  substances  into 
the  body,  and  those  diseases  in  which  some  necessary 
constituent  has  been  omitted  from  the  dietary. 

In  the  third  class  may  be  placed  those  diseases  which 
are  produced  by  faulty  mental  habits. 

The  sources  of  infection  for  the  living  organisms  of 
disease  are  man,  the  lower  members  of  the  animal 
kingdom,  and  the  human  environment.  Of  these,  the 
most  important  is  man  himself.  Most  of  the  com- 
municable diseases  from  which  man  suffers  are  peculiar 
to  man  himself.  The  environment,  except  as  it  is 
affected  by  man  or  the  lower  animals,  has  relatively 
little  to  do  with  human  infection.  The  lower  animals 
play  a  role  in  the  production  of  certain  diseases  as 
media  of  convection.  Those  which  carry  diseases  to 
man  are  chiefly  the  domestic  animals,  and  in  such 
instances  these  lower  members  of  the  animal  kingdom 
would  not  carry  disease  were  they  not  infected  by  man 
himself.  For  example,  cats  spread  ringworm,  dogs, 
rabies;  horses,  tetanus;  goats,  malta  fever;  cattle, 
anthrax;  hogs,  trichiniasis;  rats,  bubonic  plague; 
flies  carry  typhoid  fever;  ticks  disseminate  Rocky 
Mountain  spotted  fever;  lice  carry  typhus;  a  domestic 
mosquito  (Stegomyia  calopus)  carries  yellow  fever, 
and  bedbugs  transmit  kala  azar.  Water,  soil,  air, 
and  food,  are  media  for  disease  transmission  when 
infected  by  man  himself,  or  in  certain  instances  by 
the  lower  animals. 

The  causal  organisms  of  human  disease  are  of  two 
general  varieties — vegetable  and  animal.  These 
produce  derangements  of  the  human  mechanism  by 
local  destruction,  by  the  evolution  of  toxins,  and  by 
mechanical  interference.  In  the  study  of  causal 
organisms,  epidemiology  endeavors  to  determine  their 
developmental  cycle,  if  there  be  one,  their  mode  of 
transference  from  the  sick  to  the  well,  the  role  which  is 
played  by  intermediate  hosts,  and  the  period  of  in- 
cubation of  the  parasite  in  either  the  autosite  or  the 
intermediate  host.  It  is  equally  important  that 
knowledge  be  had  of  the  portals  of  entry  and  exit  of  the 
infecting  agent,  and  the  factors  of  individual  or  racial 
susceptibOity  or  immunity  to  the  disease  under 
consideration.  The  roles  of  fatigue,  exposure,  de- 
privation, excesses,  vitiated  atmosphere,  and  con- 
comitant diseases  also  require  study.  In  fact,  it  may 
be  stated  that  in  epidemiological  investigations  every 
factor  of  life,  either  of  the  individual  or  the  nation, 
and  every  element  of  the  environment,  whether  at 
home  or  at  work,  require  careful  study  in  their  bearing 
upon  food,  air,  soil,  water,  and  fomites.     Therefore 
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in  the  study  of  a  given  disease  no  fact  bearing  upon  tlie 
life  habits  of  those  attacked  is  too  trivial  to  merit 
the  most  careful  consideration. 

The  accuracy  of  the  diagnosis  is  most  important 
because  without  this  there  is  no  proper  starting  point 
for  the  investigation.  It  is  probable  that  there  are 
many  diseases  whose  origin  and  mode  of  causation  are 
to-day  unknown  simply  because  we  have  not  clearly 
differentiated  them  as  disease  entities.  This  is  es- 
sential because  epidemiology  in  its  final  analysis 
endeavors  to  lay  down  the  principles  which  govern  the 
control  of  human  disease.  Once  the  basic  facts  have 
been  discovered,  the  evolution  of  control  measures  is 
relatively  simple. 

In  a  short  article  it  is  only  possible  to  give  the  head- 
ings under  which  this  science  is  considered.  The 
reader  desiring  further  and  more  detailed  information 
is  referred  to  the  various  handbooks  on  hygiene, 
sanitation,  and  general  medicine.  It  may  be  stated, 
however,  that  there  is  at  present  no  complete  work  on 
the  subject,  indeed,  its  proper  consideration  would 
require  several  volumes. 

The  general  factors  of  epidemiology  find  their 
primary  basis  in  the  study  of  the  sick  person  liimself 
and  secondarily  in  the  study  of  his  environment, 
including  the  lower  members  of  the  animal  kingdom 
therein. 

On  account  of  the  variance  in  the  anatomical  con- 
struction and  the  physiological  processes  at  the 
different  life  periods,  it  is  found  that  certain  diseases 
have  a  higher  rate  of  incidence  at  certain  ages  than  at 
others.  Age  also  affects  the  environment,  occupation, 
and  habits  of  the  individual  and  therefore  influences 
susceptibility  or  immunity.  Many  diseases  do  not 
occur  during  the  later  life  periods  simply  because  the 
individual  has  suffered  from  an  attack  at  an  earlier 
age  and  has  accjuired  an  immunity  to  them.  The 
developmental  processes  and  the  wear  and  tear  inci- 
dent to  age  also  influence  the  age  distribution  of 
certain  diseases.  The  ailments  of  youth  frequently 
lay  the  foundation  for  the  diseases  of  old  age  and 
hereditary  and  acquired  hyper-  or  hyposusceptibilitv 
also  enter  into  the  problem.  Infancy,  puberty  and 
adolescence,  early  adult  age,  middle  age,  and  old  age 
must  therefore  be  taken  into  consideration  in  con- 
nection with  the  subject  of  the  age  incidence  of  dis- 
ease, each  period  showing  a  preponderance  of  certain 
diseases. 

Sex  is  of  importance,  chiefly  by  reason  of  the  differ- 
ence of  manner  of  life  of  the  two  sexes.  The  more 
cleanly  habits  of  woman  and  her  lack  of  exposure  to 
the  weather  act  in  her  favor,  while  indoor  occupations 
tend  to  the  weakening  of  the  disease  barriers  of  her 
body.  Men,  on  the  contrar.v,  are  thrown  in  closer 
contact  with  a  large  number  of  persons.  They  are 
exposed  to  all  sorts  of  weather  and  frequently  are 
obliged  to  take  food  and  water  of  doubtful  purity. 

Nationality  and  race  play  a  role  in  regard  to  im- 
munity and  predisposition  largely  by  reason  of  the 
difference  in  habits  of  the  various  races.  Habits  in 
this  sense  is  used  as  including,  not  only  habits  of  life, 
but  of  food  and  environment. 

The  epidemiological  considerations  of  occupation 
are  of  the  utmost  importance  and  form  a  set  of  chang- 
ing conditions  which  are  being  altered  from  day  to 
day  and  from  year  to  year  by  the  introduction  of  new 
methods,  improved  machinery  and  the  adjustment 
and  readjustment  which  is  constantl.v  taking  place 
between  capital  and  labor.  The  occupation  itself, 
the  wage  and  the  hours  of  labor  comprise  a  series  of 
variants  which  serve  to  modify  the  statistics  of  mor- 
bidity in  their  relation  to  the  diseases  of  occupation. 
The  epidemiologist  is  not  content  to  know  that  a  given 
individual  is  a  laborer,  machinist  or  mill  ope.ative. 
He  must  know  exactly  what  strains  a  given  occupation 
throws  upon  the  human  organism  and  the  diseases  to 
which  a  certain  cla.ss  of  operative  is  peculiarly  liable. 
The  problem  of  fatigue,  the  employment  of  children 


and  women,  the  exposure  to  certain  infeetiou.s  or 
noxious  agents  all  require  investigation.  The  dele- 
terious influences  of  gases,  vapors,  atmo.spheric 
pressure,  high  temperature,  brilliant  lights,  metallic 
poisons,  and  dusts  are  all  comprehended  within  the 
problem.  A  study  of  the  occupations  of  persons 
attacked  by  a  given  disease  furnishes  a  clue  to  the 
influence  wliich  the  environment  of  labor  has  had  upon 
the  production,  dissemination,  and  continuance  of 
that  disease.  In  common  with  other  epidemiological 
investigations  it  includes  everything  which  takes  place 
within  that  environment. 

It  is  e(|ually  important  that  knowledge  be  had  not 
only  of  the  country  in  which  certain  diseases  are  most 
likely  to  occur,  but  also  to  know  the  exact  locality  and 
the  exact  i)laco  in  that  locality  in  which  disease  is 
occurring  or  from  which  cases  under  observation  may 
come.  In  this  connection,  it  may  be  pointed  out  that 
climate  plays  a  very  great  role  in  the  determination 
of  this  point.  The  heat  antl  moisture  of  the  tropics 
create  a  suitable  environment  for  the  growth  of  animal 
and  vegetable  parasites  and  the  habits  of  human  life 
in  that  zone  may  tend  to  render  man  more  liable  to 
their  attacks.  The  cold  of  the  other  zones  produces 
overcrowding  and  the  conse<|uently  increased  oppor- 
tunities for  the  interchange  of  infection  bearing  se- 
cretions. The  geographical  distribution  of  the  vari- 
ous parasitic  life  forms  also  renders  residents  of  certain 
zones  more  apt  to  be  exposed  to  certain  diseases.  If 
the  infectious  organism  exists  in  a  given  place  and 
the  mechanism  for  its  transmission  be  also  there  the 
disease  will  also  exist  in  that  place  provided  that  the 
infectible  material  receive  the  infection.  The  envir- 
onment of  the  home  is  quite  as  important  from  an 
epidemiological  standpoint  as  that  of  occupation, 
because  a  greater  amount  of  time  is  spent  therein. 
The  factors  of  the  home  environment  which  are  of 
importance  are  ventilation,  drainage,  cleanliness, 
water  supply  and  the  presence  of  disease  carriers,  the 
latter  including  not  only  human  carriers  but  insect 
and  animal  carriers  as  well.  Food  may  be  also  con- 
sidered as  a  part  of  home  environment  and  in  this 
connection  it  may  be  pointed  out  that  although  several 
different  persons  may  eat  at  the  same  table  and  be 
served  the  same  food  their  dietaries  may  be  widely 
different. 

The  part  which  season  plays  in  the  distribution  of 
disease  is  dependent  upon  the  life  history  of  disease 
vectors  and  the  habits  of  human  life  as  they  are 
affected  by  climate. 

The  lower  members  of  the  animal  kingdom  which 
act  as  disease  vectors  may  be  regarded  as  a  part  of 
the  environment.  They  may  act  as  mechanical  or 
biological  disease  transmitters.  In  the  former  in- 
stance the  infecting  agent  is  usually  a  vegetable.  In 
the  latter  it  is  usually  an  animal  parasite.  The  organ- 
ism may  or  may  not  undergo  multiplication  within 
the  body  of  the  vector,  and  in  the  mechanical  form 
of  transmission  many  different  species  may  jierform 
exactly  the  same  role.  In  the  biological  form  of 
transmission,  the  infectious  organism  usually  under- 
goes a  developmental  cycle  within  the  body  of  the 
intermediate  host  and  in  such  instances  the  host  is 
usually  obligate. 

Human  disease  carriers  are  from  the  epidemiological 
viewpoint  extremely  important.  The  term  'carriers' 
is  generally  taken  to  mean  a  person  who  harbors  a 
pathogenic  organism  and  distributes  it  to  others  with- 
out himself  showing  any  of  the  signs  or  symptoms  of 
the  disease.  There  are  carriers  of  vegetable  and 
animal  parasites,  the  former  being  known  as  bacillus 
carriers  and  the  latter  as  protozoon  carriers.  Car- 
riers may  be  acute,  chronic,  or  temporary,  and  they 
may  transmit  infection,  either  directly  or  through 
the  intermediation  of  food  or  other  inanimate  objects. 

Epidemiology  endeavors  to  discover  the  caustive 
agents  of  a  disease.  It  is  also  necessary  that  knowl- 
edge be  had  of  the  route  of  entry  of  the  causative 
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factor,  iiiul  it  is  also  essential  to  know  the  route  of 
exit  of  that  organism  from  the  bodies  of  the  sick. 
Certain  disease  organisms  may  enter  the  body  by 
many  diiferent  routes,  others  by  one  only.  Con- 
versely, in  many  diseases  the  infecting  agent  may  be 
discharged  from"  the  body  of  the  sick  person  by  several 
dilferent  exits,  and  in  others  by  one  only.  Disease 
germs  may  be  discharged  either  passively,  as  in  the 
case  of  malaria,  or  actively,  as  in  the  case  of  typhoid 
fever.  As  a  rule,  those  diseases  which  are  received 
through  the  gastrointestinal  tract  are  also  spread 
by  the  tiischarges  from  that  tract.  In  those  diseases 
in  which  the  organism  is  carried  by  suctorial  insects 
the  disease  germ  is  taken  from  the  body  through  the 
skin  and  is  received  into  the  body  by  the  same  route. 

In  making  an  epidemiological  study  of  a  given 
outbreak  it  is  first  necessary  to  obtain  a  list  of  the 
names  and  addresses  of  the  persons  attacked,  to 
determine  their  age,  sex,  and  marital  condition, 
their  place  of  occupation  and  the  date  of  onset  of 
the  disease  in  each  instance.  If  the  outbreak  is  a 
large  one  the  number  of  cases  should  be  plotted  as 
a  curve,  the  days  being  arranged  as  the  ordinate  and 
the  number  of  cases  as  the  coordinate.  Next  should 
be  determined  their  exposure  to  a  common  food  supply 
and  the  possibility  of  their  contact  with  other  persons 
having  the  disease.  Their  environment  of  residence 
and  occupation  should  next  be  looked  into  to  de- 
termine what  possible  bearing  these  may  have  upon 
the  outbreak.  If  the  food  or  water  supply  is  sus- 
pected they  should  be  carefully  examined  and  search 
made  as  to  the  possibilities  and  means  of  their  con- 
tamination. In  making  such  a  study  no  fact  how- 
ever small  should  be  overlooked.  Particular  atten- 
tion should  be  paid  to  entertainments  which  the  in- 
fected persons  may  have  attended.  In  making  a 
survey  of  the  environment  careful  search  should  be 
made  for  carriers,  either  human  or  animal.  Care 
should  also  be  taken  to  determine  by  appropriate 
means  the  correct  diagnosis  in  each  instance.  Care- 
ful search  should  be  made  for  light  ca.ses  and  the 
possibility  of  missed  cases  should  also  be  borne  in 
mind.  The  method  of  investigation  will,  of  course, 
vary  with  the  disease  under  consideration  and  what 
would  be  necessary  in  studying  an  outbreak  of  a 
disease  carried  by  mosquitoes  might  not  be  necessary 
in  the  study  of  an  epidemic,  the  germ  of  which  is 
carried  in  the  alvine  discharges. 

Having  determined  the  character  and  cause  of  the 
outbreak  it  becomes  necessary  to  apply  the  knowledge 
so  gained  to  the  eradication  of  the  epidemic.  This 
will,  of  course,  vary  with  the  disease  under  considera- 
tion. In  general,  it  includes  the  destruction  of  the 
infectious  agent  after  it  has  left  the  body.  The  killing 
of  the  lower  animal  vectors  and  the  protection  of 
both  the  sick  and  the  well  from  them.  In  undertak- 
ing the  destruction  of  any  life  species  the  plan  of 
attack  must  be  carried  on  along  everj^  avenue  of 
their  existence.  If  the  vehicle  of  dissemination  is 
an  inanimate  object,  such  as  food  and  water,  the  in- 
fectious agent  must  be  killed  therein  and  the  rein- 
fection of  this  medium  for  the  interchange  of  patho- 
genic organisms  must  be  prevented.  In  those  dis- 
eases in  which  the  infectious  organism  is  known  it 
may  be  possible  to  apply  these  various  measures  with 
accuracy,  but  in  the  event  that  the  method  of  the 
production  of  the  disease  is  unknown  it  may  be 
necessary  to  apply  any  or  all  of  these  measures  in 
order  to  control  the  outbreak.  The  isolation  of  the 
sick  from  the  well  and  the  prevention  of  their  coming 
into  direct  or  indirect  contact  is  of  course  essential. 

W.    C.    RuCKER. 

Epidermin  is  made  by  mixing  equal  parts  of  melted 
white  wax  and  powdered  acacia,  adding  the  same 
weight  each  of  water  and  glycerin  while  boiling,  and 
stirring  until  cold.  It  is  used  as  a  vehicle  for  .skin 
medication.  W.  A.  Bastedg. 
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Epididymitis. — See  Testes,  Diseases  of. 

Epilation. — See  Depilatories  and  11  ypertrichosis. 

Epilepsy.* — Synortyms:  L'Epilepsie,  Fallsucht,  Epi- 
lepsia, Mai  caduceo.  Morbus  herculeus,  Falling  sick- 
ness. Fits. 

Definition.— Epilepsy  is  a  chronic  disease  of  the 
brain  characterized  by  convulsions  and  loss  of  con- 
sciousness, either  one  of  which  may  be  absent  in  ex- 
ceptional instances.  There  are  all  postsible  gradations 
of  the  di.sorder  of  consciousness,  from  complete  loss 
to  that  of  complete  retention  of  it.  A  complete  loss 
of  consciousness  for  a  longer  or  shorter  period  is  the 
general  rule.  The  muscular  spasm  of  epilepsy  is 
similarly  subject  to  variation,  but  is  much  less  fre- 
quently absent  than  loss  of  consciousness.  The 
manifestations  of  the  disease  in  seizures  or  attacks 
have  usually  been  classified  according  to  their  severity, 
such  as  grand  mal,  petit  mal,  and  psychic  epilepsy.  The 
first  is  usuallv  characterized  by  the  severe  attack, 
which  ordinarily  consists  of  loss  of  consciousness  and 
great  violence  of  muscular  spasm,  while  the  second  is 
shown  in  a  slight  seizure  with  partial  or  incomplete  loss 
of  consciousness  and  but  slight  muscular  spasm.  Psy- 
chic epilepsy  is  that  manifestation  of  the  disease 
shown  in  the  maximum  of  mental  confusion,  and  more 
or  less  complete  loss  of  consciousness  without  obvious 
convulsion. 

Varieties. — There  are  many  irregular  forms  of 
epilepsy  which  are  often  classed  as  masked,  aborted, 
and  partial  epilepsy,  owing  to  the  imperfect  develop- 
ment of  the  more  usual  and  familiar  symptoms.  In 
these  masked  cases  the  attack  usually  takes  the  form 
of  a  more  or  less  transitory  mental  derangement, 
without  definite  motor  symptoms.  Siich  an  attack 
is  known  as  a  psychic  equivalent  of  an  ordinary  epi- 
leptic convulsion. 

A  number  of  special  names  have  been  applied  to 
epilepsies  with  reference  to  their  supposed  etiology, 
alcoholic  and  gastric  epilepsy  being  familar  illustra- 
tions. Such  designations  are  far  from  being  illum- 
inating and  are  falling  into  a  deserved  disuse. 

Symptoms. — The  lighter  forms  of  epilepsy,  or  petit 
mal,  usually  consist  in  a  momentary  loss  of  conscious- 
ness, during  which  the  patient  suddenly  becomes  very 
pale,  while  the  color  first  recedes  and  then  suffuses 
the  lips  and  cheeks,  and  the  respiration  is  temporarily 
arrested  and  then  altered  in  character,  or  even  becomes 
panting.  The  eyes  remain  open,  the  eyeballs  roll 
upward,  and  the  patient  may  stare  fixedly  at  some 
object  or  into  vacancy.  When  in  the  midst  of  some 
occupation  the  patient  may  be  taken  with  this  form 
of  attack,  there  being  a  temporary  suspension  of  the 
particular  act — the  glass  or  spoon  drops  from  the 
hand,  the  pen  is  arrested  in  the  middle  of  a  word,  or 
trails  idly  across  the  page  in  an  illegible  scrawl. 
Oftentimes  the  patient's  trouble  is  so  transitory  or 
slight  as  to  escape  the  notice  of  the  bystander,  and 
the  patient  alone  may  register  that  an  attack  has 
occurred,  or,  again,  he  may  be  unconscious  of  the  fact 
while  it  is  obvious  to  others.  After  such  an  attack, 
the  patient  finishes  writing  his  sentence  or  picks  up 
the  object  he  has  dropped,  and  beyond  a  transitory 
lassitude  and  mental  confusion,  nothing  reminds  him 
or  the  observer  that  anything  unusual  has  occurred. 
In  other  cases,  or  at  other  times  in  the  same  case,  the 
seizure  is  more  severe,  both  as  regards  length  of  loss 
of  consciousness  and  the  severity  and  extent  of  muscu- 
lar  spasm.     The   patient   may  become   rigid    (tonic 

•  Although  the  text  of  this  article  has  been  entirely  rewritten, 
in  it3  general  form  and  manner  of  presenting  the  subject  it  has 
followed  the  article  by  t)r.  A.  McLane  Hamilton  in  the  former 
edition  of  this  H\NnROOK,  and  the  author  wishes  to  acknowl- 
edge here  his  indebtedness  to  Dr.  Hamilton  for  the  courtesy  thus 
extended. 
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spasm),  and  then  become  agitated  by  limited  twitch- 
ings  (clonic  spasm).  The  color  leaves  the  face,  and 
the  pupils  more  or  less  widely  dilate  and  become  un- 
responsive to  light.  In  a  few  seconds,  however,  he 
is  able  to  rise  and  go  about  his  business.  Many 
French  writers  speak  of  absences,  vertigos,  and  inter- 
mediary forms  of  petit  mal,  but  inasmuch  as  such 
attacks  occur  without  obvious  spasms,  we  designate 
them  psychic  seizures.  In  this  latter  class  the  patient 
is  usually  momentarily  interrupted  in  speech,  or  in 
the  act  of  writing,  as  has  been  already  detailed.  The 
head  may  simply  be  turned  to  one  side,  or  there  may 
be  but  a  temporary  mental  confusion  of  ideas.  The 
mouth  is  twisted,  the  eyes  squinted  or  remain  in  a 
meaningless  stare.  The  head  may  be  rapidly  jerked 
about  by  an  irregular  spasm  of  the  several  muscles 
of  the  neck.  The  chin  and  head  may  perform  a  seem- 
ingly purposeful  act  not  unlike  one  suffering  from 
spasmodic  torticollis. 

The  psychic  attacks  may  consist  in  only  a  temporary 
aphasia,  or  the  temporary  abolition  of  the  whole  or 
part  of  any  one  of  the  special  senses.  The  petit  mal 
attacks  may  exist  alone,  or,  what  is  more  common,  be 
interspersed  between  grave  attacks.  Usually  the 
presence  of  major  seizures  presupposes  the  existence 
of  an  earlier  presence  of  petit  mal  or  psychic  attacks, 
which  close  questioning  usually  reveals.  However, 
there  are  numerous  cases  in  which  light  seiziires  alone 
exist,  or  precede  for  years  the  graver  forms  of  seizures. 

Aura. — The  fully  developed  attacks  (grand  mal)  are, 
in  more  than  a  third  of  the  cases,  preceded  by  certain 
warnings,  or  so-called  "auriE."  These  in  their  order 
of  arrangement  as  regards  frequency  and  constancy 
are  sensory,  psychic,  and  motor.  The  sensory  aurae 
of  an  attack  are  of  the  most  diverse  character,  and 
the  patient  complains  of  such  transient  subjective 
sensations  as  tickling  or  tingling  in  the  skin,  chiefly 
commencing  in  the  ends  of  the  extremities  on  one  or 
both  sides  and  apparently  advancing  toward  the  head 
from  these  distal  points.  Aura;  of  the  trunk  and  its 
viscera  also  exist,  the  epigastric  aura  being  the  most 
frequent.  It  consists  in  a  peculiar  and  disagreeable 
pressure  or  sinking  sensation  in  the  epigastric  region, 
and  ascends  to  the  head.  Loss  of  consciousness  suc- 
ceeds in  all  aurse  when  they  traverse  the  extremities 
or  the  trunk  up  to  the  level  of  the  chin.  The  patient 
complains  of  constriction  of  the  throat,  of  a  sensa- 
tion as  though  ants  were  running,  or  wind  was  blow- 
ing over  the  surface  of  different  portions  of  the  body, 
of  fugitive  pains,  and  of  a  great  variety  of  other  sen- 
sations. Certain  visual  warnings  are  complained  of 
as  an  immediate  precursor  of  the  attack. 

The  epileptic  is  occasionally  appraised  of  the  coming 
of  an  attack  by  the  perception  of  spots,  points  of  light, 
or  broad  and  irregular  fields  of  color  in  which  red  and 
blue  most  commonly  predominate.  The  visual  aura 
is  usually  of  such  short  duration  before  the  fully 
developed  attacks  appear  that  the  patient  is  usually 
unable  fully  to  describe  them.  Sometimes  the  optical 
illusion  is  likened  to  the  recession  of  objects,  or  their 
advance,  which  is  largely  conditioned  on  the  seeming 
enlargement  or  diminution  of  various  objects,  or, 
again,  the  patient  alludes  to  his  being  enveloped  by  a 
cloud  or  mist.  Patients  frequently  complain  of 
double  vision  and  of  half-vision,  which,  however, 
usually  indicate  a  gross  brain  disease.  Less  frequent 
than  optical  illusions  are  auditory  hnllucinatioits,  such 
as  rushing  sounds,  the  roaring  of  waterfalls,  ringing 
of  bells,  or  the  whistling  of  the  wind.  Many  ordinary 
and  actual  sounds  are  perverted  in  character,  dimin- 
ished, or  intensified.  More  rarely  patients  complain 
of  aurse  of  perversion  of  the  sense  of  smell  and  taste, 
which  are  most  frequently  seen  in  those  suffering  from 
actual  gross  brain  disease  and  are  too  rare  to  warrant 
detailed  mention  here. 

Psychical  warnings  of  a  more  complex  character 
may  take  the  form  of  murmuring  voices  which  speak 
imperatively  or  give  commands,  and  in  rare  cases  a 


visual  hallucination  is  the  immediate  precursor. 
Among  the  rare  aura;  may  be  mentioned  a  sense  of 
fullness  of  the  bladder  or  rectum,  causing  the  patient 
to  desire  to  defecate  or  urinate.  Some  patients  belch 
forth  large  quantities  of  gas  previously  swallowed  in 
the  momentary  mental  agitation  before  seizures  occur. 
The  patient  in  some  cases  talks  unintelligibly,  mutters, 
repeats  set  phrases,  or  ejaculates  meaningless  cries 
akin  to  sounds  made  by  certain  animals,  such  as  the 
barking  of  dogs,  the  mewing  of  cats,  the  bellowing  of 
cows,  etc. 

There  are  many  premonitory  motor  aurae  such  as 
limited  tremblings  of  the  small  muscles  of  the  fingers 
and  hands,  or  twitchings  of  the  facial  muscles.  Some 
epileptics  present  automatic  disorders  of  motility, 
such  as  drumming  on  tables,  or  tapping  the  floor  with 
the  foot.  More  complex  movements  are  not  infre- 
quently seen,  such  as  movements  suggestive  of  dress- 
ing or  undressing,  or  running  about  in  an  animated 
manner.  The  latter,  however,  most  frequently  con- 
stitute a  part  of  the  real  convulsive  movement  of  an 
attack.  Indeed,  the  motor  aura  in  many  instances 
imperceptibly  shades  over  into  the  beginnings  of  the 
convulsion  proper,  and  in  most  instances  must  be 
considered  as  a  part  of  the  first  convulsive  movement 
of  the  epileptic  motor  discharge. 

A  physical  or  mental  state,  a  trvie  prodrome  of  an 
attack,  may  exist  for  several  days  preceding  the 
attack  and  really  constitute  a  true  warning  that  an 
attack  is  pending.  There  may  be  an  unusual  despond- 
ency of  manner,  listlessness,  malaise,  undue  irrita- 
bility, or  forebodings  that  danger  of  an  attack  is 
imminent.  The  face  is  dusky  or  pale,  the  eyes 
injected  or  of  a  leaden  color,  or  the  temporal  vessels 
stand  out  rather  prominently.  More  rarely  there  is 
a  state  of  imusual  vivacity  or  undue  excitement, 
headache,  tremor  of  the  tongue  and  lips,  and  various 
subjective  disturbances  which  in  some  cases,  although 
very  peculiar,  are  immistakable  to  the  initiated  ob- 
server. These  prodromes  when  present  are  remark- 
ably constant  in  the  individual  patient. 

Aurae  are  by  no  means  constant;  in  fact  the  majority 
of  patients  cannot  give  a  satisfactory  account  of  any 
special  wiirning.  Of  .519  cases  collected  by  Delasiauve, 
of  which  229  were  personal,  but  half  presented  any 
history  of  avir».  In  my  experience  but  forty  per  cent, 
gave  the  history  of  anything  that  could  be  called  a 
true  and  distinct  prodromal  symptom.  Gowers' 
experience,  based  upon  1,000  cases,  is  that  a  special 
warning  "was  always  absent  in  495,  while  some  aura 
existed,  at  least  occasionally,  in  505";  this  is  a  very 
large  showing. 

Grand  Mat. — The  major  attacks  may  be  said  to 
consist  of  three  stages,  viz.,  the  stage  of  to7iic  concul- 
sion;  the  st.age  of  clonic  convulsion;  and  the  stage  of 
subsidence  and  sleep.  The  first  of  these,  while  most 
intense,  is  the  shortest  and  often  is  insensibly  merged 
into  the  second.  The  last  stage  includes  the  condition 
after  subsidence  of  convulsive  movement.  At  the 
end  of  this  stage  the  patient  either  regains  conscious- 
ness or  sinks  into  a  more  or  less  profound  sleep. 

The  attack  may  or  may  not  be  preceded  by  a  warn- 
ing, but  it  generally  is  by  a  premonitory  cry.  This, 
the  so-called  epileptic  cry,  is  not  a  purely  psychic 
feature;  it  is  loud,  shrill,  and  startling,  and  while  it 
may  be  the  result  of  an  unconscious  cereliral  effort  or 
the  direct  expression  of  fright,  it  more  frequently  is 
due  to  mechanical  causes,  the  contracting  spasm  of 
muscles  of  the  chest  walls  forcing  the  air  from  the 
lungs  through  the  unprepared  vocal  cords.  The  cry, 
or  more  frequently,  moan,  la.sts  but  a  few  seconds  and 
is  rarely  repeated  before  the  actual  debut  of  the  con- 
\'ulsion.  The  patient  usually  falls  or  sinks  to  the 
ground,  rigid  and  helpless.  Hence  the  popular 
designation  of  the  disease  as  "falling  sickness.  '  The 
fall  is  ordinarily  backward,  though  nearly  as  fre- 
quently the  patient  falls  to  one  side  or  forward:  the 
arms  are  flung  out  or  up  in  an  apparent  unconscious 
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effort  to  assist  the  patient  to  maintain  equilibrium. 
Sometimes  the  head  is  thrown  back,  the  forearms  and 
hands  being  rigidly  flexed.  When  recumbent,  the 
patient  may  assun\e  a  number  of  positions;  most 
frequently  it  is  a  position  of  pleurothotonos  or  opis- 
thotonos," the  bodv  ijerhaps  being  laterally  curved  one 
way  while  the  head  is  drawn  in  the  other  direction. 
The  eves  are  usuallv  widely  opened,  the  pupils  dilated, 
the  whites  of  the  eyeballs'  well  exposed.     Often  there 


The  rigidity  entailed  by  the  tonic  spasm  is  so  great 
that  the  exhibition  of  ordinary  force  will  not  enable 
the  observer  to  overcome  the  muscular  contractions. 
The  intensity  of  the  tonic  spasm  in  different  parts  of 
the  bodj'  often  varies  considerably.  This  inequality 
of  rigidity,  which  may  be  unilateral,  suggests  certain 
more  or  less  definite  structural  defect  in  the  brain, 
due  either  to  previous  disease,  to  hemiatrophy,  or 
to  traumatism.     Sometimes  the  mouth  is  drawn  to 


Fig.  2068. — Grand  Ma!  Epileptic  Seizure.     Onset  of  the  tonic  stage. 


is  some  tendency  to  conjugate  deviation,  or  strabis- 
mus. The  mouth  is  firmly  closed  or  opened  at  the 
onset  of  the  convulsion  and  remains  so  until  the  end 
of  the  first  .stage.  If  the  onset  of  the  convulsion  is 
sudden  and  severe,  the  tongue  or  lips  may  be  caught 
"between  the  teeth  and  in  the  succeeding  clonic  con- 
vulsion be  severely  injured  by  the  champing  move- 
ments of  the  jaws.  The  arms  and  legs  may  be  vio- 
lently extended,  the  dorsal  surfaces  of  the  hands 
approximated,  and  the  fingers  flexed;  the  feet  overlap 


Fig.  2069. — Grand   Mai  Epileptic  Seizure.     Tonic  Stage  at  the 
climax. 

each  other  and  the  toes  are  often  extended.  The 
abdominal  muscles  are  fiatl.y  contracted,  and  for  the 
moment  breathing  is  suspended.  The  patient's  face, 
which  at  first  was  momentarily  pale,  becomes  livid, 
and  the  lips,  ears,  and  nails  show  a  severe  grade  of 
cyanosis  in  consequence  of  an  imperfect  oxygenation 
of  the  blood.  The  skin  of  the  hands  is  purplish, 
wrinkled,  and  cold,  and  all  about  the  motith  is  a 
dusky  ring  fading  off  to  white  at  the  points  where 
pressure  is  made  against  the  teeth. 
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one  side,  while  the  head  is  turned  to  the  other;  this 
result  is  due  to  the  fact  that  the  cramp  of  the  muscles 
of  one  side  is  distinctly  more  pronounced  than  that 
of  the  muscles  of  the  other  side.  The  pupils,  which 
have  now  become  fully  dilated,  are  quite  insensitive 
to  light,  and  the  cornea  to  touch.  The  face  is  en- 
gorged and  with  such  a  change  the  breathing  is 
hurried  and  noisy.  The  lips  flap  loosely  with  each 
inspiration  and  expiration,  churning  the  saliva  into  a 
frothy  foam  which  exudes  from  the  mouth.  It  may 
also  be  tinged  with  blood  that  comes  from  a  wounded 
tongue.  The  movements  of  a  clonic  nature  now  fol- 
low, and  these  may  be  more  or  less  violent  in  character 
but  are  never  as  intense  as  the  preceding  tonic  rigidity. 
The  waves  of  nerve  discharges  from  the  cortex  now 
have  a  short  and  infinitesimal  rest  period  between 
them,  during  which  there  may  be  a  partial  muscular 
relaxation  which  is  suddenly  reinaugurated  by  the 
next  discharge  into  a  firm  contraction  of  the  muscles; 
hence  a  relaxation  and  contraction  succeed  each  other 
very  rapidly  at  first  in  the  beginning  of  the  clonic  stage, 
but  gradually  they  widen  apart  in  point  of  time  imtil 
the  arms  and  legs,  at  first  agitated  only  by  a  sort  of 
fine  tremor  of  tense  muscles,  are  thrown  about  vio- 
lently as  though  convulsed  by  coarse  electric  shocks 
with  distinct  rest  periods  between.  If  the  spasm  in 
flifferent  parts  of  the  body  has  been  of  simultaneous 
onset,  the  above  description  holds  good  for  the  whole 
convulsive  picture  depicted;  but  not  infrequently, 
when  the  conyTilsion  has  first  begun  in  one  part  of  the 
body  and  extended  to  other  parts  later,  one  side  of  the 
body  may  be  in  the  tonic  while  the  opposite  is  in  the 
clonic  stage.  This  explanation  may  also  hold  for  the 
different  segments  of  a  limb,  or  exceptionally,  for  the 
several  muscles  of  a  single  segment.  In  this  way  one 
understands  the  convulsive  movement  as  a  whole 
may  appear  as  a  sort  of  "clotted  mass  of  movement," 
as  designated  by  Hughlings  Jackson.  In  the  light  of 
this  statement  one  notes  the  spasm  is  disorderly  and 
in  no  sense  rhj-thmical.  In  rare  instances  a  generalized 
tremor  may  take  the  place  of  both  the  usual  types  of 
tonic  and  clonic  convulsions  described.  Usually 
such  clonic  tremors  spread  from  the  periphery  toward 
the  trunk  and  grow  more  intense  as  they  clo  so.  Some- 
times the  spasm  may  take  on  such  a  character  of 
producing  definite  flexion  and  ex-tension  of  the  .several 
joints  of  the  extremities  that  a  kind  of  incoordination 
almost  purposeful  in  appearance  may  be  seen.     Such 


I 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES 


Epilepiiy 


movements,  when  they  occur  in  an  individual  who 
does  not  fall,  produce  a  gait  and  general  behavior  of 
one  intoxicated,  of  which  latter  state  many  patients 
are  often  falsely  accused  by  the  ignorant.  Many 
times  the  clonic  convulsions,  at  either  their  inception 
or  termination,  are  so  severe  as  to  hurl  the  ijatient 
about,  or  even  throw  him  from  the  bed  upon  which  he 
may  be  lying;  and  in  not  a  few  severe  cases  it  requires 
the  exhibition  of  much  force  and  ingenuity  to  i)rovent 
the  patient  from  injuring  himself  by  the  convulsive 
violence  of  the  fit.  The  clonic  stage  is  two  or  three 
times  the  length  of  the  tonic  stage  in  a  classic  attack, 
the  convulsion  as  a  whole  usually  seeming  much  longer 
than  it  really  is.  It  is  rare  for  a  single  attack  of  epi- 
lepsy to  last  more  than  three  or  four  minutes,  and  the 
great  majority  are  completely  over  in  less  than  half 
this  time.  Freciuently,  in  certain  cases  there  may  be 
fresh  accessions  of  clonic  spasm  after  this  stage  has 
seemed  nearly  over,  but  ordinarily  it  is  short-lived 
and  the  patient  gradually  becomes  quiet,  the  color 
returns  to  the   face,    and   other   signs  of  subsidence 


there  is  a  return  and  that  the  deep  reflexes  are  very 
much  exaggerated  and  usually  continue  so  until  the 
cerebral  exhaustionentailed  by  the  attack  is  recovered 
from.  In  .some  cases,  a  form  of  false  ankle  clonus 
may  be  found.  Now  and  then  a  crossed  knee  reflex 
has  been  rt  ported.  The  patient  gradually  regains 
the  normal  .state,  or  more  commonly  sink.s  into  a  deep 
sleep,  from  which  he  finally  awakens  with  feelings  of 
exhaustion  and  headache. 

The  leinpcndure  and  pulse  of  the  epileptic  imdergo 
very  important  changes.  In  the  status  epilepticus 
there  is  a  decided  increa.se  in  both.  The  temperature 
may  mount  to  a  great  height,  106°  or  108°,  while 
the  pulse  may  rise  to  180  or  200  per  minute.  During 
single  attacks  the  temperat\ire  rarely  rises  more  than 
a  half  of  one  degree,  while  the  pulse  in  the  tonic  stage 
is  thin,  thread  like,  and  not  essentially  accelerated; 
during  the  clonic  convulsion  it  is  full  and  rapid. 

The  urine  passed  after  the  attack  is  found  to  contain 
urea  and  the  phosphates  in  increased  amount,  indican, 
and  usuallv  a  more  or  le.ss  marked  trace  of  albumin. 


Fig.  2070. — Grand  Mai  Epileptic  Seizure. 


The  blurred  outline  of  the  left  arm  and  upper  trunk  13  due  to  the  beginning  of  the 
clonic  st.ige. 


follow;  the  breathing  becomes  more  regular  and  quiet, 
the  rigidity  completely  disappears,  and  the  patient 
lies  quite  limp;  the  pulse  is  more  regular  and  less  full, 
and  the  patient  shifts  his  position,  moves  the  extremi- 
ties, or  makes  movements  of  the  face,  especially  about 
the  mouth,  which  are  semi-volitional.  The  head  may 
now  be  rolled  luieasily  from  side  to  side,  and  some 
effort  to  rise  may  be  attempted.  The  [latient  may 
open  his  eyes  and  look  vacantly  about,  or  murmur 
indistinctly.  Sometimes  the  confusion  of  ideas  which 
attends  the  glimmering  return  to  consciousness  may 
manifest  itself  in  incoherent  talk  and  transposition  of 
words. 

During  the  convulsive  stage  the  patient  often  has 
involunt.ary  discharges  from  the  bowels  or  bladder, 
caused  both  by  a  relaxation  of  the  sphincters  and  the 
violence  of  the  contraction  of  the  muscles  of  the  lower 
part  of  the  alxlomen  and  the  involuntary  muscles 
which  ordinarily  assist  in  these  physiological  acts. 
Rarely  seminal  emissions  may  occur.  The  soiling 
and  wetting  of  the  bed  are,  in  the  presence  of  suspicion 
of  nocturnal  attacks,  very  good  diagnostic  evidence 
that  a  seizure  has  occurred,  especially  in  adults. 

The  cutaneous  reflexes  are  lost  during  the  attack, 
but  after  the  subsidence  of  the  clonic  stage  we  find 


Herter  and  Smith  foinid  that  there  is  often  a  change  in 
the  proportion  of  sulphates  in  the  urine,  the  ethereal 
sulphates  being  increased  to  an  excessive  degree. 

A  symptom  of  considerable  moment  in  the  diag- 
nosis of  trvic  epilepsy  is  the  so-called  epileptic  loice  sign . 
It  has  been  shown  and  demonstrated  by  Clark  and 
Scripture'  that  the  epileptic  individtial  has  a  peoiliar 
monotonous,  inflexible  -i'oice  with  a  marked  tendency 
to  drop  the  same  at  the  end  of  the  sentence.  This 
is  said  to  be  constant  and  of  considerable  diagnostic 
moment,  especially  in  the  differentiation  between  true 
epilepsy  and  psychogenotic  convulsions  and  hyster- 
ical attacks. 

Immediale  Results  of  the  Attack. — .\fter  the  attack 
we  sometimes  find  a  variety  of  disturbances  of  the 
nervous  system.  These  are  exceedingly  v.ariable, 
and  may  consist  of  sensorial  or  motorial  manifesta- 
tions, and  in  the  former  we  include  the  immediate 
mental  derangement.  We  have  already  alluded  to 
the  headache,  which  is  dull  and  vertical  or  frontal. 
Of  course,  the  injuries  the  patient  may  have  sustained 
are  quite  ai)t  to  lea\e  behind  their  painful  effects, 
but  there  are  disttirlianccs  which  are  connected  with 
the  fit  itself  which  are  exceedingly  annoying.  Ex- 
cessive muscular  violence  may  give  rise  to  fibrillary 
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Fio.  2071. — Types  of  the  Epileptic  Convulsion.*  a.  Begin- 
ning of  a  generalized  fit  in  an  epileptic,  who  has  just  fallen  back- 
ward in  the  tonic  spasm  of  a  seizure;  6,  tonic  phase  of  the  fit 
shown  in  a,  further  advanced;  the  spasm  has  thrown  the  patient 
on  his  left  side;  c,  a  still  more  pronounced  muscular  spasm  in  the 
same  patient,  at  the  height  of  the  tonic  stage;  d,  the  same  patient 
in  the  stuporous  or  comatose  state  at  the  end  of  the  fit. 


rupture,  and,  in  rare  cases,  to  dislocation  of  the 
large  bones. 

Spots  of  cutaneous  anesthesia  are  sometimes 
complained  of,  and  the  skin  and  conjunctiva  are 
often  covered  with  petechi.'e  which  may  coalesce 
and  form  a  marked  hemorrhagic  exudate. 

The  postepileptic  mental  state  has  been  studied 
by  a  number  of  investigators  and  is  especially  in- 
teresting in  the  lighter  or  incomplete  attacks. 
The  aphasic  state  has  been  spoken  of,  and  we  will 
only  add  that,  when  there  is  a  disturbance  of 
speech  of  appreciable  duration,  the  beginning  of 
recovery  is  marked  by  the  use,  first,  of  words 
containing  vowel  sounds,  and  then  later  only  of 
those  containing  consonants.  This  fact  was  first 
observed  by  Jackson  and  formulated  in  his  rule — 
that  simple  and  quasiautomatic  processes  suffer 
least,  and  are  soonest  recovered,  while  complex 
arrangements  suffer  most,  and  are  more  tardily 
recovered.  The  mental  state  is  often  expressed 
by  peculiarities  in  the  behavior  of  the  individual, 
by  automatism,  and  occasionally  by  violence  or 
the  commission  of  purposeless  acts.  The  patient 
may  be  dull,  forgetful,  or  slow  in  all  he  does  or 
says.  Sometimes,  however,  the  attack  acts  as 
an  apparent  vent,  for  the  epileptic  who  is  dull 

•  Courtesy  of  Dr.  Walter  G.  Chase,  who  has  taken  a  num- 
ber of  moving  pictures  of  the  different  stages  of  epileptic 
fits  at  the  Craig  Colony. 


liefore  the  paroxysm  is  afterward  exceptionally  bright. 
In  certain  cases  a  blunting  of  the  moral  sense,  with 
impulsive  promptings,  is  shown  in  the  performance 
of  various  mischievous  and  dangerous  acts. 

The  motor  disturbance  after  a  seizure  is  chiefly  transi- 
tory. It  is  most  frequently  seen  as  an  occasional 
sequence  of  hemiepilep.sy,  the  epilep.sies  following  in 
the  wake  of  infantile  cerebral  palsy,  or  organic  disease, 
or  injury  of  the  brain  in  later  life.  It  is  to  be  looked 
upon  largely  as  an  exhaustion  of  cerebral  centers 
already  damaged  by  gross  disease,  or,  in  case  the 
paralysis  is  more  or  less  permanent,  both  the  epilepsy 
and  the  paralysis  are  but  symptomatic  expressions  of 
an  advancing  cortical  degeneration.  Not  infrequently 
grand  mal  epilepsy  of  idiopathic  origin  manifests  itself 
as  an  organic  epilepsy  by  a  partial  convulsion  and  in 
such  cases  transitory  palsy  is  not  infreqviently  seen. 
Usually  the  transient  paralysis  is  apparent  or  most 
marked  after  a  series  of  attacks  has  occurred,  this 
being  the  case  oftenest  in  hemiepilepsy,  in  which  serial 
epilepsy  is  most  frequently  seen.  As  successive  at- 
tacks develop,  the  weakened  parts  participate  less  and 
less  in  the  convulsive  movement  of  the  seizure.  The 
temporary  palsy  may  last  but  a  few  hours  or  may 
continue  for  days  and  weeks,  gradually  passing  off  as 
the  exhaustion  in  general  is  recovered  from.  In  some 
cases  a  vesical  weakness  succeeds  a  series  of  attacks. 
The  extent  and  duration  of  these  transitory  palsies 
are  always  in  direct  ratio  to  the  degree  of  muscular 
spasm,  and  confined  and  most  intense  in  those  parts 
previously  most  convulsed.'" 

Remote  Effects  of  Epilepsy. — The  epileptic  whose 
disease  is  deep  seated  presents  certain  conspicuous 
indications  of  his  disorder.  His  expression  is  dull, 
the  eyes  lack  luster,  and  the  lines  of  expression  in  the 
face  are  by  no  means  well  marked,  portraying  intel- 
lectual and  emotional  defects.  Fibrillary  tremors  are 
very  common  and  the  lips  are  puffed  and  inclined  to 
show  a  purplish  tinge.  The  skin  has  an  unhealthy 
look  and  luster;  there  is  a  general  evidence  of  poor  cir- 
culation and  defective  nutrition,  even  though  bromides 
are  not  used  to  excess.  The  tongue  often  presents  old 
scars,  the  evidence  of  former  attacks.  The  patient's 
movements  are  not  characterized  by  vigor;  they  are 
often  slow,  awkward,  and  somewhat  incoordinate. 
Mentally  he  may  present  evidences  of  great  weakness, 
especially  if  the  attacks  are  severe  and  frequent. 
Memory  defects  are  less  marked  after  the  petit  mal 
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Fig.  2072. — Chart  Showing  the  Chnical  Relationship  between  the 
Temperature,  Pulse,  Re.-*piration,  and  Epileptic  Seizures  in  a  Typically 
Fatal  Case  of  Status  Epilepticus.  The  continuous  line  represents  the 
respiration,  the  broken  Une  the  pulse,  and  the  dotted  line  the  tempera- 
ture; the  heavy  vertical  lines  indicate  the  seizures,  the  number  per  hour 
being  shown  by  the  figures  at  the  right. 
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type  than  that  of  the  grand  mal.  Some  patients  show 
marked  mental  weakness  after  relatively  slight  mani- 
festations of  the  disease,  while  others  with  many  severe 
seizures  may  preserve  nearly  their  original  strength  of 
intellect.  There  are  many  epileptics  whose  paroxysms 
are  purely  the  expression  of  an  original  epileptic"  con- 
stitution, the  characters  of  which  are  only  intensified 
Ijy  the  occurrence  of  epileptic  convulsions.  This  is 
especially  seen  in  children  of  inferior  physical  and  men- 
tal makeup  and  from  the  class  of  high-grade  feeble- 
mindedness. These  subjects  are,  perhaps,  able  in 
a  weak  way  to  perform  acts  requiring  little  intellect- 
ual energy,  or  they  grow  up  presenting  characteristics 
which  are  overlooked  by  fond  parents.  The  "strange" 
child  does  unlooked-for  things,  is  vicious,  or  unduly 
mischievous;  applies  itself  to  certain  studies,  learning 
with  great  ease,  while  it  is  hopelessly  deficient  in 
others.  Such  a  child  may  display  exceptional  smart- 
ness in  mastering  some   limited   "accomplishment." 


VVhenever  the  disease  becomes  firmly  established, 
the  interval  has  a  tendency  to  shorten,  and  in  institu- 
tions for  epileptics  where  the  severest  cases  are  eared 
for,  most  of  the  patients  have  attacks  daily,  or  even 
several  in  one  day.  Attacks  of  petit  mal,  w"hen  inter- 
spersed with  grand  mal,  are,  of  course,  much  more 
frequent  tlian  the  latter. 

As  before  alluded  to,  there  is  a  tendency  in  many 
cases  for  attacks  to  occur  in  groups,  although  isolated 
attacks,  as  Gowers  very  properly  says,  are  more 
common,  and  when  the  attacks  occur  in  cycles  there  is 
little  regularity,  so  far  as  numlxjr  is  concerned. 

Eclampsia  and  Epilepsy. — Young  children  are  very 
apt  to  have  one  or  two  convulsions  during  denti- 
tion or  at  the  onset  of  some  of  the  infectious 
diseases  of  childhood  which  are  looked  upon 
simply  as  eclamptic,  and  then  they  remain  entirely  free 
from  any  return  until  the  eighth  or  tenth  year,  when 
several  entirely   UMaccountal)le   seizures   make   their 
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Fig.  2073, — Chart  Showing  the  Clinical  Helationsnip  between  the  Temperature,  Pulse,  Respiration,  and  Epileptic  Seizures 
(rt)  in  a  Typical  Recoverable  Case  of  Status  Epilepticua,  (6)  in  a  Fatal  Acute  Status  in  the  Same  Case.  Some  Seven  Weeks 
Later.  The  continuous  line  represents  the  respiration,  the  broken  line  the  pulse,  and  the  dotted  line  the  temperature;  the 
heavy  vertica  lines  indicate  the  seizures,  the  number  per  hour  being  shown  by  the  figures  at  the  right. 


Born  of  drunken  or  insane  parents,  at  ten  it  becomes 
epileptic.  Its  "queerness"  increases,  and  its  fits  are 
not  cured;  dementia  follows,  or  the  type  of  disease 
changes,  and  the  infantile  attacks  are  substituted 
by  epileptic  insanity;  the  latter  developing,  if  the 
subject  is  a  female,  in  connection  with  some  men- 
strual derangement  or  a  trying  pregnancy  or  at  the 
menopause. 

Time  of  Occurrence  of  the  Attacks. — Epileptic  at- 
tacks may  be  divided  into  two  classes  as  regards 
their  time  of  occurrence — nocturnal  and  diurnal. 
The  mode  of  occurrence  may  be  regular  or  irregular. 
Recent  investigations^  show  that  in  the  tabula- 
tion of  a  large  statistical  material  the  attacks 
are  quite  evenly  divided  between  day  and  night.  The 
maximum  periods  in  their  order  of  frequency  are  in 
the  early  part  of  the  night  within  two  hours  of  falling 
asleep,  in  the  middle  of  the  day,  and  in  the  early  morn- 
ing. The  attacks  may  be  very  numerous,  some  pa- 
tients having  as  many  as  several  hundred  in  a  single 
day  (status  epilepticus).  On  the  other  hand,  they  may 
be  very  infrequent,  many  patients  having  but  three 
or  four  attacks  a  year.  I  have  seen  cases  in  which 
yearly  attacks,  or  one  attack  in  two  or  three  years, 
occurred.  By  far  the  greater  number  of  patients, 
however,  have  attacks  every  few  days  or  several 
weeks  apart,  and  women  have  attacks  often  just  be- 
fore, at  the  time,  or  immediately  after  the  menstrual 
period. 


appearance.  The  ordinary  epileptic  history  in  which 
the  disease  appears  in  childhood  is  as  just  stated,  but 
one  should  be  warned  that  a  very  small  percentage  of 
persons  with  eclamptic  history  in  childhood  ever 
develop  epilepsy  in  later  life.  In  many  cases  of 
epilepsy  there  is  no  antecedent  history  of  trouble, 
but  without  any  cause  whatever  one  or  more  parox- 
ysms appear,  and  the  possibility  of  further  mishaps 
of  a  similar  nature  keep  the  patient  and  his  relatives 
in  a  state  of  doubt  and  uncertainty.  The  risk  of  a 
second  attack  in  a  month  or  so  is  considerable,  and 
the  risk  is  not  much  lessened  for  several  months  or  a 
year.  Too  great  caution  cannot  be  exercised  as  re- 
gards the  giving  of  an  opinion,  and  while  it  will  not  do 
to  say  that  even  the  majority  of  early  eclamptic 
attacks  are  suggestive  of  subsetjuent  epilepsy,  it  is  a 
fact  that  the  early  .spasms  of  childhood,  occurring 
perhaps  at  the  third  or  fourth  year,  between  the  \>CT- 
iods  of  the  first  and  second  dentition,  without  great 
or  obvious  cause,  are  quite  likely  to  be  the  pre- 
cursors of  others,  in  regard  to  the  character  of  which 
there  can  be  no  possible  doubt. 

Status  epilepticus  is  a  condition  which  marks  the  oc- 
currence of  a  great  number  of  attacks  in  a  day  or 
several  days,  and  in  which  one  seizure  follows  so  closely 
in  the  wake  of  the  preceding  attack  that  consciousness 
is  not  regained  in  the  interval.  The  patient  becomes 
increasingly  comato.se.  the  body  temperature  rises 
to  a  great  height  (105°  or  107°),  and  death  soon  follows 
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from  exhaustion.  Recovery  is,  however,  not  impos- 
sible. Patients  may  even  recover  from  the  epilepsy 
itself  after  a  statusepilepticus  has  taken  place.' 

Masked  Epilepsy. — There  are  many  forms  of  irregu- 
lar seizures  which  jiresent  interesting  features.  Many 
of  them  when  carefully  observed  may  be  classed  under 
petit  mal  with  automatism  accompanying  or  following 
the  attack.  In  some  instances  patients  run  violently 
about  the  room  in  a  semiconscious  state  before  falling 
into  a  convulsion.  In  rare  instances  the  attack 
may  consist  almost  entirely  of  a  continued  running, 
the  patient  being  unaware  of  what  he  is  doing.  In 
many  cases  the  ijatients  begin  to  disrobe  or  put  on 
extra  clothing  without  knowing  what  they  do.  This 
phase  of  autonuitism,  or  befogged  state,  which  follows 
some  cases  of  the  petit  mal,  may  last  for  liours,  days, 
or  even  weeks.  In  cases  of  the  latter  duration,  how- 
ever, the  state  is  hardly  distinguishable  horn  an 
epileptic  insanity  or  delirium.  During  the  trance  or 
befogged  state  the  untrained  observer  may  notice 
nothing  unusual  with  the  patient;  the  latter,  however, 
may  take  long  journeys,  going  from  one  city  to  another, 
and  even  transacting  business  of  a  simple  character 
without  knowing  of  it  afterward.  In  the  majority 
of  such  eases  the  patients  busy  themselves  about 
senseless,  silly,  or  destructive  acts  and  are  freciuently 
picked  up  by  the  police  as  suffering  from  miltl  delirium 
following  the  abuse  of  drugs  or  alcohol.  Most  pati- 
ents, while  in  this  twilight  or  befogged  state,  are  stub- 
born and  resistive  and  therefore  easily  run  counter  to 
customs  of  modern  life,  and  altercations  with  strangers 
result.  Such  cases  are  of  great  interest  from  the 
standpoint  of  medical  jurisprudence.  As  a  rule,  the 
reprehensible  acts  are  motiveless,  and  are  not  remem- 
bered after  commission. 

The  interparoxijsmnl  state  may  be  one  free  from  any 
nervous  troxible  whatever,  the  patient  remaining 
quite  well  until  a  new  explosion  takes  place.  How- 
ever, the  more  carefully  such  cases  are  studied  the 
more  will  be  found  those  who  show  change  in  manner 
which  betrays  itself  in  an  apprehensive  melancholy 
that  may  still  later  give  way  to  a  state  of  great  irrita- 
bility. The  pupils  during  the  interparoxysmal  period 
are,  as  a  rule,  very  mobile  and  act  too  readily  to  light 
stimulation.  The  pulse  during  the  interparoxysmal 
state  is  usually  soft,  slow,  and  compressible.  The 
blood  pressure  is  usually  subnormal,  only  to  rise  as  the 
next  attack  approaches.  The  cutaneous  circulation, 
especially  in  aged  epileptics,  is  poor;  the  hands  are 
inclined  to  be  cold  and  clammy.  The  nails  are  dry 
and  brittle.  All  these  constitutional  defects  are 
independent  of  those  produced  by  extreme  use  of 
sedatives  still  too  commonly  employed  in  the  disease. 

The  influence  of  pregnancy  has  been  the  subject  of 
much  controversy.  Epilepsy  does  not  interfere  in 
any  serious  way  with  the  process  of  gestation  nor 
induces  miscarriage.  Pregnancy,  on  the  other  hand, 
almost  invariably  aggravates  the  epileptic  state 
itself,  and  patients  are  usually  left  in  a  worse  state  at 
its  discontinuance  independent  of  the  extra  mental 
.stress  entailed  by  motherhood.  Suppression  of  the 
menstrual  flow  is  apt  to  precipitate  a  convulsion, 
but  this  mishap  is  robbed  of  much  causative  value  in 
inducing  a  fit  because  the  majority  of  epileptic  women 
are  very  irregular  in  the  periodicity  of  the  menses,  a 
suppression  of  the  same  for  several  months  being  the 
rule  without  any  very  obvious  serious  consequences. 

The  commonly  accepted  report  that  certain  types 
of  epilepsy  may  be  cured  by  the  induction  of  malaria 
or  some  eruptive  fever  is  entirely  without  adequate 
foundation,  and  should  be  thoroughly  discouraged 
as  a  possible  hope  in  treatment.  As  a  general  rule, 
epileptics  bear  intercurrent  adynamic  disease  poorly, 
and  especially  pneumonic  disorders. 

Etiology. — It  is  an  undeniable  fact  that  heredity 
plays  the  most  extensive  part  in  the  causation  of 
epilepsy.  Of  980  cases,  no  less  than  435  presented 
some  family  history  of  neurotic  or  pulmonary  trouble 
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(drunkenness  included).  Thirty -five  per  cent,  of 
Cowers'  cases  were  characterized  by  the  same  state 
of  things,  and  with  other  authors — among  them 
Reynolds  and  Echeverria — the  proportion  of  cases  in 
which  there  is  a  neurotic  inheritance  varies  from  thirty- 
five  to  forty  per  cent.  As  the  result  of  such  inherit- 
ance, we  find  that  female  cases  rather  preponderate. 
Of  very  young  subjects  this  is  the  ride,  tnit  when  the 
disease  begins  after  twenty  it  appears  that  there  are 
more  males  who  become  epileptic  than  females.  In 
the  greater  part  of  all  cases  the  disease  first  manifests 
itself  before  the  twentieth  year. 

Of  980  collected  cases  in  which  the  beginning  of  the 
disease  was  known,  there  were — 


Females. 

Males. 

Total. 

Under  10  years 

Between  10  and  20  years 

Between  20  and  30  years 

Between  30  and  50  years 

103 

171 
145 

^1    ^ 

9.'; 

97 

92 

136 

49 

198 
208 
237 
217 
60 

Total 

511 

469 

980 

Cranial  deformities,  especially  microcephalus,  are 
found  with  epilepsy,  and  children  whose  crania  have 
undergone  premature  ossification  are  quite  apt  to  suf- 
fer from  irregular  forms  of  epilepsy.  Ten  to  fifteen 
per  cent,  of  children,  according  to  Delasiauve,  present 
epilepsy  conjointly  with  idiocy.  The  convulsions  abe 
quite  apt  to  be  associated  with  some  curious  form  of  in- 
tellectual perversion. 

The  traumatic  causation  of  the  disease  is  exceed- 
ingly interesting,  because  of  the  occasional  strange 
character  of  the  injuries.  As  a  rule,  blows  which 
leave  only  slight  or  no  external  signs  of  their  violence 
are  apt,  after  the  lapse  of  years,  to  be  followed  by  the 
outburst  of  epilepsy,  Depressions  over  the  para- 
central lobes  may  be  found  in  connection  with  uni- 
lateral paroxysms.  Bullet  wounds  which  perhaps 
have  caused  extensive  erosion  of  bone  may  also  be 
mentioned  as  causes.  In  one  case,  for  example,  the 
patient  presented  a  large  excavation  in  the  petrous 
and  mastoid  portions  of  the  temporal  bone,  and  this 
wound,  which  had  excited  a  meningeal  inflammation, 
also  gave  rise  to  a  very  severe  epilepsy  with  maniacal 
outbursts.  Blows  producing  fracture  of  the  internal 
table  of  the  skull  frequently  account  for  the  disease. 
A  scar  left  from  a  head  injury  may  be  the  .starting- 
point  of  a  painful  aura  which  is  the  precursor  of  an 
attack,  and  various  writers  allude  to  injury  of  the 
nerve  trunks,  the  sciatic  especially,  as  an  important 
though  rare  factor.  Where  desire  leads  the  will 
captive,  which  may  be  the  state  of  mind  of  the  pa- 
tients and  relatives,  it  is  very  easy  to  overrate  slight 
traumata  in  the  etiology  of  epilepsy.  One  should 
therefore  carefully  weigh  such  evidence,  especially 
by  a;-ray  examination  and  the  most  careful  neuro- 
logic study.  Many  cases  of  epilepsy  dating  from  early 
childhood  are  due  to  birth  injuries.  The  majority 
of  such  are  due  to  the  prolonged  labor  and  its  conse- 
quent asphyxia  rather  than  to  a  traumatic  injury  by 
forceps  delivery.  In  many  cases,  however,  both 
factors  play  a  role  in  the  etiology  and  the  causation 
of  each  cannot  be  properly  apportioned.  In  recent 
studies  it  has  been  shown  that  the  hereditary  factor, 
family  neuropathy,  is  only  a  little  less  frequent  in 
those  epilepsies  which  follow  in  the  wake  of  infantile 
cerebral  palsy  than  in  the  so-called  idiopathic  disease.* 

Syphilis  plays  aa  important  role  or  a  cause  of  true 
epilepsy.  When  it  rarely  does,  it  usually  follows  the 
remote  cortical  degenerative  effects  of  this  disorder, 
and  it  is  hard  to  indict  this  disease  as  the  sole  factor. 
However,  attacks  of  a  syphilitic  nature  are  usually 
preceded  by  headache  and  are  often  associated  with 
other  neurotic   changes   and   monoplegias  character- 
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istic  of  syphilis  of  the  nervous  system.  The  inter- 
])aroxysmal  state  is  quite  apt  to  be  characterized  by 
more  or  less  loss  of  memory,  intellectual  weakness, 
and,  in  some  cases,  a  great  desire  to  sleep  at  odd  times 
and  places,  such  a  tendency  being  apparently  irresist- 
il)le.  In  many  cases  there  is  disease  of  the  cranial 
bones  as  an  intermediate  factor.  No  pains  should  be 
sjiared  to  determine  definitely  by  serological  test  the 
presence  or  absence  of  syphilis  in  any  suspected  case 
of  epilepsy,  even  though  the  neurological  examination 
j  reveals  no  clinical  symptoms  of  syphilis. 
I  The  exanlhcmala  may  be  followed  by  the  develop- 
ment of  epileptic  attacks  which  are  often  very  intract- 
nl-ile.  This  is  especially  true  when  scarlet  fever  has 
l)receded  the  paroxysms.  Not  only  may  this  disease 
liave  such  an  influence,  but  measles,  smallpox,  diph- 
theria, and  a  number  of  maladies  of  like  nature,  may 
directly  cause  the  epilepsy. 

Metallic  poisoning  is  a  rare  cause,  and  when  we  find 
;  epileptic  convulsions  in  such  cases  it  is  usually  symp- 
tomatic of  some  advanced  encephalopathy.  The  use 
of  absinthe  and  alcohol,  when  excessive,  is  quite  apt 
to  give  rise  to  convulsions,  which  are  usually  of  a  vio- 
lent type.  The  latter,  as  a  rule,  are  imperfectly 
formed,  and  the  loss  of  consciousness  is  peculiar.  In 
some  the  mental  derangement  is  of  the  nature  of  a 
trance,  and  the  patient's  seizures  resemble  the  form 
of  the  disease  known  as  "masked  epilepsy." 

In  certain  oases  great  and  repeated  losses  of  hlood 
will  give  rise  to  epilepsy.  In  some  cases  there  is  an 
initial  migraine,  which  exists  for  some  time  before 
the  occurrence  of  the  seizures.  Sunstroke  occasionally 
is  the  exciting  cause  of  a  series  of  con^^llsions,  which, 
however,  can  rarely  be  called  epileptic. 

It  is  not  xincommon  for  an  epilepsy  to  develop  at  the 
time  the  menstrual  function  is  established.  Herpin 
reports  the  case  of  a  girl  whose  convulsions  appeared 
at  the  menstrual  epoch,  and  recurred  with  each  suc- 
ceeding period;  Maisonneiive  reports  similar  cases. 
The  suppression  of  vaginal  fluxes  is  naturally  a  deter- 
mining etiological  influence. 

Sexual  excesses  are  too  often  supposed  to  give  rise 
to  epilepsy,  and  masturbation  especially  is  given 
great  prominence  as  a  cause.  Onanism  is  very  com- 
mon among  epileptics  of  low  moral  gauge,  with  physical 
anomalies  of  development,  but  it  can  hardly  be  con- 
sidered in  the  light  of  a  cause.  Excessive  copidation 
and  lustful  excesses  are  mentioned  by  Continental 
writers  as  playing  a  part  in  the  creation  of  the  disease. 

Of  fear  and  mental  worry  and  anxiety  many  authors 
are  disposed  to  speak  as  important  exciting  or  pre- 
disposing causes.  There  is  no  doubt  of  the  bad  in- 
fluence of  the  latter,  but  the  importance  of  the  former 
is  to  be  admitted  with  some  reluctance,  although  it 
cannot  be  denied  that  a  sudden  shock  or  fright  has 
caused  attacks. 

Various  exciting  causes  are  quite  likely  to  be  dis- 
covered, especially  among  young  subjects.  Many  so- 
called  eclamptic,  or  rather  epileptic,  seizures  are  caused 
by  intestinal  worms,  or  by  the  presence  of  undige.sted 
food  and  the  absorption  of  ptomains.  Intestinal 
worms,  while  they  are  often  responsible  for  infantile 
eclampsia,  rarely  produce  epilepsy  in  adults.  Luykx 
and  Michel  report  cases  in  which  the  disease  seemed 
to  be  dependent  on  tenia,  and  in  that  reported  by 
1  Michel  the  seizures  occurred  during  five  years,  and 
ceased  with  the  expulsion  of  the  worm. 

Irritation  of  the  auditory  apparatus  is  likely  to 
produce  epilepsy,  and  the  paroxysms  may  follow  such 
simple  excitation  as  blowing  into  the  ear.  The 
attacks  from  such  a  cause  may  even  be  very  violent 
and  general. 

So  far  as  the  influence  of  diet  is  concerned,  we  find 
that  continued  or  excessive  indulgence  in  animal 
food  is  likely  to  predispose  to  the  disease  in  some  per- 
sons. Many  first  attacks  may  be  dated  back  to  an 
engorgement  of  the  stomach  or  to  some  act  of  gluttony, 
and  in  many  cases  immoderate  indulgence  in  food 


often  con.stitutes  an  exciting  factor.  Portal  speaks  of 
several  subjects  who  became  epileptics  after  glutton- 
ous indulgence  in  beans  (Dela.siauve),  and  the  older 
writers  also  refer  to  cases  in  which  the  ingestion  of 
poisonous  fungi  or  of  ergot  has  been  the  assigned  cau.se. 

Morbid  Anatomy  and  Pathology. — There  is  nothing 
that  can  be  called  constant  or  characteristic  in  the  way 
of  a  morbid  anatomical  appearance  in  the  epileptic 
brain.  This  di.sease  has  existed  in  connection  with 
iilmo.st  every  variety  of  pathological  change.  Men- 
ingeal or  o.sseous  thickening,  exostoses,  v.ascular  dila- 
tation and  sclerosis,  cerebral  atrophy  and  hypertrophy, 
the  presence  of  tumors — all  these  lesions  have  been 
found  to  exist  in  ejjileptic  cases. 

Recent  histological  investigations  of  the  cerebral 
cortex  as  to  which  part  of  the  brain  we  should  pri- 
marily look  for  the  epileptic  discharges,  has  yielded 
some  noteworthy  results.  Bevan-Lewis,  Buchholz, 
and  others  had  previously  found  changes  which 
seemed  to  point  to  atrophy  of  the  nerve  cells,  and  since 
then  Chaslin'  in  particular  has  made  careful  examina- 
tions of  the  epileptic  brain.  lie  found  proliferation 
of  the  glial  fibers  in  the  cortex,  which  are  arrangefi, 
especially  in  the  external  layers,  into  compact  bundles 
of  fibrils;  there  is  therefore  a  kind  of  sclerosis  or 
gliosis,  which  may  even  be  apparent  to  the  naked  eye. 
Bleuler'  has  confirmed  this  change;  he  found  also 
hypertrophy  of  the  outermo,';t  glia  layer  of  the  cortex. 
It  is  stUl  very  doubtful,  however,  whether  these  patho- 
logical changes  are  the  cause  of  the  epilepsy  or  the 
result  of  the  convulsions,  as  Marinesco  and  others 
think.  Marinesco  thinks  that  this  at  least  may  be 
regarded  as  the  cause  of  the  glial  proliferation,  while 
the  other  changes,  such  as  atrophy  of  the  tangential 
fibers  and  chromatolysis  of  the  cells,  may  be  attributed 
to  congenital  disposition  and  the  result  of  the  toxic 
processes. 

Alzheimer^  has  lately  demonstrated,  by  exhaustive 
investigations,  that  the  changes  described  by  Cha.slin 
occur  in  cases  of  epilepsy  (and  dementia),  and  has 
confirmed  these  changes  in  a  later  report.'  Sailer 
has  .also  attributed  a  form  of  epilepsy  associated  with 
dementia  to  a  sclerotic  cortical  process  ("hypertrophic 
nodular  gliosis").  Similar  observations  have  been 
))ublished  by  Rosenfeld,  Orlofi',^  and  others.  These 
forms  can  be  easily  distinguished  from  genuine 
epilepsy,  as  Voisin  has  stated. 

Turner'"  lays  stress  on  the  defective  constitution  of 
the  nervous  system,  in  particular  on  the  embryonal 
development  of  the  Betz  cells,  etc.,  and  he  finds 
changes  in  the  vasciilar  system  which  he  regards  as 
characteristic.  We  should  refer  to  the  articles  by 
Clark-Prout,"  Sala,'-  and  Buck,"  all  more  or  le.ss 
confirmatory  of  the  above  contention  of  a  progressive 
ghosis  of  the  cerebral  cortex  and  basal  ganglia. 

In  fatal  cases  of  st.atus  epilepticus,  recent  changes 
.are  found  in  the  blood-ve.ssels,  and  hemorrhages'^ 
which  are  undoubtedly  the  result  of  the  convulsion.s 
and  asphyxia.  Clark  and  Prout  ascribe  the  cell 
changes  also  to  this  cause. 

Although  pathological  anatomy  has  not  given  us 
any  definite  indications  as  to  the  site  of  the  disease, 
other  facts  point  to  its  nature  and  site  of  origin.  The 
view  which  formerly  prevailed  and  was  specially 
advocated  by  Kussmaul  and  Nothnagcl,  that  the 
medulla  oblongata  and  the  i)ons  were  the  seat  of  the 
disease,  has  been  practically  abandoned.  The  experi- 
ments of  Fritsch  .and  Hitzig,  l^nverricht,  Fran^ois- 
I'rank  and  Pitres,  etc.,  have  shown  that  epileptic 
attacks  may  be  excited  from  the  motor  zone  of  the 
cortex,  and  that  excision  of  certain  parts  of  the  cortex 
may  arrest  the  twitching  in  the  corresponding  groujis 
of  muscles.  We  know  that  lesions  of  the  motor  area, 
which  are  evident  to  the  pathologist,  may  have  the 
same  effect,  .\lthough  these  attacks  differ  from 
genuine  epilepsy  in  their  luiilateral  onset,  this  is  due 
to  the  fact  tluvt  the  stinuilus,  whether  artificially 
produced  or  due  to  disease,  proceeds  only  froni  the 
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motor  zone  of  one  hemisphere.  If  we  assume  that 
epilepsy  is  caused  by  a  lesion  of  the  motor  centers  on 
both  sides,  tlie  difference  in  the  symptoms  would  be 
practically  explained.  The  mental  disturbances 
which  follow  or  usher  in  the  attack,  and  the  weakness 
of  intellect  which  so  often  develops  in  the  course  of 
the  disease,  indicate  that  the  cerebral  cortex  is  the 
seat  of  the  disease.  The  fact  that  in  diseases  which 
cause  complete  interruption  of  conduction  in  the  motor 
tract  of  the  internal  capsule,  the  paralyzed  half  of  the 
body  may  be  exempt  from  the  convulsions,  is  also  an 
indication  of  its  cortical  origin.  In  one  interesting 
case,  an  epilepsj'  which  had  existed  for  many  years 
disappeared  after  an  attack  of  apoplexy  which  had 
produced  hemiplegia.  Lately,  however,  some  writers 
(Binzwanger,  etc.)  have  maintained  that  subcortical 
centers,  the  medulla  oblongata  in  particular,  are  con- 
cerned in  the  production  of  the  convulsions.  Ziehen'^ 
attributes  the  clonic  convulsions  to  the  cortex,  and 
the  tonic  to  their  experiments.  Binzwanger  expresses 
the  opinion  that  in  genuine  epilepsy  the  original, 
exciting  cause  of  the  convulsion  is  a  primary  lesion  of 
the  cortex,  but  that  the  discharge  produced  by  this 
excitement  takes  effect  most  rapidly  and  markedly 
upon  the  subcortical  motor  system.  He  attributes 
the  fall  at  the  onset  of  the  attack  to  sudden  inhibition 
of  the  motor  fimctions,  but  the  loss  of  consciousness 
is  sufficient  to  explain  this  symptom.  He  bases  his 
view  on  the  occurrence  of  abortive  attacks,  in  which 
this  inhibitory  discharge  is  the  only  symptom.  The 
epileptic  attack  is  regarded  as  a  discharge  of  accumu- 
lated irritation  from  the  cerebral  cortex  (Hughlings 
Jackson). 

Some  authors  are  inclined,  as  already  mentioned, 
to  think  that  encephalitis  of  the  motor  area,  usually 
in  childhood,  may  produce  the  changes  which  cause 
epilepsy,  but  this  can  apply  only  to  a  small  proportion 
of  the  cases.  Redlich'*  has  recently  advocated  this 
view,  pointing  out  that  slight  symptoms  of  irritation 
and  paralysis  have  often  a  hemiplegic  distribution. 

Diagnosis. — The  diagnosis  of  the  ordinary  epileptic 
attack  is  not  a  difficult  matter.  The  seizure  is  of 
such  a  dramatic  and  pronounced  character  that  it  is 
scarcely  possible  to  err  in  regard  to  its  true  nature. 
The  minor  seizures  are  sometimes  confounded  with 
attacks  of  syncope,  but  when  we  exclude  the  disorders 
of  motility,  which  do  not  belong  to  the  latter,  there 
should  be  no  chance  for  mistake.  It  must  be  remem- 
bered that  seiziires  of  petit  mal  do  not  occur  in  an  iso- 
lated form,  but  that  there  is  a  history  of  numerous 
previous  attacks. 

It  is  important  to  diagnose  whether  or  not  the 
paroxysm  is  the  manifestation  of  coarse  disease  of 
the  brain;  and,  in  such  cases,  limited  or  rather  exten- 
sive par.alysis  will  often  be  found,  as  well  as  optic- 
nerve  atrophy,  disturbed  reflexes,  and  distal  sensory 
trouble. 

In  some  instances  the  diagnosis  must  be  made  be- 
tween the  grand  attack  and  the  convulsions  of  uremia 
or  alcoholism.  The  uremic  convulsion  is  usually  pre- 
ceded by  a  history  of  mental  obscuration  with  perhaps 
some  ataxic  aphasia  and  headache.  The  presence  of 
■  edema,  albuminous  urine,  casts,  and  the  skin  pallor, 
furnish  confirmatory  indications. 

The  alcoholic  convulsions,  unless  due  to  chronic 
alcoholism,  are  preceded  by  a  debauch.  If  the  urine 
be  examined  it  will  be  found  that  the  bichromate  of 
potash  test  will  reveal  the  presence  of  alcohol  by  a  very 
peculiar  and  striking  change  of  color  to  green. 

Sometimes  we  may  confuse  the  lighter  attacks  with 
auditory  vertigo,  or  with  lithemic  or  gastric  vertigo, 
but  the  rotary  character  of  the  disturbance  in  the 
former,  and  the  connection  of  the  latter  with  digest- 
ive disturbance,  are  to  be  borne  in  mind. 

It  is  of  the  utmost  importance  that  the  medical 
man,  especially  if  he  be  called  upon  to  treat  and  in- 
spect soldiers,  prisoners,  or  the  inmates  of  the  pauper 
asylums,  should  be  on  his  guard  in  regard  to  the  simu- 
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lation  of  epilepsy.  This  form  of  imposture  is  common 
enough,  and  is  very  difficult  of  detection.  Various 
authors  upon  medical  jurisprudence  have  recorded  a 
number  of  cases  in  which  a  malingerer  kept  up  the 
deception  for  a  period  of  several  years.  The  case  of 
"Clegg,  the  Dummy  Chucker,"  reported  by  Carlos 
MacDonald,  is  of  this  kind.  The  subject  was  an 
habitual  criminal  who  repeatedly  tlirew  himself  from 
high  platforms  in  the  jail  to  the  stone  floor  below,  and 
bore  many  self-inflicted  injuries  without  a  murmur, 
that  he  might  escape  certain  duties  or  punishments. 
He  was  finally  detected  by  MacDonald.  The  im- 
postor cannot  change  the  size  of  his  pupils,  nor  can  he 
counterfeit  the  color  of  the  skin  which  belongs  to  the 
real  fit.  The  epileptic,  as  a  rule,  doubles  his  thumb 
under  his  other  fingers,  which  are  strongly  flexed — a 
thing  neglected  by  the  impostor.  The  latter  is  ordi- 
narily on  the  alert  to  see  how  his  behavior  will  impress 
the  bystander,  and  an  occasional  suggestion  from  an 
outsider  will  be  acted  upon  by  the  designing  person, 
who  will  thus  betray  his  consciousness  as  well  as  his 
anxiety  to  make  an  impression. 

Prognosis.^Epilepsy  is  certainly  one  of  the  most 
discouraging  of  all  diseases  of  the  nervous  system  so 
far  as  the  hope  of  cure  is  concerned,  but  the  prognosis 
is  much  less  bad  at  the  present  time  than  it  was  before 
the  judicious  use  of  bromides  and  the  attention  to 
diet,  occupation,  and  special  therapy  to  improve  the 
proper  nutrition  and  elimination  of  waste  products 
from  the  system.  Those  forms  of  epilepsy  which  are 
of  idiopathic  origin,  or  which  are  dependent  upon 
coarse  cerebral  disease,  osseoiis  lesions,  or  advanced 
syphilis,  are  well-nigh  hopeless,  but  of  those  cases 
which  owe  their  genesis  to  less  profound  causes,  a 
few  are  modified  or  cured  by  treatment.  It  is  im- 
possible to  give  satisfactory  statistics  of  cures,  from 
the  fact  that  most  of  the  cases  are  imperfectly 
watched.  Sex  seems  to  have  little  or  nothing  to  do 
with  the  patient's  chances.  The  cases  in  which  the 
disease  develops  before  the  tenth  year,  or  after 
adolescence,  are  more  readily  helped  than  those  in 
which  it  begins  between  the  tenth  and  twentieth  years 
(Gowers),  and  this  is  probably  due  to  the  fact  that 
the  idiopathic  causation  is  more  common  before 
twenty.  The  form  with  grave  attacks  alone  is  more 
easily  cured  than  that  in  which  petit  mal  is  a  feature, 
and  uncomplicated  petit  mal  is  perhaps  the  least 
hopeful  of  any  form.  The  curability  of  the  disease 
depends  much  upon  its  duration  and  the  number  of 
attacks.  Cases  of  hereditary  origin  are  commonly 
regarded  as  less  amenable  to  treatment,  but  Gowers 
is  not  of  this  opinion.  Fifteen  per  cent,  of  Gowers' 
successful  cases  were  those  in  which  heredity  existed. 
In  a  series  of  twenty-nine  reported  cases  coimted  as 
cured  or  arrested  for  a  term  of  years,  and  published 
by  Clark,"  twenty  either  had  an  heredity  of  epilepsy 
or  insanity  or  both  in  the  direct  antecedents.  Those 
cases  in  which  the  fits  are  separated  by  long  inter- 
vals are  most  readily  cured.  Even  though  the  at- 
tacks be  severe  and  recur  at  short  intervals,  the 
prognosis  is  not  necessaril)'  hopeless  if  sufficient  gen- 
eral causes  in  errors  of  metabolism  are  in  evidence, 
the  removal  of  which  show  a  rapid  betterment  in  the 
epileptic  state.  The  presence  or  absence  of  an  aura 
does  not  essentiallj'  alter  the  prognosis,  although  the 
existence  of  an  aura  may  enable  one  to  abolish  in- 
dividual attacks.  Cases  in  which  cranial  deformities 
exist  are  usually  bad,  though  the  attacks  be  irregiilar 
and  bizarre  in  character.  The  existence  of  marked 
mental  impairment  or  epileptic  insanity  is  always  un- 
favorable, yet  recovered  cases  of  the  latter  are  not 
very  rare.  Fatal  cases — that  is,  cases  in  which  the 
patient's  death  has  been  directly  due  to  the  disease, 
either  in  single  attacks  or  from  a  serial  or  status  period 
— are  not  so  very  rare.  Probably  a  third  of  the  deaths 
of  all  chronic,  long-standing  cases  are  to  be  ascribed 
to  the  disease  itself.  Death  in  single  attacks  is  usu- 
ally by  asphyxia.     Those  dying  with  status  do  so 
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from  either  exhaiistiou  or  pneumonia  or  pulmonary 
edema.  It  occasionally  happens  that  epileptics  are 
suffocated  from  the  lodgment  of  a  piece  of  meat  in 
the  air  passages,  while  a  number  of  accidents,  among 
them  falls,  are  apt  to  lead  to  death  by  drowning,  by 
cranial  fracttire,  or  by  suffocation  caused  by  the  un- 
natural position  in  which  the  patient's  head  has  been 
placed  as  a  result  of  the  fall.  In  several  instances, 
of  which  C)Uack  advertisements  have  made  great  use, 
the  patients  fell  into  an  open  fire-place,  or  against  a 
hot  stove.  We  have  already  alluded  to  the  danger  of 
rupturing  a  muscle  or  dislocating  a  joint. 

Trealmcnt. — In  our  management  of  epilepsy  we  are 
to  avoid  everything  that  smacks  of  routine  treatment. 
No  doubt  nuich  of  its  intractableness  to  therapy  is 
due,  first,  to  the  fact  that  a  vigorous  and  energetic 
treatment  is  often  not  undertaken  until  the  disease 
is  firmly  established,  and  second,  that  the  individual 
patient  is  given  too  little  attention  and  the  convulsive 
phenomena  usurp  the  whole  treatment.  If  epi- 
lepsy is  to  be  considered  as  a  disease-entity,  the  result 
of  variable  causes  and  having  different  residual  ana- 
tomical changes  in  the  cerebral  cortex  and  the  basal 
ganglia  as  its  morliid  seat,  then  the  disorder  is  a 
continuous  one  of  which  the  attacks  are  but  one 
of  the  great  and  dramatic  symptoms.  It  should  be 
our  constant  aim  to  apportion  the  relative  merits  of 
the  several  causes  and  endeavor  to  remove  them.  An 
idea  of  the  real  nature  of  epilepsy  sketched  on  as 
large  a  disease  canvas  as  the  foregoing,  gives  us  a 
true  picture  of  the  ailment  we  are  called  upon  to  treat. 

The  mere  administration  of  a  much  recommended 
drug,  even  the  bromides,  without  studying  the  indi- 
cations for  its  use,  will  do  no  good,  but  wLU  work 
great  detriment  to  the  patient  and  his  disease.  The 
epileptic  paroxysm,  after  all,  is  but  a  discharge  from 
overexcited  and  unstable  nerve  cells,  and  is  a  symp- 
tomatic condition  of  a  great  variety  of  pathological 
states.  As  a  general  plan  of  treatment  it  should  be 
our  endeavor  to  maintain  a  condition  of  circulatory 
equilibrium,  so  that  the  cerebral  blood  pressure  shall 
not  undergo  very  rapid,  sudden,  or  great  changes. 
Cardiac  stimulants  or  sedatives  should  perhaps,  form 
a  part  of  the  treatment  in  different  cases,  and  these 
may  be  combined  with  remedies  having  specific 
neurotic  or  alterative  effects.  In  some  cases  the  use 
of  digitalis  is  almost  a  necessity,  and  in  others — those 
more  particularly  in  which  there  is  a  tendency  to  cere- 
bral hyperemia — remedies  of  an  opposite  class  are  re- 
quired. In  what  the  older  writers  called  anemic 
epilepsy,  the  use  of  digitalis  is  absolutely  important, 
or  we  may  use  a  remedy  which  was  first  recom- 
mended by  Gowers,  viz.,  nitr-oglycerin,  in  doses  of 
gr.  tJj  to  sV  thrice  daily. 

There  are  a  great  number  of  remedies  which  have 
been  used  empirically  almost  from  time  immemorial. 
In  many  cases  no  intelligent  idea  is  entertained  as  to 
their  physiological  action.  It  is  not  proposed  to 
refer  to  many  of  them,  except  in  the  most  superficial 
way,  for  but  few  possess  any  virtues. 

No  general  remedies  have  been  of  so  much  service 
as  the  bromides,  especially  those  of  sodiiun,  ammo- 
nium, and  potassium,  and  since  their  introduction, 
about  fifty  j-ears  ago,  the  number  of  cures  has  greatly 
increased.  The  prognosis  has  also  improved,  as  our 
knowledge  derived  from  experimental  therapeutics 
has  broadened.  In  186.5-70,  five  or  ten  grains  of  the 
bromide  of  potassium  in  divided  doses  was  considered 
a  maximum  quantity;  a  few  years  later  certain 
.American  physicians  advocated  immense  doses — even 
an  ounce  daily.  Maximum  doses  of  twenty  grains, 
.  repeated  thrice  daily,  control  the  convulsions  in  cases 
which  are  amenable  to  this  kind  of  treatment — cases 
in  which  the  attack  has  perhaps  been  previously 
aggravated  by  very  large  doses. 

In  most  cases  of  this  grave  disease  it  is  of  the  first 
importance  to  ascertain  the  length  of  the  inter\-als 
between  the  attacks,  the  time  of  day  at  which  they 
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usually  occur,  and  the  patient's  general  condition. 
The  amount  of  bromide  to  be  given  daily,  say  of  the 
sodic  salt,  which  is  the  best,  nuiy  1)C  fixed  at  from  one  to 
two  drams,  to  be  given  in  divided  doses,  the  largest 
one  just  before  the  expected  attack.  Should  the  latter 
occur  in  the  early  morning,  it  is  best  to  administer  the 
remedy  at  night,  and  perhaps  to  reinforce  the  quantity. 
In  some  cases  in  which  the  periodicity  of  the  paroxysm 
can  be  definitely  determined  the  dose  may  be  increased, 
and  the  dnig  used  more  freely  for  several  days  before 
the  expected  explosion.  Many  practitioners  com- 
n\ence  by  inducing  a  mild  brominism,  which  is  mani- 
fested by  anesthesia  of  the  fauces,  and  by  some  appear- 
ance of  acne  upon  the  forehead,  or  by  the  bromic 
breath.  It  is  exceedingly  injudicious  to  go  beyond 
this  point,  for  when  the  nutritive  processes  are  inter- 
fered with,  the  medicine  does  harm  instead  of  good. 
The  bromide  salts  should  always  be  given  in  plenty  of 
water,  and  vichy  is  a  decided  improvement  over  simple 
water,  because  of  its  advantage  in  securing  tolerance 
of  the  drug  by  the  stomach.  When  epilepsy  is  de- 
pendent upon  organic  changes,  either  syphilitic  or 
otherwise,  a  saturated  solution  of  the  iodide  of  potas- 
sium or  sodium  may  be  used  separately  and  either  of 
these  salts  given  in  milk,  or  vichy  should  be  used  in 
large  quantities.  The  so-called  "  American  System  " 
should  be  followed  in  the  administration  of  the  iodide, 
and  even  half  an  ounce  or  more  should  be  given  daily. 
In  cases  in  which  the  attack  is  preceded  by  headache, 
the  iodide  is  especially  serviceable.  The  bromides 
may  be  given  in  combination  with  tincture  or  in- 
fusion of  digitalis,  and  small  quantities  of  arsenic  may 
be  incorporated  for  the  purpose  of  preventing  skin 
troubles.  In  other  cases  the  combination  of  chloral 
hydrate  or  aconite  is  advisable.  The  bromic  treat- 
ment should  be  continued  in  a  modified  form  for  at 
least  two  or  three  years  after  the  attacks  disappear. 
It  will  be  found,  in  some  cases,  that  the  combination 
of  the  three  principal  bromides  sometimes  acts  more 
energetically  and  efficaciously  than  either  singly.  The 
use  of  fats,  especially  cod-liver  oil,  is  often  of  the 
greatest  service  when  the  bromides  fail  alone.  We  have 
ijeen  enabled  in  this  way  to  help  many  cases  in  which 
the  bromides  had  been  used  before  without  any  con- 
siderable success.  The  administration  of  the  bromides 
in  combination  with  opium  or  morphine  constitutes  the 
so-called  Flechsig  treatment.  The  patient  is  sub- 
jected to  a  continued  treatment  with  opium  or  its 
alkaloid  in  increasing  doses,  and  afterward  when  the 
toxic  effects  are  mildly  produced  this  drug  is  discon- 
tinued, and  a  course  of  bromides  ordered.  Rectal 
injectionsof  a  preparation  of  the  substance  known  as 
bromipin  have  been  in  \ise  in  Germany  in  doses  of 
rt\xv.,  the  patient  being  forl)idden  to  use  any  salt  in  his 
food.  The  nightly  enemata  of  this  sub.stance  must 
be   increased   until   three   or  four   grams   are  taken. 

Delasiauve  refers  to  no  less  than  eighty-nine 
remedies  or  forms  of  treatment,  and  this  is  but  a  small 
number  when  we  consider  that  his  book  appeared  over 
half  a  century  ago,  and  that  new  remedies  are  con- 
stantly being  recommended.  The  discovery  of  the 
bromides,  as  already  stated,  constitutes  the  only  real 
advance  in  drug  therapy.  As  to  the  other  remedies, 
it  will  suffice  if  we  enumerate  chloride  of  potassium, 
sulphate  of  zinc,  oxide  of  zinc,  sulphate  of  copper, 
chloride  of  gold,  nitrate  of  silver,  and  phosphonis,  as 
remedies  which  have  had  their  day  but  which  are 
still  occasionally  employed;  while  the  list  of  vegetable 
remedies  is  simply  legion.  Valerian,  camphor,  the 
camphor  monobromate,  asafetida,  musk,  castor, 
opium,  belladonna,  aconite,  indigo,  turpentine,  and 
coiiium  are  among  the  most  prominent  of  these. 

The  question  is  no  longer  between  bromide  and  some 
other  drug,  but  between  drugs  and  dnigle.ss  treat- 
Tuent.  If  setlatives  have  to  be  used  at  all  they  must 
be  chiefly  bromide.  That  this  view  is  the  one  com- 
monly accepted  is  shown  by  the  great  activity  in 
preparing  synthetics  containing  a  large  percentage  of 
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bromide.  Sodium  bromide  is  not  only  a  palatable 
and  agreeable  drug,  b\it  it  is  also  cheap  and  is  not 
inferior  to  any  of  the  new  synthetics. 

For  years  routine  sedative  treatment  has  so  usurped 
the  field  of  attention  in  epilepsy  tliat  many  physicians 
liave  made  no  serious  attempt  really  to  understand 
the  nature  of  the  difficulties  confronting  them.  This 
has  led  to  great  inroads  of  special  faddism  in  legiti- 
mate fields  of  medicine  such  as  eye-strain  and  other 
reflex  explanations,  and  a  host  of  vampire  patent 
remedy  venders.  Now  that  we  are  in  the  day  of  real 
scientific  inquiry  as  to  the  nature  of  the  individual 
case,  especially  the  factors  of  defective  bodily  func- 
tions, there  is  more  hope  that  we  shall  know  the  in- 
fluence which  such  disorders  have  upon  the  mental  and 
neural  make-up  of  the  spasmophilitie  constitution. 

Bromides  should  not  be  used  until  everything  in  the 
physical  make-up,  in  circulation,  digestion,  and  the 
like  important  functions,  is  set  quite  right,  and  then 
the  sedatives  need  to  be  applied  with  the  greatest 
caution  as  they  have  such  potency  to  injure  the  func- 
tions most  desired  to  remain  normal. 

A  word  as  to  the  so-called  detoxicating  or  anti- 
autotoxic  regimen.  This  does  not  lie  in  the  applica- 
tion of  a  single  resource  or  a  few,  but  represents  the 
application  of  most  of  our  modern  resources  at  the 
same  time.  MaTiy  measures  are  advocated  for  no 
other  reason  than  the  possible  diminution  of  the 
sum  of  the  autotoxic  poisons.  Sweating  and  purgation 
are  old  but  very  important  resources.  During  the 
Bouchard  period  "intestinal  antiseptics"  came  into 
vogue  and  their  influence  is  still  in  evidence,  for  now 
and  then  an  author  reports  good  results  from  the  use 
of  salicylic  acid,  bismuth,  naphthol,  and  similar  drugs, 
and  the  supposed  antiepileptic  power  of  borax  and 
boric  acid  is  believed  by  some  to  be  bound  up  in  this 
form  of  activity.  Much  of  dietetics  and  all  of  the 
measures  securing  intestinal  drainage  and  sterilization 
are  based  on  the  idea  of  detoxication,  so  that  right 
or  wrong  the  latter  conception  underlies  three-fourths 
of  our  modern  ideas  of  treatment.  Personally,  we 
believe  it  is  the  niost  rational  view  to  take  in  apply- 
ing any  general  plan  of  therapeusis  in  epilepsy. 

In  the  treatment  of  status  epilepticus,  likewise,  a 
host  of  drugs  have  been  recommended,  but  the  fol- 
lowing prescription  will  be  foimd  very  useful;  it  can 
be  given  by  the  rectum  if  the  patient  is  comatose: 

I^.     Sod.  brom gr.  xxx. 

Chlor.  hydrat gr.  xv. 

MorphinEe  aulphat gr.  i 

Tr.  opii gr.  V. 

Aquffi q.  s.  ad.    5i. 

SiG. — One-half  ounce,  and  repeat,  in  two  hours 
if  convulsions  are  not  controiled. 

In  the  status  the  heart  should  lie  supported  in  face 
of  the  sedative  treatment  here  advised  and  the  great 
exhaustion  entailed  upon  this  organ  as  the  result  of 
the  serial  convulsions.  This  is  best  done  by  hypo- 
dermic medication  of  camphor,  strj'chnine,  and  whis- 
key. 

Diet. — The  issue  of  a  proper  diet  for  the  epileptic  is 
so  very  important  that  I  take  occasion  to  sulimit  here 
a  general  sample  of  the  same  which  I  have  found 
most  useful,  and  in  which  the  foregoing  generalizations 
are  applied. 

Breakfast:  Cup  of  cocoa,  with  cream  and  sugar. 
Wheat  cereal  with  cream  and  little  sugar.  Two  soft 
boiled  eggs,  or  minced  chicken.  Rolls,  toast,  pulled 
bread,  or  zweiback.  Maximum  amount  of  butter, 
preferably  unsalted.  Strained  honey,  orange  mar- 
malade. Plenty  of  stewed  fruit  exclusive  of  those 
■with  small  seeds,  such  as  berries,  etc.  No  hot  bread 
allowed. 

10  to  11  a.  m.:  Choice  of  glass  of  milk  (top),  or 
milk  and  crackers.  Cup  custard,  junket,  egg-shake 
or  raw  eggs,  chicken  sandwich,  malted  milk,  butter- 
milk, or  lactone  milk. 
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Luncheon:  No  soups.  Liquids  restricted  to  less 
than  one  glass.  No  steak,  roast  beef,  pork,  salt  fish, 
or  shell  fish.  No  sweetbreads  or  kidneys.  No 
radishes,  raw  celery,  or  anchovy.  Choice  of  fresh 
fish,  chicken,  lamb,  mutton.  Fowl  of  all  kinds, 
except  domestic  duck  or  goose.  The  following  can 
be  used  freely:  peas,  beans,  spinach,  samp,  rice, 
macaroni,  spaghetti;  any  vegetable  that  may  be  put 
through  a  puree  sieve;  tender  beets  and  oj'ster  plant, 
stewed.  Boiled  potatoes  may  be  taken  occasionally, 
and  thoroughly  masticated,  also  asparagus  tips,  and 
salad  with  French  dressing.  Choice  of  rice  pudding, 
farina,  corn  starch,  blanc  mange,  prune  souffle, 
tapioca,  baked  apple  with  cream,  and  prunes.  No 
oranges,  grape  fruit,  or  raw  apples  allowed.  Cream 
cheese,  Camembert,  and  pot  cheese  may  be  taken. 

4  p.  m.:  Same  variety  as  at  11  a.  m.  with  the 
additional  choice  of  cocoa  with  sugar,  or  a  farinaceous 
dessert  such  as  on  luncheon  list. 

Dinner:     Same  variety  as  for  luncheon. 

While  liquids  are  restricted  at  meals,  water  should 
be  taken  freely  between  meals.     No  alcohol  allowed. 

Friction,  cold  baths,  and  exercise  are  to  be  insisted 
upon,  and  mild  intellectual  labor  is  good  for  the  sub- 
ject. If  possible  open  fires,  properly  guarded,  should 
be  placed  in  the  patient's  room. 

Surgical  measures  have  been  of  avail,  if  we  are  to 
believe  all  the  reports;  yet  the  experience  of  many 
successful  surgeons,  who  have  watched  their  cases 
for  a  long  time,  is  against  their  efficacy.  If  they  are 
to  be  used  it  should  be  only  in  cases  in  which  the 
evidence  of  a  traumatic  origin  is  very  clear. 

In  some  examples  it  will  be  found  that  the  aura 
proceeds  from  a  cicatrix  upon  the  scalp,  and  the 
exsection  of  this,  even  if  no  removal  of  bone  is  under- 
taken, may  be  sufficient.  In  such  cases  as  those 
reported  by  Lande,"  in  which  a  neuritis  was  the  cause 
of  the  convulsions,  exsection  or  nerve-stretching 
might  do  good,  but  of  course  such  hopeful  results  are 
problematical. 

Daily  Regime. — A  general  daily  regime  of  baths,  diet, 
and  occupation  should  be  specified,  adjusted  to  each 
case,  and  the  same  placed  in  the  hands  of  the  nurse  or 
the  patient's  relatives,  upon  which  scheme,  at  least  in 
all  severe  cases,  a  written  follow-up  record  should  be 
kept.  A  sample  scheme  which  we  have  employed  in 
youthful  epileptics  is  here  given : 

The  patient  is  placed  first  of  all  with  a  nurse-trainer 
in  a  congenial  but  quiet  country  environment,  away 
from  the  family  by  preference.  The  daily  schedule 
rims  about  as  follows:  The  patient  rises  at  6  A.  M. 
and  takes  ten  or  fifteen  minutes  of  a  gradually  increas- 
ing severe  grade  of  active  calisthenics  with  Indian 
clubs,  medicine  ball,  or  weights.  He  then  takes  a 
glass  of  hot  water,  a  cold  shower-bath  and  a  brisk 
rul>down,  and  breakfasts  on  an  egg,  small  amoimt  of 
cooked  cereal,  a  glass  of  milk  and  some  stewed  fruit. 
Immediately  after  breakfast  he  takes  a  walk  of  six  to 
eight  miles,  which  he  covers  in  running  and  walking 
in  about  one  and  a  half  hours.  He  then  takes  a  glass 
of  milk  with  or  without  raw  eggs,  and  one  or  two  strips 
of  zweiback.  A  shower-bath  is  now  given  and  he  lies 
down  for  fifteen  minutes.  He  then  works  at  sa'ning 
wood  or  some  equally  useful  occupation  until  12.30. 
The  patient  next  hes  down  without  undressing,  sleeps 
or  not  for  half  an  hour,  and  is  then  given  dinner  of  fish 
and  milk,  vegetables,  cereals,  and  stewed  fruit.  This 
meal  should  be  eaten  in  not  less  than  forty  minutes. 
He  is  then  allowed  to  sleep  for  one  hour,  after  which  he 
follows  some  school  work  or  handicraft,  and  mid- 
afternoon  lunch  follows  with  rest.  From  5  to  G  P.  M. 
he  is  allowed  to  follow  some  light  intellectual  occupa- 
tion— reading  or  study.  Supper  of  milk,  eggs,  cereal, 
and  stewed  fruit  is  given  at  6. .30.  This  meal,  as 
breakfast,  is  light  and  should  occupy  at  least  thirty 
minutes  in  eating.  The  patient  is  then  allowed  games, 
recreation,  etc.,  until  S.30.  He  now  takes  the  special 
treatment  of  a  warm  bath  and  general  massage,  etc., 
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and  is  ill  lied  for  the  night  at  9.30.  No  alcohol, 
tobacco,  tea,  or  coffee  is  allowed.  The  patient  is 
encouraged  to  drink  at  least  two  quarts  of  water  daily. 
High  colon  irrigations  are  given  every  other  night,  and 
every  ten  days  castor  oil  or  calomel  in  divided  doses 
is  given.  The  articles  of  food  in  the  three-meal  diet 
are  changed  every  fortnight.  The  occupation  is  also 
changed  every  two  weeks  if  desired.  The  patient  is 
steadily  encouraged  to  work  and  xjlay  in  moderation; 
complete  and  absolute  rest  is  also  insisted  on.  A 
chronological  diary  report  is  kept  of  the  day's  schedule 
and  is  reviewed  two  or  three  times  a  week  h>y  the  physi- 
cian. For  the  first  few  months,  a  daily  uranalysis  is 
made  and  charted  to  cover  the  solids,  urea,  indican, 
and  albumin  content.  Almost  without  exception, 
every  case  showing  metabolic  defects  has  either 
indican  or  albumin  in  varying  amounts  for  the  first 
two  or  three  months  after  coming  under  the  training 
treatment.  In  time  this  disappears  entirely  if  the 
schedule  is  carefully  maintained.  For  weeks  after 
the  indicanuria  is  eliminated,  some  trace  of  albumin 
appears  in  most  cases,  which  seems  to  be  related 
largely  to  disturbance  in  protein  digestion.  Stool 
analysis,  beyond  the  grossest  examination,  has  not 
been  of  practical  .service  in  our  experience. 

It  will  be  seen  from  the  dietary  and  daily  schedule 
that  the  underlying  idea  of  care  and  treatment  is  to 
make  the  epileptic  a  robust  individual,  which  should 
be  the  main  purpose  of  treatment  in  every  case  before 
any  special  drug  is  applied.  This  preliminary  treat- 
ment may  take  several  weeks  or  months.  For  those 
epileptics  who  cannot  afford  to  maintain  the  training 
treatment  under  suitable  circumstances  there  remain 
the  several  State  institutions  established  especially 
for  this  class.  All  severe  cases,  having  several  attacks 
daily  or  weekly,  should  be  referred  to  these  special 
institutions  for  care  and  treatment.  In  such  hospitals 
or  colonies  all  patients  may  be  treated  in  accordance 
with  regulations  of  diet,  hydrotherapy,  and  medicinal 
agencies.  Of  individuals  suffering  from  even  severe 
epilepsy  who  find  residence  in  these  institutions,  one 
to  six  per  cent,  ultimately  recover  while  a  much  larger 
per  centage  are  much  improved.  In  these  farm 
and  hospital  colonies  out-door  employment  in  agri- 
culture and  kindred  pursuits  is  provided  in  abundance. 
All  manner  of  trades,  schools,  and  occupations  are  at 
hand.  The  several  institutions  in  the  different  States, 
organized  on  the  village  plan,  are  located  on  a  large 
tract  of  land.  SuitaVjle  amusements  and  entertain- 
ments are  allowed  and  are  carefully  selected  and  ad- 
justed to  the  individual  needs  of  all  the  resident 
patients.  The  colonization  of  epileptics  has  now  been 
under  way  in  this  country  and  abroad  for  a  sufficient 
number  of  years  to  prove  that  it  is  a  very  humane 
and  wise  provision  for  the  indigent  sufferers  from 
epilepsy;  and  though  the  majority  of  epileptics  com- 
mitted to  this  form  of  care  and  treatment  may  be 
doomed  to  suffer  from  their  disease  throughout  their 
lives,  their  state  under  such  conditions  can  never  be  as 
wretched  and  hopeless  as  heretofore. 

L.  Pierce  Clark. 
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Epileptic  Colonies. — See  Colony  Treatment. 

Epinephrine,   OH  io  the  isolated  active  prin- 

■^jOH       ciple  of  the  medullary  por- 
tion of  the  adrenal  gland. 
The  chief    results  of  the 
CH.OH     injection     of     tliis     sub- 
t  stance  are  marked  rise  of 

CH2  blood    pressure,    due    to 

1  constriction    of  the  arte- 

NHCHa  rioles  by  an  action  upon 
their  musculature,  and  increa.sed  strength  of  the  heart 
beat.  Dilatation  of  the  pupil,  erection  of  hairs,  re- 
laxation of  intestinal  wall  and  bladder  wall,  and  flow 
of  saliva  may  accompany  the  subcutaneous  admin- 
istration of  epinephrine.  In  general  its  action  corre- 
sponds to  that  produced  by  general  stimulation  of 
the  sympathetic  neri'ous  system.  During  life  it  is 
assumed  that  epinephrine  is  being  constantly  pro- 
duced and  distributed  over  the  body  thus  main- 
taining the  muscular  tonus.  If  this  distribution  is 
prevented,  as  for  instance,  by  adrenal  extirpation 
or  ligation  of  the  veins,  blood  pressure  falls  and 
muscular  prostration  rapidly  followed  by  death  en- 
sues. In  Addison's  disease  a  lack  of  epinephrine, 
due  to  disease  of  the  adrenals  is  assumed  to  be  respon- 
sible for  the  asthenia  which  is  so  noticeable  in  this 
condition.  When  epinephrine  is  injected  in  relatively 
large  amounts  a  transitory  glycosuria  accompanied 
by  a  significant  hyperglycemia  is  in  evidence,  whereas 
in  disease  of  the  adrenals,  as  in  Addison's  disease, 
the  sugar  of  the  blood  is  reduced  to  a  minimum.  See 
also  Adrenalin.  Frank  P.  L'nderhill. 

Epiphora. — See  Lacrymal  Apparatus.  Affections  of. 

Epiphyses. — The  exact  meaning  of  the  word 
epiphysis  seems  more  or  less  a  matter  of  opinion. 
\'arious  writers  define  it  differently,  and  sometimes 
one  writ«r  will  employ  it  in  different  places  with  differ- 
ent meanings.  For  the  purpose  of  this  article  we 
shall  define  the  word  as  follows :  The  epiphysis  is  that 
portion  of  the  end  of  a  long  bone  which  develops  from 
a  separate  center,  or  from  separate  centers  of  ossifi- 
cation. It  consists  at  first  of  cartilage,  lat^r  of  carti- 
lage and  bone,  then  of  bone,  which  is  separated  from 
the  main  bone  by  a  layer  of  cartilage — the  epiphyseal 
cartilage.  When  growth  ceases,  the  epiphysis  l)ecomes 
united  to  the  shaft,  and  the  bone  tissue  of  one  becomes 
continuous  with  that  of  the  other.  The  epipliysis 
then  cea.ses  to  exist.  According  to  our  definition  the 
bones  of  the  adult  have  no  epiphyses,  nor  does  any 
evidence  persist  of  their  original  boundaries. 

Centers  of  ossification  appear  at  different  periods 
of  time  in  the  several  epiphyses,  and  the  epiphyses 
unite  with  the  shafts  at  dilTerent  ages.  Until  union 
takes  place,  growth  in  the  bone  continues.  When 
the  epiphysis  unites  with  the  shaft,  growth  ceases  in 
that  region.  .\ny  cutting  operation  on  an  epiphvsis 
usually  causes  its  premature  ossification  and  union 
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with  the  shaft,  and  therefore  ends  the  gro-n-th  of  the 
bone  in  that  place.  No  cutting  or  scraping  operation 
should  ever  be  done  upon  the  ends  of  a  child's  bones 
without  a  full  realization  of  the  checking  of  the  growth 
which  will  ensue.  The  greatest  bone  growth  in  the 
body  takes  i)lace  in  the  lower  end  of  the  femur  and 
in  the  upper  end  of  the  tibia.  A  radical  operation 
upon  a  child's  knee-joint  may  make  a  shortening  on 
that  side  of  ten  to  fifteen  centimeters  (four  to  six 
inches).  It  is  better  to  take  long  chances  with  milder 
measures,  and  then,  if  necessary,  to  sacrifice  the  ex- 
tremity, than  to  resort  to  early  operation. 

Non-operative  mechanical  injuries  may  or  may  not 
cause  premature  ossification. 

A  table  of  approximate  dates  of  the  appearance  of 
the  centers  of  ossification  and  of  the  union  of  the 
epiphysis  to  the  shaft,  follows: 


Epipliysis. 

Center  of 
Ossification. 

Union  of  epiph- 
ysis to  shaft. 

18th-20th  year. . 
18th-20th  year. . 

1st  year 

2d  year 

10th  year 

4th  ye.ir 

5th  year 

2d  year 

25th  year. 

Sternal  extremity  of  clavicle 

Head  of  humerus 

Lower  end  of  humerus 

Ulna          ^  Upper  epiphysis . 

I  Lower  epiphysis. 
Radius..  {Upper  epiphysis. 

I  Lower  epiphysis. 

25th  year. 
20th  year. 
16th-17th  year. 
16th  year. 
20th  year. 
14th  year. 
20th  year. 

20th  year. 

Inner  four,  digital  extremity 

Thumb,  base 

Phalanges  of    i  1st  row 

hand,  base.  1  2d  row 

3d  year 

3d  year 

3d-4th  year 

4th-5th  year. .  .  . 

20th  year. 
20th  year. 
18th-20th  year. 
18th-20lh  year. 

^— ••[reTv.-.;::::: 

Tibia /  upper 

I  lower 

Fibula f  upper 

L  lower 

Ist  year 

9th  month  fetal 
life. 

At  birth 

2d  year 

4th  year 

2d  year 

18th  year. 
20th  year. 

20th  year. 
18th  year. 
25th  year. 
20th  year. 

outer  4,  digi- 

Metatarsals.       *=>'"'■ 

great      toe, 

L    base. 

Phalanges     f  first  row 

of  foot,         second  row.... 

base.           I  third  row 

18th-2Qth  year. 

5th  year 

lSth-20th  year. 

4th  year 

6th-7th  year 

6th  year 

17th-18th  year. 
17th-18th  year. 
17th-18th  year. 

Separation  of  the  Epiphysis. — An  epiphysis  may 
be  separated  by  violence  from  the  shaft,  at  any  period 
of  its  existence.  The  same  result  is  sometimes  brought 
about  by  acute  disease,  but  then  it  is  simply  an  in- 
cident in  the  course  of  the  disease,  and  does  not 
merit  a  special  description.  A  reference  to  the 
table  given  above  will  show  the  age  limit  below  which 
the  lesion  may  take  place. 

Burns  (Quoted  by  Stimson.  Archiv  filr  klinische 
Chirurgic,  1S78,  xxii.,  343)  found  that  the  epiphyses 
most  frequently  separated  were  those  of  the  lower 
end  of  the  femur,  the  lower  end  of  the  radius,  and  the 
upper  end  of  the  humenis.  Whitman  {Medical 
Record,  July  2.5,  1893;  Anrials  of  Surgery,  June,  1897, 
and  February,  1900)  has  shown  that  the  upper 
epiphysis  of  the  femur  is  separated  much  more  fre- 
quently than  had  been  thought. 

Displacement  of  the  epiphyses  may  be  partial  or 
complete. 

The  caiise  of  the  lesion  is  usually  a  cross  strain. 
When  the  epiphysis  moves  out  of  place,  it  takes  with 
it  the  periosteum,  stripping  off  the  bone.  If  the 
displaced  epiphysis  be  not  reduced  promptly  the 
periosteal  new  bone  may  possibly  increase  the  de- 
formity as  time  goes  on,  and  may  render  a  later 
reduction  harder. 

The  symptoms  are  largely  those  of  fracture,  and  in 
fact  there  is  no  reason  why  the  lesion  should  not  be 
regarded  as  a  fracture.  It  is  practically  the  same. 
The  crepitus  elicited  is  possibly  a  trifle  softer.     In  rare 
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instances  separation  of  an  epiphysis  has  been  respon- 
sible for  an  arrest  of  growth  in  the  bone  at  that  .spot. 
Treatment  is  practically  the  same  as  would  be  that 
of  a  fracture,  namely,  restoration  of  tlie  normal 
relation  of  the  epiphysis  to  the  diaphysis,  and  reten- 
tion of  it  in  its  proper  place.  Resort  should  not  be 
had  to  open  operation,  if  this  can  be  avoided.  If  an 
open  operation  be  done,  unnecessary  trauma  must  be 
avoided. 

Acute  Epiphysitis. — The  bone-marrow  in  the 
epiphysis  is  subject  to  acute  inflammations,  and  the 
other  jomt  tissues  take  part  in  them.  Acute  epi- 
physitis is  a  modern  term  for  acute  infectious  joint 
inflammations  in  children,  but  no  reason  exists  for 
taking  it  out  of  the  category  of  arthritis  iq.v.) 

The  epiphyseal  marrow  may  be  involved  in  a  tuber- 
culous inflammation,  but  the  majority  of  opinion 
seems  against  the  possibility  that  it  is  the  primary  seat 
of  the  disease.  I  have  never  seen  a  case  of  separation 
of  the  epiphy.sis  in  pure  tuberculous  disease. 

Syphilis  and  other  joint  inflammations  may  also 
locate  in  the  epiphyseal  marrow.  See  the  article 
Arthritis. 

The  epiphyseal  cartilage  forms  a  barrier  to  the 
spread  of  disease,  a  quite  efficient  barrier  until  the 
nutrition  of  the  cartilage  has  been  damaged  sufficiently 
to  allow  the  inflammatory  process  to  perforate  it.  On 
this  account  an  inflammation  may  exist  indefinitely 
in  the  shaft  or  in  the  joint  without  invading  both, 
but  if  the  periosteum  be  involved,  the  invasion  may 
take  place  at  the  margin  of  the  cartilage.  Cartilage 
itself  is  not  vulnerable  directly  to  any  infection. 

Leonard   W.   Ely. 


Epispadias. — See  Penis,  Diseases  of. 
Epispastics. — See  Counlerirritation. 
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Epi  staxis — The  term  epistaxis  is  applied  to  bleeding, 
from  the  nasal  cavities  and  adjacent  sinuses.  Owing 
to  the  unusual  vascularity  of  the  nasal  region,  the 
delicacy  of  its  construction,  and  its  liability  to  accident 
nosebleed  is  of  very  common  occurrence. 

Etiology. — It  may  be  due  to  traumatisms;  to 
local  affections  of  the  nasal  cavities,  such  as  hyper- 
emia, dilatation  of  superficial  blood-vessels,  super- 
ficial erosions  of  the  mucous  membrane,  ulceration; 
to  the  presence  of  foreign  bodies  or  of  pharyngeal 
adenoids;  to  various  sy.stemic  affections  such  as  hemo- 
philia, anemia,  purpura,  and  scurvy;  to  diseased  con- 
ditions of  the  brain,  heart,  liver,  or  kidneys;  to  typhoid 
and  typhus  fever,  measles,  scarlatina,  diphtheria,  pneu- 
monia, etc.;  it  may  be  vicarious,  occurring  in  women 
at  the  menstrual  period;  or,  finally,  it  may  arise 
from  a  variety  of  other  causes  deiJendent  upon  severe 
excitation  of  the  circulation  or  irritation  of  the  surface 
of  the  nasal  mucous  membrane. 

It  may  occur  as  a  result  of  toxic  doses  of  certain 
drugs  which  are  eliminated  through  the  mucous  sur- 
face of  the  upper  air  passages.  It  is  present  in  frac- 
tures of  the  skull,  especially  at  the  base,  and  is  also 
found  with  necrosis  or  caries  of  the  bony  skeleton  of 
the  nose.  It  has  been  caused  in  gunners  by  the  severe 
concussion  of  heavy  firing.  It  occasionally  follows 
coitus.  Sudden  transition  from  a  normal  to  a  rarefied 
or  to  a  compressed  atmosphere  may  cause  it.  It  is 
not  infrequently  the  precursor  of  cerebral  apoplexy. 
It  is  commonly  met  with  in  boys  at  the  age  of  pu- 
berty, and  in  girls  it  may  precede  the  establishment 
of  the  catamenia.  It  may  occur  in  women  during 
pregnancy  and  at  the  menopause.  It  is  common  in 
childhood,  less  so  in  middle  life,  and  again  more  apt 
to  occur  with  advancing  age. 

The  bleeding  may  come  from  one  or  both  nostrils. 
Originating  from  the  deeper  part  of  one  nasal  cavity 
the  blood  may  be  deflected  into  the  nasal  cavity  of 
the  opposite  side,  and  escape  outwardly  through  that 
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nostril  or  into  the  jiliarynx.  Dangerous  nasal  hemor- 
rhage may  occur  during  sleep,  the  blood  being  swal- 
lowed without  attracting  the  attention  of  the  patient. 
(Serious  loss  of  blood  may  thus  result.  The  presence 
of  bleeding  in  such  a  case  would  proljably  be  demon- 
strated by  changing  the  position  of  the  patient  and 
causing  him  to  clear  his  throat. 

Bleeding  most  frequently  originates  from  tlie 
anterior  and  inferior  part  of  the  nasal  septum,  and 
when  it  comes  from  this  locality  it  is  seldom  dangerous, 
although  in  some  rare  cases  it  may  be  severe,  and 
through  frequent  recurrence  it  may  cause  serious 
anemia. 

The  bleeding  point  ma^'  be  located  in  any  part  of  the 
nasal  cavity,  or  there  may  be  a  general  oozing,  widely 
diffused  over  the  surface  of  the  membrane,  as  in  hemo- 
philia, purpura,  and  the  anemia  of  children.  When 
coming  from  the  anterior  portion  of  the  nares-  the 
blood  escapes  from  the  nostrils,  but  when  from  the 
deeper  parts  of  the  nasal  cavities  it  may  pass  back- 
ward and  be  swallowed  and  later  vomited,  or  it  may- 
pass  into  the  tracliea  and  be  coughed  up.  The  latter 
accident  is  not  common.  When  the  bleeding  is  from 
the  upper  and  anterior  part  of  the  nasal  cavity  the 
hemorrhage  may  be  serious.  This  is  explained  by  the 
close  coimection  between  the  anterior  ethmoidal 
vessels  and  the  intracranial  circulation. 

Plethora,  especially  when  accompanied  by  deficient 
menstruation,  portal  congestion,  and  some  forms  of 
Bright's  disease,  may  be  relieved  by  epistaxis.    ■ 

Hematomata  of  the  nasal  cavities  are  more  com- 
monly met  with  on  the  septum.  They  are  occasion- 
ally seen  as  the  result  of  traumatism.  Examination 
vnh  often  determine  the  location  of  the  bleeding  point, 
which  is  apt  to  be  found  upon  some  part  of  the  carti- 
laginous septum.  The  anterior  region  of  the  nose  is 
the  most  frequent  seat  of  this  trouble. 

Diagnosis. — In  hemorrhage  from  the  anterior  nares 
the  nasal  cavity,  having  been  carefully  cleansed, 
should  be  examined  by  anterior  rhinoscopy,  and  an 
attempt  made  to  locate  the  precise  spot  from  which 
the  bleecUng  takes  place.  This  will  generally  be  found 
in  the  region  of  the  septum.  Epistaxis  must  be  differ- 
entiated from  hemoptysis,  from  hematemesis,  and 
from  bleeding  from  the  lower  and  median  pharynx. 
This  may  be  done  by  careful  examination  of  the  nasal 
cavities. 

Prognosis. — The  prognosis  is  generally  good. 
When,  however,  the  bleeding  is  dependent  upon  a 
general  diathesis  or  some  systemic  disease  it  may  be 
very  dangerous. 

Treatment. — The  treatment  of  _  epistaxis  must 
depend  \ipon  its  origin  and  upon  its  cause.  It  is 
necessary,  therefore,  to  determine  as  far  as  possible 
what  these  may  be.  Vicarious  bleedings  and  those 
which  occur  at  the  crises  of  certain  fevers,  may,  if  they 
are  not  excessive,  be  allowed  to  continue.  In  condi- 
tions of  plethora  and  in  vicarious  menstruation  it 
should  not  be  unnecessarily  checked.  Under  ordinary 
circumstances  simple  means  will  usually  be  effective 
in  stopping  the  flow.  These  consist  in  absolute  rest 
and  in  keeping  the  head  erect,  avoiding  the  com- 
mon mistake  of  inclining  it  forward  and  downward. 
If  the  bleeding  is  from  the  anterior  part  of  the  nose, 
pressure  of  the  ala  against  the  septum  may  check  it. 
The  application  of  cold  to  the  nose,  to  the  back  of 
the  neck  or  in  the  wrists,  or  the  insufflation  of  cold 
water  is  often  effective.  When  the  bleeding  point 
can  be  found,  aijplications  should,  if  possible,  be 
made  directlv  to  it.  This  should  be  done  by  first 
drving  the  place  with  absorbent  cotton  and  then 
applying  to  it  nitrate  of  silver,  chromic  acid,  or  even 
the  galvanocauterv.  Astringents,  such  as  alum  or 
tannin,  mav  also  be  applied.  The  iron  preparations 
are  as  a  rule  worse  than  useless,  and  should  never  be 
employed.      Of  late  the  use  of  two  remedies  has  been 


suggested,  Ijotli  (jf  which  experience  has  proved  to  be 
of  great  vaUie.  One  of  these  is  antipyrin,  the  other  is 
the  extract  of  suprarenal  glands.  The  antipyrin 
should  be  dissolved  in  water,  about  ten  grains  to  the 
ounce.  The  suprarenal  extract  should  also  be  used 
in  strong  solution.  The  bleeding  cavity  ha\'ing  been 
freed  from  clots  by  means  of  cold  water,  about  half 
an  ounce  of  one  of  the  above  .solutions  should  be  in- 
sufflated and  retained  in  the  nose  as  long  as  possible. 
This  should  be  repeated  once  or  twice  unless  the  bleed- 
ing is  immediately  checked. 

The  careful  employment  of  this  method  is  very 
effective.  When  .simpler  means  fail,  the  hemorrhage 
mav  be  controlled  by  packing  that  part  of  the  nasal 
cavity  from  which  the  bleeding  comes.  For  this  pur- 
pose .sponge  should  never  be  used.  Farbetteris  it  to 
introduce  into  the  nasal  cavity  a  narrow  strii>  of  surgi- 
cal gauze,  .saturated  with  antiseptic  vaseline,  which 
shall  be  packed  carefully  againsttherequiredspot.  If 
the  bleeding  point  is  in  the  ui)per  part  of  the  cavity, 
the  lower  part  may  be  left  free  to  permit  of  normal  res- 
piration. The  proximal  end  of  the  gauze  strip  should 
be  left  within  reach  and  in  the  withdrawal  of  the  tam- 
pon only  so  much  should  be  removed  at  one  time  as 
may  be  readily  detached.  Forcible  removal  is  certain 
to  cause  a  recurrence  of  the  bleeding.  Cireat  care 
should  therefore  be  exercised  and  the  plug  should 
be  saturated  with  some  solvent  solution  before 
any  manipulation  is  apjilied  to  it.  As  a  rule  the 
plug  should  not  be  retained  for  more  than  one  day. 
If  it  occurs  posteriorly  the  bleeding  may  be  checked 
by  inserting  a  tampon  into  the  nasopharynx,  and,  if 


Fla.  12074. — Plugging  the  Posterior  Nares  by  Means  of 
Bellocq's  Sound. 

necessary,  at  the  same  time  packing  the  anterior  part 
of  the  nasal  canal.  For  jiacking  the  nasopharyngeal 
region  a  flexible  catheter  or  a  Bellocq  s  cannula 
(li,  in  Fig.  2074),  to  the  di.stal  end  of  which  a  loop  of 
silk  has  been  fastened,  should  be  passed  through  the 
nose  and  its  distal  end  brought  into  the  pharynx.  To 
the  loop  a  strong  ligature  should  be  fastened  and 
drawn  upward  and  then  forward  until  the  attached 
end  is  outside  of  the  nostril.  A  tampon  of  lint  or 
cotton,  saturated  with  vaseline  and  attached  to 
the  middle  of  the  ligature,  which  should  be  about 
eighteen  inches  long,  should  be  in  readiness.  The 
tampon  should  then  be  drawn  carefully  into  place  by 
traction  U])<)U  the  string,  aided  by  manipulation  with 
the  finger  in  the  pharynx.  The  tampon  having  been 
placed,  it  is  well  to  liiake  a  firm  block  of  absorbent 
cotton  around  which  the  anterior  end  of  the  strngi 
may  be  wound  and  held  in  the  vestibule  of  the  nose. 
Thepharvngealend  of  the  string.should  be  brought  out 
of  the  mouth  and  loosely  attached  to  the  patient's  ear. 
To  remove  the  tampon,  the  best  plan,  as  a  rule,  is 
fir.st  to  cleanse  the  parts  as  thorouglUy  as  practicable 
and  then   apply   to   them   a   solution  of   suprarenal 
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extract  in  order  to  secure  the  greatest  possible  con- 
traction of  the  blood-vessels.  Lastly,  the  parts  should 
be  covered  with  liquid  vaseline,  and  time  enough 
allowed  for  it  to  saturate  the  surface  of  the  tampon  as 
deejjlv  as  it  can  penetrate.  Only  the  gentlest  traction 
.should  be  applied  to  the  string  while  the  tampon  is 
being  removed. 

Severe  bleeding  may  require  the  use  of  revulsives 
intended  to  cause  reflex  contraction  of  the  nasal  blood- 
vessels, the  administration  of  remedies  intended  to 
quiet  the  action  of  the  heart,  the  application  of  pres- 
sure, externally  and  internally,  and  in  extreme  cases 
transfusion  or  some  kindred  measure.  In  the  most 
severe  and  intractable  cases  of  epistaxis  the  nasal 
cavity  may  easily  >)ecome  septic,  and  thus  another 
serious  feature  be  added  to  the  case. 

D.  Bhyson  Delavan. 

Epithelioma. — Definition. — The  term_  epithe- 
lioma is  ajiplied  to  a  group  of  tumors  arising  from 
the  epidermis  and  to  growths  from  the  internal 
organs  which  show  cells  of  the  morphology  of  those 
seen  in  the  tumors  from  the  skin.  As  examples  of 
the  first  group  may  be  cited  the  squamou.s-cell  new 
growths  of  the  lip  or  tongue  so  frequently  seen  in 
pipe  smokers,  while  as  examples  of  the  latter  may 
be  mentioned  those  heterotopic  epithelial  tumors  of 
ihe  bronchi  which,  instead  of  the  usual  cylindrical 
cells  corresponding  in  type  with  those  from  which 
they  are  derived,  show  cells  of  flattened  form  with 
the  special  structures  characteristic  of  surface  epi- 
thelium and  with  a  tendency  to  cornification. 
Similar  tumors  are  found  along  the  gastrointestmal 
tract  and  in  the  gall-bladder,  kidney,  and  other  in- 
ternal organs.  All  of  these  timiors,  including  those 
arising  in  the  epidermis,  may  be  quite  correctly  con- 
sidered under  the  general  heading  of  carcinoma,  and 
in  Germany  this  is  the  usual  custom.  The  English 
and  French  writers,  however,  are  apt  to  use  the  term 
epithelioma  as  a  sjjecial  designation  for  tumors  arising 
from  the  superficial  epithelium.  Other  terms  which 
have  been  employed,  chiefly  in  clinical  writing,  are 
epithelial  cancer,  cancroid,  and  rodent  ulcer.  The 
general  classification  which  is  here  followed  is  based 
upon  that  of  Darier. 

Classification. — Epitheliomata  may  be  divided 
into  (1)  those  derived  from  the  superficial  epithelium; 
(2)  those  derived  from  the  deeper  or  basal-cell  layers; 
and  (.3)  those  derived  from  cells  which  have  been  left 
in  the  deeper  layers  of  the  corium  during  embryonic 
life,  as  in  nevi  and  congenital  moles. 

1.  The  tumors  derived  from  the  superficial  or 
squamous  layer  of  the  skin  may  again  be  divided 
into  (a)  papillary  epithelioma  or  the  superficial  form 
and  (b)  squamous-cell  epithelioma  or  the  deep  form. 
Both  are  made  up  largely  of  squamous  epithelial 
cells,  often  showing  intercellular  bands  and  spines. 
The  cells  as  they  age  show  eleidin  granules  when 
suitably  stained,  and  tend  to  form  in  pearl-like  masses. 

(n)  The  first  variety,  the  so-called  papillary  epithe- 
lioma, is  chiefly  seen  in  old  people  and  is  often  con- 
secutive to  a  senile  keratosis.  The  most  common 
sites  are  the  face,  lips,  neck,  and  back,  or  the  dorsal 
aspects  of  the  extremities.  The  tumor  begins  as  a 
rough,  warty  mass  projecting  from  the  surface  of  the 
skin  and  attached  to  it  by  a  broad  ba.se.  It  often 
remains  quiescent  for  a  considerable  ])eriod,  even 
j'ears,  its  final  stage  being  initiated  by  a  sudden 
increase  in  size.  This  alteration  is  frequently  ac- 
companied by  a  history  of  some  injury  or  irritation 
of  the  tumor.  The  mass  often  bleecls  easily  after 
slight  trauma,  and  may  ulcerate  and  ultimately 
involve  the  deeper  tissue  and  the  regional  nodes,  but 
usually,  if  removal  is  early,  the  amount  of  actively 
growing  tissue  is  .small  and  is  confined  to  the  base  of 
the  growth.  Similar  papillary  epitheliomata  are 
found  on  the  tongue,  buccal  mucosa,  glans  penis,  and 
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vulva.  In  tumors  from  the.se  mucous  surfaces  the 
horny  layer,  which  is  so  prominent  in  the  previous 
type,  is  much  less  evident  or  may  be  practically  ab- 
sent. The  surface  of  the  growth  is  white,  in  cases 
associated  with  leucoplakia  buccalis;  but  more 
often  it  is  red,  soft,  and  shiny.  The  tumor  often 
remains  benign  for  a  long  time,  but  not  infrequently 
it  assumes  a  rapidly  destructive  course  with  involve- 
ment of  the  deeper  tissues  and  the  neighboring 
lymph  nodes.  In  both  of  these  forms  of  growth  a 
diagnosis     is     sometimes     extremeh'     difficult.     The 


Fia.   2117') — Sfctinn  frnni   Ilitrly   I'.pitlielioma  of  tlio  Lip  to  show 
tiubepitlielial  Iiitiltration  iu  the  Corium.      X  400. 

invasion  of  the  deeper  tissue  is  apt  to  be  over  a 
considerable  area  and  continuous;  the  cells  do  not 
invade  the  connective  tissue  in  tongue-like  projections 
or  in  isolated  masses,  but  grow  with  a  solid,  disc-like 
base.  Pearls  may  or  may  not  be  present.  In  either 
form  the  finding  of  mitotic  figures  is  of  relatively  little 
value  in  diagnosis,  because  these  may  also  ajjpear  in 
the  ordinary  cutaneous  warts  which  are  perfectly 
benign.  An  abundant  subepithelial  infiltration  with 
lymphocytes  and  plasma  cells  (Fig.  207.'5)  and  certain 
morphological  alterations  in  the  type  of  the  individual 
epithelial  elements  themselves  may  be  the  only  diff'er- 
ences  between  a  benign  and  a  malignant  growth. 
The  morphological  changes  in  the  epithelial  cells  are 
chiefly  in  the  increased  size  of  the  nucleus,  its  greater 
richness  in  chromatin  elements,  and  a  tendency  to 
increase  in  the  size  of  the  cell,  as  compared  to  the 
normal. 

{b)  Tumors  of  the  .second  subdivision,  which  in- 
cludes most  of  the  squamous-cell  epitheliomata, 
begin  not  as  external  papillary  growths,  but  as  what 
may  be  termed  inverted  papillary  forms;  that  is,  the 
skin  is  not  much  elevated,  but  cells  from  the  deeper 
layers  of  the  skin  penetrate  into  the  subjacent 
corium.  All  that  may  be  noted  in  a  beginning  tumor 
is  that  the  afl'ected  area  is  lighter  in  color  than  the 
surrounding  skin  and  that  there  is  a  hard,  placjue-like 
mass  which  can  be  picked  up  between  the  fingers. 
As  the  growth  continues  it  ulcerates  deeply  and  the 
edges  overhang  the  central  depression.  This  t)'pe 
occurs  about  all  the  orifices  of  the  body,  chiefly  on 
the  lips,  the  tongue,  and  the  floor  of  the  mouth. 
It  is  not  infrequently  the  terminal  stage  of  a  leuco- 
plakia buccalis.  It  occurs  occasionally  iu  old  sears 
and  may  follow  lupus  vulgaris. 

Microscopically  the  tumor  is  composed  of  prolonga- 
tions of  the  squamous  epithelium  into  the  deeper 
tissues;  and,  as  a  rule,  unless  the  growth  is  an  ex- 
tremely rapid  one,  there  is  extensive  keratinization 
of  the  epithelial  cells  and  the  formation  of  so-called 
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pearls,  which  are  merely  spherical  masses  of  flattened, 
cornified  epithelium  (Fig.  2076).  The  cells  in  the 
middle  of  these  "pearls"  undergo  necrosis,  and 
occasionally,  especially  in  some  of  the  tumors  of  the 
scalp,  calcification.  The  connective-tissue  stroma  is 
relatively  scanty  and  contains  many  lymphocytes  and 
plasma  cells. 

Tumors  of  this  type  occur  in  both  the  old  and  the 
young.  The  writer  has  seen  an  extensive  epithelioma 
of  the  lip  in  a  boy  of  fourteen  years.     They  are  more 


Fig.  2076. — Beginning  Squamous  Cell  Epithelioma  of  Skin 
Showing  Downgrowth  of  Tumor  Cells  and  Pearl  Formation. 
X  100. 

frequently  found,  however,  in  middle-aged  and  elderly 
people.  Clinically  this  form  of  epithelioma  is  very 
malignant,  the  regional  lymph  nodes  being  early  in- 
volved; and  if  life  is  prolonged  general  metastasis  may 
occur. 

2.  Tumors  of  the  second  group,  which  may  be  called 
tubular  or  basal-cell  tumors,  differ  from  those  just 
mentioned  both  in  the  type  of  the  cells  and  in  the 
clinical  course.  The  growths  have  their  origin,  in  all 
probability,  in  the  so-called  basal  layer  of  the  skin  or 
in  hair  follicle  cells,  and  the  cells  of  the  tumor  remain 
relatively  small  and  often  retain  a  spindle  shape. 
They  do  not,  as  a  rule,  undergo  cornification  and  do 
not  .show  the  intercellular  bridges  and  the  spines  so 
characteristic  of  squamous  epithelium.  In  the  center 
of  the  cell  masses  there  are  not  infrequently  found 
areas  containing  mucous,  hyaline,  or  colloid  material, 
giving  an  appearance  which  led  the  older  writers  to 
call  such  tumors  cjdindromata,  endotheliomata, 
plexiform  sarcomata,  or  even,  when  the  vascular 
development  was  excessive,  angiosarcomata.  The 
basal  cell  growths  do  not  project  much  above  the  sur- 
face of  the  skin,  but  extend  into  the  deeper  layers. 
Usually,  but  not  always,  serial  sections  reveal  direct 
contact  between  the  superficial  tumor  cells  and  the 
skin.  These  tumors  have  a  inuch  slower  course  than 
the  squamous-cell  type,  often  growing  slowly  for  a 
period  of  ten  or  fifteen  years  without  causing  great 
inconvenience  to  the  host.  When  extensive  and  early 
ulceration  takes  place,  as  is  not  infrequent,  the 
tumors  are  designated  clinically  rodent  ulcers.  They 
are  mo.st  frequent  in  old  people,  and  generally  occur 
on  the  face,  especially  on  the  upper  two-thirds, 
where  eighty  per  cent,  of  the  epitheliomata  are  of 
this  type.  They  are  seen  more  rarely  on  the  lips, 
tongue,  scalp,  neck,  pharynx,  chest,  and  genital  organs. 
As  a  rule,  there  is  less  inflammatory  reaction  aroiuid 
a  non-ulcerated  growth  of  this  type  than  about  the 


squamous-cell  epithelioma.  A  moderate  amount  of 
ulceration,  however,  is  usual,  and  following  irritation 
by  scratching  there  is  not  infrequently  formed  over 
the  tumor  a  cru.st,  which  then  .separates  leaving  a 
depres.sed  shallow  cavity  over  which  a  new  cru.st  forms. 
Such  a  tumor  very  rarely  involves  the  regional  lymph 
nodes  and  almo.st  never  forms  metastases  at  a  distance. 
Owing  to  the  benign  nature  of  the  tumor  it  frequently 
shows  a  di.stiiict  tendency  to  heal  .spontaneously,  and 
in  its  early  stages  it  is  easily  cured  by  freezing  with 
liquid  air  or  carbon  dioxide  .snow,  by  curettage,  or 
by  the  application  of  large  quantities  of  radium. 

3.  The  third  form  of  epithelioma  is  that  arising  in 
moles,  which  may  or  may  not  be  jjigmented.  Usually 
such  a  mole  remains  (piiescent  for  a  period  of  years, 
and  then,  often  following  irritation  or  sometime.s 
without  any  apparent  reason,  begins  to  grow  rapidly. 
Ulceration  is  apt  to  occur  early,  and  the  tumors  may 
show  a  tendency  to  form  secondary  nodules  in  the 
skin  at  some  distance  from  the  original  growth.  If 
the  origiiuil  tumor  is  i)igmented,  the  .secondaries  may 
show  pigment  or  may  not.  The  coloring  matter  in 
many  of  these  tumors  .seems  to  be  carried  by  certain 
specialized  cells,  called  ehromatophores,  the  exact 
nature  of  which  has  not  yet  been  determined.  Many 
writers  still  consider  them  as  of  connective-tissue 
origin.  Extensive  invasion  of  the  regional  lymph 
nodes  is  common  in  this  tyjje.  The  cells  are  .s])herical 
or  fusiform  and  are  often  inclosed  in  well-marked 
alveoli.  Microscopically  these  tumors  are  sometimes 
considered  as  sarcomata  on  account  of  the  morphology 
of  the  cells,  and  unquestionably  many  of  the  so-called 
melanosarcomata  arising  in  the  skin  belong  more 
properly  to  the  epithelial  group.  A  differential  diag- 
nosis is  often  difficult  and  sometimes  impossible,  and 
can  best  be  made  by  taking  into  consideration  the 
history  of  the  case,  and  by  the  use  of  certain  special 
stains  for  connective  tissue  which  show  that  the  fine 
fibrils  usually  lying  between  the  individual  cells  of  a 
sarcoma  are  absent  in  the  ejiithelial  tumor. 


FiQ.  L'077. — Sebaceous  .\dcnoma  of  the  Skin.     X  250. 

A  fourth  group  of  tumors  having  certain  genetic 
relationships  with  both  the  second  and  the  third 
varieties  described  may  lie  included  under  the  general 
title  of  epitheliomata.  Their  exact  nature,  however, 
is  as  yet  somewhat  obscure,  and  as  they  are  of  ex- 
ceedingly rare  occurrence  sufficient  material  has 
not  been  accumulated  to  permit  of  a  definite  deter- 
mination of  their  origin,  nature,  and  clinical  course. 
Because  they  are,  as  a  rule,  benign  these  timiors 
have  iisually  been  classed  as  adenomata,  one  group 
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being  the  sebaceous  adenomata  arising  presumably 
froTu  the  sebaceous  glands  (Fig.  2077);  another  the 
hvdra<lenuniata  supposed  to  arise  from  the  sweat 
giaiuls;  and  a  third  the  benign  cystic  epitheliomata 
which  are  in  all  probability  simply  a  subdivision  of 
the  basal  cell  form  already  described. 

In  addition  to  the  name  benign  cystic  adenoma, 
these  tumors  have  been  called  epithelioma  adenoides 
cysticum,  by  Brooke;  lymphangioendothelioma,  by 
Juliusberg;  trichoepithelioma  pajnilosum,  by  Jiirisch; 
acanthoma  adenoides  cysticum,  by  Unna;  carcinoma 
adenogenesof  theskin.by  Ribbert;and  finally  and  most 
recently,  adenoide  nevoepithelioma,  by  Hoffmann. 

From  the  confusion  in  nomenclature  alone  it  is 
evident  that  the  statement  that  the  exact  nature  of 
these  tumors  is  still  in  doubt  is  justifiable.  There  are 
certainly  three  clinical  varieties,  of  which  two  can 
hardly  be  considered  as  true  tumors.  These  are  the 
sebaceous  adenomata,  which  are  merely  hyperjilasias 
of  the  sebaceous  glands  of  the  external  skin  or  the 
mucous  memljranes,  and  the  hydradenomata  which 
also  are  growths  limited  in  extent,  not  involving  the 
surrounding  tissues,  and  properly  considered  at  the 
present  time  as  merely  adenomatous  hyperplasias 
of  the  sweat  glands. 

The  growths  usually  called  benign  cystic  adenomata 
are,  on  the  other  hand,  unquestionably  of  true  tumor 
nature.  Those  writers  who  have  recently  made  a 
thorough  study  of  the  subject  describe  the  tumors  as 
most  frequently  multiple,  occurring  chiefly  on  the 
scalp,  but  occasionally  over  the  entire  body,  either 
minute  or  reaching  ultimately  the  size  of  a  fist,  with  a 
reddish  or  vellowish  surface,  and  lobulated  or  smooth. 
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Fig.  207S — Refurrent  Adaniantinonin  of  the  Jaw.      X  200. 

Tlie  subjects  of  these  tumors  may  remain  in  good 
health  for  years,  despite  the  presence  of  a  large 
number  of  growths  scattered  over  the  bodv.  Ulcera- 
tion may  occur,  and  in  a  few  cases  metastases,  result- 
ing in  death,  have  been  reported.  As  a  rule,  however, 
the  growths  remain  localized  and  do  not  even  extend 
throughout  the  skin  lymphatics,  much  le.ss  involve 
the  regional  lymph  nodes.  The  patients,  as  a  rule, 
die  of  some  intercurrent  disease.  Almost  all  of  the 
described  cases  have  been  in  old  people,  although  two 
of  the  patients  were  under  thirty  years  of  age.  See 
Epithelioma,  Multiple  Benign  Cystic, of  the  Skin. 
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Microscopically  the  tumors  are  found  to  be  made 
up  of  small  spindle  or  oval  cells  arranged  in  tubule- 
like masses,  the  center  of  the  gland  containing  either 
colloid  or  hyaline  material  or  debris.  This  debris 
may  become  calcified  or  may  act  as  an  irritating 
substance  causing  the  formation  of  foreign-bod.\-  giant 
cells.  As  a  rule,  the  masses  remain  quite  dis- 
crete and  do  not  infiltrate  the  neighboring  con- 
nective tissue.  In  .some  of  the  cases,  serial  sections 
have  demonstrated  the  connection  of  the  alveolar 
tubules  with  the  cells  of  neighboring  glands,  the  hair 
follicles,  or  the  basal  layer  of  the  epidermis.  These 
tumors  undoubtedly  originate  in  some  cases  from  con- 
genital defects  in  the  formation  of  the  skin.  In 
other  cases  they  may  take  their  origin  directly  from 
normal  elements  under  the  influence  of  some  deter- 
mining factor  such  as  irritation  or  senile  alteration. 

Though  differing  somewhat  from  the  other  members 
of  this  group,  there  may  be  mentioned  here  an  i:> 
frequent  tumor  appearing  in  the  up])er  or  lower  jaw 
and  derived  from  epithelial  renmants  of  the  enaniel 
organ  of  the  teeth  (Fig.  2078).  These  adamantinomata, 
as  they  are  called,  are  usually  benign,  but  may  recur 
after  operation.  In  structure  thej-  are  made  up  of  a 
richly  cellular  connective  tissue  inclosing  alveoli 
filled  with  epithelial  cells.  At  the  perijjhery  of  the 
alveolus  the  cells  are  cylindrical,  while  the  center  is 
filled  with  cells  of  a  .stellate  form.  No  intercellular 
bridges  are  present  between  the  individual  cells,  nor 
does  calcification  occur. 

Etiology. — Some  of  the  etiological  relationships  of 
the  epitheliomata  in  general  are  better  understood 
than  those  of  other  tumors.  Their  histological 
jieculiarities  have  also  been  studied  with  the  greatest 
care  by  Ribbert  and  others,  since  owing  to  their 
superficial  position  they  are  easily  obtained  at  an 
early  stage.  Almost  all  observers  agree  that  irrita- 
tion is  an  important  agent  in  inciting  malignant 
growths  of  this  type;  and  this  probably  accounts  for 
the  fact  that  such  tumors  occur  most  frec|uently  on 
the  face,  since  this  portion  of  the  body  is  exposed  to 
traimiatic  action,  to  atmospheric  agents,  and  to  sun- 
light, and  more  often  shows  the  senile  degenerations 
of  the  skin  and  the  leucoplakiaL  alterations  which 
not  infrequently  precede  an  epithelioma.  The  mul- 
tiple occurrence  of  superficial  epitheliomata  also 
points  to  some  common  agent,  probably  irritation 
either  physical  or  chemical.  As  concrete  examples 
of  tumors  following  irritation  may  be  mentioned  the 
well-known  epitheliomata  of  the  lip  and  of  the 
tongue  in  smokers,  the  epitheliomata  which  arise  from 
the  base  of  an  ulcer  produced  by  the  fragment  of  a 
tooth,  and  those  beginning  in  the  scars  following 
lupus  vulgaris,  all  of  which  show  that  a  large  part  is 
played  by  irritation.  Many  of  the  basal  cell  groups, 
on  tlie  other  hand,  unquestionably  arise  from  small 
masses  of  cells  left  during  the  embryonic  develop- 
ment of  the  skin,  and  the  same  congenital  displace- 
ment is,  no  doubt,  responsible  for  the  formation  of 
the  moles  and  nevi;  but  while  irritation  certainly 
jjlays  a  part,  just  what  determines  the  final  change 
from  a  resting  indifferent  cell  in  such  remnants 
to  one  endowed  with  powers  of  rapid  growth,  is  as 
yet  \mknown.  Unknown  also  is  the  answer  to  the 
important  question:  Are  the  changes  in  the  connective 
tissue  primary,  thus  releasing  the  epitheliiun  from 
tissue  restraint;  or  are  such  changes  the  expression  of 
an  altered  metabolism  in  cells  already  endowed 
with  the  qualities  of  malignancy?  In  connection  with 
the  "benign  cystic  epitheliomata"  a  distinct  heredi- 
tary factor  has  been  noted. 

Note. — The  general  subject  of  epithelioma  h 
treated  in  Ribbert:  Das  Karzinom  des  Menschen, 
1911.  The  monograph  of  Krompecher:  Der  Bazal- 
zellenkrebs,  1903,  illustrates  many  interestmg  tumors 
of  this  type.  The  classification  of  the  tumors  is 
described  in  condensed  form  by  Darier:  Frc^'cis  de 
dermatologie,    1909;  and  the  subject  of  the  benign 
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cystic  epitheliomata  has  been  reviewed  bj-  Frieboes: 
Beitrag  zur  Klinik  und  Histopathologie  der  giitartigen 
Hautepitlielioine,  1912.  For  a  study  of  adaiiiaii- 
tinomata  and  related  tumors,  see  Malassez :  Les 
ddbris  6plth61iaux  paradentaires,  1910. 

Fra>'cis  Carter  Wood. 


Epithelioma  of  the  Skin,  Multiple  Benign 
Cystic. — iSyrioityiiix:  Epithelioma  adenoides  cysticuni 
(Brooke);  Acanthoma  adenoides  cysticuni  (I'nna). 

The  first  extended  monograph  on  this  subject  has 
recently  appeared  (1912),  the  author  being  Walter 
Frieboes.'  Going  back  to  1S2G  he  has  collected 
notes    of    twenty-two    cases,    one    being    personal. 


benign  epithelioma,  have  really  quite  a  different 
histological  structure,  so  that  numerous  types  may 
be  thus  diffcrentiattrd.  Hoffmann  would  make  of  ail 
of  the.se  a  single  group  disea.sc — ailinoid  ueuToepi- 
Ihelioma.  The  present  description  of  the  disease 
Conceived  as  consisting  only  of  small  lesions  may  be 
allowed  to  stand.  The  large  lesions  of  Frieboes  are 
at  least  extremely  rare  and  the  above  mention  may 
suffice  until  more  is  known  of  them. 

Symptomatolooy. — The  affection  is  characterized 
by  the  presence  of  numerous  pale-yellow,  pearly,  or 
pinkish-colored  nodules,  from  the  size  of  a  pin's  head 
to  that  of  a  pea.  The  small  growths  are  quite  firmly 
embedded  in  or  project  above  the  skin.     Some  of  the 


Fig.  2079. — Multiple  Benign  Cystic  Epithelioma  sliowinK  Uowti  Growth  of  Surface  Epitbelium. 

ocular,  one  inch  and  one-quarter.     (Original.) 


Spencer,  one  inch; 


This  series  which  forms  a  separate  expression  of  dis- 
ease does  not  include  man\'  cases  which  have  been 
reckoned — under  one  name  or  another — as  belonging 
under  benign  epithelioma.  He  makes  a  number  of 
clinical  forms,  depending  on  the  site,  and  also  on  the 
size.  The  scalp  and  external  ears  seem  to  be  fa\-orite 
sites.  Unlike  previous  classical  authors  Frieboes 
includes  large,  lobulated,  and  broken  down,  ulcerated 
growths  along  with  the  small  pinhead  to  pea-sized, 
formations.  His  jjlates  are  as  different  as  po.ssible 
from  those  of  text-books,  as  they  show  the  scalp,  ears, 
and  face  of  a  woman  covered  with  large,  smooth,  or 
lobulated  growths,  several  of  which  are  badly  ulcer- 
ated. These  larger  growths  have  been  known  as 
multiple  endothehomata  of  the  skin,  but  histologi- 
cally they  are  with  a  few  possible  exceptions  benign 
epitheliomata. 
It  is  also  evident  that  manv  cases  cHnicallv  termed 


tumors  are  translucent  and  closely  resemble  vesicles, 
while  others  are  made  up  of  milium-like  bodies  and 
are  traversed  by  minute  capillaries.  The  face,  scalp, 
neck,  ui)))er  part  of  the  back,  and  chest  are  the  sites  of 
predilection.  In  general  the  growths  are  discrete, 
l)ut  they  tend  to  group  themselves  about  the  roo;  and 
iihe  of  the  no.se,  the  eyebrows,  and  the  mouth.  The 
confluence  of  several  nodules  has  been  noted. 

In  the  majority  of  cases  heretofore  reported  the 
afTcction  litis  been  observed  at  or  before  the  age  of 
puberty. 

The  small,  pinhead-sized  growths  increase  slowly  in 
size  until  tliey  attain  the  size  of  a  split  pea,  seldom 
larger,  and  in  very  exceptional  cases  they  only  undergo 
ulceration  or  disappear  spontaneously. 

They  impair  in  no  way  the  general  health  nor  do 
they  give  rise  to  subjective  sensations  of  any  kind. 
The  entire  course  of  the  disease,  except  in  the  case 
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reiiorted  by  White"  is  so  free  from  any  evidence  of 
malignancy  that  the  word  benign  has  been  employed 
to  qualify  the  term  epithelioma  used  to  designate  this 
singular  eruption.  White's  patient,  in  addition  to 
numerous  small  nodules  of  the  usual  type,  presented 
three  or  four  open  epitheliomatous  ulcers  involving 
the  entire  thickness  of  the  skin. 

Single,  hemispherical,  brownish-red,  or  transhicent 
nodules  have  been  removed  from  the  ala  of  the  nose, 
the  eyelids,  or  other  parts  of  the  face  and  have  been 
found  to  have  a  structure  identical  with  or  closely 
allied  to  that  of  the  multiple  benign  tumors  in  ques- 
tion. They  may  develop  in  early  adult  life  or  in 
older  individuals",  but  they  pursue  a  relatively  benign 
covirse. 

The  cause  of  the  affection  is  obscure.  In  Brooke  s' 
and  my  owi\  cases'"  a  distinct  hereditary  history  was 
obtained.  The  onset  of  the  affection  at  the  age  of 
puberty  may  dejjend  in  some  manner  on  the  general 
stimulus  to  which  all  epithelial  tissues  are  subjected  at 
this  time.  The  view  has  been  held  by  some  that  these 
tumors  depend  on  misplaced  embryonic  epithelial  cells 
which  remain  latent  until  puberty  or  later  in  life. 

Pathology  and  Morbid  Anatomy. — In  the  earlier 
descriptions  of  the  affection  the  cases  described  by 
Jaequet  and  Darier*  as  "  Hydrad^nomes  eniptifs," 
by  Torok^  as  syringo-cystadenoma,  and  by  other 
writers  with  designations  of  similar  meaning,  were 
considered  to  be  of  the  same  general  nature. 

Unna'  has,  however,  wisely  separated  the  class  of 
cases  described  by  Jaequet  and  Darier,  Torok,  and 
others  from  those  cf  Balzer,  Brooke,  and  myself;  the 
first  group  of  cases  being,  in  his  opinion,  adenomata 
of  the  coil  ducts,  to  which  he  gives  the  name  "syring- 
adenomata,"  while  the  second  group  undoubtedly 
originate  in  the  epidermis  and  are  called  by  him 
"acanthoma  adenoides  cysticum." 

The  microscope  shows  these  benign  epithelial 
growt.hs  to  be  made  up  of  proliferating  masses  and 
narrow  tracts  of  small  epithelial  cells  corresponding 
to  those  in  the  lowermost  layer  of  the  epidermis  and 
external  root  sheath  of  the  hair  follicles.  The  origin 
of  the  new  growth  from  the  epidermis  and  hair  follicles 
is  shown  in  Fig.  2079,  which  represents  a  section  from 
the  original  case  described  by  me.^  Similar  observa- 
tions have  been  made  by  Brooke  ^  and  by  Bowen  (in 
White's  case). 

The  epithelial  masses  and  tracts  on  their  outer  side 
are  usually  surrounded  or  defined  by  a  well-marked 
layer  of  cylindrical  cells,  a  condition  which  character- 
izes many  benign  epithelial  growths.  Atypical 
"pearl  bodies,"  enclosing  horny  or  colloid  tissue  as 
well  as  colloid  degeneration  of  individual  epithelial 
cells,  have  also  been  met  with.  The  connective  tissue 
between  the  new  cell  growths  is  somewhat  condensed 
and  the  seat  of  a  moderate  infiltration  of  lymphoid  cells. 

Treatment. — Some  of  the  small  tumors  can  be 
removed  by  incising  the  overlying  epidermis  and 
expressing  them  by  moderate  pressure.  If  this 
method  is  not  successful  the  dermal  curette  may  be 
employed,  followed  by  the  application  of  acid  nitrate 
of  mercury.  This  leaves  a  small  depressed  scar. 
The  method  of  choice,  however,  in  the  removal  of 
these  small  tumors,  especially  when  situated  about 
the  eyelid,  is  electrolysis.  A  very  insignificant  scar 
results  from  this  mode  of  treatment. 

John  A.  Fordyce. 
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Epithelium. — The  epithelial  tissues  consi.st  of  cells 
of  various  forms,  held  together  by  a  small  amount  of 
intercellular  substance.     The  intercellular  substance 
may    be   of  the    nature  of  a  cement  or  of  a  fibrillar 
character.     Epithelial  tissues  are  usually  non-vascular 
and  are  derived  from  all  three  layers  of  the  triplo- 
Ijlast,    ectoderm,    mesoderm,    and    entoderm.     They 
line  cavities  and  cover  surfaces  that  are  normally  in 
relation  with  the  air,   and  secrete,   excrete,   absorb, 
protect  or  receive  impressions  of  sense  (special  senses). 
Lymph  spaces  may  exist  between  the  cells  and  nerve! 
fibers  terminate  upon  them.     The  cells  are  usually] 
soft  and   vary  considerably   in   size  and   shape;  this] 
variation  in  shape  of  the  same  cells  is  well  shown  in] 
hollow  organs  as  the  urinary  bladder  where  the  form] 
of  the  cell  depends  upon  the  degree  of  the  distention. 

The  varieties  of  epithelial  cells  are  as  follows : 

Com?no7i: 

1.  Squamous,  (a)  simple,  (b)  stratified. 

2.  Columnar,  (a)  simple  (h)  .stratified. 
Modified: 

3.  Ciliated,  (a)  simple,  (6)  stratified. 

4.  Goblet, 

5.  Pigmented. 

6.  Transitional. 
Specialized: 

7.  Glandular. 

8.  Neuroepithelial. 

1.  Squa-Mous  cells  occur  either  in  a  single  layer  aS 
simple,  or  in  many  layers  as  stratified.  Simple  squa- 
mous cells  (Fig.  2080,  a)  are  thin,  flat,  plate-like  ele- 


FlG.  20S0. — a,  Simple  .Squamous  Cells  of  the  Capsule  of  Bow- 
man of  the  Human  Kidney,  b,  Simple  columnar  and  goblet  cells 
from  a  villus  of  the  human  small  intestine. 

ments.  LTpon  surface  view  they  are  polygonal  and 
give  the  appearance  of  a  pavement.  The  cells  are 
usually  clear  and  may  show  fibrils  extending  from  one 
cell  to  another.  These  cells  occur  in  capsule  of  Bow- 
man and  descending  limb  of  the  uriniferous  tulnile,  in 
the  alveoli  of  the  lungs,  and  the  ventricles  of  the  brain. 
The  stratified  squamous  cells  (Fig.  20S0)  consist 
of  many  layers  of  the  cells,  the  upper  ones  of  which 
alone  are  squamous.  The  basal  la.ver  is  columnar, 
succeeding  layers  polyhedral;  the  upper  cells  of  the 
polyhedral  layer  become  gradually  flattened  and 
pass  into  the  superficial  layer  of  scales.  These  scales 
also  overlap  one  another.  In  the  epidermis  the  upper 
cells  of  the  polyhedral  layer  contain  a  peculiar  gran- 
ular substance,  eleidin,  and  this  region  is  called  the 
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stratum  granulosum;  between  the  layer  and  the  scale 
is  a  clear  band,  the  stratum  lucid  urn,  in  which  the  eleidin 
has  formed  a  liomogeneous  substance,  kfratoh i/iiliii . 
The  scales  form  a  thick  layer  here  and  are  hard  and 
horny  due  to  the  keratin  present.  Pigment  granules 
are  present  in  these  lower  layers  throughout  the  skin 
of  the  colored  races  and  in  certain  regions  of  the 
body  in  white  races. 

Fibrillation  of  the  cells  is  exhibited  in  all  lavers  as 
showii  by  L.  Merk  (1900),  Weidenrich  (lOOl'),  and 
Nussbaum  (1909).  The  superficial  cells  are  .suiijilied 
by  reproduction  of  the  deeper  layers.  The  cells  so 
formed  are  pushed  upward  and  rejilace  the  cells  that 
are  lost  on  the  surface.  The  cells  of  the  deeper  layers 
of  all  stratified  epithelium  are  .separated  from  one 
another  by  spaces  that  are  bridged  by  processes  from 


FiQ.  2081. 


-Skin  of  the  Palm  of  .a  Child  at  Birth,    showing  strati- 
fied squamous  t-pithelium. 


one  cell  to  another.  These  spaces  may  vary  in  ex- 
tent at  different  times  and  such  cells  are  called  prickle 
cells  (Fig.  2082). 

Stratified  st|uamous  cells  are  found  in  the  epidennis, 
lining  the  mouth,  pharynx,  esophagus,  anus,  vagina, 
and  covering  the  tongue,  vocal  cords,  and  epiglottis. 

2.  CoLUirN.\R  CELLS  also  occur  as  simple  and 
stratified.  Simple  columnar  cells  (Fig.  2080,  6)  are 
prisnuitic  in  form,  but  the  shape  and  size  vary 
greatly.  When  viewed  from  the  side,  they  are  not 
regular,  but  fit  into  one  another.  Viewed  from  the 
top,  thev  are  polyhedral  in  outline.  Acconling  to 
Schaepiii  (1907)  intercellular  bridges  are  said  to  exist. 
The  protopla.sm  varies  in  structure  in  the  variotis 
regions.  In  the  intestines,  the  protoplasm  of  the 
free  border  of  the  cells  is  different  in  .structure  and 
striated,  forming  the  striated,  or  cuticular  border. 
This  striated  border  mav  be  removed  from  the  cell 
by  fixing  agents  and  usually  adheres  to  its  neighbors, 
coming  off  as  a  membrane  of  varying  size.  The 
protoplasm  proper  may  be  fibrillar  or  granular  and 


contain  fat  and  irther  products.  The  nucleus  may 
produce  a  bulging  of  the  cells  at  that  point  or  it  may 
be  basally  located.  Simple  columnar  epithelium  is 
found  in  the  stomach  antl  intestinal  tract,  penile 
portion  of  the  male  urethra,  gall-bladder,  and  many 
gland-ducts. 

Stratified  columnar  epithelium  (Fig.  2083,  a)  is 
that  variety  in  which  the  superficial  layer  i.s  of  the 
columnar   type.     The    basic  or  genetic  cells  are  col- 


Via.  20S2. — Stratified    Squamoua    Cells    ahowing    Prickle-oella. 

iminar,  the  succeeding  layer  or  layers  polygonal,  and 
the  expo.sed  layer,  column-shaped.  The.se  cells  are 
found  in  the  vas  deferens,  memliranous  urethra,  and 
some  ducts  of  glands. 

3.  CiLi.\TED  CELLS  may  occur  in  t  he  simple  or  strati- 
fied forms.  Simple  ciliated  cells  consist  of  a  single 
layer  of  columnar  or  cuboidal  elements,  the  exposed 
surface  of  each  possessing  short  hairs,  or  cilia.  The 
cilia  extend  into  the  protoplasm  of  the  cell  and  each  is 
connected  to  a  small,  darkly  staining  body,  the  basal 
particle,  that  may  be  a  derivative  of  the  centrosome. 
In  some  animals  the  cilia  cuntiiuie  toward  the  base  of 
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Fio.  20.S3. — a.  Stratified  Columnar  Colls  of  Vii.i  Dcferen.i  of 
Cuini'a-piK,  showinR  a  cuticular  ImrdiT.  b.  Stratified  ciliated  cells 
of  child  at  birth  showing  a  culjcular  border. 

the  cell,  approaching  a  common  ar^a  or  point.  This 
variety  is  found  in  the  uterus,  oviducts,  smaller 
bronchial  tubes,  central  canal  of  the  spinal  cord. 
and  brain  ventricles.  The  constjincy  of  the  cilia  in 
the  uterus  is  questioned  by  Keller  110091  and  S.  H. 
(!age  (1004).  The  writer  after  examining  many  .sec- 
tions of  human  uteri,  has  found  ciliated  cells  in  only 
a  small  i)roportion  of  cases. 

The  stratified  ciliated  epithelium  (Fig.  2083.  h) 
consists  of  a  genetic  layer  of  columnar  cells,  one  or 
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more  lavers  of  polygonal  elements,  and  a  superficial 
layer  of  columnar  "cells  bearing  cilia.  The  variety  is 
found  in  the  nose,  accessory  nasal  fossie,  pharynx, 
larynx,  trachea,  bronchi  and  larger  bronchial  tubes, 
and  the  epididymis.  In  the  epididymis  the  hair-like 
processes  are  not  considered  true  cilia  as  they  are  not 
vibratile,   extend   into  the   cj-toplasm   only   a  short 


Fig.  20S4. — Pigmented  Cells  of  Human  Retina    (surface  view). 
a.  Cell  showing  pigmented  processes.     (After  Greef.) 

distance,  and  do  not  possess  basal  particles  (Myers- 
Ward,  Gurwitsch,  H.  Fuchsj.  Goblet  cells  are  inter- 
spersed among  the  ciliated  elements. 

Ciliary  movement  was  discovered  in  the  mussel  by 
Heide  in  168.3,  although  Ham  and  Leuwenhoek  had 
noticed  the  movements  of  the  spermatozoa  earlier. 
The  movement  is  usually  rapid,  in  a  definite  direction 
and  of  a  rhythmic  character;  in  higher  animals  it  con- 
sists of  a  bending  of  the  cilia  and  a  return  to  the 
vertical  position.  The  function  of  the  cilia  in  man 
is  to  move  liqiiids  (usually  mucus)  over  a  surface 
toward  the  exterior  of  the  body.     Ciliary  action  is 


Fig.  2083. — Transitional    Cells    of    an    Empty    Bladder,      (.\fter 
R.  W.  Harvey.) 

influenced   bj-   external    conditions   as   are   ameboid 
movements. 

4.  Goblet  cells  (Fig.  2080,  h)  are  in  reality  uni- 
cellular glands.  These  cells  are  found  in  simple  and 
stratified  columnar  and  simple  and  stratified  ciliated 
epithelium.  When  distended  with  mucus,  each  cell 
is  goblet-shaped,  the  niicleus  and  fixed  ej-toplasm  are 
pushed  to  the  base  of  the  cell,  while  the  mucin  occupies 
the  remainder.     When  the  secretion  is   discharged, 


the  cell  is  of  an  irregular  columnar  type.  The  secre- 
tion makes  its  appearance  in  the  form  of  graiuiles, 
mucinogen,  which  increase  in  number  and  size  and 
respond  to  special  stains.  When  secretion  occurs,  the 
gramiles  absorb  water,  swell,  and  run  together  to  form 
a  single  droplet  of  mucin. 

Each  goblet  cell  possesses  a  diplosome  that  lies 
near  the  middle  of  the  perii)heral  half  of  the  cell. 
It  is  in  tliis  region  that  the  mucin  is  formed. 

5.  Pigmented  epitheli.^l  cells  (Fig.  2084)  are 
those  in  which  pigment  is  found.  The  pigment  may 
be  either  diffuse  or  granular  in  character.  In  the 
epidermis  of  the  colored  races  and  certain  regions  of 
the  body  of  the  white  races,  pigment  granules  exist. 
-According  to  Kromeyer  and  Rosenstadt,  the  pigment 
is  formed  within  the  cells. 

In  the  pigment  layer  of  the  retina  the  cells  are  not 
columnar  in  type,  but  irregular.  The  pigment 
granules  are  numerous  and  their  position  in  the  cells 
varies  according  to  the  light.'  If  the  cells  are  fixed 
during  exposure  to  light,  the  granules  lie  chiefly 
between   the   nucleus   and   free    surface;   if   fixation 


Fig.  20S6. — .4.  Tubules  of  a  Human  Thyroid  Gland;  B,  tubules 
of  a  human  submaxillar.v  gland:  a,  tubule  showing  a  demilune:  6, 
cross-section  of  a  tubule. 

occurs  in  exclusion  of  light,  then  the  granules  lie  about 
the  nucleus.  This  pigment  absorbs  the  extra  light 
waves  and  also  effects  a  chemical  change  in  the 
visual  purple  of  the  rod  cells  that  are  bleached  by 
light  rays  and  reconverted  to  visual  purple  by  the 
pigment  cells. 

6.  Tr-vxsitional  cells  (Fig.  208.5)  represent  a 
peculiar  intermediate  form  of  protective  epithelium 
between  stratified  squamous  and  stratified  columnar 
cells.  The  genetic  layer  consists  of  columnar  ele- 
ments and  tliese  are  succeeded  by  two  or  three  layers 
of  polygonal  or  pyriform  elements. 

The  surface  cells  vary  as  follows:  in  the  bladder  and 
ureters,  when  empty,  these  cells  are  polygonal  or 
cuboidal,  while  in  the  distended  bladder  they  are 
flattened.  In  the  urethra  they  remain  polyhedral. 
This  variability  of  shape  indicates  the  elasticity  and 
extensibility  of  epithelium  as  pointed  out  by  Harvey, 
1909. 

7.  C.L-'iXDrL.ui  EPiTHELirii  (Fig.  2086.  A,  B)  is  that 
specialized  form  concerned  with  secretion  and  excre- 
tion. The  form  of  glandular  cells  varies,  according 
to  the  gland,  from  spheroidal  to  polyhedral,  cuboidal, 
columnar  and  pyramidal.  The  protoplasm  is  usu- 
ally granular,  these  granules  indicating  the  formation 
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of  a  secretion.  Immediately  after  secretion,  the  pro- 
toplasm is  usually  clear.  As  the  glands  vary  in 
structure,  this  form  of  cells  is  best  considered  witli 
each  individual  gland. 

8.  Xeuroepithelial  cells  are  tho.se  of  epithelial 
origin  performing  a  special  sense  function.  Tlicy 
occur  as  the  rods  and  cones  of  the  retina,  hair  cells  (if 
the  internal  ear,  gustatory  cells  of  the  taste  burls, 
olfactory  cells  of  the  olfactory  mucosa,  and  tactile 
cells  of  the  epidermis.  These  are  discussed  under 
the  various  organs  in  which  they  occur  and  under 
Nerves,  Histology  of. 

Serous  axd  Mrcor.s  Membr.\n-es. — The  subject  of 
epithelial  tissues  would  be  incomplete  without  a 
consideration  of  serous  and  mucous  membranes  and 
glands. 

Mrrors  membr.\.ves  line  passages  that  normally 
communicate  with  the  air,  may  secrete  or  excrete,  are 
lined  by  epithelial  cells  of  anv  variety  and  contain 
all  four  divisions  of  tissues.  They  are  found  lining 
the  alimentary  and  respiratory  tracts,  all  commu- 
nicating cavities  and  glands;  the  genitourinary  tract. 

A  typical  mucous  membrane  consists  of  four  layers ; 

a.  epithelium, 

b.  basement  membrane, 

c.  tunica  propria, 

d.  muscularis  mucosae. 

The  epithelium  may  be  of  any  variety  and  may 
secrete,  excrete,  absorb,  or  protect.  The  basement 
memhrane  is  a  delicate  membrane  upon  which  the 
epithelium  rests.  It  is  not  demonstrable  in  all 
mucous  membranes.  It  seems  structureless,  but 
special  preparations  show  that  it  consists,  in  part  at 
least,  of  flattened  elements  that  may  be  united  edge 
to  edge  or  by  delicate  processes  formiiig  a  flattened 
basket-work  (Flint).  The  tunica  propria  consists 
of  a  delicate  meshwork  of  areolar  connective  tissue 
supporting  blood  capillaries,  lymphatics,  and  nerves, 
and  in  various  places  lymphoid  tissue  and  glands. 
The  muscularis  jnucostE  consists  of  two  layers,  inner 
circular  and  outer  longitudinal,  of  involuntary,  non- 
striated  muscle  tissue.  The  muscle  fibers  are  ar- 
ranged in  bundles  that  form  the  two  layers. 

Mucous  membranes  may  be  regular  in  surface 
outline,  or  form  villi,  papill(F,  rugous  folds,  or  glands_ 


Fig.  2087. — Endothelial  Cells,  Surface  View.     s.s.  Stomata. 

Serous  MEiraRAXES  are  found  lining  cavities  that 
do  not  normally  communicate  with  the  air  (the  female 
peritoneal  cavity  excepted).  A  serous  membrane 
consists  of  a  single  layer  of  endothelial  cells  and 
represents  only  connective  and  nerve  ti-ssues;  it  is 
found  in  the  peritoneal,  pleural,  and  pericardial 
ca-\-ities;  lining  the  blood  vascular  and  lymph  vascular 
systems,  joint  cavities,  bursK  and  tendon  sheaths, 
tunica  vaginalis  testis,  subdural  and  subarachnoidean 
lymph  .spaces  of  the  nerve  system.     They  arc  smooth, 


moi.st,  glistening,  and  transparent  and  are  con.stantly 
lubricated  by  lymph. 

.\  serous  membrane  consists  of  a  single  layer  of 
endotlielial  cells  resting  upon  fibroela.stic  subendolhe- 
lial  tinsue. 

The  endothelial  cells,  or  mesolhelium  of  Minot 
(Fig.  20S7),  are  flattened  plate-like  elements  of  vari- 
able size  forming  a  pavement.  The  edge  may  be 
serrated  and  intercellular  bridges  may  be  present 
(M.  Heideuliain  aiui  Kollo.ssow).  Brunn  states  that 
the  free  surface  of  the  endothelium  is  covered  with  a 
thin  layer  of  vertically  striated  protoplasm.  These 
cells  as  Oronroos  pointed  out  are  of  connec-tive  tissue 
origin.  The  subendothelial  ti.ssue  consists  of  a  layer 
of  delicate  fibroela.stic  tissue  supporting  blood  cajjil- 
laries  and  nerves.  Lymph  spaces  are  numerous. 
Stomata  or  small  openings  between  the  cells  have  been 
described;  these  are  usually  boimded  by  radially 
placed  endothelial  cells  and  lead  into  lymph  channels 
beneath  the  surface.  These  stomata  can  readily  be 
demonstrated  experimentally. 

Glands. — Glands  are  offshoots  or  derivatives  of 
mucous  membranes  or  epithelial  surfaces.  Goblet  cells 
are  considered  unicellular  glands  while  all  of  the  other 
glands  are  multicellular.  The  epithelial  elements  are 
arranged  in  definite  groups  and  these  secretory  units 
perform  a  physiological  function. 

Glands  are  classified  as  to  (1)  structure,  (2)  secretion, 
(3)  outlet. 

1.  Structure. — In  the  different  glands  the  secretory 
units  differ  in  form  hence  the  following  varieties  of 
glands  are  given: 

Tuliular:  (a)  simple,  (6)  coiled,  (c)  branched,  (d) 
compound. 

Tubulo-alveolar. 

Alveolar  or  Racemose:     (a)  simple,  (6)  compound. 

Tubular. — Simple  tubular  glands,  (Fig.  2088,  A)  as 
found  in  the  cardiac  portion  of  the  stomach,  the  small 
and  large  intestines,  are  mere  tube-like  evaginations 
of  the  mucous  membrane.  Each  gland  is  lined  by 
simple  colunuiar  (glandular)  epithelium  and  varying 
numbers  of  goblet  cells.  In  the  lower  end  of  the  small 
intestine  and  in  the  large  intestine  goblet  cells  pre- 
dominate. The  cells  rest  upon  a  delicate  basement 
membrane  and  this  is  supported  bv  the  tunica  propria. 

Coiled  tubular  glands  (Fig.  20SS,  B).  the  sweat  and 
ceruminous  glands,  are  simple  txibular  structures  the 
lower  portion  of  which  is  coiled  upon  itself.  Each 
gland  consists  of  the  deeper,  coiled,  or  secretory  part 
and  a  straight  tube  that  connects  this  with  the 
surface,  the  duet.  The  cells  of  the  secretory  portion 
are  simple  columnar  or  cubodial  cells;  these  rest  upon 
a  basement  membrane  wliich  is  supported  by  the 
intertulnilar  fibrous  tissue.  This  coiled  mass  is  sur- 
rounded by  a  capsule  of  white  fibrous  tissue.  The 
duct  is  practically  .straight  and  is  lined  by  simple 
cuboidal  cells  that  cease  at  the  epidermis. 

Branched  tubular  glands  (Fig.  2088,  C),  as  found  in 
the  pyloric  portion  of  the  stomach,  in  the  duodenum, 
uterus,  and  prostate^  consist  of  a  number  of  simple 
tubules  that  open  into  a  common  duct.  Here  the 
simple  tubules  are  the  secretory  miits  and  their 
structure  is  analogous  to  that  of  the  simple  tubular 
glands.     The  duct  is  lined  by  simi)le  columnar  cells. 

Compound  tubular  glands  (.Fig.  2088,  D),  are  quite 
complex  in  structure.  Each  consists  of  a  single 
main  tube  or  duct  that  divides  and  redivides  many 
times;  the  terminal  divisions  lead  into  the  secretory 
units  that  are  tubular  in  character  and  of  varying 
length.  Tlie  cells  lining  the  secretory  portion  are  of 
the  simple  columnar  or  cuboidal  type;  the  smaller 
ducts  are  lined  by  simple  columnar  cells  wliile  the  main 
d\ict  is  usually  lined  by  stratified  columnar  cells.  The 
entire  gland  is  usually  large  and  is  surroui\ded  by  a 
capsule  of  white  fibrous  ti.<sue.  Examples  of  com- 
pound tubular  glands  are  the  liver,  the  kidneys, 
thyroid,  testicles,  and  lacrynial  glands. 
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Ah'colo-liihular  glattds  (Fig.  20S9,  A),  are  those  in 
wliioh  the  secretory  units  are  in  part  tubules  and  in 
part  saccules,  as  representeti  by  the  submaxillary, 
sublingual,  and  mammary  glands. 

Ah'iolnr  or  t^icciilar  glands  (Fig.  20S9,  B),  aretho.se 
in  which  the  secretory  units  are  all  of  the  saccular 
type.  The  simple  glands  are  mere  sac-like  evagina- 
tions  of  the  mucous  or  epithelial  surface;  in  the  seba- 
ceous glands  these  saccules  are  completely  filled  by 
polygonal  epithelial  cells. 

Compound  racemose  glands  (Fig.  2089,  C),  are  those 
in  which  the  main  duct  divides  and  redivides  and  end 
in  terminal,  xecretory  saccules;  in  the  sebaceous  glands 
these  saccules  are  filled  by  polygonal  epithelial 
cells;  in  the  pancreas  and  the  parotid  gland  the 
saccules  consist  of  a  single  layer  of  pyramidal  (glandu- 
lar) cells  that  rest  upon  a  delicate  basement  mem- 
brane that  is  supported  by  the  interstitial  fibrous 
tissue.  The  whole  gland  is  surrounded  by  a  capsule 
of  white  fibrous  tissue  that  sends  in  septa  that  di^-ide 
the  organ  into  lobes  and  lobules.  In  all  the  glands  the 
interstitial  and  interlobular  tissue  serves  for  the  sup- 
port of  the  blood-vessels,  nerves,  and  lymph  channels. 

2.  Secretion. — The  function  of  a  gland  is  to  give  rise 
to  some  substance  that  is  to  be  used  by  the  body  or  to 
remove  substances  that  are  waste  products.  In  the 
case  of  the  testicle  and  ovary  the  secretion  is  a  cell 
while  the  other  glands  form  liquids.  The  secretion 
of  the  salivary  glands  may  be  serous,  mucous,  or  mixed; 
these  terms  are  applied  to  the  respective  glands. 


Fig.  20S8. — Diagrams   of    Tubular   Glands.     A,  Simple  tubular. 
B,  coiled  tubular;  C,  branched  tubular;  D,  compound  tubular. 

Serous  glands,  pancreas,  parotid,  and  some  small 
unnamed  glands,  secrete  a  thin,  albuminous  liquid; 
the  cells  stain  deeply  and  are  usuallj-  smaller  than  the 
cells  of  the  mucous  type.  These  glands  are  com- 
pound racemose,  as  R.  Jiletzner  pointed  out  in  1909. 

Mucous  glands,  as  the  small  glands  of  the  tongue, 
esophagus,  trachea,  and,  according  to  some,  the  sub- 
lingual gland,  are  of  the  compound  tubular  tj'pe;  the 
secreting  cells  are  large  and  stain  lightly. 
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Mixed  glands  are  those  that  give  rise  to  both  serous 
and  mucous  secretions  at  the  same  time,  due  to  the 
presence  of  both  varieties  of  units.  They  show  the 
characters  of  both  of  the  preceding  forms  and  are 
represented  by  the  submaxillary  and  sublingual  glands. 

The  functionating  cells  of  some  glands  contain  deli- 
cate intracellular  or  secretory  capillaries  (Stcihr,  J. 
.\rnold,  Noll)  which  are  considered  by  some  to  be 
transitory  structures. 
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Fig.   20S9. — Diagram   of  Alveolar   Glands.      A,    Tubulo-alveolar 
B,  simple  alveolar:  C,   compound  alveolar. 

During  the  formation  of  a  secretion  various  changes 
take  place  in  the  cells;  these  are  of  a  complex  nature 
and  cannot  be  considered  here  in  detail.  They  are 
not  the  same  in  all  glands.  H.  Hoven  has  pointed 
out  that  the  mitochondria  of  cells  play  some  impor- 
tant part  in  the  formation  of  secretory  granules.  With 
regard  to  the  nucleus.  Walker  and  .Tozer  have  shown 
that  it  takes  an  important  part  in  the  formation  of 
secretion  products. 

The  excretory  glands  are  very  important  as  through 
them  the  various  waste  products,  formed  b\'  the 
activities  of  the  cells,  are  eliminated.  These  glands 
are  the  kidneys,  sweat  glands,  and  the  lungs. 

3.  Outlet. — Most  glands  are  or  were  connected  to  an 
epithelial  surface;  those  which  are  so  connected  are 
called  externally  secreting  glands  while  those  that 
have  no  ducts  or  outlets  are  the  ductless,  or  internally 
secreting  glands.  Such  glands  are  the  thyroid,  para- 
thyroids, adrenals,  hypophysis,  ovary,  coccygeal, 
and  carotid  bodies.  In  the  ovary  and  testicle  and 
pancreas  are  groups  of  epithelial  cells  that  form 
secretions  that  are  not  emptied  into  ducts;  these 
secretions  are  received,  probably,  by  the  blood- 
vessels of  those  glands  and  then  carried  to  those  parts 
of  the  body  requiring  them.  H.  E.  Radasch. 
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Equilibrium. — This  term  is  used  in  medicine  in  a 
literal  sense  (bodily  equilibrium)  and  in  several 
figurative  senses;  it  is  to  the  former  that  this  article 
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relates.  The  word  means  equal  balance  and  in  physi- 
cal terms  suggests  (Stedman)  "a  state  of  repose  be- 
tween two  or  more  antagonistic  forces  which  exactly 
counteract  each  other."  One  has  only  to  observe 
for  a  few  moments  a  baby  learning  to  walk  or  a  girl 
learning  to  skate  to  realize  that  the  process  of  main- 
taining one's  physical  equilibrium  (equilibration)  is 
a  very  complex  affair  and  not  easier  certainly  on  the 
average  than  the  maintenance  of  one's  "mental 
equilibriimi";  both  cases  imply  adequate  neuro- 
muscular control. 

Three  groups  of  receptors  especially  are  concerned 
in  equilibration:  the  kinesthetic,  the  visual,  and  tlie 
labyrinthine. 

Kinestliesia  furnishes  the  data  as  to  position  and 
tonus,  on  which  alone  the  central  nervous  sy.stem  can 
coordinate  the  skeletal  muscles  and  so,  most  always 
subconsciously,  maintain  the  status  quo.  If  one  who 
has  no  acrobatic  skill  tries,  for  example,  to  .stand 
twenty  seconds  on  his  hands  instead  of  his  feet  he 
realizes,  by  the  contrast,  how  subconscious  has  become 
the  almost  equally  complex  process  of  equilibration  in 
the  latter,  far  more  common,  posture.  The  central 
nervous  system  (the  spinal  and  cerebral  "greys") 
have  to  possess  a  working  knowledge  of  space  before 
equilibration  is  conceivable  at  all.  The  space-mechan- 
ism in  man  may  be  something  along  the  lines  of  tlie 
following  analysis: 

The  origin  of  the  idea  of  space  in  the  mind  of  the 
individual,  like  "space"  itself,  has  as  yet  not  been 
studied  out  in  any  detail,  so  that  we  have  none  too 
good  an  idea  of  what  is  neurally  concerned  in  this 
matter.  For  a  part  of  the  origin  of  this  idea  we  cer- 
tainly have  to  go  back  in  our  imagination  to  early 
infancy,  as  indeed  we  have  already  suggested.  The 
eyes  alone  probably  do  not  give  the  infant  a  sense  of 
depth  when  it  is  born,  a  fact  hard,  indeed,  for  tlie 
adult  to  realize,  because  space,  time,  and  causality 
form  the  three  basal  categories  of  the  whole  adult 
understanding,  from  an  empirical  viewpoint.  As  is 
well  recognized,  there  are  two  opposed  tlieories  in 
regard  to  the  development  of  the  idea  of  .space  in  the 
individual.  Tlie  first  of  these,  known  as  tlie  nata- 
vistic  theory,  supposes  that  the  space  idea  is  born  in 
the  child,  and  the  second,  the  genetic  theory,  believes 
that  the  idea  is  developed  only  when  (voluntary?) 
movements  begin,  and  that  the  retinse  of  the  infant  at 
first  give  him  a  knowledge  of  space  in  only  two  dimen- 
sions; on  this  supposition,  all  objects  appear  only  as 
particolored  areas,  without  depth. 

We  must  stop  to  recall  a  little  how  such  a  bi- 
dimensional  notion  gradually  develops  into  a  true 
idea  of  depth.  The  first  factor  of  this  spatial  process, 
basal  for  tlie  neurology  of  voluntary  movement,  is 
the  kinesthetic  sensations  of  vision.  The  sLx  ex- 
trinsic muscles  of  each  eyeball  all  work  at  once  by 
actively  relaxing  or  by  contracting.  These  muscles 
have  the  most  sensitive  of  all  kinesthetic  sensations, 
more  sensitive  than  any  other  in  the  body  imless  it 
be  in  the  skin,  the  proportion  of  nerve  supply  to  an 
eye  muscle  being  four  or  five  times  that  of  the  gluteus 
maximus,  for  example;  thus  their  kinesthetic  control 
is  very  sensitive.  We  do  not  have  clear  vision,  of 
course,  unless  the  lines  of  sight  of  both  eyes  come  ex- 
actly upon  the  foveae  centrales;  as  a  result,  in  almost 
every  movement  of  life,  at  almost  every  moment, 
movements  of  the  extrinsic  muscles  of  the  eyes  them- 
selves, together  with  the  movements  of  the  head  and 
of  the  neck,  must  contrive  to  keep  the  line  of  siglit 
of  each  eye  exactly  upon  the  fovea  of  each  retina. 
If  one  were  standing  still  and  a  moving  object  was 
perceived  partly  back  of  him  he  would  turn  his  eye- 
balls in  order  to  see;  failing  by  this  means,  he  might 
turn  his  head  around,  and  he  might  even  have  to 
turn  his  whole  body  in  order  to  see  more  clearly. 
These  movements  of  the  head  and  of  the  neck,  or 
even  of  the  whole  body  besides,  together  with  the 
movements  of  the  extrinsic  eye  muscles,  are  pxirely 


reflex  adjusting  movements  adapted  continually  to 
dear  vision.  The  stronger  the  stiinalution  in  the 
biological  .scale  of  values  the  more  ncce.s.sary  is  it  to 
turn  the  head  around  and  the  farther  down  the  body 
are  the  muscles  innervated  in  the  process  of  adjust- 
ment. All  this,  of  course,  is  familiar  physiology,  but 
without  a  doubt  the  kinesthetic  imi)res,sions  arising 
in  all  .such  adjusting  movements  a.s  these  concerned 
witli  vision  are  a  prominent  factor  in  the  development 
of  our  idea  of  space  during  the  first  two  years  of  life. 

In  addition  to  the  gross  movement  of  the  eyes  there 
are  the  well-known  fine  arljusting  movements.  The 
spokes  of  the  wheel  of  an  automobile  going  at  the 
rate  of  about  twelve  miles  an  hour  furnish  a  fine 
opportunity  for  observation  of  these  inconspicuoas  ad- 
justments of  the  eyes,  for  in  the  frequent  momentary 
apparent  stopping  of  the  wheels  we  can  see  when  the 
minute  jerks  of  the  eyeball  occur.  These  are  wholly 
unconscious  under  ordinary  conditions,  hut  triey  serve 
importantly  to  finish  out  the  gross  adaptive  move- 
ments of  the  eyes.  They,  doubtless,  are  a  factor  in  the 
spatial  kinesthesia,  although  wholly  unconscioui>  to 
the  adult. 

_  In  an  homologous  way  we  might  consider  the 
kinesthetic  sen.sations  from  the  ears,  similar  to  but 
less  important  than  the  kinesthetic  sensations  of 
vision.  We  turn  our  ears  toward  a  sound,  and  thu.s 
hearing  also  helps  somewhat  to  give  us  an  idea  of 
space.  The  movements  of  the  human  pinna  are 
ordinarily  so  slight  that  we  disregard  them,  and  in 
any  process  of  adjustment  we  use  the  muscles  of  the 
neck  and  the  trunk  chiefly  in  order  to  turn  our  organ- 
ism "toward  the  sound." 

This  kinesthesia  complex  obviously  is  a  factor, 
however  small,  in  our  idea  of  space  in  which  to  move. 

Another  element  of  this  space  evolution  is  possi- 
bly represented  in  the  retina^  themselves.  It  is  diffi- 
cult, if  not  impossible,  however,  to  understand  how 
these  visual  impressions  alone  could  give  us  a  senj-e 
of  depth.  Location  by  means  of  the  retina  itself 
(a  form  of  local  sign)  is  very  inexact  and.  \ipon  the 
whole,  retinal  sensations  are  of  little  account  consid- 
ered as  separate  from  the  kinesthetic  sensations 
of  vision  (which  they  never  are)  in  the  theory  of 
voluntary  movement.     It  , 

seems  that  we  use  the  re-  ; 

final  sensations  proper  in     j  ^  1  « $ 

the  guidance  of  a  motion       ^^^  I  /I 

only  when  the  line  of  sight     hT     N.  '  /     )  n 

comes  upon  the  fovea  cen-        ^ — ^  I  x"""'^ 

trails,    and  then  it  is  the  y'  >  ^\  p 

usual    kinesthetic     sensa-       *"  j 

tions  that  guide  the  volun-  [ 

tarv  movement.     In  mov-         _        „.„,,     _. 

*  ii      u       J  A    •    I  riG.     2090. — Diaerammatic 

mg  the  hand  we  certainlv      „    ■      ,  ■  o    .•      .u        u  .i, 

"    . ,  1  .    I,      X       1  ■         Horizontal  .Section  through  the 

use  the  eyes  chiefly  to  dt--  Hiad  to  illustrate  the  Planes 
t  ermine  where  we  shall  orcupieU  by  the  .SomicircuUr 
begin  and  where  stop  the  Canals.  S.  Superior;  H,  hori- 
movement.  The  eye  lo-  lontal;  P,  posterior.  (.\fter 
cates  the  start  of  an  aver-  Waller.) 
age   voluntary   movement 

in  the  light,  but  the  retinal  sensations  are  too  inexact 
for  fine  adjustments  of  the  eyes  or  of  the  limbs. 
None  the  less,  we  mention  them  as  a  probable  factor 
in  space  conception. 

The  semicircular  canals  also  have  a  part  in  this 
process  of  elaboration  of  our  space  conception,  a 
verv  important  part,  probably,  in  particular  in  its 
relation  to  the  innervations  of  voluntary  movements. 
Here  more  anatomically  and  definitely  than  else- 
where are  the  three  dimensions  of  space  represented. 
In  connection  with  the  cerebellum  ithe  great  center 
of  mechanical  coordination  of  all  afferent  influences, 
at  least)  we  have  probably  to  consider  the  canals, 
therefore,  as  the  space  receptors  proper,  with  meaning, 
however,  only  in  reference  to  and  in  neural  coordina- 
tion with  general  muscular  activity. 

A  fourth  factor  in  the  spatial   mechanism  of   o>ir 
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minds  is  comprised  in  tin-  Ivincsthelic  si-n.sations 
combined  from  bodily  movements  iihvays  in  space. 
Such  movements  as  kicking  and  impulsive  reaching 
out  for  objects  and  many  other  retlex  movements  send 
into  the  young  infant's  brain  a  great  nmltitude  of 
kinesthetic  impressions,  and  these  effects  from  move- 
ments made  in  the  three  directions  gradually  combine 
themselves  with  those  from  the  movements  of  the  eyes 
and  from  the  canals  to  furnish  a  real  idea  of  depth. 
Thus  gradually  the  concept  of  space  or  of  |)er.spective  is 
developed,  but  it  must  be  noted  that  it  is  developed 
whoUv  from  actual  muscular  movement,  whether  it 
be  tlie  eyes,  the  canals,  or  the  joints  (usually  all 
together)'  that  are  concerned.  The  movements  of 
the  adult,  made  in  the  three  planes  and  represented 
by  different  sets  of  sensations,  are  carried  out  con- 
tinuously on  this  notion  of  depth,  and  the  adult 
neuromuscular  mechanism  appears  to  work  always 
upon  this  basis  only. 

Now  etiuilibration  is,  neurologically  speaking,  the 
intrinsic  or  iidierent  phase  of  this  "knowledge"  of 
extrinsic  space,  so  that  we  have  above  practically 
already  described  the  neural  apparatus  of  equilibrium 
— maintenance  .so  far  as  kinesthesia  (and  this  basal 
sense  is  now  properly  considered  inclusive  of  touch) 
is  concerned,  and  by  implication  the  visual  factor. 

For  the  labyrinthine  element  in  ecjuilibration  we 
may  well  quote  the  brief  account  of  Cleghorn: 

\Ve  see  from  the  above  that  the  sense  of  equilib- 
rium is  served  by  various  special  senses.  However, 
we  have  good  reason  for  believing  that  there  is  one 
special  sense  organ  which  determines  the  position  and 
direction  of  the  movements  of  the  head,  and  conse- 
quently of  the  whole  body.  This  organ  consists  of 
the  system  of  semicircular  canals  in  the  internal  ear 
(anterior,  posterior,  and  external). 

Various  experiments  performed  on  birds  show  that 
a  motor  disturbance  invariablv  follows  division  of  any 


Fio.  2091. — T.i-ft.  Bony  Labyrinth.  Vipwed  from  Outer  .Side. 
The  fieure  represents  the  appearance  produced  by  removing  the 
petrous  bone  down  to  the  denser  layer  immediately  surrounding 
the  labyrinth.  1,  2.  3,  The  first  and  second  turns  of  the  cochlea, 
and  the  cupola:  4,  fenestra  rotunda:  5,  foot-plate  of  the  stapes: 
7.  the  vestibule:  8.  11.  12,  the  ampullee  of  the  semicircular  canals; 
9,  11,  12,  semicircular  canals. 

of  these  canals.  The  animal  shortly  after  operation, 
whenever  it  is  disturbed,  undergoes  peculiar  forced 
movements  with  rolling  of  the  eyes.  When  at  rest 
the  animal  does  not  maintain  its  perfect  erect  position, 
its  legs  spreading  farther  apart  than  normal  and  its 
body  coming  closer  to  the  ground.  The  effect  of  this 
operation  varies,  of  course,  very  considerably,  it 
depending  altogether  on  the  nvimber  of  the  canals  cut. 
Some  observers  have  claimed  that  it  is  the  activity  of 
the  hair  cells  on  the  cristce  acusticce  of  the  ampulla;  of 
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the  semicircular  canals,  which  are  irritated  by  the  in- 
creased or  diminished  pressure  of  the  endolymph  in 
them,  which  gives  rise  to  a  nervous  impulse  and  so 
originates  various  ideas  of  position. 

The  anatomical  position  and  relationships  of  these 
canals  in  the  human  being  have  been  very  extensively 
studied  by  Crum  Brown,  who  pointed  out  that  the 
three  canals  of  each  side  lay  in  the  three  dimensions 
of  space  and  that  the  canals  of  each  side  are  almo.st 
at  right  angles  to  one  another  (see  Fig  2091).      Any 
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FiQ.  2092. — Interior  View  of  Left  Bony  Labyrinth  After  Re- 
moval of  the  Superior  and  External  Walls,  n,  p,  i.  The  superior, 
posterior,  and  horizontal  semicircular  canals:  a,  a,  a,  ampullse; 
ar,  opening  of  the  aqueduct  of  the  vestibule:  V,  vestibule:  ac, 
opening  of  the  aqueduct  of  the  cochlea:  sr,  scala  vestibuli:  st, 
scala  tympani:  o,  fenestra  ovalis:  r,  fenestra  rotunda. 

movement  of  the  head  will  constantly  produce  an 
increase  of  pressure  in  the  ampulla  of  a  canal  of  one 
side,  with  a  corresponding  decrease  of  pressure  in  the 
same  canal  on  the  opposite  side  and  this  by  exciting 
the  hair  cells  in  them  originates  the  sense  of  movement. 
This  assumption  can  be  considerably  strengthened  by 
experiments  on  man.  A  person  with  the  eyes  band- 
aged, tactile  and  muscular  sense  eliminated,  supported 
on  a  rotating  table,  can  determine  very  correctly  in 
what  direction  and  through  how-  great  an  angle  he  may 
be  rotated.  It  will  be  found  in  the  same  experiment 
that  after  being  rotated  for  a  few  moments  and  then 
the  table  brought  to  a  standstill,  the  person  will  ex- 
perience the  sensation  of  rotation  in  the  opposite 
direction.  Patients  with  some  disease  of  the  internal 
ear  are  very  seldom  subject  to  dizziness  caused  by 
rapid  rotation  or  the  motion  of  a  swing.  James  has 
pointed  this  out  in  deaf-mutes  who  are  subject  to  this 
and  to  another  well-known  peculiarity.  Should  a 
deaf-mute  dive  into  deep  water  -when  bathing,  the 
pressure  of  the  water  surrounding  the  body  is  nearly 
equal  and  so  eliminates  localized  pressure;  the  mute 
may  then,  instead  of  swimming  to  the  surface  of  the 
water,  continue  his  progress  toward  the  bottom — in 
short,  he  cannot  distinguish  whether  he  is  going  up 
or  down.  In  support  of  this  fact  it  may  be  mentioned 
that  in  birds  and  fishes  whose  environment  is  such 
that  muscular  and  tactile  sense  can  contribute  little 
to  the  sense  of  equilibrium,  the  semicircular  canals 
are  very  greatly  developed.  We  find  also  that  in  cases 
of  disease  of  the  semicircular  canals  in  which  the  pres- 
sure in  them  is  considerablv  altered  we  have  well- 
marked  symptoms  of  .vertigo  and  incoordination. 
Disease  of  the  cochlea  does  not  produce  this.  Accord- 
ing to  Lee,  section  of  these  canals  in  fish  produces  no 
forced  movement,  but  section  of  the  nerves  supplying 
the  ampulla;  invariably  gives  rise  to  forced  move- 
ments. This  observer  also  found  that  when  a  fish  is 
placed   in    different   positions,    there   is    an    opposite 
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movement  of  the  dorsal  fin  and  of  the  optic  axes 
determined  by  the  semicircular  canal  in  whose  plane 
the  movement  is  made.  Lee  places  great  importance 
upon  the  presence  of  otoliths  in  the  vestibular  sacs 
of  the  nerve  terminals  and  the  cristcs  acusiicce.  These 
bodies  form  large  masses  in  the  ears  of  fishes  and  they 
undoubtedly  exert  considerable  pressure  on  the  hair 
cells. 

The  semicircular  canals  are  not  entirely  necessary 
for  the  pre.servation  of  equilibrium,  yet  the  muscular, 
tactile,  visual,  and  other  senses  supplying  their  quota 
of  information  regarding  the  position  of  the  body  may, 
no  doubt,  to  a  considerable  extent,  take  the  place 
of  the  semicircular  canals  when  these  are  destroyed 
by  either  operation  or  disease. 

The  first  suggestion  of  the  importance  of  the  semi- 
circular canals  in  maintaining  the  body  equilibrivim 
may  be  traced  to  the  two  important  researches  by 
Purkinje  in  1820,  and  another  by  Flourens  in  182S. 
Against  the  usually  accepted  theory  that  the  semi- 
circular canals  are  the  organs  for  determining  the 
spatial  relations  of  the  head,  Cyon  contends  that  the 
semicircular  canals  only  assist  indirectly  in  this 
function.  He  maintains  that  really  our  knowledge  of 
the  position  of  the  bodies  in  space  depends  more  upon 
the  nerve  impulses  coming  from  the  contracted  ocular 
muscles,  pointing  out  that  the  oculomotor  centers 
are  in  close  relationship  with  the  centers  receiving 
the  stimuli  from  the  semicircular  canals.  Conse- 
quently on  excitation  of  the  semicircular  canals  os- 
cillatory spasms  of  the  ocular  muscles  occur  at  the 
rate  of  from  twenty  to  one  hundred  and  fifty  per  min- 
ute. And  this  view  of  Cyon's  that  the  semicircular 
canals  influence  the  movement  of  the  eyes  has  been 
partially  supported  by  Lee  (see  above).  Ewald  has 
divided  the  labyrinth  functionally  into  two  parts, 
one  concerned  with  hearing  and  the  other  with 
muscle  tone.  The  former  is  the  cochlea,  and  the  latter 
the  semicircular  canals  of  the  vestibule.  He  states 
that  if  the  labyrinth  of  an  animal  be  injured  and 
then  the  animal  killed,  rigor  mortis  does  not  in  most 
cases  occur.  Sewall  carried  out  a  series  of  experi- 
ments on  young  sharks  and  skates  and  claimed  that 
cutting  through  the  canal  on  one  side  produced  no 
alteration  in  equilibrium.  But  should  the  utricle 
be  injured  and  the  otoliths  be  removed  the  fishes 
usually  dived  and  swam  toward  the  injured  side. 
Ewald  claims  that  the  saccule  is  more  concerned  in  the 
equilibrium  than  any  other  portion  of  the  internal  ear. 

Anatomical  evidence  clearly  points  to  the  fact  that 
the  function  of  the  semicircular  canals  and  that  of  the 
cochlea  are  different.  It  is  true  that  the  eighth  nerve 
supplies  them  both;  but  it  is  also  true  that  the  eighth 
nerve  really  consists  of  two  divisions,  a  vestibular  and 
a  cochlear  portion,  which,  although  running  together 
in  the  human  subject  (in  the  horse  they  are  separate 
and  distinct  nerves),  on  entering  the  internal  auditory 
meatus  they  separate  and  are  distributed  as  named. 

From  the  foregoing  description  we  can  see  that  the 
sense  of  ecjuilibrium  is  one  of  the  most  complex  phe- 
nomena in  the  body.  As  already  mentioned,  it  is 
made  up  from  impressions  derived  from  nearly  all  the 
special  senses.  Experimental  evidence  clearly  points 
to  the  fact  that  the  semicircular  canals  are  of  primary 
importance,  that  they  transmit  their  impulses  to  the 
cerebellum  through  the  vestibular  nerve,  and  the 
cerebellum  in  turn,  acting  through  the  vermis,  may 
react  upon  the  cerebellospinal  and  vestibulospinal 
efferent  system  and  so  through  these  contribute  a 
factor  to  the  normal  tonus  of  the  spinal,  cranial,  and 
motor  cells. 

In  conlcusion  it  may  be  mentioned  that  although  we 
have  seen  that  the  semicircular  canals  and  vestibule 
are  primarily  concerned  in  eciuilibrium,  yet  patho- 
logical cases  have  been  found  in  which  a  slowly 
progressive  affection  of  the  internal  ear  ultimately 
left  these  structures  transformed  into  a  bony  mass  in 
which  no  trace  of  the  original  soft  structures  remained. 
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And  in  these  cases  there  was  no  perceptible  di.sturJ>- 
ance  of  etjuilibrium,  nystagmus,  or  giddiness.  We 
must  therefore  admit  that  these  organs  are  not  indis- 
pensable for  equilibrium,  but  that  .some  other  organ 
or  combination  of  organs  can  vicarioasly  carrv  on 
their  function. 

The  question  may  also  be  asked,  Are  the  semicir- 
cular canals  concerned  in  hearing?  Certainly  injury 
to  these  canals  in  animals  does  not  appear  to  cau.se 
deafness,  but  it  must  be  remembered  that  it  is  ex- 
tremely difficult  to  substantiate  any  of  the  .special 
senses  in  animals.  In  the  human  subject  it  is  doubtful 
if  any  of  these  .structures  are  ever  affected  without 
causing  deafness;  but  it  must  here  be  noted  that  these 
structures  are  seldom  affected  in  the  human  being 
without  the  cochlea  becoming  involved  in  the  dL-iease, 
so  that  deafness  may  be  caused  by  disease  of  the  semi- 
circular canals,  which  disease  would,  in  all  probability, 
also  involve  the  cochlea. 

The  cerebellum  has  long  been  supposed  to  be  the 
great  .switchboard  concerned  in  the  a.ssociation  of 
visual  and  kinesthetic  impres.sions,  and  nothing  has 
Ijcen  discovered  to  disjjlace  this  function  as  long  as 
we  consider  that  probably  no  individual  muscles 
are  represented  in  the  cerebellum,  (but  rather  in  the 
spinal  grey)  the  cerebellum  receiving,  then,  tendencies 
to  movement  of  muscles  already  physiologically 
grouped.     As  Cleghorn  says: 

"The  cerebellum  has  long  been  regarded  as  the 
nervous  center  for  equilibrium  and  coordination  of 
muscles.  Certainly  pathological  evidence  points  to 
the  fact  that  the  cerebellum  is  concerned  in  this 
function,  giddiness  being  a  well-marked  symptom  of 
cerebellar  disease,  although  it  is  not  so  well  marked  as 
in  labyrinthine  or  eighth-nerve  lesions. 

"Should  a  large  portion  of  the  cerebellum  be  de- 
stroyed, we  have  well-marked  incoordination  phe- 
nomena, and  here,  although  sensation  may  remain 
good,  the  incoordination  must  be  ascribed  to  a  loss  of 
impulses  which  regulate  body  movements  without 
being  on  their  way  or  in  the  cerebellum  elaborated  to 
conscious  sensations. 

"Experimental  work  on  the  cerebellum  seems  to 
point  to  the  fact  that  the  organ  'functions'  as  a  whole, 
not  in  'areas'  as  the  cerebrum,  because  it  is  so  largely 
concerned  in  the  innervation  of  the  muscular  system 
of  the  whole  body,  and  this  fact  led  Flourens  and  Bouil- 
lard,  early  observers,  to  express  the  opinion  that  the 
cerebellum  was  the  organ  of  'equilibrium.'  The  cere- 
bellum, according  to  Lussana  and  Carjienter,  receives 
impressions  originating  in  the  sense  organs  of  muscles, 
joints,  ligaments,  and  tendons,  and  it  al.so  is  intimately 
connected  with  the  vestibular  ner\e,  consequently 
destruction  of  one  side  of  the  cerebellum  greatly 
lowers  the  muscular  tone  of  that  side.  Removal  of 
one-half  of  the  cerebelhnn  gives  well-marked  symptoms 
of  incoordination  and  partial  loss  of  equilibrium. 
Complete  removal  of  the  organ  does  not  give  such 
marked  symptoms,  but  profound  Lassitude  is  marked, 
following  execution  of  movements  which  should  be 
ordinarily  quite  unfatiguing.  In  unilateral  ablation 
the  animal  usually  lies  on  the  side  from  which  the 
portion  of  the  cerebellum  is  being  removed  and  with 
the  trunk  often  cur\-ed  concavely  to  the  same  side. 
The  four  limbs  are  us\Killy  extended,  the  one  on  the 
operated  side  more  than  the  other.  There  is  conju- 
gate deviation  of  the  eyeballs  to  the  opposite  side. 
.\s  a  rule,  the  animal  cannot  stand  and  has  a  great 
tendency  to  fall  to  the  injured  side.  Should  it  try  to 
move,  it  will  move  around  in  the  long  axis  of  it*  body 
toward  the  injured  side.  In  a  few  days,  the  majority 
of  these  svmptoms  dis.appear.  However,  entire  disap- 
pearance "of  the  symptoms  has  not  been  obtained. 

".Mthough  an  enormous  ma.ss  of  work  has  been 
done  on  the  cerebellum,  very  little  definite  knowledge 
has  been  obtained.  It  appears  that  this  organ  is 
concerned  in  a  particular  class  of  phenomena,  rather 
than  in  a  particular  sense.     It  is  more   intimately 
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concerned  in  receiving  ini]>iilses  from  tlie  various 
senses,  more  cspeciuUy  of  those  concerned  witli  e(|ui- 
lihriuni  and  muscular  sense.  Tln'oufth  it  habitual 
jiosture  is  supjiorted  and  it.  is  immediately  associated 
with  the  movements  deiiending  principally  on  the 
lower  cerebral  sense,  that  is,  walking  and  running, 
nnd  not  with  those  elaborated  with  the  highest 
technical  movement." 

The  work  of  Luciani,  Adambirenicz,  and  others  on 
the  cerebellum,  which  led  them  to  emph.asize  the  af- 
ferent function  of  the  cerebellum,  seems  in  no  way  to 
controvert,  but  rather  try  to  modernize  the  former 
ductrine. 

We  have  "touched  only  on  some  of  the  high  places  " 
in  thus  hurrying  over  an  outline  of  eciuilibrium,  for 
it  includes  in  its  physiology  much  of  the  relation- 
ship between  the  body  as  an  object  moving,  both 
passively  and  actively,  in  space  and  that  space 
it.self  as  part  of  the  environment  teeming  with  stimuli. 
When  this  broad  way  of  looking  at  the  matter  is  em- 
ployed it  is  here  obvious,  as  it  elsewhere  is,  that  kin- 
esthesia is  the  dominant  sense  so  far  as  bodily  use 
and  orientation  are  concerned,  although  only  an  as- 
pect or  perhaps  a  phase  of  the  integrated  total  per- 
sonal control  in  which  all  the  other  senses  each  in  its 
way,  are  implicated,  and  separated  onh-  for  scientifie 
description  and  discussion.  Of  such  empirical  integ- 
rations, equilibrium  is  a  typical  e.xample. 

Geokc.e  V.  N.  Dbarbohn. 

Equinox  Spring. — Bennington  County,  Vermont. 
Post-office. — Manchester. 

Access. — Via  Bennington  and  Rutland  Railroad, 
a  link  in  the  Central  Vermont  line  between  Montreal 
and  New  York. 

Manchester-in-the-Mountains,  a  charming  village  in 
the  southwestern  part  of  Vermont,  is  situated  on  a 
j)lateaii  about  200  feet  above  the  Battenkill  River,  and 
1,000  feet  aliove  tidewater,  in  a  valley  between  the 
Green  and  Taconic  ranges.  For  nearly  half  a  cen- 
tury it  has  been  one  of  the  principal  resorts  of  New 
England,  famed  alike  for  its  beautiful  scenery,  fine 
drives,  healthful,  invigorating  air,  pure  water,  and 
numerous  brooks,  alive  with  trout.  The  place  has 
been  properly  termed  a  model  village,  the  main  street 
being  bordered  by  wide  lawns,  overarched  by  century- 
old  elms  and  maples.  Shaded  by  these  trees  are  mar- 
ble .side-walks,  and  back  of  them  the  cottages  in  their 
setting  of  emerald,  the  entire  absence  of  fences  on 
the  street  giving  the  effect  of  a  park.  The  villag'e 
contains  a  beautiful  library  biiilding,  charming  drives 
in  all  directions,  good  hotels,  and  other  desirable 
features  too  numerous  to  mention  here.  In  the  im- 
mediate vicinity  is  an  imending  variety  of  natural 
attractions.  Away  off  on  Mount  Equinox,  1,.500 
feet  above  the  village  and  2,500  feet  above  the  level 
of  the  sea  and  far  from  any  habitation,  is  located  the 
spring  which  supplies  the  Equinox  mineral  water. 
An  analysis  of  this  water  by  Messrs.  Chandler  and 
Pellew,  of  New  York,  shows  the  following  ingredients: 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  bicarbonate. ..  .  ,  0..5512 

Sodium  chloride .  0.4783 

Potassium  sulphate.  .  0.0772 

Calcium  sulphate ,  0.1484 

Calcium  bicarbonate .  1.9787 

Magnesium  bicarbonate.  ,  ,  0.7338 

Iron  oxide  and  alumina. ..  .  ...  O.Ol.'JO 

Silica 0.1796 

Organic  and  volatile  matter.  Traces 

Total  solids 4.  Ifitl 

Total  residue  on  evaporating  at  240°  F 2.8888 

A  slightly  alkaline  water  of  great  purity. 

The  Equinox  is  a  large  spring,  flowing  from  one  and 
a  half  to  two  barrels  per  minute.     The  temperature  of 
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the  water  remains  at  .38°  F.  both  winter  and  summer, 
Ijroving  that  the  source  is  deep.  The  .s]jring  is  little 
alTected  by  rains  or  drought.  The  water  flows  from 
a  seam  in  the  talcose  schist  rock,  and  is  piped  direct 
to  the  bottling  works. 

This  water  is  very  lightly  mineralized,  as  shown  by 
the  analysis,  yet  it  is  recommended  as  useful  in  the 
treatment  of  gout,  rhcimiatism,  dyspepsia,  and  dis- 
ease conditions  generally  which  are  tracealile  to  the 
so-called  uric-acid  diathesis.  Emma  E.  Walker. 


Erasistratus. — He  flourished  about  300  years 
before  the  Christian  era,  and  is  esteemed  to  have  been 
the  greatest  Greek  anatomist  since  the  time  of  He- 
rophiluis,  who  preceded  liim  by  only  a  few  years. 
According  to  the  historian  Strabo,  Erasistratus  was 
born  at  Julis,  in  the  island  of  Ceos,  in  the  Aegean  Sea. 
He  practised  medicine  for  a  certain  number  of  years, 
and  then,  after  he  had  retired,  and  was  somewhat 
advanced  in  years,  he  began  the  study  of  anatomy. 
It  is  believed  that  he  mu.st  have  performed  liis  dis- 
sections in  Alexandria,  Egypt,  and  that  he  was  asso- 
ciated with  Herophilus  in  this  work.  His  study  of 
anatomy  led  him  to  change  his  views  with  regard  to 
several  matters.  For  example,  he  had  always  pre- 
viously taught  that  the  nerves  originated  in  the  dura 
mater  and  not  in  the  brain  itself;  but,  after  he  had 
carried  on  these  more  careful  anatomical  studies,  he 
admitted  that  he  had  been  in  error,  and  that  the 
brain  was  the  real  source  of  origin  of  the  nerves. 
He  never  discovered,  however,  that  he  was  equally 
wrong  when  he  taught  that  the  arteries  contained  air, 
or  some  sort  of  gaseous  substance,  instead  of  blood. 

Erasistratus,  it  is  believed,  wrote  a  large  number  of 
treatises,  but  not  one  of  them  has  come  down  to  our 
time.  Galen,  however,  has  preserved  for  us  a  luimber 
of  fragments  of  these  works.  A.  H.  B. 

Erepsin  is  an  enz_vme  that  has  the  power  of  splitting 
proteoses,  peptones,  and  polypeptides  into  both  mono- 
and  diamino  acids.  It  has  no  action  upon  native 
proteins  with  the  exception  of  casein.  It  is  assumed 
that  it  is  responsible  for  the  final  digestion  of  sub- 
stances arising  in  gastric  and  pancreatic  digestion  of 
protein.  Erepsin  is  found  in  the  mucous  memljrane 
of  the  small  intestine  and  in  the  intestinal  juice,  the 
former  appearing  to  contain  more  enzyme  than  tlie 
latter.  Similar  enzymes  have  been  obtained  from  the 
pancreas  and  from  tissues  of  invertebrates.  In  plants 
also  enzymes  have  been  found  capable  of  producing 
effects  similar  to  those  of  erepsin.  On  heating  to  59° 
C.  erepsin  becomes  inactive;  its  best  action  is  obtained 
in  alkaline  media  and  in  faintly  acid  solutions  it  shows 
hardlv  anv  activity.  Frank  P.  Uxderhill. 


Ergota. — Ergot,  U.  S.  P.;  Sccale  cornuium,  Ph. 
G.;  Ergol  de  Scigle,  Codex  Med.,  Frwgus  Secalis; 
Mutterkorn;  Spurred  Rye,  etc.,  consists  of  the  sclero- 
tium  of  Claviceps  purpurea  (Fries),  Tulasne  (Fain. 
Ilypocreacew),  replacing  the  grains  of  rye,  Sccale 
cereale  Linn.  Our  Pharmacopceia  prescribes  th.at 
ergot  should  be  onlv  moderately  dried,  preserved  in  a 
closed  vessel,  chloroformed  occasionally  to  prevent 
the  development  of  insects,  and  rejected  as  unfit  for 
u.se  when  more  than  a  year  old.  These  directions 
are  quite  likely  to  be  changed,  for  it  is  now  a  well- 
established  fact  that  if  ergot  is  thoroughly  dried,  and 
kept  so,  it  can  be  preserved  for  years  without  deter- 
ioration. This  remarkable  parasite  is  develojied  in 
the  flowers  of  several  cultivated  grains  and  of  a  con- 
siderable number  of  wild  grasses,  germinating  upon 
the  ovaries,  which  it  aborts  and  finally  destroys,  and 
growing  in  the  place  of  these  organs  like  some  mon- 
strosity of  the  flowers  themselves.  It  attains  to  a  sort 
of  maturity  as  the  grain  ripens  in  the  fall,  and  in  this 
condition     remains    quiescent    until    the    following 
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season,  when,  if  in  a  suitable  situation,  as  upon  the 
surface  of  damp  ground,  it  produces  spores  in  time  to 
attack  tlie  Ijlossoming  grasses  and  grains  of  the  suc- 
ceeding year.  It  is  this  resting-stage  which  consti- 
tutes the  "sclerotium."  _ 

Tlie  first  noticeable  evidence  of  the  presence  of  this 
fungus  in  a  spikelet,  say  of  rye  or  wheat,  is  a  sticky, 
unpleasant-smelling,  very  sweet,  liijuid  exudation 
from  the  interior  of  one  of  the 
flowers,  which  accumulates  in 
considerable  cjuantity ,  and  may 
even  drop  off  or  run  down  the 
stem.  It  consists  mostly  of 
some  sort  of  sugar,  and  is  prob- 
ably a  decomposition  product 
of  the  affected  pistil.  Like 
similar  results  of  the  irritation 
of  vegetable  tissues  by  other 
fimgi,  as  well  as  by  aphides, 
etc.,  it  is  known  as  "honey 
dew,"  and  designated  the 
"honey  dew  of  rye."  It  is  a 
certain  sign  that  ergot  will 
follow.  Ants  and  beetles  are 
fond  of  it,  flock  to  the  ears 
where  it  is  to  be  found,  and  as 
it  contains  cells  capable  of  de- 
veloping into  ergot  in  other 
flowers,  they  assist  in  spread- 
ing the  blight.  Bees  are  said 
to  avoid  it.  A  soft,  spongy  or 
cottonj-,  mold-like  tissue,  con- 
sisting of  long,  fine,  weak  fili- 
form cells,  felted  together  at 
this  time,  envelops  and  per- 
meates the  ovary ;  as  it  grows 
the  latter  becomes  disorganized 
and  disappears,  and  the  myce- 
lium of  the  ergot,  as  this  struc- 
ture is  called,  takes  its  place. 
In  a  short  tinie  after,  a  very 
redundant  and  much  wrinkled 
layer  of  perpendicular  cells 
covers  the  surface  of  the  myce- 
lium, and  produces  innumera- 
ble minute  oblong  false  spores 
(conidia),  which  are  discharged 
into  the  adhesive  "  honey  dew  " 
just  mentioned.  These  are 
capable  of  reproducing  the 
plant,  and  are  the  first  method 
of  propagation.  In  this  stage 
it  was  at  one  time  considered 
to  be  an  adult  and  perfect  plant, 
and  named  Sphacelia  segelum 
(Leveille,  1827).  A  further 
development  next  takes  place 
in  the  formation  and  growth  of 
the  sclerolium..  This  begins  as 
a  condensation  of  tissue  at  the 
base  of  the  "sphacelium"  just 
described,  the  cells  of  which 
become  shorter  and  thicker- 
walled,  as  w-ell  as  more  closely 
packed  together.  The  ma.ss 
becomes  firm  and  brittle  as  it 
develops,  the  outer  surface  assumes  a  purple-black 
color,  and  it  finallv  grows  to  a  long  spur-like,  curved, 
Irregularlv  cvlindrical  body  protruding  half  its  length 
or  more  bevond  the  plumes  and  paleie  of  the  rye. 
The  "sphacelium"  atrophies  as  the  sclerotium  gro\ys, 
and  is  carried  up  on  the  apex,  as  are  also  any  remains 
of  the  unfortunate  pistil.  When  the  ergot  is  fully 
grown  and  gathered,  scarcely  any  traces  of  either  of 
these  are  to  be  found.  At  this  stage  ergot  was  also 
considered  a  distinct  plant  from  the  above,  and  it 
received  separate  names  (Sclerotium  clavus  De  Can- 
dolle,    1816,    etc.).      The  growth  of  the  first  season 


Fig.  2093.— Ear  of  Rye 
with  two  Ergots.  Natural 
size.     (From  Luerssen.) 


terminates  with  the  sclerotium,  but  in  the  early  sum- 
mer of  the  next  year  several  minute  globular  hcadB 
raised  upon  .stalks,  half  an  inch  or  more  in  length,  and 
looking  like  miniature  "toadstools,"  grow  froiri  the 
sides  of  this  organ  and  bear,  in  numerous  cavities 
iperitheciii),  a  multitude  of  groups  of  long  and  slender 
spores  (.see  Fig.  2()ltO.  These  spores,  applied  to  the 
flowers  of  suitable  gra.s.ses,  are  capable  of  reproducing 
the  whole  series  of  forms  described  above,  and  com- 
plete the  life  history  of  the  fungus.  It  is  interesting 
to  note  that  this  stage  of  claviceps  was  also  known 
long  before  its  connection  with  the  others  was  made 
out,  and  it  was  described  and  named  by  several  authors 
(t.f/.  Siihirria,  Conlirciix,  etc. J 

'l"he  first  botanist  to  follow  the  course  of  this  plant 
through  all  it.s  changes  was  M.  Tulasne,  who  gave  it 
its  present  name,  and  finally  published  his  report  upon 
it  in  the  Aunalci  dia  Hcieiiax  MiitunileK  for  1H,53. 
His  investigations  were  so  thorough,  and  his  illustra- 
tions so  fine,  that  but  little  has  been  added  to  either, 
so  far  at  least  as  the  botany  of  ergot  is  concerned. 

H.\BIT.\T. — Clariceps  purpurea  is  found  in  most 
temperate  countries  where  the  grains  and  gras.ses 
ujjon  which  it  flourishes  grow.  It  is,  however,  much 
less  abimdant  in  this  co\mtry  than  in  Europe,  and  there 
it  occurs  most  generally  in  the  warmer  and  moLster 
countries.  It  is  gathered  in  Central  Europe,  and 
e.specially  in  Spain  and  Central  and  .Southern  Ru.ssia. 
It  is  an  incidental  product  of  agriculture,  and  is  sorted 
out  from  the  grain  at  the  harvest  with  the  double 
purpose  of  collecting  the  ergot  and  of  removing  its 
l)aneful  influence  from  the  grain.  Ergot  of  wheat 
is  occa-sionally  saved;  it  is  shorter  and  thicker  than 
that  of  rye,  and  medicinally  equally  good. 

History. — Ergot  has  long  been  known  as  a  blight 
upon  grain  and  as  a  i)oisou,  but  its  medicinal  history 
is  comparatively  modern.  It  !ii)poars  to  have  been 
used  by  the  peasantry,  in 
some  parts  of  Europe,  in 
childbirth  as  much  as  three 
hundred  years  ago,  and  is 
mentioned  by  several  au- 
thors of  the  sixteenth  and 
seventeenth  centuries  in  this 
connection;  but  its  formal 
introduction  into  modern 
medicine  is  due  to  the  efforts 
of  Dr.  Stearns,  of  New  York, 
in  the  early  part  of  the  la.st 
century. 


Fia.  2094. — Ergot  in  its  Final 
Fructifying  StAgc.    (Luerssen.) 


Description.  —  The 
above-described  "srlero- 
tiums,"  which  constitute 
ergot,  are  from  one  and 
one-half  to  three  centimeters  (one-half  to  a  little  more 
than  one  inch)  long  and  three  millimeters  (one-eighth 
inch)  thick,  oblong,  tapering  toward,  btit  obtuse  at  lioth 
ends,  triangular-cylindraceous,  the  sides  unequally 
grooved;  externally  p\ir|ile-black.  nearly  smooth; 
internallv  whitish,  "with  puriilish  tinge  or  stria\  the 
fracture  short  usually,  except  in  the  Spanish  variety, 
odor  jieculiar,  dis.agreeable,  especially  uium  tritura- 
tion with  potassium  or  sodium  hydrate  T.  S.;  taste 
oilv  and  disagreeable.  It  molds  and  spoils  rather 
ea.silv,  and  should  be  kept  fresh  and  dry.  It  should 
not  be  broken  or  ground  tmtil  needed  for  tise.  Micro- 
scoi)icallv  it  consists  of  closely  entwined,  elongated, 
thick-wallcd  cells  containing  an  abundance  of  oil 
drops.  Of  the  commercial  varieties,  Russian  and 
Sjjanish  ergots  are  commonly  ])referrcd.  Small  or 
medium-sized  grains  are  believed  to  be  superior  to 
very  large  ones. 

Composition. — Ergot  has  been  repeatedly  examined 
within  the  past  half-century,  with  the  result  of  oxhihit- 
ing  a  more  and  more  complex  composition  with  each 
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Buocessive  investigation.  Being  a  jiarasitic  fungvis, 
it  is  responsible  for  the  presence,  not  only  of  the  eoni- 
])()unci  of  its  own  nianufacturc,  bnt  for  decomposition 
products  from  the  tissues  of  its  host.  These  ])roducts 
are  remarkably  unstable,  and  also  diflicnlt  of  ])urilica- 
tion,  so  that  many  of  the  so-called  proximate  princijjles 
which  have  beeii  isolated  and  described  are  either 
artificial,  rcsidting  from  the  treatment,  or  mixtures 
of  two  or  more  svibstances.  To  add  to  this  confusion, 
manufactvirers  have  been  liberal  in  su[)i)lying  pharma- 
ceutical pre])arations,  under  trademarUed  names, 
which  were  sujiposed  or  claimed  to  he  active  constitu- 
ents. In  general,  the  constituents  ma.v  be  grouped 
resi)ectively  as  water-solul>le  and  alcohol-solulilc. 
The  latter"  are  the  alkaloids  and  sphacelic  acid  and 
sphacelotoxin.  The  former  are  various  comjjounds 
of  the  latter.  In  addition  to  these  active  constituents, 
we  have  a  number  which,  although  inactive  thera- 
peutically, are  of  importance  from  a  pharnuiceutical 
standpoint.  Of  these,  the  fixed  oil  is  the  most  im- 
portant. It  sometimes  exists  to  the  extent  of  thirty 
per  cent,  or  more.  It  is  very  jjrone  to  decomposition, 
as  a  result  of  which  decomposition  of  the  other  con- 
stituents cpiickly  supervenes.  The  only  jjerfect  pro- 
tection against  this  accident  is  to  dry  the  ergot  and 
keep  it  dry  and  protected  against  the  atmosphere. 
With  this  rancidity  of  the  oil,  due  to  dampness, 
myriads  of  mites  develop  upon  the  ergot,  coating  the 
grains  with  a  very  fine,  dust-like  powder.  Such  ergot 
is  unfit  for  use. 

The  principal  alkaloids  are  cornutine  (Keller), 
oornutine  (Kobert),  ergotine,  ergotoxin  and  tyra- 
mine.  Each  cornutine  has  been  claimed  by  its  dis- 
coverer to  be  the  most  important  active  constituent 
of  ergot,  while  declared  by  others  to  be  not  a  definite 
chemical  body.  While  the  latter  statement  is  prob- 
ably true,  it  is  certain  that  Keller's  cornutine  comes  as 
near  to  representing  the  valuable  properties  of  ergot 
as  anything  ever  isolated.  Ergotoxine  is  also  said 
to  yield  highly  satisfactory  results.  This  is  a  hydrate 
of  ergotine,  which  latter  is  not  very  active.  Tyra- 
mine  belongs  to  the  cadaveric  cla.ss  of  alkaloids  and 
cannot  be  regarded  as  a  normal  vegetable  constituent. 
Sphacelic  acid  and  sphacelotoxin  are  closely  similar, 
one  being  apparently  an  impure  form  of  the  other. 
Both  are  highly  active  and,  combined  with  other 
.substances,  become  water-soluble,  although  then  less 
active.  Thus,  secalintoxin  is  a  water-soluble  com- 
pound with  the  inert  constituent  seccalin.  Salts  of  the 
alkaloids  are  similarly  water-soluble  and  less  active. 
A  host  of  other  sub.stances  have  been  described,  an 
account  of  which  would  be  wholly  unprofitable  in  this 
article.  The  practitioner  cannot  expect  to  get  the 
same  results  from  the  administration  of  any  constitu- 
ent as  Irom  that  of  the  standardized  fluid  extract, 
unquestionably  the  best  of  all  forms  of  administration. 

From  the  foregoing  it  will  be  readily  seen  that  ergot 
is  not  amenable  to  chemical  assay  for  the  determina- 
tion of  its  quality,  although,  because  of  the  highly 
varying  action  of  different  commercial  samples,  to 
some  extent  in  kind  as  well  as  in  degree,  there  are  few- 
drugs  more  in  need  of  it.  Under  these  circumstances, 
Houghton's  method  of  physiological  assay  becomes  of 
great  interest.  This  consists  in  feeding  the  drug  to 
fowls,  then  noting  the  extent  and  promptness  of  the 
discoloration  of  the  comb,  and  finally  rejecting  any 
ergot  which  does  not  produce  an  effect  reaching  to  a 
fixed  standard.  To  this  method  various  a  priori 
objections  have  been  urged  by  those  who  have  not  re- 
sorted to  the  very  simple  expedient  of  ascertaining  the 
practical  results  of  the  method,  which  appear  to  have 
been  the  putting  of  an  end  to  complaints  of  irregular 
or  uncertain  action.  Other  methods  of  physiologic 
standardization  are  either  unreliable  or  impracticable. 

Action. — The  action  of  ergot  and  of  its  constituents 
is  extremely  complicated  and  can  as  yet  by  no  means 
be  said  to  be  understood,  though  great  progress  has 
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recently  been  made.  We  have  now  a  fair  knowlerlge 
of  its  practical  effects  as  a  drug.  Our  lack  of  knowl- 
edge relates  mainly  to  tlie  different  effects  jiroduced 
ijy  the  different  constituents,  with  the  resulting  dis- 
advantage that  we  are  unable  intelligently  to  admin- 
ister different  preparations  to  meet  ,s])ecial  cases. 
The  two  most  important  effects  of  the  drug  are  the 
prolonged  contraction  of  the  arteries,  and  the  physio- 
logical strengthening  of  the  natural  rhythmic  contrac- 
tions of  the  uterus.  Both  of  these  effects  are  of  com- 
plex origin.  In  the  production  of  the  former  effect, 
the  drug  acts  chiefly  by  stimulating  the  vasomotor 
centers,  to  a  less  extent  by  acting  directly  upon  the 
artery.  To  get  the  full  arterial  effect,  preparations 
of  ergot  should  be  given  by  the  mouth,  although 
hypodermic  injection  produces  a  more  prompt  result. 
The  net  effect  is  a  powerful,  prolonged  contraction  of 
all  the  smaller  arteries,  with  a  consequent  marked 
increase  of  blood  pressure,  going  on,  pari  passu  with 
the  administration  of  the  drug,  to  dry  gangrene  and 
loss  of  the  extremities,  and  to  extravasation  of  blood 
into  the  viscera. 

The  effect  upon  the  uterus  is  primarily  due  to 
spinal  stimulation,  but  there  is  evidently  also  a  direct 
action  upon  its  walls. 

Upon  the  intestine,  the  effect  of  ergot  is  to  increase 
peristalsis,  but  at  the  same  time  to  diminish  secretion, 
as  is  true  of  the  secretions  generally,  due  to  diminished 
arterial  supply. 

Uses. — Ergot  is  chiefly  employed  as  an  ecbolic, 
being  given  in  the  later  stages  of  parturition,  especially 
to  secure  the  complete  emptying  of  the  uterus,  and 
to  check  hemorrhage.  Formerly  it  was  given  at  one 
stage  earlier,  to  favor  the  expulsion  of  the  placenta, 
but  this  practice  is  now  generally  discouraged. 
Against  these  views  are  still  those  of  some  excellent 
practitioners  who  recommend  the  early  moderate  use 
of  ergot  to  promote  labor. 

Next  to  this  use  of  ergot,  that  for  checking  internal 
liemorrhages,  especially  of  dysentery,  may  be  consid- 
ered the  most  extensive.  Its  use  has  been  found 
favorably  to  affect  aneurysms.  It  is  also  very  largely 
employed  in  the  relief  of  headache  resulting  from 
prolonged  mental  activity  and  excitement,  and  when- 
ever congestion  exists.  It  also  gives  marked  relief  to 
conjunctivitis  of  a  similar  character. 

Finally,  it  will  frequently  be  found  to  do  good  service 
as  an  aphrodisiac,  althougli  in  many  cases  it  will  fail. 

Prepar.\tions  and  Doses. — The  unofficial  prepar.a- 
tions  of  ergot  are  exceedingly  numerous,  and  the 
practitioner  sliould  treat  them  with  great  conserva- 
tism, owing  to  the  possible  serious  change  in  property 
resulting  from  slight  differences  in  the  mode  of  extrac- 
tion. Since  some  active  constituents  are  alcohol- 
soluble,  others  water-soluble,  both  solvents  .should 
be  used  in  the  extraction.  The  official  fluid  extract, 
especially  if  having  been  found  to  meet  a  satisfactory 
physiological  test,  made  with  diluted  alcohol,  and  with 
the  addition  of  two  per  cent,  of  acetic  acid,  answers 
every  ref|uirenient.  It  may  be  given  in  doses  of 
fl.  5  ss.-i.  (2.0-4.0);  the  wine  of  fifteen-per-cent. 
strength  may  be  given  in  doses  four  or  five  times  as 
large;  the  extract  ("ergotin")  is  considerably  used  in 
doses  of  gr.  v.-xv.  (0.3-1.0).  Recently,  excellent 
results  have  been  rep&Tted  from  the  use  of  ergotoxine 
phosphate,  about  two  and  one-half  milligrams  of 
which  corresponds  to  1  c.c.  of  the  fluid  extract. 

Henry  II.   Rusby. 


Erlchsen,  Sir  John  Eric. —  Born  in  Copenhagen, 
Denmark,  in  1818.  He  studied  medicine  in  London, 
and  was  Professor  of  Surgery  in  that  city  from  18.50 
to  1875.  Before  his  death,  on  September  23,  1896, 
he  had  become  quite  celebrated  as  a  surgeon.  He 
owed  this  celebrity  in  large  measure  to  his  great  work 
on   surgery — "The  Science  and  Art   of    Surgery" — 
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a  book  which  passed  through  ten  editions.  Of  his 
other  pubUshed  writings  tlie  following  deserve  to  be 
mentioned:  "  Pathology  and  Treatment  of  Asphyxia" 
(awarded  the  Fothergill  Gold  Medal);  "Railway 
Injuries  of  the  Nervous  System,"  London,  ISGti; 
and  "  Hospitalism,  and  the  Causes  of  Death  after 
Operations  and  Surgical  Injuries,"  London,  1874. 
In  1S95  he  was  made  a  baronet.  A.  H.  B. 


Erigeron. —  Fleabaxe.  Several  species  of  the 
large  genus  Erigeron  L.  (fam.  Composita)  have  been 
official  and  largely  used  in  medicine.  Because  of 
their  inferiority,  they  gradually  disappeared  from  u,se, 
with  the  exception  of  one,  known  as  E.  Canadense  L. 
Botanists  now  accord  this  generic  distinction  from 
the  others.  It  is  known  as  Canada  Fleabane,  Coils-tail, 
Pride-wccd,  Bilter-weed,  Blood-staunch,  etc.,  the  leaves 
and  flowering  tops  of  Leplilon  Canadense  (L.)  Britton. 
The  plant  is  a  very  tall  and  robust  annual  weed, 
exceedingly  common  and  abundant  in  the  eastern 
United  States  and  Canada,  and  widely  distributed 
over  the  entire  world,  in  tropical  as  well  as  temperate 
regions.  The  hairy  stem  is  from  two  to  eight  feet 
high,  erect,  slender,  simple  up  to  the  inflorescence  and 
densely  clothed  with  ascending  or  nearly  erect  lanceo- 
late leaves,  from  three  to  six  inches  in  length.  Above 
this  the  tawny,  fluffy  paniculate  inflorescence  strongly 
suggests  the  appearance  of  a  colt's  taU  and  gives  the 
name.  Tlie  drug  contains  much  tannin,  about  one 
per  cent,  of  the  volatile  oil  next  considered,  and  an 
amaroid.  It  is  not  remarkable  th.at  this  should  be 
one  of  the  most  valuable  of  all  household  remedies  for 
controlling  severe  attacks  of  serous  diarrhea,  as  its  oil 
powerfully  stimulates  the  sympathetic  abdominal 
nerves,  while  its  tannin  astringes  locally.  It  is  at  the 
same  time  a  good  aromatic  bitter.  The  country 
practice  of  giving  it  in  infusion,  in  doses  of  3  ss.-i., 
is  improved  upon  bv  giving  {\.  5  ss.-i.  of  the  fluid 
(2.0-4.0)  extract. 

Olettii  Erigeroxtis  (!'.  S.  P.). — Oil  of  erigeron  is  a 
volatile  oil  distilled  from  the  last,  of  a  pale-yellow  or 
brownish  color,  a  peculiar,  pleasant  odor,  and  a  warm, 
pungent  taste.  It  has  a  specific  gravity  of  about 
0.850,  increasing  with  age  to  about  0.S90,  and  consists 
chiefly  of  dextrogyrate  limonene.  It  is  quite  a  differ- 
ent substance  as  distilled,  even  when  fresh,  from 
what  it  is  in  the  plant,  as  there  is  a  portion  which  is 
destroyed  by  even  a  moderate  heat.  This  fact,  to- 
gether with  the  absence  of  the  other  constituents  of 
the  herb,  indicates  the  error  of  substituting  the  latter 
by  the  oU.  The  oil  is,  however,  active.  It  belongs  to 
the  astringent  class  of  volatile  oils,  acting  like  oil  of 
turpentine  in  this  respect,  but  without  its  irritating 
properties.  It  is  administered  for  the  same  purposes 
as  fleabane,  and  for  the  control  of  hemorrhages  of 
the  bowels  and  uterus,  and  for  gonorrhea.  The  dose 
is  m  V.  to  XV. (0.3-1.0).  Hen-ry  H.  Rusby. 

Eriodictyon. — Yerba  S.\xta.  "Consumptive's 
weed,"  "Mountain  balm,"  etc.  The  dried  leaves 
of  Eriodictyon  Californicum  (H.  et  A.)  Cireene  (fam. 
Hydrophyllacerc).  \  very  pretty  evergreen  shrub, 
growing  on  the  western  side  of  the  United  States  and 
in  northern  Mexico,  in  gregarious  clumps  and  patches 
in  barren  soils  and  among  rocks.  The  drug  is  thus 
described:  Usually  much  broken;  blade  narrowed  into 
•a  very  short  and  broad  petiole,  five  to  twelve  centi- 
meters (two  to  five  inches)  long  and  rarely  exceeding 
three  centimeters  (one  and  one-fourth  inches)  in 
breadth,  oblong-lanceolate,  gradually  tapering  to  an 
acutlsh  point,  most  irregularly  serrate-  or  crenate- 
dentate,  thick  and  brittle,  or  flexible  in  a  damp  and 
warm  atmosphere,  the  margins  more  or  less  incurved; 
upper  surface  yellowish-green,  more  or  less  resinous, 
smooth,  the  veins  somewhat  impressed;  lower  .surface 
whitish  or  yellowish-white,  with  fineh"  and  conspicu- 


ously reticulate  dark  veins,  den.sely  but  verv  shortly 
tomento.se;  odor  .somewhat  aromatic,  strongly  bal- 
samic if  heated  in  the  closed  hand;  tast«  baliianiic, 
sweetish,  somewhat  tea-like. 

The  principal  constituent  of  this  drug  i.s  its  ten  to 
twelve  per  cent,  of  resin,  divisible  into  two  parts,  one 
of  which,  con.stituting  its  chief  bulk,  i>o.s.sest>es  the 
property  of  precipitating  quinine  from  its  saltfl.  It 
also  contains  volatile  oil,  ericinol,  sugar,  and  the 
peculiar  body  eriodiclyonic  acid,  which  in  some  re- 
spects resembles  tannin. 

Yerba  santa  has  a  local  reputation  on  the  Pacific 
slope  for  coughs,  colds,  bronchitis,  and  phthisis,  a 
reputation  which  is  shared  by  many  other  resinous 
substances  and  has  some  foundation.  It  is  also  a 
pretty  good  vehicle  for  the  administration  of  (piinine, 
whose  taste  it,  like  li(|Uorice  or  glycyrrhizin,  covers 
pretty  well.  Of  the  official  fluid  extract,  TU  xlv.-K-v. 
(3.0-4.0  c.c.)  may  be  given  for  coughs.  A  syrup,  as 
a  vehicle  for  quinine,  is  sometimes  prepared. 

Hexby  H.  Rcsby. 


Eristalis. — A  genus  of  flies.  The  "rat-tailed 
larvse"  of  these  insects  sometimes  cause  myiasis  by 
infesting  the  human  intestine.     See  Insects,  Parasitic. 

A.  S.  P. 


Eructation. — Belching.  This  is  defined  by  some 
as  the  audible  emission  of  gas  from  the  stomach 
through  the  mouth.  Audibility  is,  however,  not  a 
critical  point,  and  the  gas  may  is.sue  through  the 
nostrils.  Eructation  is  also  usually  considered  to 
include  the  raising  of  small  quantities  of  liquid  or 
semi-solid  matter  from  the  stomach,  along  with  the 
gas,  and  without  nausea  and  the  expulsive  effort  of 
vomiting.  The  term  should,  however,  not  be  ex- 
tended to  include  true  vomiting,  nor  the  puking  of 
infants,  and  scarcely  the  habitual  raising  of  small 
quantities  of  gastric  contents  without  notable  amo\mts 
of  gas — merycism.  Eructation  is  often  confused  with 
and  sometimes  complicates  true  acrophagia  (7.r.). 
While  it  is  proper  to  include  the  raising  of  liquid  and 
semi-solid  matter  with  eructation,  and  while  such 
matter  may  be  raised  without  gas  in  noticeable 
quantities,  it  is  better  to  restrict  the  term  eructation 
to  those  instances  in  which  the  regurgitation  is  due  to 
gas  pressure  and  to  use  the  term  water-brash  for  cases 
in  which  the  liquid  and  semi-solid  contents  "return" 
without  nausea.  It  is  not,  however,  always  possible 
to  draw  hard  and  fast  lines  between  the  conditions. 

Regarding  the  liquid  and  semi-solid  portions  of  an 
eructation,  it  is  only  necessary  to  say  that  their  con- 
sistence, chemical  characteristics,  etc.,  will  depend  upon 
the  ingesta,  the  period  of  digestion  at  which  they  are 
raised,  whatever  pathologic  condition  may  affect  the 
stomach,  and  the  intermixture  of  nuicus  and  saliva 
W'hich  is  usually  enough,  with  reference  to  their  small 
amount,  materially  to  affect  conclusions  as  to  the  ac- 
tual state  of  gastric  digestion. 

The  first  stage  of  deglutition  is  voluntary  and  a 
large,  hastily  swallowed  bolus  is  apt  to  contain  con- 
siderable air.  There  seems  to  be,  also,  in  some  in- 
dividuals, such  a  conformation  of  the  fauces  and 
pharynx,  that  incorporation  of  air  with  the  bolus  i.s 
inevit.alile.  In  any  case,  some  air  is  swallowed  with 
food  and  drink.  Whether  eructation  occurs  after  a 
meal  or  not,  depends  upon  intragastric  tension,  gastric 
motility,  and  the  relative  tonicity  of  the  cardia  and  the 
pylorus.  It  does  not  appear  that  the  tonicity  of  the 
cardia  and  the  pylorus  bear  a  definite  relation  to  each 
other,  either  directly  or  reversely  and,  indeed,  the 
competence  of  the  cardia  seems  to  be  a  matter  of 
idiosyncrasy.  Thus,  granting  that  the  stomach  is 
over-distended  with  gas,  with  due  regard  to  the  space 
available  beyond  what  is  filled  with  solid  and  liqiiid 
contents,   eructation   is   a   con.servative  process  but 

So 


Kriirtatlon 


REFKREXCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


one  that  docs  not  necessarily  occur  witli  a  uniformity 
justifying  the  use  of  the  term  physiologic. 

Conservative  eructation  may  also  occur  after  the 
ingestion  of  beverages  charged  witli  carbon  dioxide 
or  other  gas.  It  is  doubtful,  in  spite  of  theories 
formerly  accepted  as  to  extrapulmonary  rcspiratiou, 
whether  the  stomach  discharges  carbon  dioxide  or 
other  gas  into  its  cavity,  l)y  either  osmosis  or  cellular 
activity,  to  any  appreciable  amount. 

Eructation  is  generally  ascril)ed  to  the  formation  of 
various  g.oses,  .such  as  hydrogen,  carbon  dioxide,  and 
methane,  and  volatile  organic  products  by  fermenta- 
tion. Strictly  putrefactive  processes,  analogous  to 
those  of  the  large  intestine,  may  also  occur  in  the 
stomach,  in  certain  cases  of  achylia,  especially  with 
cancer  or  other  lesion  in  a  state  of  necrosis.  So,  too, 
with  relaxation  of  the  pylorus,  actual  or  relative  to 
intestinal  gas  pressure,  gases  due  to  putrefaction  in 
the  intestine  may  reach  the  stomach  and  cause  eruc- 
tation. It  should  be  borne  in  mind,  however,  that 
incubation  experiments  with  either  stomach  contents 
or  feces,  rarely  yield  any  such  amount  of  gas  as  is 
noted  in  eructation,  limiting  our  attention  to  eructa- 
tion at  a  sufficient  time  after  a  meal  to  exclude  the 
consers'ative  discharge  of  swallowed  air,  and  excluding 
from  consideration  eructation  due  to  aerated  bever- 
ages. For  example,  stomach  contents  having  even 
a  small  proportion  of  free  hydrochloric  acid,  rarely 
yield  more  than  two  to  three  per  cent,  of  gas  by  bulk, 
even  after  twenty-four  hours  incubation  and  the 
same  is  true  of  ordinary  formed  feces.  Even  in 
achlorhydria,  fifty  per  cent,  of  gas  by  bulk  is  high. 
Speaking  generally,  therefore,  the  fermentation  theory 
does  not  account  for  more  than  a  small  proportion 
of  cases  of  marked  eructation  nor  does  it  u.sually 
account  for  the  amount  of  gas  which  can  be  collected, 
in  a  given  case;  especially  if  we  consider  the  com- 
paratively brief  space  of  time  allowed  for  fermentation 
as  compared  with  the  twenty-four-hour  standard 
for  incubation  in  vitro.  However,  in  ischochymia, 
even  in  the  presence  of  moderate  amounts  of  free  hy- 
drochloric acid;  in  cases  in  which  fermentative  or 
putrefactive  bacteria  have  developed  to  an  unusual 
degree  in  the  stomach;  and  in  cases  in  which  the 
ingesta  are  impregnated  with  gas-producing  germs, 
the  fermentation  theory  of  eructation  unquestionably 
holds  good,  and  it  may  be  a  supplementary  factor  in 
many  other  cases.  In  rare  instances,  especially  when 
much  cellulose  has  been  ingested,  there  may  be  so 
much  formation  of  hydrogen  and  methane,  that  the 
eructated  gas  is  inflammable. 

In  diabetes  and  other  conditions  of  disturbed  met- 
abolism, acetone  and  its  congeners  may  be  present  in 
the  eructations  as  well  as  in  the  breath,  imparting  a 
characteristic  odor.  It  is  well  known  that  various 
volatile  substances  occur  in  eructated  gases,  arising 
from  foods  and  drugs  but  these  are  quantitatively 
unimportant. 

The  maximum  immediate  production  of  gas  in 
the  alimentary  canal  if  not  the  maximum  altogether, 
occurs  from  the  effervescence,  with  liberation  of 
carbon  dioxide,  due  to  the  interaction  of  acid  gastric 
contents  with  the  secretions  of  the  pancreas,  liver 
and  intrinsic  intestinal  glands,  all  of  which  contain 
alkaline  carbonates.  Barring  putative  failure  of 
carbonates  in  these  secretions,  and  states  of  achlor- 
hydria without  fermentation  acidity  to  any  great 
degree,  this  action  is  inevitable.  \Vith  relaxation 
of  the  pylorus,  which  is  liable  to  occur  in  any  condi- 
tion, though  comparatively  seldom  in  hyperehlor- 
hydria,  gas  thus  produced  is  probably  the  most  fre- 
quent cause  of  eructations  not  due  to  swallowed  air 
nor  to  aerated  beverages  and  excepting,  also,  the  arti- 
ficial addition  of  a  carbonate  to  acid  gastric  contents 
by  swallowing. 

DiFFEREXTiAL  Di.\GNosis. — Eructations  are  often 
accompanied  with  liquid  or  semi-solid  stomach  con- 
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tents.  C'onversely,  true  vomiting  usually  brings  up 
.some  air  from  the  stomach.  Ob.servation  of  the  ca.se 
will  usually  suffice  to  make  a  differential  diagnosis 
though  there  may  be  individual  cases  in  which  the 
classification  is  doubtful.  Aerophagia  may  be  dis- 
tinguished by  noting  the  alternation  of  inspiratory 
reflexes  distending  the  esophagus  and  of  expulsive 
efforts;  by  the  continuance  and  amount  of  the  expul- 
sions which  far  exceed  the  possible  limit  of  true  eruc- 
tation; by  auscultation  over  the  stomach  to  deter- 
mine whether  the  inspiratory  efforts  admit  air  be- 
yond the  cardia.  Otniously,  however,  there  are 
cases  of  aerophagia  in  which  air  actually  passes  the 
cardia  so  that  its  expulsion  conforms  technically  to 
the  definition  of  eructation  and  an  aerophagic  seizure 
may  not  only  be  accidentally  accompanied  by  true 
eructation  but  the  motor  phenomena  involved  favor 
true  eructation  of  whatever  gas  may  be  in  the  stom- 
ach, as  well  as  the  suction  of  gas  from  the  intestine 
into  the  stomach. 

TRE.^T\rENT. — The  eructation  of  swallowed  gas 
usually  occurs  during  or  shortly  after  a  meal  and  a 
similar  statement  may  be  made  concerning  the  eruc- 
tation of  gas  from  aerated  beverages  or  that  due  to 
swallowing  sodium  bicarbonate.  The  patient  can 
usually  train  himself  so  as  to  minimize  the  audibility 
of  eructation  and  to  reduce  the  amount  of  gas  swal- 
lowed with  food  and  drink  by  careful  habits  of  eating. 
But,  as  stated,  certain  cases  seem  to  be  due  to  pecu- 
liarities of  conformation  of  the  fauces  and  pharynx. 
The  eructations  themselves  are  conser\'ative.  The 
special  annoyance  of  entry  of  eructated  gas  and  sour 
particles  of  stomach  contents  into  the  nares  cannot 
always  be  remedied. 

The  microscopic  examination  of  the  gastric  con- 
tents or  of  the  wash  water  from  an  empty  stomach, 
the  chemical  determination  of  organic  acids,  the  in- 
cubation te.st  and  the  more  elaborate  methods  of  gas 
analysis,  serve  to  determine  fermentative  processes. 
Restriction  of  diet,  lavage,  catharsis,  internal  anti- 
sepsis, digestants,  summarize  the  treatment. 

The  odor  of  the  gas  eructated  may  be  of  diagnostic 
value  in  cases  of  acetonemia  of  any  kind,  and  may  also 
serve  to  distinguish  approximately  between  fermenta- 
tion and  putrefaction.  The  indications  for  treatment 
are  too  remotely  related  to  the  eructations  to  be  con- 
sidered here. 

If  eructations  of  any  large  amount  of  gas  occur  in  a 
case  of  hyperchlorhydria,  at  a  sufficient  length  of 
time  after  a  meal  to  exclude  swallowed  air,  effer- 
vescence with  the  carbonatic  intestinal  secretions 
may  be  inferred,  along  with  relative  relaxation  of  the 
pylorus.  Allowance  must  be  made,  however,  for 
the  use  of  sodium  bicarbonate  by  the  patient,  as  well 
as  for  the  complaint  of  eructations  which  are  found 
on  close  questioning  or  observation  to  be  non-existent 
or  slight,  and  due  to  a  false  interpretation  of  the  irri- 
tation of  the  highly  acid  gastric  contents.  True 
eructations  are  not  usually  encovmtered  in  hyper- 
chlorhydric  cases,  probably  because  of  the  spastic 
state  of  the  pylorus.  When  they  occur,  they  need 
no  special  treatment  beyond  the  sedative  and  still- 
alkali  treatment  of  the  hyperchlorhydria  itself. 

There  are  cases  in  which  the  gastric  secretion  and 
motility  are  below  par  and  in  which  both  pylorus  and 
cardia  are  apparently  relaxed,  leading  in  turn  to 
entrance  of  intestinal  gas  into  the  stomach  and  its 
eructation.  In  such  instances,  there  is  an  indication 
for  strychnine.  In  other  cases,  there  seem  to  be  dis- 
cordant indications  which  cannot  be  adequately  met, 
except  by  a  general  attention  to  diet,  hygiene,  etc. 

Eructations  are  often  the  first  indications  of  sea- 
sickness and,  analogously,  they  may  occur  as  a  reflex 
from  constipation,  peritonitis  from  a  variety  of  focal 
inflammations,  peritoneal  irritation  from  ileus  of 
various  types,  etc.  In  these  cases,  there  is  probably 
no  great  amount  of  gas  in  the  stomach  but  the  reflex 
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stimulation  of  gastric  peristalsis  forces  out  tlie  ordi- 
nary residual  gas.  In  such  instances,  the  eructations 
are  to  be  considered,  not  as  an  indication  for  direct 
relief  but  as  a  warning  symptom  of  considerable  value. 

A.  L.  Be.nedict. 

Erxleben,  Dorothea  Christian. — The  first  woman 
in  Germany  to  receive  the  degree  of  Doctor  of  Medi- 
cine. Dorothea  Leporin  was  born  at  Quedlimburg, 
in  Prussian  Saxony,  on  November  13,  171.5.  Al- 
though at  an  early  stage  of  her  education  she  studied 
philosophy  and  medicine  she  made  no  direct  use  of 
this  training  until  she  had  reached  the  age  of  thirty- 
nine.  In  1742  she  married  J.  Christian  Erxleben, 
deacon  of  the  Nicholas  church  in  her  native  town, 
and  for  several  years  afterward  her  time  was  largely 
occupied  with  domestic  duties.  In  17.54,  however, 
she  passed  successfully  the  regular  examinations  at 
the  University  of  Halle  and  was  given  the  degree  of 
Doctor  of  Medicine.  From  that  time  onward  she 
engaged  in  the  practice  of  her  profession  and  met  with 
great  success.     She  died  .June  13.  1762. 

In  addition  to  her  inaugui'al  dissertation  Dr.  Doro- 
thea Erxleben  published  the  following  treatise:  "Griind- 
liche  Untersuchung  der  Ursachen  die  das  weiblich  • 
Geschlecht  vom  Studiren  abhielten,"  Berlin,  1742 
(reprinted  at  Frankfurt  and  Leipzig  in  1749). 

A.  H.  B. 

Erysipelas.' — Definilion. — Erjsipelas  is  an  acute 
infectious  disease  characterized  by  inflammation  and 
brawny  induration  of  the  skin,  with  a  tendency  to 
peripheral  extension  and  accompanied  by  the  con- 
stitutional manifestations  of  a  severe  toxemia. 

Bacteriology. — The  bacterial  origin  of  this  disease 
was  established  by  Fehleisen  who  described  the  so- 
called  Streptococcus  erysipelatis,  which  however  has 
now  been  shown  to  be  identical  with  the  hemolytic 
Streptococcus  pyogenes.  Mixed  infections  with  the 
Staphylococcus  albus  are  frequent  in  the  suppurative 
cases. 

Portal  of  Entry. — Wounds  of  the  skin,  operative  or 
traumatic,  abrasions,  excoriations,  and  leg  ulcers 
afford  the  visible  source  of  infection  in  a  number  of 
eases.  However,  the  large  majority  of  all  cases  com- 
mence on  the  face  and  without  any  sign  of  external 
injury.  These  so-called  "idiopathic"  cases  usually, 
if  not  always  arise  from  a  preceding  streptococcus 
infection  of  the  mucous  membrane  of  the  nose,  throat, 
or  ear.  Erosions  of  the  buttocks  and  vulva,  infec- 
tions about  the  umbilicus,  and  eczema  frequently  give 
rise  to  erysipelas  in  infants. 

Termixology. — We  might  well  discard  many  of  the 
older  descriptive  terms,  some  of  which  are  ccmfusiiig, 
others  merely  indicative  of  certain  phases  or  compli- 
cations of  the  disease;  e.g.  "idiopathic,"  "traumatic," 
"surgical,"  "fixed,"  "vague,"  "serpiginous,"  "ves- 
icular," "pustular,"  "gangrenous,"  "phlegmonous," 
"E.  neonatorum,"  etc.  However  there  remain 
several  types  which  merit  separate  mention. 

1.  Facial  Erysipelas,  the  type  which  represents  from 
eighty  to  ninety  per  cent,  of  all  cases,  deserves  special 
description  because  of  its  strong  tendency  to  limit  its 
extension  to  the  integument  of  the  face,  ears,  scalp, 
and  neck  down  to  the  collar  line. 

2.  The  Migrating  Form  (erysipelas  migrans  or  ambu- 
lans)  includes  practically  all  other  cases,  whether  the 
starting-point  be  on  the  face,  on  the  trunk,  or  on  an 
extremity,  but  where  there  is  no  special  limitation;  on 
the  contrary,  there  is  a  decided  tendency  to  consecu- 
tive involvement  of  more  or  less  of  the  whole  surface 
of  the  body  and  extremities. 

3.  Erysipelas  has  been  described  as  affecting  the 
mucous  memhraries  of  the  entire  respiratory  and  ali- 
mentary tracts.  These  cases  are  very  rare  and  diffi- 
cult to  identify  unless  the  extension  has  been  from  a 


visible  skin  lesion.  Fatal  edema  of  the  glottis  re- 
sulted in  one  of  my  cases.  A  Rtrcptococcu.s  infec- 
tion of  the  nose,  ears,  or  throat  is  very  often  tlie 
antecedent  of  facial  erysipelas,  but  one  would  hardly 
call  these  ca.ses  erysipelas  of  the  mucous  membrane's 
for  there  is  nothing  characteristic  of  erysipelas  about 
them  until  the  typical  skin  lesion  develops. 

4.  Other  forms  such  as  "phlognionous,"  "gangren- 
ous," etc.,  are  rather  to  be  considered  complications 
or  sequeliE. 

Etiolooic.\l  F.kctors.—Scx. — .\t  V.  Ziemsscn'a 
clinic,  among  700  ca.ses,  seventy-three  per  cent,  wore 
females.  In  .\merica,  .\nders  found  a  "preponder- 
ance of  males"  among  his  ca.ses,  and  in  my  experience 
with  1,000  cases  at  Bellevue  Hospital  there  were 
sixty-five  per  cent,  males  and  thirty-five  per  cent. 
female.?,  a  disprojiortion  which  1  have  attributed 
to  the  greater  exposure  to  inclement  weather,  greater 
addiction  to  alcohol,  and  greater  liability  to  wounds 
on  the  part  of  the  men. 

Age. — In  1,894  cases  examined  by  .Vnders  and  in 
1,000  cases  of  the  writer's,  the  age  incidence  corre- 
sponds very  closely. 

The  writer's  analysis  of  1,000  cases  is  as  follows: 

Infants  (under  2  years) 8  per  cent. 

From  2  to  15  years 2  per  cent. 

From  15  to  20  years 5  per  cent. 

From  20  to  55  years 82  per  cent. 

Over  55  years 3  per  cent. 

Season. — The  late  winter  and  spring  months,  espe- 
cially February,  March,  .\pril,  and  May,  damp  months 
with  changeable  weather,  develop  from  two  to  three 
times  as  many  cases  as  do  the  summer  months,  owing 
to  the  prevalence  of  infections  of  the  nose  and  throat 
induced  by  the  weather  conditions,  and  to  a  lowered 
resistance  resulting  from  the  confinement  of  a  winter's 
work.  A  sudden  cold  snap  will  fill  the  wards  to  over- 
flowing. 

Susceptibility  as  a  result  of  previous  attacks  is  a 
well  recognized  factor,  and  in  my  experience  over 
fifteen  per  cent,  of  the  patients  had  had  from  one  up 
to  ten  previous  attacks.  Anders  found  8.6  per  cent, 
of  such  cases  among  450  cases  studied.  Inherited 
susceptibility  has  not  been  proven. 

Antecedent  Conditions. — Some  point  of  entry  for  the 
infection  is  essential  to  the  development  of  eri'sipelas 
and  this  subject  has  already  been  considered. 

Lowered  resistance  to  this  streptococcus  infection 
may  be  the  result  of  nephritis,  tuberculosis,  heart 
disease,  hepatic  cirrhosis,  and  other  asthenic  condi- 
tions; but  in  importance  in  this  regard  alcoholism 
easily  ranks  first  in  my  experience.  Faulty  hygienic 
surroundings  and  personal  habits  are  often  predis- 
posing factors. 

Pathology. — Erysipelas  is  essentially  a  streptococcus 
skin  infection,  with  the  inflammation  located  in  the 
true  skin  and  marked  by  infiltration  with  leucocytes, 
by  edema,  by  proliferation  of  the  fixed  connective-tissue 
cells,  and  with  the  streptococci  commonly  to  be 
found  in  the  lymph  spaces  of  the  advancing  border 
and  in  the  blebs  on  the  surface. 

Extension  to  the  subcutaneous  tissues  is  more 
commonly  attended  by  suppuration,  but  suppuration 
occurs  in  less  than  ten  per  cent,  of  the  cases,  which 
is  remarkable  when  we  consider  the  character  of 
the  infecting  organism. 

The  inflammation  tends  to  spread  peripherally  while 
recession  and  recovery  are  taking  place  in  the  center. 

S-i-MPTOMS. — Incubation. — This  period  is  usually 
short,  not  exceeding  one  or  two  days,  or  from  fifteen 
to  sixtv  hours.  Some  writers,  however,  state  that  the 
incubation  period  averages  from  three  t<i  ten  days, 
and  thev  describe  enlargement  and  tenderness  of 
the  submaxillary  lymph  nodes  as  occurring  from  one 
to  three  davs  before  the  skin  lesion. 

We  have  never  found   this  glandular  involvement 
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in  anv  form  of  erysipelas  freiiiiently  enough  to  be  of 
any  significance;  iuul  certainly  the  early  enlargement 
above  mentioned  must  be  related  rather  to  the  nose 
or  throat  infection  which  may  precede  the  erysipelas. 

Onset. — The  symptoms  of'the  facial  type  of  erysip- 
elas, which  includes  about  eighty-five  per  cent,  of  all 
cases,  are  so  characteristic  of  the  disease  that  their 
description  is  classic. 

With  or  without  ))ro(lromal  symptoms  of  coryza, 
angina  or  wounds,  the  real  onset  is  with  a  pronounced 
chill  or  chilliness  and  a  rapiti  rise  of  temperature  to 
102°  to  105°  F.,  accompanied  by  general  malaise, 
headache,  anorexia,  nausea  and  by  vomiting  (in 
more  th.an  half  of  our  cases). 

Within  a  few  hours  or  upon  the  following  morning, 
the  patient  is  aware  of  a  burning  sensation  and  of  ten- 
sion, i)ain,  an<l  tenderness  over  a  small  area  about  the 
Bite  of  infection,  which  in  facial  eases  not  due  to 
wounds  is  usually  at  one  side  of  the  bridge  of  the  nose 
over  the  lacrymal  sac. 

Rapidly,  within  a  few  hours,  this  area  spreads  down 
over  the  "cheek  and  across  the  bridge  of  the  nose  and 
very  frequently  there  is  symmetrical  involvement  of 
both  cheeks,  forming  the  "butter-fly"  pattern.  The 
marked  edema  and  swelling  of  the  eye-lids  may  dis- 
tort the  features  beyond  recognition. 

A  few  mild  cases  may  remain  thus  limited  to  one 
or  both  cheeks  but  there  is  a  tendency  to  contiguous 
extension  laterall.v  to  the  ears,  upward  to  the  fore- 
liead  and  backward  through  the  scalp. 

The  sides  and  back  of  the  neck  may  be  involved, 
but  only  rarely  does  the  lesion  extend  below  the  chin 
in  front,  or  the  collar-line  behind.  The  extensicm  is 
peripheral,  continuous,  and  absolutely  regardless  of 
the  direction  of  the  lymphatic  currents. 

Involvement  of  the  hairy  scalp  is  mo.st  painful, 
owing  to  the  great  edema  which  takes  place  in  the 
unyielding  integument. 

Lesion. — The  area  affected  varies  in  color  from  a 
bright  scarlet  to  a  bluish  red  and  rarely  it  may  be 
hemorrhagic.  The  redness  is  that  of  very  active  con- 
gestion anrl  disappears  upon  pressure  only  to  reapjiear 
instantaneously.  The  surface  is  smooth,  shining, 
tense,  and  hot  and  does  not  pit  on  pressure.  The 
advancing  margin  is  distinctly  elevated  and  brawny 
and  well  demarcated  from  the  surrounding  tissues. 

Blebs. — In  a  great  many  cases  and  characteristic 
of  erysipelas  blebs  appear  on  the  surface  usually 
within  one  to  two  days.  The  clear  serum  from  the 
blebs  often  yields  the  hemolytic  streptococcus,  but  it 
may'  be  sterile,  or  contain  staphylococcus  albus  as  well 
as  streptococcus;  at  times  the  blebs  become  pustular. 

Desquamation. — In  from  three  to  five  days  the 
surface  of  the  older  areas  loses  its  tense,  shining  ap- 
pearance, the  blebs  dry  and  desquamation  of  the 
epithelium  begins  and  is  continued  for  a  week  or 
more  even  after  abatement  of  both  local  and  constitu- 
tional symptoms;  only  rarely  is  there  no  evident 
desquamation. 

Migrating  Erysipelas. — Of  the  cases  which  start  on 
the  face  only  about  five  per  cent,  extend  below  the 
neck  and  become  generalh'  migrating,  advancing 
with  an  irregular  scalloped  margin  with  tongue-like 
projections,  down  the  back,  over  the  whole  trunk  and 
even  down  the  extremities.  In  infants,  no  matter 
where  the  initial  infection,  and  in  all  cases  where 
the  process  has  started  on  the  extremities  or  on  the 
trunk,  the  migrating  form  is  rather  to  be  expected. 
As  the  erysipelas  pas.ses  over  the  trunk  and  down  the 
extremities,  the  advance  from  day  to  day  tends  to 
observe  a  rough  bilateral  symmetry.  On  the  trunk 
the  margin  of  the  lesion  is  less  distinctly  elevated, 
less  red,  and  less  painful  than  on  the  head  or  on  the 
extremities. 

Febrile  Movement. — Counting  the  days  from  the 
onset  until  the  rectal  teni])erature  remained  at  or  below 
100°  F.,  in  800  cases  (treated  merely  symptomatically) 
the  writer  found  the  average  duration  as  follows : 
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Uncomplicated  facial  cases. .  .500.  Average  fever    6,77  days 

General  body  or  migrating.  .  .   56.  Average  fever  14.44  days 

Log  cases 33.  Average  fever  10.  SS  days 

Complicated  cases 211.  Average  fever  appr.  2  weeks. 

Thus  one  week  for  facial  cases  and  two  weeks  for  mi- 
grating cases  may  be  considered  as  the  average 
duration. 

Of  the  facial  cases,  eight,  or  one  per  cent.,  were 
afebrile  throughout  and  many  were  of  only  three  or 
fovir  days'  duratiim;  whereas  many  were  much  longer, 
i.e.  ten,  fifteen,  and  twenty  days  and  in  relapsing  cases 
even  longer. 

Characteristically  the  temperature  curve  is  marked 
by  its  irregularity,  with  considerable  daily  remissions, 
and  defervescence  is  by  lysis;  however,  not  a  few 
eases  show  a  temperature  curve  similar  to  that  of 
lobar  pneumonia  terminating  by  definite  crisis. 

Maximum  temperatures  of  103°  to  10.'j°  F.  are 
usual  excejjt  in  the  mildest  cases.  After  abating,  any 
rise  in  temperature  is  apt  to  indicate  a  recrudescence 
or  an  extension  or  developing  suppuration. 

At  times  the  local  lesion  continues  to  spread  after 
the  temperature  remains  normal,  and,  vice  versa,  Wine 
may  persist  some  irregular  fever  for  days  after  the 
local  manifestations  have  entirely  subsided. 

Delirium  is  very  common  in  the  cases  with  severe 
face  and  scalp  involvement,  and  occurs  at  the  height 
of  the  febrile  movement.  In  alcoholics,  delirium 
tremens  is  prone  to  develop. 

Leucocytosis. — A  polymorphonuclear  leucocytosis  of 
from  ten  to  twenty  thousand  is  usual. 

Blood  cultures  have  almost  universally  failed  to  show 
the  streptococcus  except  in  the  suppurative  and 
septicemic  cases. 

Complications  and  Sequel-e. — W'ith  some  regard 
to  relative  frequency  the  complications  may  be  stated 
as  follows:  suppuration  (which  occurred  in  over 
eight  per  cent,  of  our  cases)  was  found  most  often  in 
the  eyelids,  the  scalp,  and  the  legs;  conjunctivitis; 
delirium  tremens;  pneumonia;  arthritis;  septicemia. 

Nephritis  was  usually  only  of  the  transient  febrile 
form.  Extension  to  the  mucous  membranes  may 
cause  blocking  of  the  nose,  angina,  otitis  media,  and 
rarely  edema  of  the  glottis. 

Endocarditis  has  been  reported.  Gangrene  of  the 
skin,  especially  of  the  scrotum,  may  occur.  Other 
complications,  still  more  rare  but  which  have  been 
encountered,  are:  blindness  from  orbital  suppuration 
or  panophthalmitis;  septic  meningitis;  pericarditis; 
periosteitis,  and  osteomyelitis,  etc. 

As  a  sequel  to  severe  scalp  involvement  there  may 
occur  temporary  alopecia. 

Diagnosis. — This  is  seldom  difficult  in  the  typical 
facial  types  if  one  considers  the  violent  onset,  intense 
systemic  reaction,  and  the  red,  shining,  hot  induration 
of  the  skin  lesion  with  its  irregular,  elevated,  indurated 
margin  and  the  tendency  to  bleb  formation  and  later 
descjuamation.  But  the  diagnosis  may  be  very 
difficult  and  often  impossible  in  those  cases  which 
start  from  an  infected  wound  and  in  all  leg  cases. 

Many  cases  of  typical  simple  cellulitis  of  the  leg  or 
arm  are  mist.aken  for  erysipelas  because  of  the  ac- 
companying lymphangitis;  but  in  erysijjelas  the 
border  should  be  more  distinct,  and  its  irregular, 
tongue-like  margin  advances  just  as  easily  counter 
to  the  lymphatic  flow  as  upward  with  the  lymphatics. 

Exudative  erythema  is  not  unlike  erysipelas,  at  times, 
but  is  usually  multiple.  Other  skin  lesions  and  neo- 
plasms will  lack  either  the  sj'stemic  or  some  of  the 
local  symptoms  of  erysipelas. 

Prognosis. — Uncomplicated  erj^sipelas  is  a  self- 
limited  disease  with  tendency  to  recovery,  and  the 
mortality  should  never  exceed  five  per  cent. 

However,  in  general  hospital  cases  with  many  com- 
plications and  many  alcoholics,  the  mortality  rises 
to  6.67  per  cent,  (in  1,810  cases  of  Anders)  or  even  to 
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11.6  per  cent,  in  800  cases  at  Bellevue  in  my  service. 
Infants  under  one  year  have  high  mortality  but  not 
so  high  as  has  been  reported  by  some  writers,  i.e. 
75  per  cent,  to  nearly  100  per  cent.;  indeed  in  fifty- 
two  of  my  cases  there  were  only  twenty-two  deaths  or 
42.3  per  cent.  In  fifty-six  general  body  cases,  many  of 
them  being  infants,  the  mortality  was  nearly  fifty 
per  cent. 

Alcoholism,  pneumonia,  sepsis,  and  accompanying 
nephritis,  endocarditis,  and  tuberculosis  greatly  add 
to  the  mortality.  The  degree  of  fever  is  not  of  prog- 
nostic importance. 

Relapses  are  not  uncommon  after  an  afebrile 
period  varying  from  a  few  days  to  several  weeks. 
Any  possible  immunity  conferred  by  one  attack  is 
conspicuously  short-lived  and  inefficient  in  this 
disease,  and  recurrences  of  erysipelas  after  intervals 
of  months  or  years  are  to  be  expected  in  over  fifteen 
per  cent,  of  cases,  as  is  shown  by  my  histories. 

Contagion. — Inoculation  from  one  patient  to 
another  and  from  one  part  of  the  body  to  another  is 
clearly  possible  in  erysipelas,  but  in  these  days  of  the 
aseptic  and  antiseptic  treatment  of  wounds  and 
diseases,  such  transference  of  this  disease  should  not 
and  in  my  experience  does  not  easily  occur.  But 
isolation  of  these  eases  in  a  general  hospital  is  cer- 
tainly desirable  on  the  ground  that  all  streptococcus 
cases  are  undesirable  in  a  surgical  ward. 

In  only  four  cases  out  of  1,000  which  I  have  analyzed 
was  there  any  history  of  exposure  to  another  case  of 
erysipelas,  although  most  of  our  cases  remain  ill  at 
their  homes,  without  isolation,  for  several  days  before 
coming  to  the  hospital,  and  very  man.v  return  to  their 
homes  while  desquamating. 

Treatment. — Medication. — This  should  be  largely 
symptomatic,  to  wit,  cathartics,  sedatives,  stimulants, 
as  the  occasion  requires. 

The  claims  which  have  been  long  advanced  for 
special  medication  such  as  iron,  quinine,  salicylates, 
pilocarpine,  etc.,  have  not  been  sustained  in  practice. 

Local  Applications. — Ichthyol,  collodion,  phenol 
(painted  or  injected),  bichloride,  iodine,  alcohol,  pic- 
ric acid,  etc.,  have  failed  in  my  hands  consistently 
to  limit  or  alleviate  the  disease. 

Cold  compresses  of  iced  boric  acid  solution  or  water, 
continuously  applied  to  the  area  affected,  are  cleanly 
and  soothing,  harmless  and  inexpensive,  and  ac- 
complish more  than  do  the  many  local  applications 
which  have  been  vaunted. 

For  the  extremities  we  employ  wet  dressings  of  boric 
acid  or  alum  acetate. 

On  the  trunk,  wet  dressings  would  be  uncomfortable 
and  might  induce  bronchitis  or  pneumonia  and  as  the 
lesion  here  is  not  so  painful,  no  dressing  is  required;  but 
picric  acid  or  ichthyol  may  be  used. 

Specifics. —  iNlarniorck's  and  other  antistreptococcus 
sera  have  failed.  Autogenous  and  stock  vaccines  made 
from  erysipelas  strejjtococci  demonstrated  no  efficiency 
in  a  series  of  ninety-five  of  my  cases  so  treated. 

Phylacogen  was  used  in  twent.v  cases  absolutely 
without  benefit.  Excellent  results  are  claimed  for 
the  leucocytic  extract  of  Hiss  and  Zinsser  as  adminis- 
tered by  IDwyer,  but  further  investigation  is  needed 
to  estimate  finally  its  efficiency. 

As  in  the  treatment  of  pneumonia,  so  in  erysipelas 
we  still  await  a  really  efficient  treatment;  meanwhile, 
the  best  methods  at  hand  are  comprised  in  good  nurs- 
ing, generous  feeding,  symptomatic  medication,  and 
cold  local  applications.   "  Sewaku  Erd.man. 

Erythema. — The  term  erythema  is  a  general  one 
for  certain  diseases  of  the  skin  in  which  there  are 
evidences  of  hyperemia  and  passive  inflammation. 
It  simply  means  redness,  and  is  therefore  nothing 
more  than  a  symptom,  and,  used  without  a  qualif\- 
ing  adjective,  "has  but  little  definitive  value. 


The  definition  of  erythema,  as  given  by  sonic 
authors,  is  "a  localized  conge.stion,  accompanied  by 
redne.ss,  which  disappears  under  pressure." 

Two  divisions  of  the  subject  are  usually  made,  viz.. 
Erythema  hypera'inicum  and  Erythema  "exudativum; 
these  arc  again  subdivided  according  to  symptom.s. 

Ekythe.ma  Hvi'KR.E.MicrM,  or  Simple  I/yperemic 
Eriilliema,  is  that  form  of  the  disease  which  is  char- 
acterized by  variou.s-.sized  and  various-shaped  points 
and  patches  of  redness,  exhibiting  no  evidences  of 
inflammatory  exudation. 

The  patches  readily  disappear  upon  pressure. 

The  causes  of  the  aflTection  are  inimerous:  heat, 
cold,  the  presence  of  irritating  substances,  as  well  as 
certain  general  systemic  disorders. 

It  occurs  both  idiopatliically  and  symjitomatically. 

The  Iiliopiithic  Hyperemic  Erytiiemas  are  those 
■which  are  produced  by  cold  or  by  heat,  by  traumatism, 
or  by  the  application  of  some  irritant  to  the  surface  of 
the  body. 

If  the  skin  be  exposed  to  any  of  these  agents  for  a 
great  length  of  time  the  condition  passes  from  the 
simjjje  hyperemic  into  the  exudative  stage.  Slight 
suni)urn  is  perhaps  the  mildest  type  of  hyperemic 
erythema.  Artificial  heat  may  produce  the  same 
condition  {Erythema  all  igne).  Cold  will  also  produce 
a  certain  amount  of  congestion  {Erythema  pernio, 
chilblain).  Wounds  and  contusions,  pressiire  of 
clothing  or  bandages,  also  cau.se  a  localized  erythema. 

The  treatment  for  simple  erythema  is  upon  general 
lines.  If  it  is  caused  by  pressure  of  clothing  or  by 
the  chafing  of  two  ojiposing  skin  surfaces  (Erythema 
intertrigo),  remove  the  pressure  and  apply  some  sooth- 
ing dusting  powder. 

If  it  has' become  almost  eczematous  in  character, 
and  the  diseased  area  is  covered  with  a  sticky  exuda- 
tion,as  is  often  the  case  in  infantile  intertrigo,  La-ssar's 
paste,  calamine  lotion,  or  any  one  of  the  other  external 
applications  for  eczema,  is  indicated. 

If  the  erythema  is  from  the  external  application  of 
drugs,  the  treatment  is  obvious;  remove  the  cause. 

The  Symptomatic  Erythemas  are  important,  because 
they  so  often  simulate  more  serious  affections.  They 
generally  occur  as  the  result  of  some  derangement  of 
the  digestive  tract.  They  may  also  acconiftany 
certain  systemic  diseases,  such  as  diphtheria,  scarlet 
fever,  cholera,  uremia,  Bright's  disease,  etc. 

The  eruption  may  be  found  on  any  portion  of  the 
body.  The  lesions  appear  in  various  shapes;  patches, 
spots,  rings,  etc.,  small  reddish  pea-sized  spots  called 
roseola,  are  often  seen  in  the  beginning  of  a  syphilitic 
rash,  smallpox,  or  as  an  accompaniment  of  vaccina- 
tion, and  in  some  cases  of  jaundice. 

The  peristent  or  fugitive  flush  seen  in  rheumatism, 
asthma,  goiter,  hemiplegia,  is  an  erythema  i)roduced 
by  some  impairment  of  the  central  or  peripheral 
nervous  functions. 

The  symptomatic  erythemas  occur  in  both  the 
hyperemic  and  the  exudative  varieties;  and,  ju-  they 
are  more  frequently  observed  after  they  liave  passed 
into  the  inflammatory  stage,  to  save  space  they  can 
be  more  conveniently  discussed  here,  before  con- 
sidering the  distinct  group  of  erythema  nuiltiforme. 

Erythema  Di phtheriticiim. — During  an  attack  of 
diphtheria,  especially  if  severe,  there  often  occurs 
upon  the  thorax  and  abdomen  a  diffuse  eruption. 
sonu'times  extending  over  the  extremities;  it  may  be 
mottled,  punctate,  or  scarlatiniform  in  character. 
The  rasli  usually  appears  on  the  second  or  third  day 
of  the  disease  and  should  be  distinguished  from  tlin 
toxic  maculopapular  erythenui  multiforme  which 
appears  late  in  the  course  of  diphtheria. 

Sihce  the  introduction  of  antitoxin  as  a  therapeutic 
measure  a  form  of  erytliem:i  (.senun  rash)  h:us  been 
noted  it  occurs  chiefly  on  the  trunk,  making  its  ai>- 
ix'arance  from  six  to  twenty -four  hours  after  the  injec- 
tion.    This  epiphenomenon  is  due  to  anaphylaxis. 

SO 
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Eri/lhema  Owlcrintm. — This  is  a  polymorphous, 
iiiaciilopapuhir  erythema  sclmi  in  some  cases  of  cholera. 
The  eruption  first  appears  on  the  lianrls  and  feet,  ex- 
tending to  the  forearms,  U'ks,  and  trunk,  and  finally  to 
the  face.  It  usually  hepin.s  early  or  late  in  the  disease, 
lasts  several  days,  and  disappears  by  dcscpnunation. 

The  Erythema  of  uremia  is  of  the  maculojiapular 
variety.  The  first  lesions  are  bright  red  macules 
which" rapidlv  change  into  papules,  and  .are  generally 
upon  the  extensor  surfaces  of  the  hands,  forearms,  and 
legs.  The  eruption  may  extend  over  the  body,  even 
involving  the  palms  and  soles;  it  run.s  its  course  in 
three  or  four  days  and  subsides  with  flaky  desquama- 
tion. When  this  cutaneous  manifestation  is  seen  as 
an  accompaniment  of  nephritis  the  prognosis  is  grave. 

In  ('liroi)ie  Briglil's  UUeiisc  the  erythema  consists  of 
bright  red  macules,  generally  .situated  on  the  trunk,  al- 
though the  neck,  arms,  and  thighs  may  be  involved, 
and  more  rarely,  the  face,  hands,  and  feet;  it  is 
accompanied  by  no  subjective  symptoms  and  lasts  but 
a  few  days. 

There  "is  another  eruption  seen  in  Bright's  di,sease 
which  is  papular  throughout.  This,  I  think,  is  the 
commoner  form.  The  lesions  are  large,  discrete 
j)apules,  of  a  dark  red  color,  generally  springing  from 
dry,  rough,  or  scaly  patches.  The  outer  side  of  the 
thighs  and  extensor  .surfaces  of  the  legs  and  arms  are 
the  parts  involved. 

Erythema  Scarlalinoides. — In  1851  Hardy  described  a 
cutaneous  roseola  which  closely  resembled  scarlet 
fever.  He  named  it  erythema  searlatinoides.  Later 
Bazin  reported  similar  cases;  he  applied  to  them  the 
term  erythema  scarlatiniforme.  Still  later,  Besnier 
gave  the  disease  careful  clinical  and  histological 
study,  and  from  his  researches  he  considered  the 
proper  name  to  be  the  one  first  given  by  Hardy.  Its 
close  resemblance  to  scarlet  fever  makes  it  a  disease  of 
considerable  importance. 

The  eruption  comes  on  with  slight  constitutional 
disturbance  and  with  more  or  less  elevation  of  tem- 
perature; its  advent  may  be  sudden  or  gradual;  it 
appears  first  on  the  chest,  as  a  bright  red  punctate 
erythema,  and  from  here  eventually  spreads  over  the 
entire  body.  Cases  have  been  reported  in  which  it 
appears  as  a  diffuse  general  rash.  It  is  often  accom- 
panied by  burning  and  itching;  the  duration,  in  either 
case,  is  short;  it  soon  becomes  pale,and  in  a  few  days 
passes  ofl  with  little  or  no  desquamation.  If,  how- 
ever, the  attack  has  been  severe,  the  desquamation 
may  be  considerable,  the  epidermis  shedding  itself  in 
large  patches. 

The  disease  has  no  specific  infectious  origin;  it  is 
neither  contagious  nor  transmissible.  It  differs  from 
scarlatina  in  the  absence  of  the  characteristic  straw- 
berry tongue  and  the  t.ypical  tliroat  symptoms. 

Gastric  and  intestinal  disorders  seem  to  be  the 
prominent  causative  factors.  The  disease  has  been 
observed  during  the  puerperal  period  and  as  a  symp- 
tom of  septicemia.  It  has  also  been  observed  in 
typhoid  fever;  in  which  disease  it  usually  occurs  at 
the  end  of  the  first  or  at  the  beginning  of  the  third 
week  of  the  fever.  The  external  application  of  drugs, 
such  as  mercury  or  iodoform,  has  been  known,  to 
produce  the  eruption. 

In  the  treatment  of  the  disea.se  such  measures  should 
be  adopted  as  the  symptoms  demand. 

Erythema  Searlatinoides  Recidivans. — This  is  a  va- 
riety of  scarlatiniform  eruption  that  tends  to 
relapse,  each  attack  clearing  up  with  considerable 
desquamation.  The  disease  has  been  described  by  the 
French  authors,  and  many  American  dermatologists 
have  also  reported  undoubted  cases  of  this  affection. 

The  term  desquamative  relapsing  scarlatiniform 
erythema  is  the  name  by  which  the  disease  is  now 
known.  Some  of  the  French  writers  consider  it 
different  from  erythema  searlatinoides  because  of 
its  extremely  inflammatory  character,  and  have 
suggested  the  term  dermatitis  scarlatiniformis. 
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The  symptoms  as  given  by  Besnier  are  as  follows: 
It  often  begins  with  shivering,  lassitude,  sore  throat, 
headache,  and  elevation  of  temperature.  When  the 
rash  is  at  its  height  the  fever  will  suddenly  cease. 
The  eruption  lasts  for  from  four  to  six  weeks,  and  is 
similar  to  that  of  scarlet  fever.  Desquamation  often 
begins  on  one  part  of  the  body  while  the  efflorescence 
is  present  on  others. 

The  etiological  factors  are  numerous:  it  may  be  due 
to  external  or  internal  causes;  it  has  been  observed 
in  certain  diseases  such  as  rheumatism,  gonorrhea, 
toxemia,  etc.;  mercury,  quinine,  belladonna,  anti- 
pyrine  are  among  the  drugs  which  produce  this 
variety  of  erythema. 

One  attack  predisposes  to  another,  recurrences 
usually  taking  place  at  the  change  of  seasons.  While 
any  of  the  foregoing  factors  may  produce  an  attack, 
yet  what  induces  an  outbreak  in  one  person  will  not  in 
another,  and  attacks  in  the  same  subject  may  be 
brought  abo\it  by  entirely  different  causes. 

It  has  been  observed  that  each  subsequent  mani- 
festation of  the  disease  tends  to  beeome  milder. 

In  making  a  diagnosis,  erythema  must  be  differen- 
tiated from  scarlet  fever,  which  disease  it  most  closely 
resembles.  The  principal  points  to  be  remembered 
are:  while  there  may  be  sore  throat  at  the  beginning 
of  the  attack  it  is  not  so  severe  as  that  of  scarlet  fever, 
the  strawberry  tongue  is  not  present,  the  temperature 
abates  during  the  height  of  the  rash,  the  duration 
of  the  disease  is  more  variable  and  prolonged,  and, 
finally,  it  is  non-contagious  and  tends  to  relapse. 

Erythema  Perstans. — This  is  a  type  of  erythema 
which  has  many  of  the  eruptive  cliaracteristics  of 
erythema  scarlatiniforme,  differing  in  that  the  rash 
may  persist  for  weeks,  months,  or  longer.  The 
eruption  is  symmetrical  and  is  attended  by  severe 
subjective  symptoms,  as  pain  and  itching. 

The  treatment  of  this  group  of  erythemas  depends 
largely  upon  the  cause;  if  it  is  due  to  some  systemic 
disease,  treat  that,  or  if  to  external  irritation,  remove 
the  irritant.  Locally,  soothing  applications  will  be 
found  useful. 

In  the  perstans  variety,  Duhring  recommends  the 
exhibition  of  quinine,  sodium  salicylate,  or  ergot  in 
full  doses. 

EuYTHEMA  ExsiTD.-iTmjJi  MULTIFORME. — The  affec- 
tions grouped  under  this  general  head  are  charac- 
terized by  inflammatory  changes  in  the  skin,  and  are 
in  contradistinction  to  the  simple  congestive  or 
hyperemic  erythemas.  As  the  name  implies,  the 
lesions  are  multiform,  and  the  symptoms  and  etiology 
are  varied.  The  French  term  it  erytheme  polymorphe. 
The  general  type,  erythema  multiforme,  was  clearly 
described  by  Hebra;  since  then  the  question  is  con- 
stantly brought  up  whether  many  of  the  cutaneous 
manifestations  grouped  under  this  head  are  not 
really  distinct  diseases. 

It  is  an  inflammatory  affection  characterized  by 
reddish  or  variegated  macules,  papules,  and  pustules. 
The  eruption  occurs  either  discretely  or  in  patches, 
with  sharply  defined,  marginate  outlines,  and  runs  an 
acute  course.  The  patches  may  be  simply  erythemat- 
ous or  may  consist  of  maculopapules,  papules  and 
vesicles,  and,  in  some  instances,  of  vesicles  and  blebs. 

The  lesions  pass  rapidly  through  their  various 
evolutions:  first,  the  erythematous  patches  are  red 
and  clearly  defined  from  the  surrounding  skin;  in  a 
few  days  they  begin  to  assume  a  purplish  or  bluish- 
white  color,  which  disappears  upon  pressure. 

The  various  shapes,  colors,  and  character  of  the 
patches  have  given  rise  to  the  terms  circinatum, 
annulare,  papulosum,  iris,  marginatum,  purpuricum, 
urticans,  etc. 

The  eruption  which  fades  in  the  center  and  extends 
peripherally  is  termed  circinatum.  If  there  are  a 
series  of  concentric  rings  formed  it  is  called  erythema 
annulare. 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Erythema 


Erythema  iris  is  a  rare  nianiffstation  of  erythema 
multiforme,  and  has  been  described  under  various 
names,  such  as  herpes  iris,  hydroa,  herpes  circinatus, 
etc. 

Two  varieties  are  most  frequently  seen:  in  one  the 
lesions  are  vesicular  and  bullous,  arranged  in  clusters 
and  rings;  in  the  other  they  are  vesicular  throughout. 
The  degree  of  redness  is  marked,  assuming  in  most 
cases  many  hues,  from  which  comes  the  term  iris. 

The  eruption  is  generally  located  on  the  backs  of 
the  hands  and  feet,  although  it  may  invade  other 
I)arts  of  the  skin,  even  the  mucous  membranes. 

Margiiiate  erythema  is  simply  that  form  in  which 
the  margin  is  sharply  defined.  The  gyrate  and 
figurate  forms  are  those  in  which  the  patches  and 
circles  merge  together  and  form  fantastic  shapes. 

Papular  erythema  is  the  name  given  to  the  disease 
when  the  patches  consist  of  papules  or  maculopapules. 

If  the  erythema  is  complicated  with  cutaneous 
hemorrhages  it  is  called  Erythema  multiforme  pur- 
puricum;  if  with  urticarial  wheals,  Erythema  multi- 
forme urticans. 

Erythema  multiforme  attacks  by  preference  certain 
regions  of  the  body;  the  backs  of  the  hands,  forearms, 
and  legs  being  the  localities  generally  invaded.  In 
some  cases  the  face  may  become  involved.  The  erup- 
tion occurs  symmetrically,  and  the  outbreak  usually 
begins  first  on  the  hands  and  fingers.  If  it  attacks 
the  face  the  first  lesions  are  seen  on  the  forehead. 

Cases  have  been  recorded  in  which  the  eruption 
involved  the  whole  cutaneous  covering,  beginning  in 
the  favorite  locations  and  spreading  over  the  entire 
body,  finally  resolving  by  exfoliation.  The  disease, 
in  these  instances,  closely  resembles  dermatitis 
exfoliativa  (see  Erythema  scarlatiniforme). 

The  subjective  symptoms  are  mild,  and  the  patient 
may  complain  only  of  slight  burning  and  itching. 
The  systemic  symptoms  are  variable;  frequently- 
there  will  be  considerable  eruption  over  the  hands 
and  feet,  with  no  general  discomfort.  Again  there 
may  be  a  marked  elevation  of  temperature,  preceded 
by  malaise,  headache,  rheumatism-like  pains,  sore 
throat,  and  swelling  of  the  joints. 

Gastric  and  intestinal  derangements  have  been 
noted  in  the  severer  cases. 

The  evolution  of  the  disease  is  varied.  Often 
erythema  will  l^e  the  only  eruption  observed  through- 
out the  whole  attack,  while  in  other  cases  there  will 
be  vesicles  or  aborted  vesicles.  Again  the  lesion  may 
be  maculopapular.  Sometimes  the  patch  will  clear 
in  the  center  and  form  opalescent  rings.  In  the 
more  serious  cases  there  may  be  a  diapedesis  of  blood 
in  the  skin.  If  this  is  great  enough  to  form  distinct 
purple  spots,  it  is  a  question  if  the  disease  is  not 
purpura  rheumatica,  and  not  a  true  erythema  multi- 
forme. It  is  now  almost  the  universal  belief  that  iii 
its  etiology  and  pathology  erythema  multiforme  is 
closely  allied  to  the  cutaneous  lesions  of  rheumatism. 
Erythema  multiforme  is  a  disease  of  spring  and 
autumn,  although  it  may  occur  at  other  times  of  the 
year.  Humidity  or  dampness  seems  to  favor  its 
development.  Women,  especially  young  women,  are 
more  subject  to  it  than  men. 

Pathologically  it  is  an  angioneurosis,  the  effect 
being  primarily  upon  the  nerves,  secondarily  upon  the 
blood-vessels.  It  is  believed  by  many  authorities 
to  be  of  an  infectious  nature,  although  opposing 
theories  appear  to  be  equally  well  grounded  in  fact. 
Cases  have  been  reported  of  nervous  shock  followed 
by  an  erythematous  outbreak. 

Microscopical  examinations  of  the  lesions  show  a 
dilatation  of  the  vessels  of  the  stratum  corneum  and 
some  exudation  of  white  corpuscles. 

Recent  observations  have  not  been  able  to  demon- 
strate the  presence  of  emboli  in  the  cutaneous  vessels, 
although  some  pathologists  claim  to  have  found  them. 

The  Diagnosis  of  the  disease  is  comparatively  easy, 
providing  the  multiform  character  and  peculiar  color 


of  the  lesions  are  borne  in  mind.  The  presence  of  the 
lesions  upon  the  hands  and  feet,  and  the  almost  total 
absence  of  itching  will  serve  to  distinguish  it  from 
urticaria. 

In  papular  eczema  the  papules  are  smaller  and  in- 
tensely itchy.  The  course  and  symptoms  of  pem- 
phigus will  aid  in  diagnosing  it  from  the  bullous  fonn 
of  erythema. 

Erythema  nodosum  will  be  known  from  Erythema 
multiforme  by  the  presence  of  bluish  nodes  on  the  ex- 
tremities. The  differential  diagnosis  between  Ery- 
thema multiforme  and  Dermatitis  herpetiformis  is 
more  difficult  to  make.  Careful  .study,  alone,  makes 
differentiation  possible.  Limited  space  will  allow 
only  a  brief  outline  here.  Dermatitis  herjjetiformis 
is  a  chronic  disease,  and  tends  to  relapse,  each  re- 
currence showing  the  herpetiform  character  of  the 
lesion;  Erythema  multiforme  is  an  acute  disease, 
occurring  as  a  rule  in  the  spring  and  fall,  and  while  in 
some  instances  the  lesions  may  be  herpetic-Uke,  they 
always  present  more  or  le.ss  multiformity. 

Trie  Treatment  of  erythema  multiforme  should  be  on 
general  lines.  At  the  beginning  of  the  attack  a  saline 
purge  is  indicated;  the  diet  should  be  light  and  nutri- 
tious; stimulants  of  all  sorts  should  be  avoided;  anti- 
rheumatic remedies,  such  as  the  salicylates,  appear  to 
give  the  best  results.  In  the  relapsing  cases  quinine 
and  iron  should  be  used.  Astringent  washes,  such  as 
lead  lotion,  will  be  found  useful  in  treating  the  skin 
lesions.  If  there  should  be  itching  a  weak  solution 
of  carbolic  acid  or  menthol  will  give  relief.  Some 
authors  recommend  various  pastes  containing  a  small 
quantity  of  carbolic  acid,  resorcin,  or  salicylic  acid. 

In  the  beginning  of  the  disease  the  Prognosis  as  to 
duration  should  be  very  guarded,  for  relapses  may 
occur  that  would  prolong  the  attack  indefinitely. 
Generally  the  disease  runs  a  definite  cour.se,  la.sting 
from  a  month  to  six  weeks,  treatment  seeming  to 
have  very  little  influence  upon  it. 

Erythem.\  nodosum  is  an  inflammatory  disease  of 
the  skin  characterized  by  various-sized  elevated  nodes 
of  a  rosy  red  or  purplish  color. 

The  disease  is  generally  ushered  in  with  some  sys- 
temic disturbance;  there  are  malaise,  fever,  and  rheu- 
matic-like pains  of  the  joints. 

The  nodes  begin  as  dark  indurated  patches,  they 
appear  suddenly  and  rapidly  arrive  at  full  develop- 
ment. Various  regions  of  the  body  may  be  involved, 
although  the  extensor  surfaces  of  the  arms  and  legs 
are  the  parts  usually  affected.  The  nodes  differ  in 
size  from  a  filbert  to  a  large  English  walnut.  At  first 
they  are  bright  red,  gradually  growing  darker  until 
they  become  purple,  finally  fading  to  a  yellowish-blue 
tint  resembling  the  discoloration  of  contu.sions.  which 
has  given  rise  to  the  synonym  erythema  contusiforme. 
Throbbing  and  pain  on  pressure  are  characteristic 
symptoms;  frequently  the  nodes  become  so  inflamed 
and  shiny  that  they  are  mistaken  for  points  of 
suppuration.  The  number  of  the  nodes  varies;  some- 
times they  are  limited  to  two  or  three,  then  again 
there  are  four  or  five  times  as  many.  They  appear  in 
successive  crops,  each  crop  being  accompanied  by 
more  or  less  systemic  disturbance.  Cases  have  been 
reported  in  which  there  were  diarrhea,  high  tempera- 
ture, and  vomiting. 

Tlie  cause  of  the  disease  is  not  clearly  determined. 
although  it  is  a  growing  belief  that  it  is  due  to  some 
acute  infection.  It  is  most  frequently  met  with  in 
the  anemic  and  weakly.  Exposure  to  cold  in  some 
cases  seems  to  provoke  an  outbreak.  Females  appear 
to  be  more  subject  to  the  disease  than  males — the 
proportion  being  about  three  to  one.  It  is  more 
frequentiv  seen  in  early  middle  Ufe.  although  I  have 
observed  it  in  people  over  fiftx'  years  of  age. 

The  pathology  is  that  of  an  exudative  intlammatory 
process,  similar  to  erythema  multiforme.  Some 
authors  claim  it  to  be  an  inflammation  of  the  lymph- 

91 


Erylhema 


REFERENCE    HANDBOOK   OF    THE    MEDICAL    SCIENCES 


atics;  others,  that  the  nodes  are  infhimniatory  in- 
farcts. Many  competent  observers  consider  it  to  l)e 
closely  alliedto  purpura  rheuniatica.  The  justice  of 
the  claim  that  it  is  of  infectious  origin  merits  more 
than  passing  notice;  for  if  the  eomse  and  syniiitoms 
are  closely  observed  it  will  be  found  that  it  bears  a 
marked  resemblance  to  some  of  the  infectious  diseases. 

There  seems  to  be  no  doubt  that  erythema  nodosum 
is  in  some  way  closely  allied  to  rheumatism,  for  the 
joint  and  muscular  pains  arc  quite  similar,  and  heart 
involvement  has  been  noticed  during  a  course  of  the 
cutaneous  disease.  It  is  probable  that  when  the 
bacteriology  of  rheumatism  is  more  fully  worked  out 
it  will  be  found  that  erythema  nodosum  is  due  to  the 
same  or  a  similar  organism. 

The  microscopical  findings  are  similar  to  those  of 
erythema  multiforme.  The  capillaries  are  dilated; 
t  here  is  an  infiltration  of  blood  cells  into  the  derma,  and 
the  lymphatics  are  filled  with  cells.  Competent 
observers  have  failed  to  demonstrate  free  cutaneous 
hemorrhages  in  the  contu.sed  areas. 

Didffiiosis. — Care  nuist  be  taken  not  to  mistake 
the  disease  for  bruises;  it  is  sometimes  diagnosed  as 
erysipelas,  especially  if  it  occurs  about  the  face.  The 
nodes  have  been  cut  into  under  the  impression  that 
they  were  abscesses.  The  number  and  sites  of  the 
nodes  will  help  to  distinguish  it  from  syphilitic 
gumma.  Giant  urticaria  differs  from  erythema  in 
that  it  is  never  accompanied  by  rheumatic-like  pains 
or  by  fever.  The  color  of  the  lesions  differs,  the 
erythematous  nodes  are  painful,  while  the  wheals  of 
urticaria  are  itchy.  The  course  of  the  two  diseases  is 
dissimilar;  erythema  nodosum  lasting  two  or  three 
weeks,  while  urticaria  disappears  in  a  few  days. 

It  might  be  mistaken  for  that  rare  disease  Erythema 
induratum,  but  this  affection  rims  a  slow  chronic 
course,  generally  terminating  in  ulcerations. 

The  distinguishing  characteristics  of  phlebitis, 
lymphangitis,  and  erythema  multiforme  should  also 
be  borne  in  mind. 

Treatment. — The  treatment  is  according  to  the 
symptoms.  If  there  is  much  fever  antipyretics  are 
indicated.  The  bowels  should  be  kept  open  and  a 
simple  diet  should  be  prescribed.  As  regards  the 
general  therapeutics,  the  most  reliance  should  be  placed 
upon  salol,  salicylate  of  sodium,  quinine,  or  a.spirin; 
phenacetine,  combined  with  any  of  tlie  above,  aids 
in  relieving  the  muscular  and  joint  pains.  It  is  well 
to  follow  this  line  of  treatment  with  liberal  doses  of 
iron  and  tonics,  especially  in  weak  females.  External 
lotions  of  lead  water  and  opium  relieve  the  burning 
pain,  or,  if  preferred,  a  ten  to  twenty-five  per  cent, 
ichthj-ol  ointment  can  be  used. 

The  Prognosis  is  favorable;  relapses  are  rare. 

Erythema  Elevattm  DiuTiNrrM. — In  1894  Crocker 
described  a  disease  to  which  he  gave  this  provisional 
name.  The  eruption  occurs  generally  in  young 
anemic  subjects,  and  chiefly  affects"  the  hands, 
lips,  knees,  and  buttocks.  The  lesions  are  pale 
purplish-red  in  color,  and  in  some  cases  are  sharph' 
defined,  in  others  nodular  and  irregular  in  outline. 
They  are  firm  to  the  touch  and  painful  when  pressed 
upon.  There  are  few  or  no  subjective  symptoms. 
Ca.ses  have  been  reported  in  which  there  was  consid- 
erable disfigurement  from  the  eruption,  the  skin 
being  so  nodular  and  infiltrated.  The  lesions  tend 
to  persist,  but  may  undergo  gradual  involution. 
Those  that  do  remain  become  as  hard  as  cartilage. 
Microscopically  there  are  evidences  of  inflammatorv 
processes  followed  by  the  production  of  fibrous 
tissue.  It  is  undoubtedly  a  mistake  to  use  the  term 
erythema  in  this  disease,  for  it  does  not  properly 
apply  to  the  condition,  hypertrophic  changes  being 
the  chief  pathological  element.  The  proper  cla.ssi- 
fication  will  be  finally  decided  after  further  study, 
but  until  then  it  is  as  well  to  describe  the  disease  under 
this  cafition  as  elsewhere. 
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Erythema  induratum,  or  Erythkmc  indure  des 
serofiiteux,  is  a  disease  first  described  by  Bazin.  It 
is  a  deep-seated  nodular  eruption  situated  in  the  skin 
over  the  legs  and  fingers. 

The  nodes  vary  in  size,  and  are  round  or  oval  in 
shape;  as  a  rule  they  are  few  in  number,  but  cases 
have  been  reported  in  which  they  became  confluent. 
Thej'  run  an  indolent  course:  some  disappear  by 
spontaneous  involution,  whOe  others  suppurate  or 
become  necrosed,  forming  deep  circular  ulcers. 
Pain,  which  may  be  present,  is  not  severe.  Young 
strumous  girls  with  feeble  circulation  seem  to  be 
especially  subject  to  the  disease.  It  is  generally 
conceded  that  this  is  a  disease  closely  connected  with 
tuberculous  skin  disease — a  tuberculide,  not  a  pure 
tuberculosis. 

In  diagnosing  this  disorder  erythema  nodosum  and 
syphilitic  gummata  must  be  thought  of.  It  differs 
from  erythema  nodosum  in  that  the  lesions  are  more 
circumscribed,  firmer,  and  of  a  darker  color;  they  are 
more  deeply  situated  in  the  skin  and  less  tender; 
they  run  a  chronic  course  and  tend  to  iilcerate. 

Syphilitic  gummata  are  not  bilateral,  and  the 
patient  gives  no  evidences  of  other  specific  .symptoms. 

Treatment  consists  of  change  of  air,  tonics,  and  rest 
in  bed.  James  Macfarlane  Winfield. 


Erythema  Infectiosum. — Synonyms;  Fifth  dis- 
ease; Erythema  infectiosum  morbilliforme;  Erythema 
simplex    marginatum;    Megalerythema    epidemicum. 

This  condition  was  first  defined  as  a  separate  clinical 
entity  in  1896  by  Escherich,  but  was  first  named 
"erythema  infectiosum"  by  Strieker  in  1899.  Some 
writers  have  confused  this  condition  with  the  "fourth 
disease"  or  Filatow-Dukes  disease.  Epidemics  of 
erythema  infectiosum  have  been  observed  much  more 
frequently  in  Europe  than  in  America.  Ruhriih 
states  that  no  cases  have  as  yet  been  observed  in 
America,  the  disease  having  been  described  in  Austria 
and  Germany.  It  is  mildly  contagious,  occurring 
chiefly  in  the  spring  and  summer,  and  characterized 
by  a  maeulopapular  rose-red  rash.  There  are  neither 
complications  nor  sequeloe.  The  rash  is  most  pro- 
nounced on  the  cheeks,  legs,  and  outer  surface  of  the 
arms.  The  disease  appears  chiefly  between  the  ages 
of  four  and  fourteen  years.  The  incubation  period 
is  six  to  fourteen  days. 

Edmund  Cautley  in  his  textbook  on  "The  Diseases 
of  Infants  and  Children"  gives  the  following  descrip- 
tion of  this  disease:  "The  rash  is  usually  the  first  sign. 
It  may  be  preceded  by  slight  malaise,  sore  throat,  and 
debility.  It  only  affects  the  skin,  and  comes  out 
first  and  characteristically  on  the  face.  The  cheeks 
present  a  symmetrical,  confiuent,  rose-red  efflores- 
cence, with  defined,  slightly  raised  edges  or  shading 
off  into  normal  skin,  rather  sharply  limited  by  the 
nasolabial  folds  and  tlie  temples,  and  extending  to  the 
angles  of  the  jaws.  The  skin  is  hot  and  swollen  and 
does  not  itch.  Its  color  suggests  erysipelas  and  dis- 
appears on  pressure.  Discrete  spots  are  often  seen 
on  the  forehead,  chin,  and  about  the  ears.  On  the 
second  day  the  rash  appears  on  the  body,  chiefly  the 
extensor  surface  of  the  limbs,  and  spreads  peripher- 
ally, the  trunk  being  almost  free.  On  the  limbs 
it  is  more  morbilliform  and  less  rose-red.  In  many 
cases  it  has  a  lace-work  aspect.  Above  the  elbows  it 
becomes  confluent.  On  the  buttocks  it  is  marked. 
It  is  more  macular  than  papular  and  shows  little 
elevation  except  on  the  face.  It  disappears  from  the 
face  in  four  to  five  days  and  from  elsewhere  in  six  to 
twelve  days.  The  color  fades  from  the  center  first 
and  leaves  red  irregular  rings  visible  for  a  time,  the 
skin  assuming  a  'geographical  map,'  or  'marbled' 
aspect  (cutis  marmorata).  Subjective  symptoms  and 
complications  are  rare.  Perhaps  there  is  slight  fever 
for  twenty-four  hours  and  a  furred  tongue,  but  never 
like  that  of  scarlatina.     There  is  no  coryza,  cough, 
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conjunctivitis,  glandular  enlargement,  desquamation, 
or  j)igmentation," 

In  view  of  the  fact  that  distinct  epidemics  of  this 
disease,  particularly  in  families  and  schools,  have 
been  described,  one  cannot  subscribe  to  the  view 
advanced  by  Stelwagon  that  the  condition  is  the 
result  of  a  mild  toxemia  of  gastrointestinal  origin. 
Erythema  infcctiosum  is  to  be  differentiated  from 
erythema  exudativum  multiforme  by  the  fact  that 
the  latter  begins  on  the  hands  and  feet,  becomes 
vesicular,  lasts  a  longer  time,  and  is  accompanied  by 
marked  constitutional  symptoms. 

The  following  table,  in  which  erythema  infectiosum 
is  contrasted  with  measles,  German  measles,  and 
scarlet  fever,  is  given  by  Ruhrah  in  Osier's  "Modern 
Medicine:" 


The  affection  was  first  descril*ed  by  Fiurckhardt  in 
1S50  and  by  von  liarensprung  in  1802,  who  then 
named  it.  Later  it  was  studied  by  Besnier,  Balzer, 
Dubreuilh,  Riehl,  Crocker,  and  many  others,  who 
all  agree  that  it  is  a  distinct  affection.  It  is  an  ex- 
tremely rare  though  trivial  affection;  it  produces  rio 
inconvenience  and  is  usually  only  accidentally  di.**- 
covered.  During  the  past  eighteen  years  no  instance 
of  it  has  been  noted  in  the  d<'rmatologioal  department 
of  the  Vandcrbilt  Clinic,  New  York  City,  where  the 
examinations,  at  least  among  the  male"  patients,  in 
whom  it  is  said  to  he  most  common,  is  of  the  most 
open  kind.  The  parts  attacked  are  primarilv  those 
situations  of  the  body — such  as  the  axilla?,  the  iliguinal 
and  geiiitocrural  regions,  and  the  cleft  of  the  nates — 
where,  the  apposed  surfaces  of  the  skin  coming  in 
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Rubella. 


Measles. 


Scarlet  fe\'er. 


Contagion. , 

Incubation. 
Prodromes. 


KopUk  spots. 

Vomiting 
Fever 


Catarrhal  symptoms.. 
Tongue 


Throat. 


Diarrhea 

Lymph-nodes. 


Pulse 

Albuminuria. 
Eruption 


Desquamation. 
Convalescence 


Apparently  varies  in  epi- 
demics. Direct  contact. 
Possibly  from  fomites, 
not  through  the  air. 

Variable,  average  1  to  ^ 
weeks. 

Slight  and  of  short  dura- 
tion. Occasionally  a  day 
or  two  of  malaise. 

None '. 


Rare 

Slight,  average  1  to  2  days, 
sometimes  for  4  days, 
seldom  more  than  101  to 
102  degrees. 

Slight 

Slight  coat,  nothing  char- 
acteristic. 

Small  punctiform  red  spots 
over  uvula  and  palate. 
Pharynx  shghtly  red- 
dened. 


General  enlargement,  espe- 
cially of  postcervical 
nodes. 


Varies  with    fever 

Rare  and  slight 

Begins  on  face,  spreads  to 
neck  and  breast,  then  to 
arms,  legs,  and  feet.  I.s 
fading  from  other  parts 
while  spreading  to  new. 
Two  forms:  common  form, 
morbilliform,  small 
slightly  elevated  papule.*, 
discrete,  sometimes  con- 
fluent, more  rarely  scar- 
latiniforni.  Lasts  2  to  4 
days  or  less,  color  rose- 
red,  but  this  varies. 


Slight  and  branny 

Rapid,  no  complications, 


Highly  contagious.  By 
direct  contact.  By  fo- 
mites.    Through  the  air. 

Average  9  to  14  days   . . .  . 

Three  to  four  days.  Drow- 
siness and  catarrhal 
symptoms. 

Present  in  90  or  05  per 
cent,  of  cases. 

Occasional 

Marked,  high  curve,  last- 
ing about  a  week,  aver- 
age from  102  to  105 
degrees. 

Marked. . .: 

Tongue  coated,  that  of 
any  fever. 

Moderate  pharyngitis  and 
redness  of  mucous  mem- 
branes. 


Marked.      By  direct  con- 
tact.    By  fomites. 


Erythema  infectioaum 


Feeble.     Usually  by  direct 
contact. 


Average  1  to  6  days I  Average  G  to  14  days. 


Short    or   wanting, 
usually  sudden. 


Frequent 

Postcervical,     postauricu- 

lar,  and  submaxillary 

nodes  enlarged. 


Varies  with  fever 

Rare 

Begins  on  face,  spreads 
gradually  over  entire 
body — covering  it  by  tiie 
second  or  third  day. 
Consists  of  small  papules 
arranged  in  crescent  ic 
groups;  these  are  con- 
fluent in  places.  Lasts  4 
to  5  days.  Is  deep  red, 
often  purplish. 


None. 


Common 

High  fever  lasting   about 

a  week,  averages  104  to 

105"  degrees. 


Absent 

Strawberry,      later 

berry  tongue. 
Usually  a  severe  angina 


mul- 


Ver>*   slight   and   of  short 
duration. 

None. 

Uncommon. 
Little  or  none. 


None. 

Sometimes  slightly  coated. 


Sometimes  ver>'  slight  sore 
throat  at  onset. 


Branny. 


Slow,  frequent  complica- 
tions, as  piicumoniii ;  later 
other  infectious  diseases, 
as  tuberculosis. 


Depends  on  extent  of 
throat  involvement  , 
glands  at  angle  of  jaw 
involved. 

Very  rapid 

Common 

Begins  on  neck  and  chest, 
spreads  slowly  over  entire 
body -^maximum  about 
the  fourth  day.  Does  not 
affect  lips.  Consists  of 
small  punctate  spots,  or 
a  diffuse  blush;  disap- 
pears on  pressure.  Lasts 
about  a  week.  Intense 
red  color. 


Marked  in  flakes  and  large 

pieces. 
Slow,    complications    fre- 
quent, as  nephritis,  otitis 
media,  etc. 


Not  enlarged. 


Normal.    . 

None. 

First  on  face,  as  symmet- 
rical rose-red  blush,  for 
the  most  part  sharply 
defined,  and  resembling 
erysipelas.  It  is  hot  to 
the  touch,  but  is  not 
sensitive  and  does  rot 
itch.  The  second  day  it 
spreads  to  the  body  and 
extremities,  small  discrete 
crescentic  patches  over 
the  body  and  sparingly  on 
the  inner  and  flexor  sur- 
faces of  limbs.  Marked 
map-like  eruption  on 
outer  and  extensor  sur- 
faces. Begins  to  fade  on 
face  in  4  or  5  days. 
Lasts  altogether  6  to  10 
days. 

None. 

Rapid,  no  complications. 


Alexander  iSpiNUARX. 


Erythrasma. — This  is  a  cutaneous  disorder  rather 
than  a  disease  of  the  skin  strictly  speaking,  and  is 
due  to  the  presence  and  growth,  on  and  in  the  super- 
ficial layers  of  the  epidermis,  of  a  vegetable  parasite. 


contact,  warmth  and  moisture  arc  most  constan  t 
To  these  situations  the  i)ar;isite  may  confine  itself 
indelinitcly,  but  sooner  or  later  (if  uninterrupted  in 
its  course)  the  growth  spreads  slowly  to  contiguous 
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parts  and  the  trunk  and  limbs  Ijoconie  invaded. 
These  parts,  however,  may  be  attacked  independently. 
The  affection  first  manifests  itself  in  the  form  of 
macules  of  the  size  of  a  pinhead  or  in  jiatches  of  a 
somewhat  hu'Ker  an-a,  the  lesions  varying  in  color 
according  to  their  age  and  location,  but  always  pre- 
senting a  sharp  contrast  to  the  color  of  the  adjacent 
normal  integviment.  The  younger  lesions  are  vividly 
red  over  their  entire  surface  or  at  their  borders  only, 
where  a  slight  elevation  above  the  general  surface, 
due  to  hyiieremia  and  to  the  presence  of  a  scanty 
desquamation,  may  be  detected  by  the  passing  finger. 
The  larger  and  older  patches  display  varying  shades 
of  color  ranging  from  a  yellowish  or  light  brownish 
tinge  to  deep  orange,  tliey  are  circular  or  rosette-shaped 
or  they  have  very  irregular  outlines.  VesiciUation 
and  jiiipulation  never  ocoir  and  the  only  subjective 
symptom  is  possilily  that  of  itching.  It  is  the  most 
chronic  in  its  course  of  the  dermatomycoses  and  lasts 
for  months  or  years  with  but  little  change.  Males 
are  more  frequently  attacked  than  females;  no  case 
has  been  noted  in  childhood.  Riehl's  youngest  case 
was  sixteen  years  old,  the  oldest  fifty-eight. 

The  fungTis  to  which  erythrasma  is  due  was  named 
by  von  Biirensprung  Micrnspornn  minutissimum,  the 
chief  characteristics  of  which  are  the  fineness  of  its 
threads  and  the  minuteness  of  its  spores.  A  power 
of  six  hundred  diameters  is  required  to  make  out  the 
organism  well.  The  threads  present  an  inextricably 
interwoven  mass  with  the  spores  scattered  throughout 
in  irregular  clumps. 

Erythrasma  is  chiefly  to  be  distinguished  from 
chromophytosis,  but  the  different  .situations  usually 
occupied  by  the  former,  its  vivid  coloring,  and  par- 
ticTilarly  the  differences  observed  under  the  micro- 
scope are  features  sufficiently  distinctive  to  enable 
one  to  make  a  positive  diagnosis  when  in  presence  of 
one  or  the  other  affection.  From  chloasma,  for 
which  it  might  possibly  be  mistaken,  it  may  be  shown 
to  differ  by  the  ease  with  which  erasion  removes  the 
superficial  discolored  epidermis. 

The  following  simple  plan  of  treatment  will  be 
found  all-sufficient.  After  a  preliminary  hot  bath, 
d\iring  which  vigorous  friction  of  the  affected  parts 
with  scrubbing  brush  and  soap  has  been  maintained, 
a  goodly  proportion  of  the  invaded  epithelium  will 
be  found  to  have  been  removed,  thus  allowing  a 
saturated  solution  of  hyposulphite  of  sodium  in  water 
to  do  its  work  effectively.  Afterward  this  solution 
should  be  dabbed  on  twice  daily  until  the  last  trace 
of  the  parasite  has  been  removed,  for,  as  in  chromo- 
phytosis, if  this  be  neglected,  even  to  the  extent  of 
overlooking  so  small  a  lesion  as  a  pinpoint-sized 
macule,  a  starting-point  will  be  left  for  reinvasion. 
Many  other  remedies  are  used.  The  list  includes, 
sulphurous  acid  pure  or  dilute,  a  good  remed_y;  a  ten- 
per-cerit.  ammoniated  mercury  ointment;  and  ordinary 
sulphur  ointment  of  the  Pharmacopeia,  to  be  well 
rubbed  in.  None  of  these,  however,  can  be  compared 
as  regards  both  cleanliness  and  effectiveness,  with  the 
hyposulphite  of  sodium  treatment. 

Charles  Townshend  Dade. 


Erythremia. — Polycythemia  (Erythremia)  with 
chronic  cyanosis  and  enlarged  spleen  came  fir.st  under 
clinical  observation  in  1892,  when  Vaquez'  published 
the  report  of  a  case  in  which  he  attributed  these  phe- 
nomena to  congenital  heart  disease.  Autopsy  upon 
this  case  in  1895-  showed  the  heart  to  be  normal.  In 
the  same  year  (March  27,  1892)  Rendu  and  WidaP 
had  under  observation  a  case  (not  reported  till  1899) 
with  the  above  symptom-complex  which  they  attrib- 
uted to  tuberculosis  of  the  spleen.  This  case,  as 
appears  by  the  title  of  their  article,  they  reported  as 
one  of  primary  tuberculous  splenomegaly  ("Spl6no- 
megalie  tuberculeuse  primitive")  in  1899' but  at  the 
autopsy  (Sept.  17,  1904)  general  visceral  tuberculosis 


was  found.  The  spleen  contained  large  caseous 
areas  and  weighed  4,000  grams.  The  heart  was 
normal.  Vaquez's  patient  had  died  of  acute  tuber- 
culosis. It  was  difficidt  at  that  time  not  to  associate 
tuberculosis  in  some  form  with  the  clinical  phenomena 
presented  by  these  cases,  an  association  amply  dis- 
proven  by  many  cases  now  on  record.  It  is  perhaps 
this  association  with  tuberculosis,  emphasized  by 
Rendu  and  Widal,  that  leads  one  to  feel  that  Vaquez) 
rather  than  Rendu  and  Widal,  was  the  first  to  suspect 
this  symptom-complex  of  being  a  clinical  entity  though 
he,  too,  mistakenly  attributed  it  to  congenital  heart 
disease  until  189.5  when  the  autopsy  on  his  case  showed 
him  to  be  in  error.  At  the  time  that  Rendu  and 
Widal 's  report  ajipeared  (1899)  Cabot^  in  Boston  re- 
ported a  ca.se  "without  discoverable  cause."  It  may 
be  interesting  to  mention  here  an  article  by  Cuffer 
and  Sollier^  on  congestive  venous  diathesis  (diathese 
congestive  et  congestion  generalisee)  published  in 
1889  prior  to  any  of  the  above,  but  these  authors 
do  not  seem  to  have  recognized  a  clinical  entity. 
Moutard-Martin  and  Lefas"  also  attributed  the 
clinical  phenomena  to  tuberculosis  of  the  spleen 
(1899)  and  so  designated  the  condition  in  the  title  of 
their  article.  Cabot's'  report  (1899)  of  a  case  "with- 
out discoverable  cause,"  Cominottis  1900'  "Hyper- 
globulie  und  Splenomegalie,"  McKeen's'  (1901)  case 
in  which  the  phenomena  were  "difficult  to, explain" 
and  Saundb.v  and  Russel's'  report  of  "an  unexplained 
condition"  which  they  designated  as  "a  definite 
clinical  entity  .  .  .  new  to  Medical  Science"  brought 
the  disease  conspicuously  to  the  attention  of  clinicians 
in  various  countries,  and  from  1903  reports  of  several 
cases  appeared  annually  in  the  literature.  Up  to  1903 
about  twelve  observers  had  reported  upon  the  condi- 
tion. In  1903  there  appeared  six  reports  conspicuous 
among  which  was  that  of  Osier'"  under  the  title  "... 
A  New  Clinical  Entity"  which  brought  the  subject  to 
the  attention  of  American  clinicians  and  went  far  to 
sy,stematize  the  features  of  the  disease  as  observed  up  . 
to  that  date.  Following  this  report  the  condition 
came  to  be  spoken  of  as  "Osier's  disease"  though  it  is 
now  more  generally  known  as  "Erythremia,"  "Pri- 
mary Polycythemia"  or  "Vaquez  Disease."  It  has 
also  been  termed  "Myelopathic  Polycythemia," 
"Splenomegalie  Polycythemia,"  "  Erythrocyto.sis 
Megalosplenica,"  Polycythemia  Vera,"  "  Cryjitogenic 
Polycythemia."  Erythremia  is  the  term  now  most 
in  u.se.  Of  the  eponymic  terms  "Vaquez"  and 
"Osier"  are  tho.se  most  commonly  used.  From  1903 
the  cases  appear  in  literature  in  increasing  numbers  un- 
til now  (1914)  there  are  about  200  on  record.  Lucas" 
in  1912  brought  the  literature  up  to  date  in  a  carefully 
tabulated  list  of  cases. 

Symptoms. — The  patients  complain  of  headache, 
vertigo,  a  sense  of  fullness  in  the  head,  the  dark  color 
of  the  skin  and  lips,  lasutude  and  weakness.  To 
these  may  be  added  the  results  of  congestion  in  other 
parts  of  the  body,  cough — with  or  without  expectora- 
tion— dyspnea,  asthmatic  .seizures,  palpitation,  swell- 
ing of  the  legs  and  feet,  and  hemorrhages.  The  gums 
and  nose  are  the  commonest  seat  of  hemorrhage. 
Skin  hemorrhages  (petechire  and  purpura)  are  not 
recorded.  Disturbance  of  vision — described  as  blur- 
ring— may  be  complained  of.  There  may  be  very 
marked  loss  of  vision.  Diplopia  occurs.  The  eye 
symptoms  maj'  be  an  important  factor  in  some  cases. 
According  to  statistics  gathered  by  Lucas,  eighty-three 
per  cent,  of  the  cases  complained  of  the  dark  color  of 
the  skin  and  lips.  This  outranks  considerably  all  the 
other  symptoms  referred  to  by  the  patient.  Vertigo 
(34.5  per  cent.)  and  headache  (31  per  cent.)  or  pain 
in  some  part  of  the  body  come  next.  Constipation, 
diarrhea,  anorexia,  vomiting,  loss  of  weight,  sweating, 
tinnitus  aurium,  disturbed  men.ses  occur,  but  these  are 
so  common  in  many  other  conditions  that  they  will 
hardly  serve  as  a  guide  in  diagnosis.     Cyanosis  and 
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results  of  cerebral  congestion  are  the  most  frequent  and 
most  important  symptoms  referred  to  by  the  patient. 
SjTuptoras  referable  to  the  nervous  system  are  many 
and  varied.  The  majority  of  them  suggest  the  dis- 
turbances found  in  the  psychoses.  Insomnia,  hy- 
pochondriasis, irritability,  apprehension,  etc.;  also 
aphasia,  tremors,  "globus"  fainting,  swooning  with- 
out loss  of  consciousness  are  recorded.  Paralyses  and 
epileptiform  attacks  are  also  mentioned.  There  is 
no  evidence  given  to  show  that  these  latter  are  the 
result  of  organic  brain  lesions,  except  where  pressure 
from  cerebral  congestion  or  hemorrhage  has  occurred. 

SiGxs. — The  Skin  and  Mucous  Membrane. — By  far 
the  most  striking  of  these  is  the  cyanosis.  The  pa- 
tient appears  in  marked  contra.st  to  those  about  him. 
The  face  looks  either  sufTused  or  dusky;  the  lips  and 
tongue  being  somewhat  darker,  while  the  ears  and 
nose  show  a  tint  different  from  either  that  of  the  face 
or  mucous  membrane.  The  nose  may  be  venuled. 
Mental  or  physical  effort  and  change  in  surrounding 
temperature  may  change  the  intensity  of  the  color  so 
that  the  color  may  be  red  at  one  time  and  deep  indigo 
at  another.  Cold  seems  to  intensify  the  bluish  tint 
while  warmth  intensifies  the  red  color.  The  hands 
and  feet  also  show  discoloration  and  the  nails  may  be 
curved  or  there  may  be  incurvation  of  the  nails,  to- 
gether with  clubbing  of  the  fingers.  Compared  with 
the  individual 's  own  face  and  hands  the  skin  of  the 
body  does  not  seem  abnormal  in  tint.  If,  however, 
the  body  skin  be  compared  with  that  of  a  normal  in- 
dividual, the  bluish-red  color  will  appear  in  striking 
contrast.  Thus  it  is  seen  that,  while  the  cyanosis  is 
general,  it  is  more  marked  in  the  face  and  hands.  The 
vessels  of  the  facial  and  pharyngeal  mucous  membrane 
and  the  conjunctivse  may  be  injected  due  to  engorge- 
ment by  red  cells.  'There  are  other  less  important 
and  less  constant  skin  symptoms  referred  to  by  some 
authors  such  as  dermatographia,  erythromelalgia, 
tache  c^rebrale,  etc. 

The  Eyex. — In  addition  to  the  changes  in  the  con- 
junctivae above  referred  to  there  may  be  some  impor- 
tant organic  changes.  All  cases  should  be  thoroughly 
examined  with  the  opthalmoscope.  Such  an  examina- 
tion may  reveal  engorged,  tortuous,  dark  colored  veins. 
These  changes  are  not  always  symmetrical.  There 
may  be  edema  with  blurring  of  the  discs.  In  a  few 
cases  double  optic  neuritis  is  reported.  Choked  disc 
is  rare.  Edema  would  appear  to  be  the  most  likely 
condition  occurring  in  these  cases.  Oculists  have 
made  several  valuable  contributions  regarding  the  eyes 
in  this  condition'-  "  ".     Exophthalmos  is  rare. 

Thoracic  viscera  are  normal.  The  cases  on  record 
practically  establish  the  fact  that  this  condition  has 
nothing  to  do  with  either  congenital  or  acquired  heart 
lesions — the  condition,  moreover,  seems  to  have  no 
tendency  to  produce  lesions  in  the  heart.  The  pal- 
pitation, dj-spnea,  cough  and  asthma  complained  of 
are  results  of  the  vascular  engorgement  and  not  due  to 
cardiac  or  pulmonary  lesions,  except  when  such  lesions 
are  complications  of  the  erj-thremia. 

Abdominal  Viscera. — The  liver  is  usually  not  en- 
larged. Slight  enlargement  is  reported  in  a  few  cases. 
There  is  no  characteristic  change  in  this  organ.  The 
stomach  and  intestines  present  no  signs  but  such 
symptoms  only  as  have  already  been  referred  to.  The 
spleen  is  enlarged  and  this  enlargement  constitutes  one 
of  the  characteristic  features  of  the  disease.  A  few 
cases  are  reported  in  which  no  enlargement  was  found 
(eight  per  cent.)  The  degree  of  enlargement  may  be 
from  "palpable"  to  "reaching  below  the  iliac  crest." 
^hile  there  may  be  symptoms  referable  (.see  Symp- 
toms) to  other  abdominal  viscera,  there  are  no  signs 
to  indicate  that  such  viscera  are  the  seat  of  patho- 
logical change.  Pos.sibly  congestion  would  account 
for  the  subjective  symptoms  complained  of. 

Nervous  Si/slem. — While  there  are  many  sj'mptoms 
suggestive   of    involvement    of   the   nervous   system 


(hemiplegia,  diminished  knee-jerks,  aphasia,  etc.) 
reported,  these  seem  to  have  no  constant  as.sociation 
with  the  disease,  and  it  would  appear  from  the  reports 
on  record  that  the  nervous  .system  is  not  structurally 
involved.  Functional  phenomena,  due  to  the  abnor- 
mal state  of  the  circulation,  are  common. 

The  lilood. — The  changes  found  here  constitute  one 
of  the  three  features  upon  which  the  di.sease  has  been 
accepted  as  a  clinical  entity.  Cyanosis  and  splenic 
enlargement  may,  cither  one  or  the  other,  be  absent 
and  yet  the  diagnosis  of  erythremia  will  be  jus- 
tified, but  polycythemia  is  an  essential  feature  in 
what  is  now  known  as  erythremia.  Directly  the 
mechanical  causes  for  red  cell  excess  (.such  as  congeni- 
tal heart  lesions,  venous  obstruction,  etc.,  .see  Etiology), 
are  excluded,  the  condition  mu.st  be  studied  with  re- 
lation to  the  blood-making  organs  as  is  done  in  con- 
sidering the  anendas  and  leukemias.  It  is  thus  that 
the  term  "Myelopathic  Polycythemia"  got  into  lit- 
erature. The  peripheral  blood  in  this  conrlition  then 
should  be  studied  as  an  expression  of  the  efficiency  or 
inefficiency  of  the  blood-making  apparatus.  Grossly 
the  blood  when  drawn  looks  dark,  thick,  and  is  de- 
scribed as  "sticky."  The  absolute  increa.se  in  the  num- 
ber of  red  cells  is  always  present.  The  degree  of  in- 
crease varies  in  different  individuals  and  in  the  same 
individual  at  different  times,  but  there  is  at  all  times  an 
excess  of  red  cells.  The  lowest  counts  on  record  are 
between  six  and  seven  million  red  cells  and  the  highest 
(two  cases)  were  fifteen  million  red  cells  or  a  little 
over.  Most  of  the  ca.ses  fall  between  six  and  eleven 
million  red  cells.  The  hemoglobin  is  low  in  most 
cases;  that  is,  in  relation  to  the  number  of  red  cells. 
On  the  scale  it  is  actually  high  and  sometimes  cannot 
be  estimated  as  it  exceeds  the  figures  found  on  the 
scale  of  most  instruments.  The  Von  Fleischl  scale 
does  not  extend  beyond  120°  and  many  reports  give 
this  figure  as  the  percentage.  The  blood  should  be 
further  diluted  (one-half  for  example)  in  determining 
the  hemoglobin  in  erj^hremia.  One  accepts  with  res- 
ervation the  reports  on  the  hemoglobin  percentage 
in  manv  of  the  cases.  Some  ob.servers  give  two  esti- 
mates "as  120°-160°  (Snyder),  1.50''-240°  (Kuttner), 
130°-145°  (Ronaldson)  anfl  it  will  be  observed  that 
these  are  usually  in  percentages  above  120°.  The 
probability  is  that  the  hemoglobin  in  all  counts  above 
ten  million  red  cells  is  much  higher  than  reported. 
The  color-index  likewise  is  probably  underestimated. 
It  is  probably  nearer  normal  in  most  in.stances  than 
the  reports  show — certainly  not  high.  The  volume 
index  is  not  reported  upon. 

The  white  blood-ceU  count  .shows  a  slight  polynu- 
clear  leucocA'tosis;  in  a  few  instances  a  definite  leu- 
cocytosis.  The  stained  specimen  in  a  few  of  the  re- 
ported cases  shows  slight  polychromatophilia,  but 
this  is  not  usually  associated  with  changes  in  the  size 
and  shape  (ani.soc.\-tosis)  of  the  red  cells.  These  latter 
findings  are  important  in  the  question  as  to  whether 
a  regenerative  or  degenerative  process  in  the  blood- 
making  structures  is  responsible  for  the  great  increase 
in  red  cells.  A  red-cell  hyperplasia  or  overproduction 
would  be  in  accord  with  this  finding  of  ucU  formed 
cells  in  the  peripheral  circulation.  Nucleated  red 
cells  are  reported  in  a  few  cases.  The  white  cells 
show  a  polynuclear  increa.se  in  most  ca.ses.  .\  few 
cases  show  a  lymphoc^■tic  and  eosinophilic  increase. 
Myelocytes  are  reported  in  8  cases. 

To  sum  ui)  the  findings  in  the  stained  specimen  it 
may  be  said  that  the  blood  appears  to  be  differentially 
and  morphologically  normal  except  for  a  slight  poly- 
nuclear increase,  and  occasional  changes  in  the  uni- 
formity of  the  staining  and  in  the  size  and  shape  of 
the  red  cells,  and  in  the  occasional  occurrence  of  ab- 
normal cells.  Coagulation  time  is  increased.  Vis- 
cosity is  usually  raised.  Other  abnormal  features  of 
the  blood  have  been  observed  in  too  few  cases  to  war- 
rant our  drawing  reliable  conclusions  from  them,  or  in 
stating  them  as  features  of  the  blood  in  this  disease. 
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Pathology. — About  twelve  per  cent,  of  the  re- 
corded cases  have  come  toautoi)sy.  The  autopsy  rec- 
ords in  these  are  very  inrom])lete,  so  that  out  of  the 
twenty-five  or  thirty  records  only  about  ten  or  twelve 
are  available  for  the  systematic  study  of  the  viscera. 
In  only  fourteen  or  fifteen  of  these  was  the  bone  mar- 
row examined  and  in  only  three  or  four  was  a  thorough 
study  of  the  marrow  made.  Such  statements  as 
"Marrow  of  long  bones  red."  "Hyperplasia  of  red  cells" 
in  many  instances  comprise  the  information  given  re- 
garding" the  bone  marrow,  \\hen,  however,  the 
pathological  findings  from  all  the  autopsy  records  are 
put  together  we  obtain  the  following: 

Bone  Miirroir. — In  the  bone  marrow  of  the  long 
bones  there  is  less  or  entire  disappearance  of  fat  ceils. 
The  fat  cells  are  replaced  by  dark  "bluish-red"  areas 
of  erythroblastic  activity.  These  two  findings  con- 
stitute by  far  the  commonest  pathological  changes 
recorded.  An  increase  of  all  cellular  elements  of  the 
bone  marrow  with  an  increase  of  the  nucleated  red 
cells  and  an  enormous  increase  in  the  total  number  of 
nucleated  red  cells  ap|)cars  in  .several  reports.  One 
report  gives  the  leucoblastic  tissue  in  excess  of  the 
erythroblastic.  The  most  constant  finding  is  the 
replacement  of  fat  cells  by  normoblasts  and  giant  cells, 
with  the  consequent  gross  appearance  of  red  marrow 
in  the  long  hones.  JMast  cells  are  seldom  reported  as 
present.  Cellular  proliferation  is  commonly  recorded. 
In  one  case  the  marrow  is  reported  as  normal. 

The  Spleen. — In  the  majority  of  cases  the  spleen  was 
enlarged — 1,800  grams,  1,500  grams,  1,000  grams  be- 
ing the  figures  given — one  case  (Rendu  and  Widal)  is 
recorded  as  4,000  grams.  A  few  cases  are  given  as 
"small"  or  "not  enlarged."  Infarcts  or  anemic  in- 
farcts, and  fibrosis  or  fibrous  bands  are  frequently 
recorded.  Perisplenitis  or  adhesion  is  mentioned  in  a 
number  of  the  autopsy  records.  Scattered  yellowish 
patches  or  nodules,  which  some  authors  infer  are  tuber- 
culous, are  mentioned  in  several  reports.  Other 
authors  definitely  state  that  these  patches  and  no- 
dules are  not  tuberculous.  "Myeloid  transformation," 
"erythroblastic  and  leucoblastic  blood  formations," 
"excess  of  eosinophiles,  "  are  expressions  appearing  in 
Lucas'  resume  of  the  autopsy  findings.  We  find  also 
the  spleen  spoken  of  as  engorged  with  only  remnants 
of  malpighian  tissue.  From  these  records  it  is  diffi- 
cult to  draw  conclusions.  That  tuberculosis  is  not 
the  lesion  found  in  the  spleen  is  definiteh'  proven. 
The  frec(uency  with  which  the  formation  of  fibrous 
tissue  in  and  about  the  spleen  is  reported  is  to  be 
noted.  Under  etiology  will  be  discussed  the  possi- 
bility of  a  toxic  agent  acting,  as  in  anemia,  in  the 
erythroblastic  activity. 

The  Lirer. —  This  organ  is  usually  enlarged  but  not 
greatly  so.  The  records  are  incon.stant.  Adhesions, 
however,  between  the  liver  and  spleen  and  between  the 
liver  and  other  viscera  are  mentioned  quite  frequently. 

The  Heart. — In  a  few  instances  myocardial  and 
valvular  lesions  were  found.  In  no  instance  was  a 
congenital  valve  lesion  found — most  records  state 
that  the  heart  was  "normal." 

Other  viscera  are  mentioned  in  the  autopsy  records 
but  the  lesions  were  in  most  instances  due  to  other  dis- 
eases or  had  no  apparent  connection  with  erythremia. 
Thus  emphysema,  pulmonary  tuberculosis,  pulmon- 
ary congestion,  visceral  congestion,  cerebral  hemor- 
rhage, nephritis,  etc.,  appear  on  the  records.  Hem- 
orrhage is  perhaps  a  feature  to  be  remembered.  The 
skin  and  mucous  membrane  hemorrhages,  however, 
are  not  recorded. 

Etiology. — The  etiology  is  unknown.  Three  fea, 
tures  mark  the  disease  under  consideration:  cj'anosis- 
polyglobulisra,  enlarged  .splefen. 

The  condition  indicated  in  all  cases  of  cyanosis, 
whether  local  or  general,  is  "diminished  oxidation  of 
the  blood  corpuscles"  (Osier),  and  again  "there  are 
two  classes  of  polyglobulism — relative,  in  which  the 
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condition  is  due  to  a  diminution  in  the  quantity  of  the 
plasma  of  the  blood,  and  true,  in  which  there  is  an 
actual  increase  in  the  number  of  blood  corpuscles" 
(Osier).  The  first  of  these  is  common  and  may  be 
caused  by  ingestion  of  too  little  fluid  or  excessive  loss 
of  fluid  as  in  sweating,  diarrhea,  diuresis,  ascites,  ex- 
cessive secretion  (iJ^loric  narrowing  with  gastric  dila- 
tation), etc. 

Polyglobulism  may  also  be  caused  by  exercise,  cold 
baths  (vasomotor  disturbance)  emphysema,  pulmon- 
ary fibrosis,  congenital  heart  lesions,  myocardial, 
])ericardial,  and  tricuspid  disease  and  thromboses, 
j)oisoning  by  coal-tar  products,  by  carbon  monoxide, 
and  phosphorous.  Probably  atmo.spheric  pressure  at 
high  altitudes  may  also  be  included  in  this  list. 

In  considering  true  polycythemia  (polycythemia 
vera)  all  these  causes  must  be  excluded.  That  of  at- 
mospheric pressure  is  perhaps  in  some  way  akin  to 
true  polycythemia  but  this  is  by  no  means  clear. 

The  third  feature  of  this  disease,  splenic  enlarge- 
ment, is  suggestive  of  a  toxic  agent.  In  pernicious 
anemia,  we  have  experimental  evidence  suggesting 
such  a  cause.  (See  Anemia,  Pernicious;  (Addisonian); 
Etiology:  Reference  Handbook,  vol.  i.,  p.  .347.)  It 
is  conceivable  that  one  toxic  agent  m.ay  act  upon  the 
blood-forming  apparatus  in  such  a  way  as  to  destroy 
red  cells  and  stimulate  production  (anemia),  and 
another  in  such  a  way  as  to  stimulate  production  with- 
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Fig.  2095. — Bone  Marrow  of  the  Shaft  of  the  Femur  in  Erythremia. 
1,  1,  Basophile  myelocytes:  2,  myeloblast  of  Naegeli:  3,  myelocyte  in 
process  of  mitosis;  4.  normoblast:  5,  erythrocyte:  6.  megacaryo- 
cyte;  7,  lymphocyte;  S.  cosinophile  myelocyte:  9,  plasma-cell 
(.\fter  Chauttard  and  Troissier.) 

out  correspondingly  great  destruction  of  the  red  cells 
(erythremia).  The  splenic  enlargement,  the  tend- 
encies to  the  formation  of  adhesions  between  the 
viscera,  the  enlargement,  witli  occasional  cirrhosis,  of 
the  liver,  together  with  other  clinical  and  postmortem 
findings,  lead  one's  mind  to  the  thought  of  a  toxic 
agent  as  the  primary  factor.  There  is  only  one  ex- 
perimental   effort    to    prove    Metchnikoff''s   (Lucas') 
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theory  uf  a  hemolytic  toxin  of  splenic  origin.  This 
theory  suggests  that  the  toxin  has  a  marked  stimulat- 
ing effect  upon  the  blood-making  organs  but  very 
feeble  in  its  hemolysing  power.  §uch  a  scrum 
(heniolvtic)  was  injected  into  patients  with  anemia  by 
Belonovsky  (1902)  with  the  result  that  both  the  red 
cells  and  hemoglobin  were  increased. 

Chauffard  and  Troisier'^  report  upon  a  case  of 
polyc.\-themia  associated  with  phlebitis  of  the  splenic 
vein  and  thrombosis  of  the  gastric  epiploque  vein. 
The  case  is  discussed  as  if  in  the  group  of  erythremias 
and  accompanying  their  article  is  an  illustration  show- 
ing extensi\-e  varicosity  of  the  abdominal  and  chest 
veins.  There  is,  however,  in  this  report  an  illustration 
(Fig.  2095)  of  the  marrow  of  the  femur  as  seen  under  the 
microscope  and  in  this  the  normoblasts  are  numerous. 
In  this  connection  Chauffard  and  Troisier's  article 
will  bear  careful  study.  The  red  cells  numbered 
9,500,000.  The  spleen  showed  at  autopsy  dense  bands 
of  adhesion  (Fig.  2096)  and  weighed  367  grams.  It  is 
possible  that  a  toxic  agent  was  responsible,  as  the  pri- 
mary factor,  in  the  production  of  the  phlebitis,  throm- 
bosis, and  polycythemia.     Thecasp  wiiiild  thus  be  one 
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Fig.  2096. — The  .Spleen  in  Erythremia.  1,  Perisplenitis  with 
newly  formed  capillaries  distended  with  blood  cells:  2.  zone  of  in- 
tense congestion:  3.  zone  of  sclerosis  of  the  pulp:  4,  fibrous  bands. 
(After  Chauttard  and  Troissier.) 

of  erythremia  primarily,  complicated  by  phlebitis  and 
thrombosis  of  the  veins  above  mentioned.  The  to.xic 
agent  respon.sible  for  the  phlebitis  and  thrombosis 
would  also  be  responsible  for  the  erythroblastic  ac- 
tivity. The  experimental  evidence  to  support  this 
view  is,  however,  very  meager,  and  while  it  is  the 
most  acceptable  explanation  it  must  be  taken  as  yet 
upon  a  theoretical  basis. 

Diagnosis. — The  clinician  is  referred  to  the  discus- 
sion under  etiology  where  a  list  of  causes  producing 
polyglobulism  will  be  found.  It  is  rarely  difficult  to 
exclude  the  causes  given  in  this  long  list,  as  each  offers 
distinctive  features.  The  one  constant  feature  of 
erythremia  is  the  absolute  and  persistent  polycy- 
themia. Cyanosis  and  splenic  enlargement  may  one 
or  the  other  or  both  be  absent  and  yet  the  diagnosis  of 
erythremia  be  justified,  provided  ail  the  known  causes 
of  polyglobulism  have  been  excluded.  Though  in 
some  of  the  cases  of  known  cause  (congenital  heart 
and  chronic  lung  and  heart  disease — atmospheric 
pressure  of  high  altitudes)  there  has  been  shown  to  be 
erythroblastic    overactivity     (erythrocytosis)    in   the 
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bone  marrow,  this  does  not  admit  such  cases  into 
the  erythremia  group.  Erythrocvtosis  must  be 
differentiated  from  erythremia.  This  has  the  sup- 
port of  experimental  jjroof  and  the  most  dis- 
tinctive feature  by  which  the  blood  of  erythremia  ran 
be  detected  is  that  the  increase  of  red  ce'jl.s  is  nhmlute 
and  peTDialeiil.  Add  to  this  the  vertigo,  headache  and 
eye  ground  findings  and  the  diagnosis  is  established. 

PROo.vasis. — The  di.sease  is  almost  uniformly  fatal. 
Ten  to  fifteen  year.s  is  the  longest  period  of  survival, 
according  to  Lucas's  figures. 

Treatment. — Xo  effectual  treatment  is  recorded. 
Splenectomy  is  followed  by  death  in  a  few  days  in  the 
ca.ses  reported.  A'-ray,  faradization,  and  a  long  list 
of  drugs,  including  arsenic,  show  little  in  their  favor. 
Sodium  nitrite  and  sodium  bromide  and  venesection 
yield  marked  temporary  relief.         C.  N.  B.  Camac. 
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Erythroderma  Squamosum. — See  Parapsoriasis. 

Erythrol    Tetranitrate. — Erythrol    is    a    tetra- 

tomic  alcohol,  and  is  a  decomposition  product  of 
erythrin.  Erythrol  tetranitrate  is  also  known  as 
tetranitrin  and  nitro-erythrite,  and  occurs  in  the 
form  of  hard  white  crystals.  It  must  lie  kept  in  a 
cool,  dark  place,  as  it  is  decomposed  by  light  and  heat ; 
and,  since  it  explodes  on  percussion,  it  must  l>c  handled 
with  care.  It  is  soluble  in  boiling  water,  alcohol,  or 
ether,  but  is  insoluble  in  cold  water. 
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Erythrol  Erythrol  tetranitrate. 

.\s  will  be  seen  from  its  constitution,  erythrol  tetra- 
nitrate is  a  nitrite  and,  like  amyl  nitrite  and  nitro- 
glycerin, it  is  a  vasodilator;  biit  its  action  is  slower, 
less  powerful,  and  more  prolonged.  It  is  useful  in 
cases  of  chronic  nephritis,  asthma,  aneurysm,  and 
angina  pectoris.  The  ordinary  do.se  is  gr.  j-1  (0.03- 
0.06),  but  it  can  be  increased  with  safety  up  to  three 
grains  or  more.  It  is  best  administered  in  the  form 
of  tablets.  R.  J.  E.  Scott. 

Erythromelalgia. — Under  the  name  of  erythrome- 
lalgia  (epvBpos,  red;  ^Aos,  a  limb;  ax->«v,  pain).  Weir 
Mitchell,  in  1S73,  described  an  affection,  character- 
ized by  redness  and  pain  of  the  extremities,  which 
he  defined  as  ".A.  chronic  di.sea.se  in  which  a  part  or 
parts  of  the  body,  usually  one  or  more  of  the  extrem- 
ities, suffer  with  pain,  flushing,  and  local  fever,  made 
far  worse  if  the  parts  hang  down."  Cassirer  collected 
reports  of  some  ninety  cases  in  which  these  symptoms 
were  present,  but  concluded  that  probably  the  major- 
ity were  not  true  examples  of  er\-thromelalgia.  .MI 
depends  upon  what  one  has  in  mind  when  he  uses  this 
name.     According  to  Osier  it  should    be  limited   to 
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those  oases  in  wliicli  neither  vascuhir  disease  nor  dis- 
ease of  the  eentral  or  ]X'rii)lieral  nervous  system  is 
present  to  aeeount  for  the  symptoms,  and  while  he  lias 
observed  quite  a  mnnber  of  eases  in  whieh  there  were 
redness,  swelling,  and  pain  of  the  extreinifies,  he  can 
recall  only  one  case,  seen  in  private  practice,  which  he 
felt  able  to  consider  a  true  example  of  the  affection 
described  by  Weir  Mitchell.  It  is  undoubtedly  a 
rare  disease  "even  if  all  the  cases  which  show  the  above- 
mentioned  symptoms  are  classed  as  erythromelalgia. 

Etiology. — As  causative  factors  a  number  of  things 
have  been  mentioned,  the  association  in  mo.st  instances 
behig  probablv  accidental.  A  few  cases  seem  to  have 
followed  infections  of  some  kind,  in  some,  long  expos- 
ure of  the  extremities  to  cold  or  wet  seems  to  have 
plaved  a  role.  One  case  seen  recently  seemed  to  be 
connected  with  chronic  alcoholism,  but  in  this  there 
was  suspicion  of  a  slight  neuritis.  It  is  not  limited  to 
any  age  though  most  frequent  in  adult  life  and  affect- 
ing men  more  often  than  women. 

P.\THOLOGY. — Erythromelalgia  involves  the  extrem- 
ities, one  or  both,  niost  usually  the  feet,  never  the  nose 
or  ears.  Cassirer  finds  that  it  can  be  divided  into  two 
classes  of  cases:  (1)  Those  in  which  the  redness  and 
pain  are  localized  in  the  territory  of  a  definite  nerve  or 
nerves;  (2)  cases  affecting  the  distal  part  of  a  limb. 
In  the  first,  a  neuritis  might  reasonably  be  suspected, 
while  in  the  second,  the  change  might  be  located  in  the 
central  nervous  system.  The  findings,  however, 
have  been  variable;  in  some  cases  there  has  been 
slight  neuritis,  in  others  equally  characteristic,  none. 
Lesions  of  the  posterior  roots  have  been  observed  and 
in  other  cases  changes  in  the  arteries  of  the  affected 
part,  though,  according  to  Osier,  cases  showing  the 
latter  change  should  not  be  included  under  erythrome- 
lalgia. He  suggests  that  a  cer\'ical  rib  may  be  a  cause 
of  the  symptoms  in  some  cases. 

Sy-mptoms. — The  characteristic  symptoms  are  red- 
ness, varying  from  bright  pink  to  a  deep  livid  color, 
coming  on  particularly-  when  the  limb  hangs  down,  and 
disappearing  wholly  or  In  part  with  rest  in  bed.  This 
is  accompanied  by  i^ain  usually  of  a  throbbing  or 
burning  character,"  though  it  may  be  a  dull  ache,  or 
may  shoot  through  the  part  from  time  to  time._  There 
is  usually  hyperesthesia,  stroking  the  part  being  very 
painful.  This  pain  may  be  greatly  relieved  when  the 
part  is  kept  up  and  quiet,  and  the  patient  may  have 
pretty  comfortable  nights,  though  on  the  other  hand 
it  may  persist.  With  the  above  symptoms  there  is 
generally  swelling  of  the  part,  and  there  may  be  local 
rise  of  temperature  and  sweating,  while  vesicles  may 
form.  In  some  cases  there  has  been  slight  atrophy  of 
the  muscles  and  local  hj^aesthesia  or  anesthesia. 

Dl\gnosis. — Red  painful  neuralgia  has  been  found 
associated  with  definite  disease  of  the  spinal  cord,  with 
multiple  sclerosis,  with  neuritis,  w-ith  Raynaud's 
disease,  and  -with  endarteritis  obliterans.  Each  of 
these  possible  underlying  conditions  should  be  elimi- 
nated before  a  definite  diagnosis  of  erythromelalgia 
is  made.  As  distinguishing  between  Raynaud's 
disease  and  erj-thromelalgia,  Weir  Mitchell  gives  the 
following  diagnostic  table: 

Ratnaud's  Disease.  Erythromelalgia. 

1.  Sex.  four-fifths  females.  1.  In    twenty-two     cases,    two 

women  only. 

2.  Begins  with  ischemia.  2.  Little    or    no    difference    in 

color  until  the  foot  hangs 
down,  or  in  the  upright 
position,  when  it  becomes 
rose  red. 

3.  Part  bloodless,    white,   some     3.  .Arteries  throb,  color  pink  to 
cases  show  deep  dusky  con-  dusky  red  or  violaceous, 
gestion,     with     or     without 

gangrene. 

4.  Pain  absent  or  acute,  comes  4.  Pain  usually  present,  worse 
and  goes,  has  no  relation  to  when  the  limb  hangs  down  or 
posture,  may  precede  as-  is  pressed  upon;  in  bad  cases 
phyxia.  more  or  less  all  the  time. 
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Raynaud's  Disease. 
5.  Unaffected    by    season,    may 

have  symptoms  brought   on 

by  cold. 
G.  Anesthesia  to  touch. 

7.  Analgesia. 

8.  Temperature     lowered,     un- 
altered by  position. 


9.  G.lngrene  local,  limited,  usu- 
ally symmetrical. 


Erythromelalgia. 

5.  Worse  in  summer,  made 
worse  by  heat,  eased  by  cold. 

6.  All  forms  of  sensation  pre- 
served. 

7.  Hyperalgesia. 

8.  Temperature  above  normal: 
dependency  of  limb  causes  in 
some  cases  increase,  in  others 
lowering  of  temperature. 

9.  No  gangrene,  lesion  asym- 
metrical. 


Prognosis. — This  should  be  guarded,  as  many 
cases  la.st  for  an  indefinite  period,  little  modified  by 
treatment.  In  others,  however,  cure  takes  place 
-spontaneously  as  in  the  case  described  b.v  Osier. 

Treatment  is  unfortunately  of  little  avail  in  many 
instances.  Most  cases  are  relieved  by  keeping  the 
feet  up,  best  by  rest  in  bed.  The  various  analgesic 
ointments  with  ichthyol,  menthol,  etc.,  may  be  applied, 
and  as  a  rule  cold  applications  are  more  agreeable 
than  warm  or  hot  ones.  Electricity,  with  mild 
galvanism,  the  positive  pole  to  the  affected  part,  or 
the  high  frequency-  current  may  be  tried. 

It  has  been  suggested  that  Bier's  hyperemic  method 
as  modified  by  Gushing  might  be  of  advantage,  but  to 
many  of  the  patients  it  is  very  painful.  Moleen  has 
recently  reported  a  case  of  fourteen  years'  standing 
which  was  greatly  benefited  by  long-continued  adminis- 
tration of  small  doses  of  tablets  of  suprarenal  body. 

Alcohol  and  tobacco  had  best  be  avoided,  and  while 
the  pain  at  times  may  be  so  intense  as  to  demand  them, 
it  need  hardly  be  urged  that  in  so  chronic  an  affection, 
the  opium  preparations  had  best  be  held  as  far  as 
possible  in  the  background. 

In  eacli  case  search  should  be  made  for  some  cause 
of  obstruction  to  the  return  circulation  in  the  limb, 
and  if  found  it  should  be  removed,  if  possible. 

In  cases  limited  to  the  territory  of  a  definite  nerve, 
it  has  been  proposed  to  excise  a  portion  of  this  nerve. 

Charles  Lewis  Allen. 


Erythrophleum. — Sassy  Bark,  Mancona  Bark. — 
The  bark  of  Erythrophleum  gaineense  Don.  (I^ani. 
Leguminosir) ,  a  good-sized,  acacia-like  tree,  growing  in 
tropical  Africa,  and  employed  by  the  tribes  of  the  west 
coast  like  Calabar  beans,  as  an  ordeal.  It  is  a  ponder- 
ous bark,  heavier  than  water,  of  a  dull  red  color,  a 
fissured  external  surface,  and  a  short  fracture.  Odor 
slight,  taste  astringent.  The  active  principle  of  sassy 
bark  is  erythrophleine,  a  crystalline  alkaloid,  first  ob- 
tained by  Gallois  and  Hardy.  It  is  an  active  heart- 
poison  of  the  digitalis  kind,  producing  slowing  of  the 
pulse,  increase  of  blood  pressure,  and  in  experiments 
upon  animals  death,  with  the  heart  in  systolic  con- 
traction. The  powdered  drug  is  a  powerful  sternuta- 
tory. But  little  use  has  been  found  for  this  potent 
medicine.  It  is  sometimes  used  like  digitalis,  in  doses 
of  one  to  three  grains,  of  the  bark,  in  the  form  of  a 
tincture,  but  is  far  less  certain  and  regular  and  even 
more  inclined  to  upset  the  stomach.  It  is  said  to  be 
employed  at  home  in  dysentery,  etc.,  with  benefit,  as 
well  as  in  intermittent  and  other  fevers.  In  full  doses 
it  is  nauseating  and  emetic,  as  well  as  somewhat 
narcotic.  W.  P.   Bolles. 

Erythro.\ylon.— See  Coca. 

Eschetocephalus. — A  genus  of  ticks,  Ixodina; 
without  eyes  and  with  a  long  rostrum.  The  seven 
species  are  found  on  bats  and  in  caves.  See  Ararh- 
nida.  A.  S.  P. 

Eschscholtzia. — A  genus  (fam.  Papaverace(e)  of 
ten  or  more  species,  of  the  western  and  southwestern 
United  States  and  of  countries  lying  farther  south- 
ward.    Medicinal  properties  have  been  credited  to  the 
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E.  californica  Cham.,  but  this  was  at  a  time  when 
most  of  the  species  were  included  under  tliat  name,  so 
it  is  not  now  known  certainly  to  which  sjjecies  (one 
or  more)  these  properties  were  said  to  belong.  The 
plants  are  very  showy  and  are  widely  cultivated  for 
ornamental  purposes.  The  herb  contains  chelory- 
thrine  (see  Celandine)  and  at  least  one  other  alkaloid, 
and  a  glucoside.  The  presence  of  a  small  amount  of 
morphine  has  been  claimed,  but  thLs  is  probably  not 
justified.  Mild  analgesic  and  soporific  effects  are 
obtained  from  the  use  of  the  extract  in  doses  of  about 
one  gram,  which  may  be  increased  to  three  or  four 
times  this  amount.  Hexry  H.  Rusby. 

Eserine. — See  Physostigmine. 

von  Esmarch,  Johann  Friedrich. — Born  in 
Tonning,  Ciermany,  on  January  9,  1823.  He  pursued 
his  medical  studies  at  the  universities  of  Kiel  and  Goet- 
tingen,  and  received  the  degree  of  Doctor  of  Medicine 
in  1848.  In  1849  he  settled  in  Kiel,  and  held  there 
successively  the  following  official  positions  in  the 
University:  Privatdozent,  in  1849;  Director  of  the 
Surgical  Clinic,  in  1854;  and  full  Professor  of  Surgery 
and  Director  of  the  Hospital,  from  18.57  to  1899, 
when  he  voluntarily  resigned  these  positions  and  was 
honored  with  the  title  of  "Geheimer  Ober-Medizinal 
Rath."     In     1870    he    was    made   Surgeon- General 


Fig.  2097. — Johann  Fiiedrich  von  Esmarch. 

of  the  Germany  Army.  His  two  most  important 
contributions  to  medical  science  are  the  following: 
"Ueber  kiinsthche  Blutleere  bei  Operationen"  (arti- 
ficial production  of  bloodlessness  for  operative  pur- 
poses), in  Volkmann's  Sammlung  kUnische.  Vortrage 
No.  58,  1873;  and  "Samariter-briefe,"  1886.  (It 
was  Esmarch  who  estabUshed  the  first  "Samaritan 
Schools"  in  Germany,  in  imitation  of  the  St.  John's 
Ambulance  Classes  organized  in  England  in  1878.) 
He  also  published  two  other  books  of  prime  importance, 
viz.,  "Handbuch  der  kreigscliirurgischen  Technik," 
4th  edition,  1894;  and  "Die  erste  Hilfe  bei  plotz- 
lichen  Ungluckf alien."  10th  edition,  1892.  Esmarch 
died  at  Kiel  on  February  2.3,  1908.  A.  H.  B. 

Esophagoscopy  and  Qastroscopy. — History. — 
The  first  recorded  attempt  at  esophagoscopy  was  the 
examination  of  the  upper  end  of  the  esophagus  bv 
Bozzini  in  1807.  Voltolini  and  Waldenberg,  in  1860, 
and  Stoerck,  in  1861,  used  specula  illuminated  with 
the  laryngeal  mirror.  These  early  attempts  were 
limited  to  the  examination  of  the  upper  end  of  the 
esophagus.  The  first  esophagoscopy  of  the  thoracic 
esophagus  was  done  by  Kussmaul  in  1868.  He  used 
a  straight  and  rigid  tube  passed  with  the  patient  in  the 
"sword  swallowing"  position.  He  did  not  pass  the 
cardia  but  he  made  a  diagnosis  of  carcinoma  of  the 
thoracic    esophagus.     Trouv^,    in    1873,    designed    a 
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polyscope  fitted  with  an  optical  apparatus  with 
which  Ledentu  anrl  Raynaud  diaxno.sticated  a  cicatri- 
cial stricture  of  the  esophagus  near  the  cardia.  C.,llin 
with  the  same  instrument,  deinon.strated  endo.tcoiji- 
caUy  the  functions  of  the  stomach  of  a  bull.  Mikulicz 
in  1881,  designed  an  csophagoscope  on  the  principle 
of  the  Leiter  cystoscope  using  an  optical  apparatus 
which  gave  an  endoscopic  view  through  a  lateral  win- 
dow. He  added  an  angle  and  an  extension  to  his 
csophagoscope  and  with  this  gastroscope  examined 
the  human  stomach.  In  1891,  Gottstein  still  further 
developed  the  esojjhagoscope  and  advocaterl  work 
under  cocaine  anesthesia,  all  former  csophauoscopv 
having  been  done  under  either  general  anesthesia  o'r 
morphine  narcosis.  Rosenheim,  in  ISOC),  dovLsed  a 
gastroscope  using  a  very  much  improved  len.s  .system. 
In  1899,  Killian  established  esophagoscopy  a.s  a  prac- 
tical procedure.  Einhorn,  in  1902,  devi.se'd  an  csoph- 
agoscope illuminated  by  a  minute  lamp  at  the  distal 
end  of  the  tube,  being  held  there  by  means  of  a  light 
carrier  which  was  passed  through 'an  auxiliary  tube 
made  in  the  wall  of  the  csophagoscope.  This  not  only 
gave  a  brilliant  illumination  at  the  point  most  needed 
but  it  also  permitted  of  withdrawal  of  the  lamp  for 
adjustment  or  renewal  without  removal  of  the  esoph- 
agoscope.  In  1904,  Chevalier  Jackson  combined 
the  lighting  principle  of  the  Einhorn  esophauoscope 
with  the  tube  of  KilUan  .and  placed  in  the  csophagoscope 
an  auxiliary  canal  for  the  drainage  of  secretion  by 
aspiration.  By  elongating  this  instrument  he  devel- 
oped a  gastroscope  and  demonstrated  that  for  safety 
a  gastroscope  should  be  passed  by  sight  with  the  open 
tube.  In  190(),  Brucnnings  devised  a  system  of  proxi- 
rnal  Olumination  with  a  telescopic  tube.  In  1909, 
Kahler  developed  a  panelectroscope  for  all  forms  of 
peroral  endoscopy.  In  1912,  Henrv  Janewav  morli- 
fied  the  open  tube  of  ChevaUer  Jackson  and  designed 
for  use  through  it  a  practical  lens  system  which  per- 
mitted of  the  examination  of  the  interior  of  the  stom- 
ach when  inflated. 

Definition-. — Esophagoscopy  is  a  procedure  using 
a  tube  which  serves  as  a  speculum,  by  drawing  aside 
anatomical  structures  which  normally  obstruct  the 
view,  or  by  dragging  the  tissues  to  be  examined  into  a 
new  position  in  the  line  of  vision.  Gastroscopv  may 
be  similarly  defined  with  this  in  addition,  that  after  the 
specular  tube  is  introduced  a  lens  system  ending  in  a 
prism  at  its  distal  end  may  be  inserted  and  an  indirect 
image  of  the  interior  of  the  air-inflated  stomach  may- 
be thus  obtained. 

L\-Dic.\TiONS  FOR  Esopn.\GoscopT. — Until  the  devel- 
opment of  esophagoscopy  but  little  w.is  known  of 
esophageal  disease,  diagnosis  was  late  and  uncertain, 
and  treatment  was  not  only  hopeless,  but  dangerous. 
Esophagoscopy  has  given  all  the  certainty  and  safety 
of  ocular  inspection  to  the  diagnosis  and  treat- 
ment of  esophageal  disease.  Specimens  arc  removed 
for  the  diagnosis  of  ulcerative  and  neopl.ostic 
conditions.  Foreign  bodies  are  removed  quickly  and 
safely  and  local^  medical  or  surgical  meas- 
ures are  used  with  results  which  compare  f.avor.ably 
with  those  of  simil.ar  diseases  elsewhere.  Esophag- 
oscopy is  indicated  in  any  case  with  regurgitation,  with 
any  abnormal  sensation  in  swallowing,  with  any  ab- 
normal sensation  in  the  gullet  such  .as  so-called  "globus 
hystericus";  and  also  in  any  case  in  which  there  is 
reason  to  suspect  the  presence  of  a  foreign  bodj-  in  the 
esophagus. 

CoNTR.\i>."Dic.\Tioxs. — Thcrc  is  no  contraindication 
to  esophagoscopy  for  the  removal  of  foreign  bodies 
unless  the  patient  is  moribund  from  esophageal  trauma 
from  ill-advised  blind  efforts  at  removal;  a  state 
which,  while  le^s  common  than  formerly,  is  still  not 
unknown.  If  the  patient  is  in  b.ad  ct>ndition  from 
this  cause,  it  is  better  to  give  stimulants,  elevate  the 
foot  of  the  bed,  keep  the  patient  warm  with  blankets 
and  hot  water  bottles  and  to  use  all  other  means  to 

09 


Esophaco?!copy  and  Gastrosropy 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


counteract  the  shock  of  acute  traumatic  esophagitis 
before  removing  the  foreign  Ijody.  Bismuth  taken  dry 
on  the  tongue  is  the  best  h)cal  treatment  in  these  cases. 
If  there  is  a  serious  state  of  water  hunger  from  occlu- 
sion of  the  esophagus  by  disease,  it  is  wise  to  have  the 
general  surgeon  do  a  gastrostomy  and  to  supply  fluid 
food  for  a  few  days  before  doing  the  esophagoscopy, 
rather  than  wait"  for  the  esophagoscopic  diagnosis; 
because  water-starvation  is  an  exceedingly  dangerous 
state,  and,  moreover,  outside  of  foreign  bodies  there  is 
no  stenotic  condition  in  the  esophagus  that  is  so 
quickly  relicvable  by  esophagoscopy  that  the  gastros- 
tomy would  not  be  necessary  anyway.  Aneurysm, 
serious  cardiac  diseases,  history  of  apoplexy  and  the 
like  are  not  contraindications  for  the  esophagoscopic 
removal  of  foreign  bodies,  but  they  render  esophagos- 
copy for  any  other  puri)ose  inadvisable.  Every  case 
of  esophageal  trouble  should  have  aneurysm  carefully 
excluded  before  esophagoscopy;  so  that  if  present, 
extreme  caution  to  avoid  vomiturition  and  vomiting 
can  be  exercised.  In  acute  esophagitis  from  the  swal- 
lowing of  corrosives  it  is  better  to  defer  the  esophagos- 
copy until  sloughing  has  ceased  and  inflammatory 
infiltration  has  bulwarked  the  weak  places. 

MonT.^LiTY. — Of  206  cases  of  esophagoscopy  for 
foreign  bodies  there  were  four  deaths.  One  in  a 
woman  of  56  with  advanced  nephritis.  The  other 
three  deaths  were  in  patients  admitted  with  severe 
lacerations  of  the  esophagus  from  previous  attempts 
at  esophagoscopy.  In  480  esophagoscopies  for  dis- 
eased conditions,  there  was  no  mortality.  _  This  in- 
cluded many  cases  in  which  specimens  of  tissue  were 
taken  esophagoscopically. 

Dangers. — The  danger  of  esophagoscopy  in  skilled 
hands  is  practically  nil.  Practice  and  training  to- 
gether with  the  careful  passage  by  sight  reduce  the 
risks  to  those  of  anesthesia.  In  the  hands  of  the 
unskilled  anesthesia  enormously  increases  the  risk. 
Death  may  result  from  resjiiratory  arrest  due  to  com- 
pression of  the  trachea  by  the  misdirected  tube  mouth, 
or  by  the  esophagoscope  over-riding  a  foreign  body 
when  the  bulk  of  the  intruder  plus  the  bulk  of  the  tube 
will  compress  the  trachea  through  the  soft  ''party- 
wall."  Fatal  instrumental  perforation  of  the  esoph- 
ageal wall  may  occur.  us\ially  at  about  the  cricoid  level, 
the  esophagoscope  finding  its  way  through  the  same 
weak  spot  through  which  the  hernia  known  as  a  diver- 
ticulum occurs.  The  beginner  may  not  recognize 
that  he  is  outside  the  esophageal  wall  and  may  find 
his  way  down  through  the  layers  of  the  tissues  into  the 
mediastinum.  Perforation  may  also  occur  either 
through  a  diseased  or  a  normal  wall  in  the  mediasti- 
num. The  diseased  wall  associated  with  cancer  is 
especially  weak. 

lNSTRu.\rENTS. — Esophagoscopes  consist  essentially 
of  a  tube  of  suitable  length  which  serves  as  a  speculum. 
Because  of  the  length  of  tube  required,  special  forms 
of  illumination  are  necessary.  These  are  of  three 
classes:  (1)  A  lamp  with  mirror  worn  upon  the  obser- 
ver's head,  as  in  Fig.  1152,  page  532,  Volume  11.  (2) 
An  electric  lamp  with  a  prism  or  mirror  for  deflecting 
the  illuminating  ray  and  known  as  the  Casper  hand 
lamp  is  used  by  Gottstein,  who  has  accomplished  ex- 
cellent results.  Bruennings  uses  the  same  method  of 
illumination  as  in  his  bronchoscope  shown  in  Fig.  1 153, 
page  532,  Volume  II.,  with  a  similar  telescopic  tube 
adjustable  for  length.  One  of  the  most  favored  in- 
struments in  Europe  and  one  which  is  meeting  with 
favor  in  America  is  that  of  Kahler  shown  in  Fig.  209S. 
(3)  The  third  form  of  illumination  is  by.  a  smaU  lamp 
close  to  the  distal  end  of  the  esophagoscope.  The 
great  advantages  of  this  method  of  illumination  in 
having  the  source  of  light  so  close  to  the  field  to  be 
illuminated,  and  in  avoiding  the  loss  of  light  inevitably 
due  to  the  insertion  of  instruments  in  any  form  of 
proximal  illumination,  were  first  appreciated  by 
Mikulicz,  Gottstein,  and  Glucksmann.     The  Einhorn 


esophagoscope  gave  all  of  the  advantages  of  distal 
illumination  without  any  of  the  drawbacks  and  this 
form  of  lighting  has  become  most  popular  in  America. 
The  esophagoscopes  of  Ingals,  of  Mosher  and  of  the 
author  all  use  this  form  of  illumination,  which  was 
first  devised  by  a  mechanic,  by  the  name  of  Preston, 
in  connection  wdth  an  urethroscope.  As  there  seems 
to  be  but  little  difference  between  the  results  obtained 
by  men  of  equal  experience  and  skill  using  different 
forms  of  tubes  and  illumination,  there  is,  doubtless, 
very  much  less  importance  to  be  attached  to  the  par- 
ticular form  of  instrument  or  illumination  used  than 
to  the  personal  skill  and  experience  of  the  operator. 
The  esophagoscope  used  by  the  author  is  shown  in  Fig. 
2099.  For  work  in  the  upjjer  end  of  the  esoph- 
agus a  very  short  tube  may  be  used,  but  there  are  many 
advantages  in  using  a  speculum  half  of  which  is  open 
at  one  side  as  shown  at  F,  in  Fig.  2099.  All  instru- 
ments to  be  passed  through  the  esophagoscope  must 
be  of  the  least  possible  area  of  cross-section  in  order  to 


Fig.  2098. — Esophagoscope  of  Kahler.  The  light  from  the 
electric  lamp,  h,  is  reflected  down  the  tube,  e,  by  the  mirror,  g. 
This  mirror  can  be  moved  out  of  the  way  for  the  introduction  of 
instruments  if  desired  though  this  is  not  always  necessary.  The 
handle,  /,  can  be  removed  and  inserted  as  shown  by  the  dotted  line. 

obstruct  the  view  as  little  as  possible  and  in  a  case  of 
proximally  lighted  instruments,  to  obstruct  illumina- 
tion as  little  as  possible;  because  the  absolute  essential 
for  safety  in  esophagoscopy  is  that  every  manipulation 
within  the  esophagus  shall  be  done  bj-  sight,  never 
blindly.  Various  accessory  instruments  are  required 
such  as  aspirators,  mop  carriers  for  secretion,  forceps 
with  various  forms  of  jaws  for  foreign  body  extrac- 
tions, removal  of  specimens,  exudates,  etc.  For  the 
removal  or  morceUation  of  foreign  bodies  of  different 
character,  various  special  instruments  have  been 
devised  and  doubtless  many  more  will  need  to  be 
devised  in  the  future  to  meet  special  problems.  A 
convenient  working  set  of  instruments  for  esophago- 
gastroscopy  in  ordinary  cases  is  as  follows: 

1  adult's  esophagoscope  10  mm.X53  cm. 
1  child's  esophagoscope  7  mm.  X45  cm. 

1  aspirator  and  tubing. 
6  sponge  holders. 

2  forceps,  50  cm.  and  60  cm. 

1  double  bronchoscopic  battery  with  two  corda. 
1  thimble  bite  block. 
1  mouth  nozzle  for  aspirator. 
12  extra  lamps. 

To  this  list  should  be  added,  though  not  absolutely 
essential,    an   adult's   and    a    child's   size   esophageal 
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Fig.  2099. — Author's  Instruments  for  Esophagoscopy  and  Gastroscopy.  A.  Slanted  end  esophagoscope  for  special  usts  such  as 
finding  a  subdiverticular  opening.  B.  Double  olive  bougie  for  starting  dilatation  of  strictures  of  minute  lumen.  C.  Sponge 
holder.  D.  Forceps  for  general  purposes  such  as  removal  of  foreign  bodies.  Only  a  short  model  is  shown.  E.  Forceps  for 
removing  growths  and  specimens  of  tissue.  A  long  cannula  is  fitted  in  using  these  forceps  in  the  longer  tubes.  F.  Esophaft'^al 
speculum.  G.  Boyce  bite  block  used  to  prevent  patient  biting  the  tubes.  (A  gag  interferes  with  insertion  of  the  esophagoscope 
by  forcing  the  mandible  downward.)  H.  Esophagoscope  and  gastroscope.  I.  Rubber  tubing  leading  to  aspirator,  K.  The  tubingi 
L,  gives  positive  pressure  if  needed  for  clearing  obstruction  in  the  drainage  canal.  M.  Extra  long  tube  (70  cm.)  for  gastroscopy 
in  gastroptotic  cases. 


speculum  and  an  elongated  Mosher's  alligator  forceps 
for  specular  use. 


f 
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Fig.  2100. — Radiograph,  by  Dr.  George  C.  Johnston,  showing 
an  .Artificial  Denture  in  the  Esophagus  of  a  Man  of  30  Years. 
Almost  90  per  cent,  of  foreign  bodies  lodging  in  the  esophagus  are 
found  at  this  location.  Those  lodging  farther  down  arc  equally 
rea<lily  removable  esophagoscopically, 

R.4DIOGRAPH1C  Aid  ix  Esoph.\goscopt. — While  esoph- 
agoscopy gives  all  the  certainty  of  direct  vi.sion, 
esophagoscopic  work  ought  to  go  hand  in  hand  with 


radiography  and  fluoroscopy.  In  foreign  body  cases 
location  of  the  intruder  not  only  as  to  its  position  in 
the  esophagus  but  as  to  whether  it  is  in  the  esophagus 
or  in  the  air  passages  can  frcciuently  be  determined  by 
the  radiograph,  provided  the  foreign  body  is  opaque 
to  the  ra.v  (Fig.  2100).  AVhether  opaque  to  the  ray  or 
not,  every  suspected  foreign  body  case  requires  a  radio- 
graph, because  the  foreign  body  may  not  be  the  same 
as  that  of  which  we  get  a  history.  For  instance  it  is 
quite  common  for  the  patient  to  .-Jtate  that  a  bone  has 
been  swallowed,  when  upon  ra<liography.  verified  by 
extraction  of  the  foreign  body  later,  it  is  found  that 
instead  of  the  bone  the  foreign  body  is  a  pin  or  other 
substance  which  has  accidentally  gotten  into  the  fot>d. 
Furthermore  in  foreign  bodies  not  opatiue  to  the  r.ny 
and  which  are  large  enough  to  be  obstructive  a  bis- 
muth capsule  will  be  stopijed  at  the  location  of  the 
foreign  body  and  thus  definite  data  will  be  obtained. 
In  all  cases,  however,  where  there  is  a  negative  r.ny  in 
spite  of  a  clear  history  of  a  foreign  body  being  swal- 
lowed, an  esophagoscopy  should  be  done  anyway. 
Fluoroscopic  examination,  while  very  much  less  reli- 
able for  foreign  body  work  than  a  radiograph,  is  never- 
theless most  valuable  in  diseased  conditions  when 
used  in  connection  with  the  shadow  shown  during  the 
swallowing  of  the  bismuth  emulsion.  Fluoroscopic 
guidance  of  the  esophagoscope,  in  the  removal  of 
foreign  bodies,  is  dangerous  as  compared  to  ocul.-jr 
guidance.  In  diseased  conditions  a  radiograph  is 
essential  in  every  case.  Taken  alone  without  esoph- 
agoscopy serious  errors  might  occur  as  in  the  case 
illustrated  in  Fig.  2101. 

Prep.\r.\tiox  of  the  P.vtient. — Excejit  in  cises  of 
extreme  emergency  the  patient  should  be  prep.-ireil  as 
for  anv  operation  liy  a  bath,  a  laxative,  and  rest  in  be<l. 
Whether  general  anesthesia  is  to  be  used  or  not.  the 
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])atiiMit  .should  he  always  fasted  at  least  five  hours 
before  an  esophagosco])y,  in  order  that  the  esophagus 
shall  be  empty  and  the  stomach  as  well,  otherwise 
voinitins  will  seriously  embarrass  the  procedure  be- 
sides riskinK  aspiration  of  food  into  the  trachea.  In 
stenotic  oases  no  amount  of  fasting  is  certain  to  empty 
the  esophagus.  Tliereforc  when  we  have  a  history  of 
regurgitation  of  food  some  hours  after  eating,  the 
patient  should  be  induced  to  swallow  a  tumblerful  of 
water  and  regurgitate  it  by  titilating  the  fauces  with 
the  finger  to  produce  regurgitation  and  in  most  in- 
stances this  siiould  be  repeated  a  number  of  times  in 
order  to  wash  out  the  pouch  or  diverticulum,  or  dilata- 
tion which  lies  above  a  stenosis  in  almost  all  such  cases. 
Sliould  this  be  ineffective  it  is  absolutely  imperative 
that  a  general  anesthetic  be  dispensed  with  because 
of  the  danger  of  tracheal  pressure  by  an  esophagus 
distended  with  food,  and  that  the  food  be  aspirated 
with  the  esophagoscojie  assisted  by  the  pumping  action 
of  swabs  introduced  beyond  the  end  of  the  esophago- 
cope  allowing  the  esophagoscope  to  fill  and  then  pull- 
ing out  the  esophagoscope  full  of  food  by  withdrawal 
of  the  swab.  Illy  masticated  solids  will  occlude  any 
form  of  aspirator.  The  mouth  should  be  thoroughly 
cleansed,  the  teeth  scrubbed  with  an  abrasive  tooth 


Fig.  2101. — Radiograph,  by  Dr.  Russell  H.  Boggs,  of  a  Woman 
of  3S  Years.  The  bismuth  shadow,  which  so  much  resembles  a 
diverticulum,  was  esophagoscopically  proven  to  be  a  dilatation 
above  a  cicatricial  stricture.  The  stricture  was  located  above  and 
behind  the  bottom  of  the  dilatation.  Esophagoscopic  dilatation 
of  the  stricture  resulted  in  complete  and  permanent  cure. 

powder  or  paste  and  the  mouth  thoroughly  rinsed  with 
thirty  per  cent,  alcohol.  In  the  case  of  adult,  the 
fauces  should  be  gargled  with  a  ten  or  fifteen  per  cent, 
alcoholic  solution  in  water. 

Asepsis. — Because  the  field  cannot  be  sterilized 
there  is  a  great  tendency  to  become  careless  in  aseptic 
technique  in  esophagoscopy .  It  must  be  remembered, 
however,  that  so  far  as  ordinary  pyogenic  organisms 
are  concerned,  the  patient  is  more  or  less  immune  to 
those  which  he  harbors  himself  while  he  may  be  ex- 
tremely vulnerable  to  any  such  organisms  introduced 
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Fio.  2102. — .\rfificial  Denture, 
Actual  Size,  Removed  from  the 
Esophagus  of  a  Man  of  30  Years, 
Bloodlessly,  through  the  Mouth, 
by  Esophagoscopy,  without  Anes- 
thesi.a  General  or  Local. 


from  without;  and  especially  is  it  necessary  to  remem- 
ber that  the  instruments  used  in  esojjhagoscopy  fre- 
quently encounter  the  specific  organisms  of  lues, 
tuberculosis,  pneumonia,  dii^htheria,  and  other  dis- 
eases of  the  existence  of  which  in  a  particular  case  the 
surgeon  may  be  unaware.  The  only  way  to  pre\'ent 
with  absolute  certainty  the  carrying  of  such  diseases 
from  one  patient  to  another  is  to  carry  out  all  the 
details  of  an  aseptic  technique  in  the  esophagoscopy 
of  every  patient. 

Anesthesia. — For  esophagoscopy  no  anesthetic, 
general  or  local,  is  needed  so  far  as  the  passing  of  the 
tube  is  concerned.  The  skillful  esophagoscopist  will 
])ass  the  esophagoscope  in  an.y  jjatientw  hose  mouth 
can  be  opened  and  whose  esophagus  is  permeable, 
without  any  anesthetic,  general  or  local.  If  desired, 
however,  irritable  fauces  and  lower  pharynx  in  adults 
can  be  anesthetized  with  the  local  application  of  an 
eight  per  cent,  solution  of  cocaine  applied  with  a  Sa- 
jous  laryngeal  forceps.  The  esophagus  below  the 
level  of  the  hypopharynx  is  quite  insensitive  and  it  is 
altogether  needless  to 
use  any  local  anesthetic 
below  this  point.  Gen- 
eral anesthesia  while 
not  necessary  for  the 
introduction  of  the  tube 
is  desirable  in  the  fol- 
lowing circumstances: 

1.  In  case  of  very 
sharp  foreign  bodies 
which  threaten  perfor- 
ation during  the  anti- 
])eristaltic  movement 
excited  by  the  presence 
of  the  esophagoscope. 

2.  Very  large  and 
sharp     foreign     bodies 

may  be  extracted  when  the  esophageal  musculature 
is  completely  rehaxed  by  deep  anesthesia,  without 
the  trauma  incident  to  withdrawal  through  a  spas- 
modically contracted  lumen. 

3.  In  very  complicated  removals  such  as  the  closure 
of  oi^en  safety  pins,  disengaging,  cutting  or  turning  of 
double-pointed  tacks,  pins  and  the  like,  the  work  is 
greatly  facilitated  and  risk  of  puncture  is  avoided  by 
the  relaxation  and  the  abolition  of  refiexes  incident  to 
deep  anesthesia.  In  working  without  an  anesthetic 
the  patient's  fears  must  be  quieted  by  explaining  to 
him  that  the  procedure  is  not  actually  painful  but  it  is 
cjuite  disagreeable  and  that  he  can  make  it  very  much 
easier  for  himself  by  relaxing  instead  of  drawing  all 
his  muscles  up  tightly  and  rigidly  as  if  he  were  walking 
ujion  ice.  He  must  be  told  that  he  may  feel  a  slight 
choking  sensation  as  if  his  breath  were  being  shut  off, 
and  that  he  must  not  be  alarmed  at  this  sensation 
l)ecause  the  operator  will  watch  the  breathing  and 
that  there  is  no  danger  whatever.  In  the  case  of 
children  w'ho  are  not  amenable  to  reason  it  requires 
"team  work"  to  do  an  esophagoscopy  promptly,  care- 
fully, and  safely  without  anesthesia  (Fig.  2103).  In 
fact  this  is  the  only  way  in  which  esophagoscopy  can 
be  done  in  children  without  any  danger  whatever. 
Cocaine  is  very  dangerous  in  children  under  six  years 
of  age  and  general  anesthesia  introduces  an  element 
of  danger  out  of  all  proportion  to  the  risk  in  the  general 
run  of  surgical  cases.  It  is  not  the  anesthetic,  pci-  se, 
but  the  fact  that  respiratory  arrest  occurring  during 
esophagoscopy  very  often  is  fatal  unless  a  tracheot- 
omy or  a  bronchoscopic  oxygen  insufflation  be  done 
promptly.  For  gastroscopy  deep  general  anesthesia 
is  often  needed,  not  for  pain,  for  the  procedure  is  pain- 
less, and  not  to  facilitate  the  passage  of  the  gastro- 
scope  because  this  can  readily  be  done  without  any 
anesthesia,  general  or  local,  after  the  knack  has  been 
acquired;  but  in  order  to  relax  the  diaphragm.  When 
gastroscopy  is  attempted  under  morphine  narcosis, 
as   Mikulicz   attempted    it,   the   musculature  of  the 
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diaphragm  closes  upon  the  central  tendon  so  that 
the  gastroscope  is  guyed  rigidly  like  a  tent  pole, 
consequently  only  such  portion  of  the  stomach  can  be 
inspected  as  happens  to  lie  opposite  the  end  of  the 
tube  mouth.  To  obtain  free  lateral  movement  of  the 
gastroscope  it  is  necessary  to  have  the  diaphragm 
completely  relaxed  by  profound  anesthesia.  With  the 
lens  system  instrument  free  movement  is  not  so  essen- 
tial and  quite  an  area  of  the  stomach  can  be  inspected 
by  inflation.  Under  these  circumstances,  if  the  pa- 
tient be  not  troubled  with  regurgitory  movements, 
exploration  can  be  made  without  any  anesthesia  or 


Fig.  2103. — Manner  of  Controlling  Child  in  Esophagoscopy 
without  Anesthesia,  General  or  Local.  One  nurse  holds  the  knees 
down  on  the  table.  A  nurse  on  the  opposite  side  similarly  holds 
down  the  hands.  The  assistant  holds  the  head.  The  operator  is 
shown  about  to  introduce  the  esophageal  speculum. 

with  cocainization  of  the  pharynx  only.  The  major- 
ity of  patients,  however,  will  keep  up  such  a  continual 
retching  that  general  ane-sthesia  will  be  safer.  Henry 
Janeway  has  developed  the  use  of  nitrous  oxide-oxj-gen 
anesthesia  for  gastroscopy. 

Position  of  tlePatient. — Esophagoscopy  and  gastros- 
copy can  be  done  up  ,n  the  sitting  patient  as  shown  in 
Fig.  11.57,  page  535,  Volume  II.,  and  the  esophageal 
speculum  is  often  so  used,  but  this  position  has  the 
disadvantage  of  lessened  controllability  of  the  patient, 
troublesome  cough  from  the  overflowing  of  secretions 
into  the  lar\-nx,  and  in  foreign  body  work  it  has  the 
great  disadvantage  that  gravity  works  against  the 
operator  and  in  favor  of  the  esophageal  musculature 
in  pushing  the  foreign  body  on  downward.  For 
practically  all  purposes  the  dorsally  recumbent  posi- 
tion of  Boyce  is  to  be  preferred.  The  patient's  head 
and  .shoulders  project  beyond  the  end  of  the  table  free 
in  the  air  to  be  moved  about  as  required  by  the  opera- 
tor and  his  first  assistant  who  supports  the  head.  To 
prevent  fatigue  the  assistant  holding  the  head  sup- 
ports his  left  arm  on  his  right  thigh  as  will  be  un- 
derstood from  the  illustration  Fig.  1159,  page  537, 
Volume  II.,  the  left  foot  being  elevated  on  a  low 
stool  the  top  of  which  is  twenty-six  inches  below 
the  top  of  the  table.  Tliis  is  also  the  position  for 
gastroscopy,  though  a  few  have  used  the  lateral  and 
the  sitting  positions. 

Technique. — Introduction  oj  the  Esophagoscope. — In 
order  to  introduce  the  esophagoscope  two  things  must 
always  be  in  the  operator's  mind.  1.  The  esophago- 
scope must  be  passed  by  sight,  the  eye  never  for  one 
moment  losing  sight  of  the  field  so  that  the  landmarks 
can  be  recognized  as  reached  and  so  that  the  lumen 
ahead  can  be  seen  and  its  axis  followed.  2.  The 
thoracic  esophagus  goes  backward  as  well  as  down- 


ward following  the  general  direction  of  the  dorual 
spine,  therefore  the  head  must  be  liigh  at  the  Htart. 
3.  The  head  of  the  patient  must  be  dropped  to  the 
level  of  the  table  in  order  to  pass  the  csophago.'-cope 
through  the  hiatus  at  the  diaphragm. 

With  the  patient  in  the  jjosition  descriVjcd  the  head 
is  held  high  above  the  table  in  full  extension  and  the 
operator  standing  as  shown  in  Fig.  2104,  the  esopliiigo- 
scopc  is  introduced  through  the  right  side  of  the  mouth 
and  the  right  pyriform  sinus  searched  for.  To  find 
the  right  pyriform  sinus  it  is  necessary  to  understand 
the  topographical  endoscopic  anatomy  of  the  parts. 
Referring  to  Fig.  1,  Plate  XXXIII,  the  white  vocal  cords 
are  seen  in  a  state  of  spasmodic  adduction,  being  more 
or  less  covered  by  the  ventricular  band.  Posterior  to 
this  the  aryepiglottic  folds  ending  in  the  arytenoid 
eminences  are  seen  in  apposition;  and  below  this  (in 
the  recumbent  patient)  the  entrance  to  the  esophagus 
is  seen.  The  pyriform  sinuses  are  at  each  side  of  this 
entrance  to  the  e.sophagus.  The  cricoid  cartilage 
presses  on  the  rigid  posterior  wall  of  the  pharynx 
supported  by  the  .spine  and  leaves  no  opportunity  to 
get  down  in  the  middle  line  while  at  the  side  the  pyri- 
form sinuses  (the  normal  food  i)aths),  are  easily  fouml 
to  yield  before  the  tube  mouth.  The  right  one  is 
usually  selected.  In  introducing  the  tube  the  aryte- 
noid eminences  are  identified  and  the  right  one  is 
I)articularly  avoided  lest  the  tube  mouth  hook  over  it. 
The  tube  mouth  is  pressed  farther  out  to  the  right  and 
anteriorward  as  it  is  inserted  downward.  The  lumen 
opens  up  ahead  as  shown  in  Fig.  4,  Plate  XXXIII.  The 
walls  are  collapsed  together  and  do  not  ope.i  up  verj- 
readily  in  the  pT.Tiform  sinus.  They  often  fold  up- 
ward toward  the  observer  as  shown.  Great  care  must 
be  taken  not  to  perforate  the  esophageal  wall  at  the 
point  of  greatest  weakness  between  the  fundiform  and 
the  oblique  fibers  of  the  inferior  constrictor  muscle. 
There  is  always  more  or  less  si)!Xsm  of  this  muscle  antl 
it  is  better  not  to  be  hasty  but  to  wait  for  relaxation 
of  the  spasm.  The  coincidence  of  relaxation  and  a 
deep  inspiration  will  help  to  open  the  lumen.  It  is  a 
good  plan  in  working  without  anesthesia  or  with  local 
anesthesia  to  command  the  patient  to  take  full  deep 
breaths.  After  the  tube  mouth  has  followed  from  one 
to  three  centimeters,  accordingto  the  auc  of  the  pnticnt, 


Fig.  2104. — First  Stage  in  tho  Introduction  of  the  Esophago- 
scope or  Gastroscope.  EneaRins  the  tube  mouth  in  the  riitbt 
pyriform  sinus.  The  patient's  head,  though  extended,  is  raised 
aijove  the  level  of  the  table. 

the  esophagoscope  is  directed  toward  the  center  line 
and  readilv  enters  the  cervical  esophagus  iFig.  5.  Plate 
XXXIID.'which  is  known  by  slight  expansion  during 
inspiration  but  a  full  colla|)se  during  expiration.  In 
many  cases  no  respiratory  movements  can  be  noticed 
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in  the  cervical  esophagus.  Passing  on  downward  and 
following  the  lumen  as  it  opens  up  ahead  we  soon 
enter  the  thoracic  esophagus.  This  is  known  by  the 
patulency  of  the  lumen  which  does  not  close  com- 
pletely during  expiration,  as  shown  in  Fig.  6  in  the 
plate.  In  many  patients  a  ridge  will  be  noticed  an- 
teriorly at  the  crossing  of  the  left  bronchus.  Passing  on 
downward  the  tube  begins  to  meet  with  some  resist- 
ance when  well  down  in  the  mediastinal  portion,  and 
if  careful  watch  be  kept  on  the  lumen  ahead  it  will  be 


Fig.  2105. — Esophagoscopy.  Position  of  operator,  assistant 
and  of  patient's  head  and  shoulders,  during  passage  of  esophago- 
ecope  through  the  hiatal  and  the  abdominal  esophagus. 

found  that  the  patient's  head,  and  even  the  shoulders, 
must  be  dropped  in  order  to  follow  the  luminal  axis  in 
its  anterior  direction  toward  the  hiatal  portion  of  the 
esophagus  (Fig.  210.5).  This  change  of  direction 
occurs  at  about  the  junction  of  the  middle  and  lower 
thirds  of  the  esophagus;  but  it  is  unnecessary  to  deter- 
mine the  point  by  measurement  since  it  is  just  a  matter 
of  following  the  lumen  as  it  opens  up  ahead.  When 
the  hiatus  is  reached  the  esophagus  wUl  be  found 
tightly  closed  usually  by  spasm  of  the  hiatal  muscula- 
ture compressing  the  esophageal  wall.  This  hiatal 
lumen  may  be  a  slit  but  more  often  it  is  a  general 
sphincter-like  contraction  with  radiating  folds  as 
shown  at  Fig.  7,  Plate  XXXIII.  At  this  point  it  is  nec- 
essary to  have  the  patient's  head  toward  the  right  and 
lowered  until  the  vertex  is  slightly  below  the  level  of 
the  table  in  order  to  give  the  axis  of  esophagoscope  an 
anterior  direction.  In  other  words  the  operator  points 
the  esophagoscope  as  if  aiming  for  a  point  in  the  air 
two  or  three  inches  above  the  left  ilium.  In  this  posi- 
tion slight  pressure  is  made  against  the  sphincter-like 
opening  making  sure  that  the  opening  is  centered 
correctly  in  front  of  the  tube  mouth.  The  abatement 
of  spasm  is  waited  for,  when  the  esophagoscope  readily 
slips  through  and  seems  almost  immediately  to  enter 
the  stomach,  the  abdominal  esophagus  being  about  two 
or  three  centimeters  in  length.  With  the  bright  illumi- 
nation of  a  distal  lamp  there  is  very  little  difference  be- 
tween the  color  of  the  stomach,  when  empty  of  food,  and 
the  col«r  of  the  esophagus.  With  proximal  forms  of 
illumination  the  length  of  tube  required  to  reach  the 
stomach  diminishes  the  illumination  so  that  it  seems 
very  much  more  intensely  red.  The  most  important 
landmark  for  determining  that  the  tube  has  entered 
the  stomach  is  the  shape  of  the  folds  which  will  be 
readily  comprehended  by  looking  at  Fig.  8,  Plate 
XXXIII.  Usually  clear  fluid  escapes  from  the  normal 
stomach  as  soon  as  the  tube  mouth  passes  the  hiatus. 
Introduction  of  the  Esophageal  Speculum. — The  pa- 
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tient  being  in  a  recumbent  position,  the  esophageal 
speculum  is  grasped  in  the  left  hand  while  the  patient's 
ui)i)er  li]j  is  held  out  of  the  way  by  the  right  hand  so 
that  the  lip  will  not  be  pinched  between  the  upper 
teeth  and  the  speculum.  The  epiglottis  is  first  iden- 
tified, then  the  speculum  is  inserted  about  one  centi- 
meter farther  and  the  epiglottis  lifted  strongly  for- 
ward. This  ex|joses  the  larynx  which  is  seen  in  a  state 
of  spasmodic  adduction  as  in  Fig.  1,  Plate  XXXIII. 
The  speculum  is  now  moved  over  to  the  right  exposing 
the  right  pyriform  sinus,  as  shown  in  Fig.  2  in  the  plate. 
The  speculum  is  then  inserted  down  into  the  sinus 
when  a  strong  lifting  motion  will  lift  the  cricoid  car- 
tilage forward  and  expose  the  mouth  of  the  esophagus. 
The  most  conspicuous  landmark  now  present  is  the 
posterior  hp  of  the  mouth  of  the  esophagus  which  ex- 
tends forward  seeming  like  a  web  closing  u])  almost  the 
entire  posterior  two-thirds  of  the  eso])hageal  lumen  as 
shown  in  Fig.  .3,  Plate  XXXIII.  A  better  understand- 
ing of  this  posterior  lip  may  be  obtained  from  Fig.  10  in 
tlie  plate,  which  shows  a  coin  (half-dollar)  jammed  in 
the  mouth  of  the  esophagus  while  the  posterior  lip  is 
being  dragged  posteriorly  by  the  closed  forceps.  It 
requires  care  in  the  use  of  the  .speculum,  as  in  all  other 
esophageal  instruments.  Anything  like  roughness  is 
sure  to  meet  with  disaster.  The  speculum  may  also 
be  used  in  sitting  patient  as  described  for  Direct  Lar- 
yngoscopy, page  5.35,  Vol.  II. 

Esophagoscopy  for  Foreign  BonrES. — Of  206  cases 
of  esophagoscopy  for  foreign  bodies  the  intruder  was 
removed  in  198,  escaped  downward  in  eight.  Thus  it 
is  clear  that  esophagoscopic  removal  of  foreign  bodies 
has  now  reached  such  a  high  state  of  perfection  of 
technique  that  external  esophagotomy  with  its  high 
mortality  is  no  longer  a  justifiable  operation  in  these 
cases.  Foreign  bodies  even  of  very  large  size  that 
have  gone  down  through  the  natural  passages  can  be 
brought  back  the  same  way,  provided  the  operator 
will  turn  them  to  the  position  of  least  resistance,  as  in 
a  noted  case  in  which  Kyle  removed  a  large  artificial 
denture.  In  a  few  instances  esophagoscopic  morcella- 
tion  may  be  necessary.  The  mechanical  problems 
encountered  in  the  removal  of  forei''n  bodies  are  al- 
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Fig.  2106. — Schema  Illustrating  Method  of  Safely  Kpmo\'ing 
a  Pin  Esophagoscopically.  The  central  part  of  the  pin  appears 
across  the  tube  mouth  as  at  !M.  If  seized  with  the  forceps  and 
drawn  in  the  direction  of  the  dart  the  point  will  tear  the  esophageal 
wall  in  which  the  point  is  usually  already  buried.  If,  however, 
the  wall  is  manipulated  sidewise  to  the  left  with  the  tube  mouth, 
the  point  will  be  disengaged  from  the  wall  and  can  be  seized  and 
harmlessly  withdrawn  through  the  tube  as  at  A. 

most  endless,  varying  with  the  size  and  shape  and 
location  of  the  intruder.  The  general  princij^le  in- 
volved is  that  the  foreign  body  must  be  so  seized  with 
the  forceps  that  it  will  turn  so  as  to  offer  the  least  re- 
sistance against  removal,  and  also  so  that  any  sharp 
point  that  might  cause  trauma  shall  trail  harmlessly 
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EXPLANATION  OF  PLATE  XXXIIL 

ESOPHAGOSCOPIC  VIEWS  FROM  OIL  PAINTINGS  BY  THE  AUTHOK. 

1.  Direct  view  of  the  larynx  iiud  larynsopharyiix  in  the  dorsally  recumbent  patient,  the 
epiglottis  and  hyoid  bone  being  lifted  witli  the  direct  laryngoscope,  or  the  esophageal  spccidum- 
The  spasmodically  adducted  vocal  cords  are  partially  hidden  by  the  overhang  of  the  spasmodic- 
ally prominent  ventricular  bands.  The  esophagoscope  should  be  passed  to  the  right  of  the 
median  line  into  the  right  pyriform  sinus. 

2.  Tlie  right  pyriform  sinus  in  the  dorsally  recumbent  patient,  the  eminence  at  the  upper 
left  border  corresponds  to  the  edge  of  the  cricoid  cartilage. 

3.  The  "mouth"  of  the  esophagus  in  the  dorsally  recumbent  patient,  the  cricoid  cartilage 
being  lifted  forward  with  the  esophageal  speculum.  The  lower  (posterior)  half  of  the  lumen  is 
closed  by  tlie  posterior  lip  of  the  esophageal  "mouth,"  which  advances  spasmodically  from  the 
posterior  wall.     (Compare  Fig.  10.)     This  view  is  not  obtained  with  an  esophagoscope. 

4.  Passing  through  the  right  pyriform  sinus  with  the  esophagoscope;  dorsally  recumbent 
patient.  The  walls  seem  in  tight  apposition  and,  at  the  edges  of  the  slit-like  lumen,  bulge 
toward  the  observer.     The  direction  of  the  axis  of  the  slit  varies. 

5.  Cervical  esophagus.  The  lumen  is  not  so  patulent  during  inspiration  as  it  is  lower  down ; 
and  it  closes  completely  during  expiration. 

6.  Thoracic  esophagus.  Dorsally  recumbent  patient.  The  ridge  crossing  alDove  the  lumen 
corresponds  to  the  left  bronchus.  It  is  seldom  so  prominent  as  in  this  patient,  but  can  always 
be  found  if  searched  for. 

7.  The  esophagus  at  the  hiatus.  This  is  often  mistaken  for  the  cardia  by  esophagoscopists. 
It  is  more  truly  a  sphincter  than  the  cardia  itself,  and,  in  the  author's  opinion,  it  is  questionable 
if  there  is  any  truly  sphincteric  action  at  the  cardia.  It  is  the  spasmodic  closure  of  this  hiatal 
sphincter  that  produces  the  syndrome  called  "cardiospasm." 

8.  View  in  the  stomach  with  the  open  tube  gastroscope.  The  form  of  the  folds  varies  con- 
tinuously. 

9.  Sarcoma  of  the  posterior  wall  of  the  upper  third  of  the  esophagus  in  a  woman  of  thirty- 
one  years.  Seen  through  the  esophageal  specvdum,  patient  sitting.  The  lumen  of  the  mouth 
of  the  esophagus,  much  encroached  upon  by  the  sarcomatous  infiltration,  is  seen  at  the  lower 
part  of  the  circle. 

10.  Coin  (half-dollar)  wedged  in  the  upper  third  of  the  esophagus  of  a  boy  aged  fourteen 
years.  Seen  through  the  esophageal  speculum,  recumbent  patient.  The  posterior  lip  of  the 
esophageal  "mouth"  is  retracted  by  the  forceps  preparatory  to  removal. 

11.  Fungating  squamous-celled  epithelioma  in  a  man  of  seventy-four  years.  Fungations 
are  not  always  present,  and  are  often  pale  and  edematous.  The  appearance  of  malignancy 
may  lie  masked  by  inflammation  due  to  mixed  infections. 

12.  Cicatricial  stenosis  of  the  esophagus  following  the  swallowing  of  lye  in  a  boy  of  four  years. 
Below  the  upper  stricture  is  seen  a  second  stricture.  A  third  one  not  shown  was  located  eccen- 
trically farther  down.  An  ulcer  surrounded  by  an  inflammatory  areola  and  the  granulation 
tissue  together  illustrate  the  etiology  of  cicatricial  tissue.  The  fan-shaped  scar  is  really  almost 
linear,  but  is  viewed  in  perspective.     Patient  was  cured  by  esophagoscopic  dilatation. 

13.  Angioma  of  the  esophagus  in  a  man  of  forty  j'ears.  The  patient  had  hemorrhoids 
and  varicose  veins  of  the  legs. 

14.  Luetic  ulcer  of  the  esophagus  twenty-six  centimeters  from  the  upper  teeth,  in  a  woman 
of  thirty-eight  years  complaining  of  dysphagia.  Two  scars  from  healed  ulcerations  are  seen  in 
perspective  on  the  anterior  wall.     Branching  vessels  are  seen  in  the  livid  areola  of  the  ulcers. 

15.  Tuberculosis  of  the  esophagus  in  a  man  of  thirty-four  years.  No  vessels  are  visible 
near  the  grayish-white  patches.  A  specimen  of  tissue  removed  esophagoscopically  was  found 
to  be  tuberculous.    ■ 

16.  Leucoplakia  of  the  esophagus  near  the  hiatus  in  a  man  aged  fifty-six. 
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behind  during  the  withdrawal  (Figs.  2100  and  2107). 
If,  as  often  happens,  the  intruder  is  too  large  to  be 
drawn  into  the  esophagoscope,  the  foreign  body, 
forcej^s  and  the  esophagoscope  can  all  be  withdrawn 
together.  When  a  safety-pin  lodges  point  downward  in 
the  esophagus  it  can  very  readily  be  pulled  into  tlie 
esophagoscope  so  as  to  close  it  and  prevent  the  point 
from  wounding  the  esophageal  wall.  When,  however, 
the  safety-pin  is  lodged  point   upward,   withdrawal 


Fig-  2107. — Schematic  Illustration  of  Safe  Esophagoscopic 
Removal  of  a  Sharp  Splinter  of  Bone  from  the  Esophagus.  In 
process  of  being  swallowed  the  bone.  A,  had  lodged  by  its  point,  D. 
Pressure  of  food  had  forced  the  point,  E,  down  to  C,  The  points 
C  and  D,  have  almost  punctured  the  wall.  If  the  bone  should  be 
seized  at  B  and  withdrawn  both  walls  would  be  lacerate  d  with 
almost  certain  mortahty.  If,  however,  the  in-bulging  esophageal 
wall,  F,  is  manipulated  outward  with  the  tube  mouth  to  the  posi- 
tion of  the  dotted  line,  J,  disengaging  the  point,  //,  the  forceps 
can  be  used  to  seize  the  bone  at  M.  Traction  being  made  in  the 
direction  of  the  dart  the  bone  rotates  to  a  position  for  harmless 
removal.  To  permit  rotation,  forceps  touching  only  at  the  points 
(A')  should  be  used. 

with  the  forceps  is  certain  to  rip  the  esophagus,  in- 
flicting fatal  trauma.  A  number  of  very  ingenious 
methods  of  closing  a  safety-pin  have  been  devised. 
A  plan  which  has  yielded  excellent  results  is  illustrated 
schematically  in  Fig.  210S. 

EsopHAGOscopY  FOR  DISEASE. — The  esophagoscope 
has  revealed  the  fact  that  the  esoph.agus  is  the  seat  of 
many  diseases  which  were  previously  unrecognized  and 


Fig.  2108. — Schema  Illustrating  Esophagoscopic  Removal  of 
an  Open  Safety  Pin  lodged  Point  upward  in  the  Esophagus.  E,  F, 
show  how  the  esophageal  wall  would  be  perforated  by  attempted 
withdrawal.  A,  B,  C,  D,  show  successive  stages  of  a  safe  method 
of  removal  by  p.assing  the  pin  into  the  stomach,  turning  and  rc- 
nioving  by  special  forceps  passed  througli  the  esophagoscope.  The 
entire  procedure  is  under  guidance  of  the  eye. 

of  many  others,  the  diagnosis  of  w'hich  was  made  only 
hopelessly  late  in  the  pre-esophagoscopic  days.  Un- 
fortunately, however,  early  esophageal  symptoms  are 
erroneously  attributed  to  "globus  hystericus,"  so  that 
a  spasmodic,  luetic,  tuberculous,  malignant,  cicatricial, 


or  angiomatous  stenosis  i.s  often,  even  to-day,  made 

too  late. 

EsophagiliH  and  L'lcrmtion. — The  entloHcopic  ai>- 
pearances  in  acute  esophagitLs  are  rednirss  and  Hweil- 
ing  in  the  early  stages,  edema  in  the  hiter.  If  ilue  to 
a  corrosive,  grayish  e,\udate.s,  sloughs,  and  coagulated 
.secretions  may  be  seen.  The  treatment  Hhould  not 
be  by  esophagoscopic  application  but  by  Hniall  do.scs 
of  bismuth  subnitrate  swallowed  dry  on  the  tongue, 
with  tli(^  occasional  addition  of  small  doses  of  calomel. 
Chronic  esophagitis  usually  appears  a.s  a  pasty,  furfur- 
accous  coating  which  cannot  be  wlpetl  off.  "  Mucosa 
bare  of  this  coating  may  be  reddish  or  whitish  in 
patches,  with  vessels  visible  in  the  paler  areas.  iSuper- 
ficial  erosions  may  be  present.  Chronic  esophagitis 
is  usually  a.ssociated  with  stagnation  of  food  from 
stenosis,  and  consetpicnt  maceratitm  by  decompo.sition 
products.  The  treatment  ccmsists  in  the  cure  of  the 
underlying  organic  or  spastic  stenosis.  L'l(«ration  of 
the  esophagus  consetiui^nt  upon  the  same  cau.se.s  as 
chronic  esophagitis  is  usually  superficial,  as  is  also  the 
peptic  ulcer  occurring  in  the  abdominal  esophagus. 
The  diagno.sis  of  this  and  of  simple  ulcer  will  usually 
consist  in  the  exclusion  of  lues  by  the  usual  means, 
and  of  tuberculosis  and  cancer  by  biopsy. 

Compression  sicnosis  of  the  esojihagus  is  usually 
recognizable  by  the  crcscentic  slit-like  lumen  of  the 
compressed  part  and  by  the  sensation  of  a  mas.s 
external  to  the  esophageal  wall  comniunicated  to  the 
esophagoscope.  The  compression  of  periesophageal 
timiors  and  glandular  masses  is  hard;  of  aneurysm, 
soft.  The  pulsatory  movement  of  aneur>-sm  is  often 
not  more  noticeable  than  that  transmitted  from  the 
normal  aorta.  In  spastic  esophageal  stenosis,  as 
demonstrated  on  the  author's  cases  by  Boyce,  there  is 
fretiuently  associated  a  dilated  but  not  otherwise 
diseased  aorta.  In  all  ca.ses  of  dysphagia  in  adults, 
aneurysm  ought  to  be  excluded  by  radiography, 
fluoroscopy  and  physical  diagnosis,  rather  than  by 
esophagoscopy.  Compression  from  any  cause  may  be 
associated  with  chronic  esophagitis  from  stasis,  or  in 
the  milder  cases  the  mucosa  over  the  mass  and  else- 
where may  be  normal. 

Diffuse  dilatolion  is  always  dependent  upon  a  sub- 
jacent organic  orspastics  tenosis.  The  esophagoscopic 
appearances  are  those  of  chronic  inflammation  and 
maceration  with  a  very  much  enlarged  lumen.  The 
remedy  is  the  esophagoscopic  cure  of  the  stenosis. 
The  dilatation,  as  shown  by  Jesse  Myer,  will  probably 
persist,  but  progress  and  symptoms  will  cease. 

Dieerliculum  of  the  Esophagus. — Traction  divertic- 
ulum due  to  the  inflammatory  adliesion  of  the  eso- 
phageal wall  to  periesophageal  tissues  in  the  medias- 
tinum is  a  very  rare  condition,  ea.sily  recognizable 
esophagoscopic.-illy  by  its  form  but  usually  unproduc- 
tive of  subjective  symptoms.  Pulsion  diverticulum 
on  the  other  hand  is  of  very  great  imjiortance  and  is 
curable.  It  is  due  to  a  hernia  of  the  posterior  or 
postero-lateral  wall  of  the  esophagus  through  the 
weaklv  supported  point  between  the  oblitiue  and  the 
fundiform  fibers  of  the  inferior  pharyngeal  constrictor. 
The  pniinUsion  of  food  wliile  the  lower  fibers  are  sjias- 
modicallv  or  even  normally  contracted  herniates  the 
superjacent,  illy  supportetl  wall.  Organic  stricture 
may  act  in  the' same  wav  as  spasmodic  constriction. 
Wlien  the  esophagoscope  is  passed  in  this  kind  of  divcr- 
ticulated  esophagus,  the  tube  passes  ea.sily  through 
a  chronicallv  inflamed  lumen  until  it  suddenly  cntls  in 
a  blind  pouch  the  outlet  of  which  is  nowhere  visible. 
Partial  withdrawal  of  the  esophagoscope  and  c.nreful 
search  of  the  anterior  wall  reveal  the  subdiverticular 
opening  as  a  small  slit,  occasionally  stellate,  which  is 
distinguished  from  a  fold  or  pocket  by  the  passage  of  A 
probe.  The  slanted-end  esophagoscope  is  insinuated 
by  means  of  its  lip  into  the  subdiverticul.'ir  opening 
which  is  thus  dilated.  The  dilatation  is  repeated  until 
a  cure  of  the  stenosis  is  obtained,  when  the  diverticul.ir 
pouch  should  be  amputatctl  by  the  surgeon  by  external 
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operation.  If  the  stenosis  is  allowed  to  remain  the 
diverticulum  is  apt  to  recur.  The  esophagoscopist 
can  render  the  surgeon  great  assistance  by  first  push- 
ing the  poucli  out  into  the  wound;  and  then  by  in- 
sorting  tlie  esojjhagoscope  into  the  subdiverticular 
lumen  while  the  surgeon  amputates  the  redundancy. 

Cicatririal  stenosis  of  the  esophagus  is  usually  due  to 
the  inflammation  and  ulceration  following  the  swal- 
lowing of  corrosive  substances,  such  as  solutions  of 
Ive,  cleaning  and  washing  powders,  acids,  etc.  Ste- 
nosis mav,  however,  follow  traumatism  of  foreign 
bodies,  brealving  down  of  gummata,  luetic,  or  tuber- 
culous ulcerations.  Cicatricial  stenosis  may  follow 
even  the  ulceration  and  inflammatory  infiltrations  of 
the  chronic  esophagitis  associated  with  spasmodic 
stenoses  and  tlius  convert  a  spastic  into  an  organic 
stenosis.  However  caused,  the  diagnosis  and  treat- 
ment are  accom])lished  by  esophagoscopy  with  the 
safety  and  jjrccision  afforded  by  direct  vision.  The 
lumen  of  tlie  stenosis  is  readily  found  and  may  be  from 
a  mere  pin  hole  to  a  number  of  millimeters  in  size. 
As  a  rule  any  well-masticated  food  can  be  swallowed 
through  a  stricture  of  fom-  millimeters  lumen.  The 
difficult  cases  are  those  of  one  or  two  millimeters.  If 
there  is  active  ulceration  still  present,  as  in  Fig.  12, 
Plate  XXXIII,  no  treatment  should  be  undertaken 
until  heahng  has  been  induced  by  the  swallowing  of  fre- 
quent and  small  doses  of  bismuth  subnitrate,  aided,  if 
need  be,  bv  the  physiological  rest  of  a  gastrostomy 
with  total  abandonment  of  everything  but  water  by 
mouth.  Small  strictures  mav  be  dilated  with  the 
author's  dilator,  Fig.  2109,  placed  under  the  esophago- 
scopic  guidance  of  the  eye.  The  instrument  should  be 
left  in  situ  exjjanded  for  about  fifteen  minutes,  the  dura- 
tion of  the  eff'ect  being  in  direct  ratio  to  the  duration  of 
the  dilatation.  If  the  stricture  is  single  it  may  be  found 
easier  to  get  a  start  with  the  double  olive  bougie,  B, 
Fig.  2099.  After  a  degree  of  dilatation  has  been  ob- 
tained bv  either  means,  silk  woven  bougies  may  be 
jjlaced  by  the  esophagoscope  which  is  then  withdrawn 
and  the  bougie  allowed  to  remain  for  fifteen  or  twenty 
minutes  at  each  seance,  the  size  of  bougie  being  one 
or  two  numbers  larger  each  time.  All  bouginage,  as  a 
safetv  precaution,  should  be  done  esophagosoopically 
bv  sight,  never  blindly.  When  size  20  (French)  for  a 
child,  and  30  for  an  adult,  has  been  reached  the 
patient  may  be  taught  to  pass  the  bougie  himself  by 


CLOStD 


OPEN 


Fia.  2109. — .\uthor'3  Esophagoscopic  Dilator  for  Esophageal 
Strictures.  E.specially  useful  in  case  of  multiple  eccentric  strictures 
which  are  dilated  successively  from  above  downward.  It  is 
operated  by  attaching  the  handle  of  the  forceps,  D,  Fig.  2099. 

swallowing  it,  never  by  pushing.  These  and  slightly 
larger  .sizes  should  be  continued  for  a  year  or  more. 
A  stricture  may  be  eccentric  to  the  superjacent  esoph- 
ageal axis.  Multiple  strictures  may  be  also  eccen- 
tric to  each  other.  These  conditions  render  bUnd 
bouginage  not  only  unsuccessful  but  exceedingly  dan- 
gerous. In  multiple  strictures  the  upper  one  is 
dilated  first,  using  the  dilator  Fig.  2109,  until  a  small 
esophagoscope  can  be  passed  through,  and  the  lumen 
of  the  next  stricture  thus  found  and  dilated.  A  third  and 
fourth  stricture  if  present  may  be  similarly  dealt  with. 
Spasmodic  stricture  of  the  esophagus  may  occur  in  any 
part  of  the  esophagus  but  the  most  frequent  locations 
are  in  the  abdominal  and  the  cervical  esophagus.  In 
the  cervical  esophagus  the  fundiforni  fibers  of  the 
inferior  constrictor  contract  in  advance  of  the  food; 


and  also  often  at  other  times  when  they  cause  one  form 
of  the  so-called  "globus  hystericus."  Contractions 
of  the  abdominal  esophagus  were  called  "cardios])asm" 
until  the  author  demonstrated  esophagoseopically  that 
the  cardia  is  but  very  rarely  concerned,  tlie  contraction 
taking  place  by  the  action  of  the  diaphragmatic  nuus- 
culature  at  the  hiatus,  really  a  phrenospasm,  or  in 
some  cases  by  the  contraction  of  the  entire  abdominal 
esophagus  tliroughout  its  two  to  four  centimeters  of 
length.  Treatment  by  esophagoscopic  dilatation  of 
the  spasmodically  affected  portion  of  the  esophageal 
lumen  is  safe  and  the  ultimate  results  are  excellent  in 
a  large  percentage  of  cases;  though  there  are,  in  some 
instances,  a  number  of  relapses  reciuiring  re])etition  of 
treatment.  The  only  incurable  cases  are  tliose  exist- 
ing since  childhood.  A  mechanical  expanding  dilator 
is  used  under  guidance  of  the  eye. 

Benign  iieo]>lasms  of  the  esophagus  are  very  rare. 
When  encountered  their  removal  through  the  esoph- 
agoscope is  readily  accomplished.  Recurrences  are 
almost  unknown. 

Malignant  disease  of_  the  esophagus  presents  widely 
varying  esophagoscopic  pictures.  Endomural  infil- 
tration for  a  time  is  covered  with  normal  mucosa. 
Carcinoma  starting  in  the  epithelium  usually  ulcerates 
early  when  all  the  local  inflammatory  evidences  of  the 
mixed  infections  may  be  present.  Quite  often  edem- 
atous polypoid  masses  are  seen.  Fungations,  usu- 
ally quite  vascular  (Fig.  11,  Plate  XXXIII),  though 
occasionally  pale  and  edematous,  are  quite  character- 
istic though  not  always  present.  Infiltration  is  the 
constant  characteristic,  and  the  .skilled  touch  of  the 
esophagoscopist  will  usually  recognize  it  by  the  sen- 
sation transmitted  by  the  esopliagoscope.  Taking 
a  specimen  is  accomplished  readily  with  the  forceps, 
E,  Fig.  2099.  This  procedure  is  quite  safe,  under 
ocular  guidance,  in  fungating  growths,  but  caution 
must  be  used  in  biting  out  the  floor  of  a  flat  ulcer. 
The  edge  will  be  safer  and  by  including  a  little  normal 
will  better  enable  the  pathologist  to  give  a  dependable 
report.  For  the  stenosis  of  malignancy,  as  a  pallia- 
tive measure,  intul^ation  tubes  may  be  jilaced  esoph- 
agoseopically in  the  cancerous  lumen  and  thus  delay 
tiie  necessity  for  gastrostomy.  Abbe,  Sargnon,  Hill, 
and  others  have  had  excellent  results  with  the  use  of 
radium  in  malignant  disease  of  the  esophagus.  A 
dosage  equivalent  to  200  milligrams  of  radium  ele- 
ment is  usuall}'  required;  and  this  should  be  increased 
or  diminished  as  local  effect  may  indicate.  The  wall 
of  the  capsule  containing  the  radium  .should  be  com- 
])0sed  of  at  least  one  millimeter  of  metal,  and  botli  the 
capsule  and  the  distal  end  of  the  esophagosco]je  should 
have  a  hard-rubber  jacket  to  cut  off  the  irritating 
secondary  rays.  The  capsule  must  be  placed  with 
accuracv  under  guidance  of  the  eye  and  must  be  kept 
in  place  for  a  period  of  one  to  eight  hours  with  a  rigid 
carrier  in  order  that  only  the  neoplastic  tissue  shall  be 
in  contact  with  the  radium  container. _  In  its  present 
stage  of  development  there  is  nothing  in  the  result.s  of 
radium  treatment  to  warrant  neglect  of  operatixe 
treatment  in  any  ease  deemed  operable;  but  the 
effect  on  inoper.able  growths  is  encouraging,  and 
future  developments  may  extend  its  use  to  malignancy 
now  deemed  operable. 

Gastroscopy. 

Gastroscopy  is  an  efficient  and  practical  method  for 
the  diagnosis  of  stomach  diseases,  and  especiaUy  for 
the  recognition  of  malignancy  at  that  early  stage  in 
which  the  surgeon  may  have  a  chance  to  cure  a  strictly 
local  process.  There  can  be  no  question  as  to  the 
advisability  of  gastroscopy  at  the  earliest  possible 
moment  in  all  cases  in  which  malignant  disease  of 
the  stomach  is  among  the  possibilities.  Foreign 
bodies  have  been  removed  from  the  .stomach  and 
radium  has  been  applied  to  inoperable  gastric  malig- 
nancy   through   the   gastroscope.     With   the   instru- 
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ments  now  available  for  gastroscopy  the  difficulties 
lie  almost  wholly  in  the  esophagus  and  anyone  who 
will  devote  to  it  the  time  necessary  to  learn  esophagos- 
copy  may  with  equal  facility  examine  tlie  stomach. 


Fig.  2110. — The  Gastroscope  of  Henry  J.iDeway.  A.  Open 
tube:  B.  light  carrier  to  be  used  during  introduction:  C,  large 
lamp  needed  with  lens  system:  D,  lens  system:  E,  u-indow  tube 
for  using  large  lamp  without  lens  system. 


Results  a.vd  Mohtality. — The  author  collected 
by  correspondence  the  results  of  l,fXH>  cases  of  gastros- 
copy by  various  operators  and  found  the  mortality 
practically  nil  in  skillful  hands.  The  only  deathn 
attributable  to  the  procedure  were  from  perforation  of 
the  esophagus  by  various  operators  who  had  never 
learned  esophagoscopy,  and  all  were  in  the  early  days 
of  ga.stroscopy  before  the  absolute  safety  of  the 
passage  of  an  open  tube  by  sight  had  been  demon- 
strated by  the  author.  The  lesions  diagnosticateil 
were  acute  and  chronic  ga.stritis,  ulcers,  cicatrifc-«, 
lues,  gastroptosis,  gastrectasia,  carcinoma  and  sar- 
coma. Most  of  these  lesions  were  located  in  the  left 
two-thirds  of  the  stomach  but  a  few  were  in  the 
pyloric  end.  The  i)ylorus  has  been  viewed  in  a  few 
favorable  cases,  and  even  the  duodenal  folds,  with 
the  open  tube  gastroscope,  M,  Fig.  20!t0.  It  can  be 
passed  with  safety  into  the  stomach  of  any  patient 
whose  mouth,  pharj-nx  and  e.soi)hagus  are  norm;d. 
Negative  findings  are  of  value  only  a.s  applying  to 
the  area  explored.  In  patients  in  whom  the  pyloric 
third  LS  unexplorable,  negative  finrlings  are  to  be 
classed  with  negative  oi)hthalmoscopic  findings  in 
brain  disease.  Direct  examination  with  the  opm 
tube  permits  of  instrumental  palpation,  sponging  and 
the  removal  of  s[)ecimons  of  .secretions  and  ti.ssuc-. 
For  indirect  examination  the  lens  system  gastroscope 
of  Janeway,  Fig.  2110,  is  excellent. 

Technique. — Preparation  of  the  patient  U  the 
same  as  for  esophagoscopy  except  that  if  there  u 
defective  gastric  motility  a  much  longer  fast  Ls  neces- 
sary. Lavage  is  useful  but  must  be  done  a  few  hours 
before  gastroscopy  in  order  to  allow  time  for  the 
absorption  of  residual  fluid  which  is  always  inevitably 
left  behind.  As  pointed  out  by  the  author,  to  get  a 
correct  conception  of  gastroscopic  procerlure  and 
results,  it  is  necessary  to  realize  that  the  classic 
anatomic  illustrations  of  the  stomach  are  mislead- 
ing as  to  both  form  and  position.  For  gastroscopic 
purposes  the  stomach  may  be  considered  a  loose, 
empty,  collapserl  b;ig  of  a  form  to  fit  whatever  spai-e 
is  avail.able  at  the  particular  time.  The  gastroscui)e 
is  introduced  by  sight  in  precisely  the  same  way  as 
the  esophagoscoije.  When  the  stomach  is  reached 
(Fig.  8,  Plate  XXNIII)  with  the  open  tube,  the  ex- 
ploration begins  at  the  extreme  left  of  the  stomach,  by 
a  vertical  travel  all  the  way  down  to  the  greater  curva- 
ture, the  head  of  the  patient  being  to  the  extreme 
right.  The  tube  mouth  is  now  moved  toward  the  right 
about  two  centimeters  and  withdrawn  to  the  cardia, 
when  it  is  moved  another  two  centimeters  to  the  right 
for  another  vertical  downward  travel.  In  this  way  the 
entire  explorable  area  is  examined  as  one  would  travel 
back  and  forth  over  a  microscopical  slide.  The  anterior 
and  posterior  walls  are  usually  in  contact  an<l  can  be 
viewed  at  the  same  time  as  they  separate  .ahead  of  the 
tube  mouth.  If  the  tube  mouth  seems  to  catch  in  the 
folds  it  can  be  freed  by  reversing  the  as|)irator  tubing. 
the  window  being  inserted  in  the  g.astroscopc.  This 
gives  positive  i)ressurc  ballooning.  The  window  must 
be  removed  from  time  to  time  if  ]>robing  or  sponging  is 
to  be  done.  Relaxation  of  the  .abdominal  walls  is  facili- 
tated bv  flexing  the  knees  of  the  patient  ivs  shown  by 
Henrv  janeway.  In  some  eases  turning  the  jiatient 
over  face  downward  causes  the  anterior  gastric  w:dl 
to  drop  forward,  and  in  some  instances  this  :i.ssists  in 
exploring  the  pvlorus  by  bringing  it  forward  of  the 
spine,  in  most"  cases  a  good  abdominal  palj.ator  can 
feel  the  t\ibe-mouth  through  the  ab.ionunal  wall 
and  can  bring  the  pyloric  end  of  the  stomach  over 
to  the  middle  line  to  be  examined.  If  there  is  a 
mass  at  the  pvlorus  it  c;m  be  readily  brought  over 
unless  there  are  extensive  adhesions.  In  cases  .>f 
gastric  hemorrhage  or  of  an  exploratory  operation 
the  abdominal  surgeon,  with  the  hand  in  the  al>- 
dominal  incision,  can  have  the  gastroscopist  report 
to  him  the  interior  appearance  of  any  suspected  tissue 
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which  the  surgeon  can  with  the  greatest  ease  place  in 
front  of  the  tube  mouth.  Cooperating  thus  the  gas- 
troscopist  and  the  surgeon  eacli  have  their  sterile 
tables,  instruments,  assistants  and  nurses  in  two 
distinct  sterile  organizations.  In  gastroscopy  with 
the  lens  system  gastroscope  the  procedure  is  the 
same.  The  open  tube  is  passed  by  sight  and  a  local 
examination    of    the    stomach    is    made.     Then    the 


Fig.  2111. — Indirect  View  toward  the    Fundus  with   the   Janeway 
Lens-system   Gastroscope. 

large  lamp  and  the  lens  system  are  inserted,  the 
stomach  inflated  with  air  or  oxygen  and  a  view  ob- 
tained to  the  right  or  the  left  according  to  the  direction 
in  which  the  window  of  the  lens  system  is  placed. 
Orientation  with  a  lens  system  is  not  eas\';  therefore 
the  direction  of  the  window  as  indicated  by  a  fixture 
on  the  proximal  end  of  the  lens  carrier  should  be  con- 
stantly kept  in  mind.  Good  illustrations  of  the 
excellent  views  obtained  through  the  Janeway  gastro- 
scopic  lens  system  are  shown  in  Figs.  2111  and  2112. 
For  the  taking  of  specimens  of  tissues  or  secretions, 


Fig.  2112. — View  in  the  Direction  of  the  Pylorus  with  the  Janeway 
Lens-system  Gastroscope. 

probing,  palpating,  wiping,  etc.,  the  open  tube  is 
required.  If  during  a  lens  system  examination  such 
manipulations  are  needed  the  stomach  is  deflated, 
the  lens  system  removed  and  the  suspicious  spot 
searched  for.  For  the  taking  of  a  specimen  of 
tissue  an  extension  of  the  author's  forceps,  E,  Fig. 
2099,  is  exceUent.  The  results,  dosage,  screening,  etc., 
of  radium   in  its  gastroscopic   applications   are  the 
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same  as  mentioned  above  for  esophageal  cancer. 
The  open  tube  esophagogastroscope,  H.  Fig.  2090,  is 
best  for  these  applications.        Chevalier  J.wkson. 
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Esophagus,  Anatomy,  Histology,  and  Develop- 
ment of  the. — The  esophagus  is  the  first  portion  of 
the  tubus  digestorius.  It  is  a  musculomembranous 
tube  which  extends  between  the  pharynx  above  and 
the  ventriculus  below. 
It  varies  in  length  from  j 

twenty   to    thirty-five 
centimeters. 

It  begins,  as  the 
continuation  of  the 
pars  laryngea  pharyn- 
gis,  behind  the  carti- 
lago  cricoidea  at  the 
level,  in  the  adult,  of 
the  lower  border  of  the 
sixth  cervical  x'ertebra, 
passes  down  w  a  r  d 
through  the  spatium 
mediastinale  posterius 
in  the  thorax,  then 
through  the  hiatus 
esophageus  diaphrag- 
matis  into  the  cavum 
abdominis  and  opens 
at  the  level  of  the  tenth 
or  eleventh  thoracic 
vertebra  into  the  car- 
dia  ventriculi. 

By  means  of  casts 
of  the  lumen  of  the 
esophagus  there  can  be 
recognized  both  trans- 
verse flexures  (to  the 
right  and  to  the  left) 
and  sagittal  flexures, 
which  correspond  to 
the  flexures  of  the 
columna  vertebralis. 
The  sagittal  flexures 
occur  with  great  regu- 
larity, while  the  trans- 
verse flexures,  though 
in  general  quite  con- 
stant, may  vary  in  posi- 
tion and  extent. 

By  referring  to  Fig. 
2114  it  will  be  seen  that 

at  its  beginning  the  esophagus  lies  in  the  midline,  but 
it  soon  bends  to  the  left  and  reaches  its  maximum 
curvature  at  the  level  of  the  third  cervical  vertebra. 
.\t  the  level  of  the  fourth  cervical  vertebra  where  the 
arch  of  the  aorta  crosses  the  esojjhagus  it  has  regained 
the  midline  position  which  it  maintains,  with  a  slight 
curvature  to  the  right,  as  far  as  the  seventh  thoracic 
vertebra,  where  it  again  bends  to  the  left  of  the  midline 
in  order  to  join  the  cardia  ventriculi  at  the  level  of  the 
eleventh  thoracic  vertebra. 

For  general  purposes,  however,  the  esophagus  can 
be  considered  a  straight  tube;  that  is  in  passing  a  sound 
no  account  need  be  taken  of  its  flexures. 


Inferior 
constriction 


Fig.  2113. — Esophagus  from  in 
Front,  with  the  Constrictions  and 
Dilatations.  Median  line  dotted. 
From  a  21  year  old  male  subject 
in  which  the  esophagus  had  been 
hardened  in  situ  by  the  injection  of 
formalin  into  the  arteries.  (After 
Corning.) 
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The  esophagus  can  be  subdivided  into  three 
portions:  pars  cervicalis,  pars  thoracahs,  and  pars 
abdoniinalis.  The  pars  cervicalis  extends  from  the 
sixth  cervical  vertebra  to  the  second  thoracic  vertebra; 
the  pars  thoracalis  extends  from  the  second  thoracic 
vertebra  to  the  eighth  or  the  upper  bortler  of  the 
ninth  thoracic  vertebra  where  it  enters  the  hiatus 
esophageus  of  the  diaphragm;  the  pars  abdominalis 
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Fro.  2114. — Th^  Structures  wathin  the  Mediastinum  and  the  Neck  after  ]{cnioval  of 
the  Columna  Vertebralis  and  the  Posterior  Portion  of  the  Cavum  Thoracis.  Viewed  from 
behind.  The  structures  were  fixed  in  situ  by  injecting  formalin  into  the  arteries.  From  a 
23  year  old  male  subject.  (After  Corning.)  1,  Pars  cerWcalis  truncus  s.vmpathicus: 
2,  N.  vagus  dexter;  3,  A.  carotis  communis  dextra:  4,  V.  jugularis  interna;  5,  plexu-s 
brachialis;  6,  A.  3ubcla\'ia  dextra:  7.  N.  recurrens;  S,  V.  cava  superior;  9.  X,  azygos;  10, 
bronchus  dexter;  11,  ramus  dexter  arterise  pulmonalis:  12,  Vv.  pulmonales;  13,  M.  scalenus 
anticus;  14,  A.  subclavia  sinistra;  15,  A.  et  V.  subclavia  sinistra;  16,  N.  vagus  sinister; 
17,  N.  vagus  dexter:  IS,  ductus  thoracicus;  PH.  pharynx:  TH,  glaodula  thyreoidea; 
E,E',  superior  and  middle  constrictions  of  the  esophagus. 


extends  from   the   hiatus   esophageus  to   the   cardia 
ventrieuli. 

The  esophagus  varies  in  diameter  according  to  the 
height  at  which  it  is  examined.  Mouton,  who 
obtained  his  measurements  from  plaster  casts  of  the 
lumen,  says  that  the  esophagus  varies  from  seven  to 
twenty-two  millimeters  in  diameter.  These  figures 
do  not  correspond  to  those  obtained  from  the  living 
subject.  Corning  obtained  from  bodies  which  had 
been  fixed  by  injecting  formalin  into  the  arteries  a  set 


of  measurements  which  may  be  taken  a«  the  normal 
(Fig.  21  lU;.  Merkel  states  that  the  position  of  the 
head  has  an  important  bearing  on  the  size  of  the 
esoph.igus,  especially  in  the  cervical  region,  bciidinK 
the  head  backward,  flattening  anrl  at  the  same  time 
narrowing  the  lumen  of  the  esophagus. 

While  constrictions  and  dilatatif)ns  have  bct-n 
observed  in  nearly  all  portions  of  the  e-sophagus  there 
are  three  fairly  con.stant  j»r)int«  at 
which  constrictions  are  found  ami 
alternating  with  these  constric- 
tions are  two  dilatations  (Fig. 
2113).  The  first  constriction  ia 
at  the  beginning  of  the  pars  cervi- 
calis; the  .second  Ls  behind  the 
bifurcatio  trachea-,  at  the  level  of 
the  fourth  thoracic  vertebra, 
where  the  arcus  aortas  crosaea 
the  esophagus;  the  third  constric- 
tion occurs  in  that  jiortion  of  the 
esophagus  which  p.-Lsses  through 
the  hiatus  esophageus  of  the  dia- 
phragm to  enter  the  abdomen. 

Immediately  folhjwing  the 
superior  constriction  is  the  supe- 
rior dilat.ation.  This  extends 
through  the  lower  cervical  and 
u])per  thoracic  regions  and  shows 
a  well-marked  curvature  toward 
the  left  (Figs.  2113,  2114)  which 
terminates,  at  the  level  of  the 
fourth  thoracic  vertebra,  in  the 
middle  constriction.  The  second 
dilatation  extends  from  the  fourth 
to  the  ninih  thoracic  vertebra  and 
terminates,  at  the  hiatus  esoph- 
ageus, in  the  inferior  constriction. 
A  second  curv;ituro  of  the  esoph- 
agus to  the  loft  begins  about  the 
level  of  the  seventh  thoracic  ver- 
tebra and  continues  to  the  end  of 
the  esophagus. 

Foreign  bodies  entering  the 
esophagus  may  lodge  in  the  first 
constriction  and,  as  this  is  situ- 
ated at  the  level  of  the  cartilago 
cricoidea,  can  be  removed  with 
little  difficulty  by  operation.  If 
they  pivss  the  first  constriction 
they  are  most  liiible  to  stop  at  the 
second  constriction.  This  is  at 
the  level  of  the  second  rib,  so  the 
foreign  body  is  either  at  the  root 
of  the  neck  or  just  below  the  in- 
cisura  jugularis  of  the  sternum. 
If  the  foreign  body  pa-sses  the  first 
and  .second  constriction  it  will 
probably  jj.ass  the  third,  because 
this  is  largely  caused  by  the  dia- 
phragm and  it  relaxes  to  allow  the 
foreign  body  to  enter  the  stomach. 
Me.asured,  with  the  head  mid- 
w.ay  between  ffoxion  and  exten- 
sion, the  first  constriction  is 
situated  fifteen  centimeters,  the 
second  constriction  about  twenty- 
five  centimeters  and  the  third 
constriction  approximately  thirty- 
eight  centimeters  from  the  incisor  teeth.  In  the 
cadaver  tlie  two  upper  constrictions  can  bo  dilate*! 
to  eighteen  or  nineteen  millimeters  and  the  lower 
constriction  to  twenty-two  millimolers  in  diameter. 
Some  portions  of  the  esophagus  are  capable  of  being 
dilated  to  thirty-five  millimeters,  but  these  fitniros 
should  be  applied  with  caution  to  the  li\nng  indi- 
vidual. As  a  minimal  measurement  of  the  esophagus, 
twelve  millimeters  in  diametej  may  be  considcrcti 
the  lowest  normal  figure. 

109 


Esophagus,  Anatomy  of 


REFERENCE    HANDBOOK   OF   THE    MEDICAL    SCIENCES 


"The  most  frequent  seat  of  carcinoma  of  the  esopha- 
gus is  the  middle  third,  where  it  bends  somewhat  to 
the  left  and  is  situated  between  the  aorta  and  the 
beginning  of  the  left  bronchus  which  presents  its 
cartilaginous  wall,  rather  than  its  membranous  por- 
tion, toward  the  esophagus.  The  esophagus  itself 
diminishes  in  diameter  in  this  region  and  its  mucosa 
would,  therefore,  be  more  subject  to  abrasion  at  this 
point  during  the  act  of  deglutition  and  to  continued 
irritation  following  the  abrasion"  (Miller). 

Blood-%'essels. — Arteries. — In  the  neck  the  esopha- 
gus receives  numerous  small  branches  (rami  esoph- 
agei)  from  the  inferior  thyroid  (arteria  thyreoidea  in- 
ferior) ;  in  the  thorax,  arteria-  esophagece  from  the  aorta 
thoracalis,  also  some  small  branches  from  the  arteria; 
bronchiales;  in  the  abdomen,  branches  (rami  esoph- 
agei)  from  the  left  gastric  artery  (arteria  gastrica 
sinistra)  and  occasionally  some  small  branches  from 
the  left  inferior  phrenic  (arteria  phrenica  inferior). 

Veins. — The  veins  form  a  plexus  on  the  exterior  of 
the  esophagus;  from  this  plexus  branches  pass,  in  the 
upper  portion  of  the  esophagus,  to  the  vena  azygos  and 
to  the  vena  thyreoidea  superior  and  th^-reoidea  inferior; 
in  the  lower  jiortion,  to  the  vena  coronaria  ventriculi. 

Bv  means  of  this  varied  distribution  of  its  veins  the 
blood  returned  from  the  esophagus  is  discharged,  on  the 
one  hand,  into  the  systemic  circulation,  on  the  other 
hand,  into  the  portal  circulation. 

L'i'MPHATics. — According  to  Sakata  there  are  in  the 
esophagus  two  networks  of  Ij-mphatics,  one  of  which 
is  situated  in  the  tunica  mucosa,  the  other  in  the 
tunica  museularis.  Sakata  states  that  these  two  net- 
works do  not  communicate  with  each  other  in  the 
human  esophagus;  on  the  other  hand,  in  the  dog  such 
communication  exists,  and  it  is  probable  that  in 
complete  injections  of  the  lymphatics  of  the  human 
esophagus  communications  between  the  two  networks 
would  be  found.  The  lymphatics  arising  in  the 
esophagus  pass  to  the  inferior  set  of  deep  cervical 
glands  in  the  neck  (lymphoglanduls  cervicales 
profunda'  inferiores)  and  "to  the  posterior  mediastinal 
glands  in  the  thorax  (lymphoglandules  mediastinales 
posteriores. 

NEm'ES. — In  the  neck  the  esophagus  receives  its 
innervation  from  the  nervus  vagus  by  the  way  of  the 
nervus  recurrens;  in  the  thorax  and  abdomen  the 
innervation  is  from  the  nervus  vagus  and  the  systema 
nervorum  sympathicum  (Fig.  2114). 

Topographical  Anatomy. — Pars  Cervicalis. — The 
pars  cervicalis  extends  from  the  sixth  cervical  vertebra 
to  the  second  thoracic  vertebra.  It  is  attached  by 
loose  connective  tissue  to  the  fascia  praevertebralis, 
which  covers  the  anterior  surface  of  the  cervical  and 
thoracic  vertebra;  and  also  the  MM.  longi  colli  et 
capitis. 

The  pars  cervicalis  and  the  pars  thoracalis,  as  far 
as  the  fourth  thoracic  vertebra,  are  covered  ventrally 
by  the  trachea  (Fig.  211.5).  Loose  connective  tissue 
extends  between  the  esophagus  and  the  pars  mem- 
branacea  of  the  trachea.  By  means  of  the  loose 
connective  tissue  surrounding  the  esophagus  a  cer- 
tain amount  of  lateral  displacement  or  tortion  is 
possible.  In  the  interval  between  the  trachea  and 
esophagus  may  be  found  on  each  side  the  nervus 
recurrens,  the  left  being  the  more  superficial  of  the 
two,  the  right  being  completely  covered  by  the  trachea 
(Fig.  2115).  On  each  side  the  lobi  laterales  of  the 
glandulae  th\Teoidese  may  come  in  contact  with  the 
pars  cervicalis. 

The  pars  cervicalis  does  not  lie  in  the  midline,  but 
bends  so  far  to  the  left  that  its  border  projects  be- 
yond that  of  the  trachea,  making  it  more  accessible 
for  operative  procedures  than  the  right  side. 

The  AA.  carotides  communes  are  situated  at  an 
increasing  distance  from  the  esophagus  the  higher 
they  are  followed  in  the  neck,  untU,  at  the  level  of 


the  lower  border  of  the  cartilago  cricoidea,  the  lobi 
laterales  of  the  glandula;  thyreoidea?  are  interposed  be- 
tween the  arteries  and  the  esophagus  (Fig.  2114). 
The  left  A.  carotis  communis  crosses  the  esophagus 


Fig.  A,  at  level  of  su- 
perior part  of  the 
1st  thoracic  vertebr.-!, 
shows  the  chief  rela- 
tions of  the  esoph- 
agus in  the  neck  and 
also  its  divergence  to 
the  left. 


15T  DORSAL  V. 


3'.**  DORSAL  V 


Fig.  B,  at  tbe  3d  thoracic 
vertebra,  shows  the 
thoracic  duct  I^nng  on 
the  left  side  of  the 
esophagus. 


In  Fig.  C,  at  the  level  of 
the  5th  thoracic  ver- 
tebra, the  left  bronchus 
is  seen  in  relation  to 
the  anterior  surface  of 
the  esophagus. 


Fig.  D,  at  the  level  of 
the  Sth  thoracic  verte- 
bra, shows  the  per- 
icardium lying  on  the 
anterior  surface  of  the 
esophagus. 


Fig.  E,  at  the  9th  thor- 
acic vertebra,  shows 
the  esophagus  inclin- 
ing to  the  left  just 
before  piercing  the  dia- 
phragm. 


■"*  DORSAL  V. 


Fig.  2115. — Tracings  from  Frozen  Sections  to  show  the  Rela- 
tions of  the  Esophagus  at  the  Levels  of  the  1st,  3d,  Sth,  Sth,  and 
9th  Thoracic  Vert«bne.  respectively.  A,  Aorta;  CA.,  carotis 
communis;  D,  diaphragm;  LB,  bronchus  sinister;  LC,  A.  sub- 
cla\-ia  sinistra;  LR,  N.  recurrens  sinister;  LV.  N.  X'agus  sinister; 
Oe,  esophagus;  P.  pleura;  Pc,  pericardium;  RB,  bronchus  dexter; 
RR,  N.  recurrens  dexter;  RV.  N.  vagus  dexter;  T,  trachea;  TD, 
ductus  thoracicus;  VA,  V.  azygos.     (From  Cunningham.) 
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(Fig.  2116)  at  the  level  of  the  second  thoracic  ver- 
tebra, and  at  the  level  of  the  sixth  cervical  vertebra 
both  Aa.  carotides  communes  are  situated  about 
twelve  millimeters  from  the  esophagus.  The  arteria 
thyreoidea  inferior  extends,  on  each  side,  along  the 
lateral  border  of  the  pars  cervicalis  to  the  glanduhc 
thjTeoidea".  The  trunci  sympathici  are  situated,  one 
on  either  side,  about  one  centimeter  from  the  lateral 
border  of  the  esophagus  in  or  under  the  fascia  pra;- 
vertebralis. 

Pars  Thoracalis. — The  pars  thoracalis  extends  along 
the  anterior  border  of  the  corpora  vertebrie  from  the 
second  thoracic  vertebra  to  the  eighth  or  the  ninth 


Fig.  2116. — Topography  of  the  Esophagus,  Trachea,  Xn.  Vagi 
and  .\orta.  Viewed  from  in  front,  (.\fter  Corning.)  1,  -\. 
carotis  communia  sinistra;  2,  N.  recurrens;  3,  esophagus;  4,  A. 
8ubcla\'is  sinistra;  3,  N.  vagus  sinister;  6.  .\rcus  aortse;  7,  N. 
recurrens  sinister;  8.  bronchus  sinister:  9,  N.  vagus  sinister;  10. 
Aorta  thoracalis;  11,  A.  carotis  communis  dextra;  12,  X.  vagus 
dexter;  13,  A.  subcla\'ia  dextra;  14,  A.  anonyma;  15.  X.  recurrens 
dexter;  16,  bronchus  dexter;  17,  X.  vagus  dexter;  IS,  esophagus. 

thoracic  vertebra,  gradually  increasing  its  distance 
from  the  columna  vertebralis  until,  where  it  passes 
into  the  hiatus  esophageus,  there  is  an  interval  be- 
tween the  two  of  from  two  to  three  centimeters. 
The  aorta  is  situated  at  first  to  the  left  of  the  esopha- 
gus, but  gradually  approaches  the  midline  passmg 
dorsal  to  the  esophagus  in  the  interval  between  it 
and  the  seventh  or  ninth  thoracic  vertebra  and  reach- 
ing the  midline  position  as  it  passes  through  the  hia- 
tus aorticus  (Figs.  2114,  211.5  and  2116).  The  rela- 
tion  between  the  esophagus  and  aorta  is,  however. 


subject  to  much  variation,  but  the  above  described 
course  may  be  taken  us  the  normal. 

The  arteria;  interco.stales  dextra-,  which  arise  from 
the  aorta  thoracalis,  cro.ss  the  corpora  vertcbrif  dor- 
sal to  the  esophagus;  they  also  cross  the  ductus 
fhoracicus  which  lies  in  the  groove  between  the  aorta 
and  esophagus  and  in  the  upper  part  of  the  thorax 
betw-een  the  esophagus  and  the  arteria  subclavia  sin- 
istra (Fig.  2114).  On  the  other  hand,  the  arteria! 
intercostales  sinister  have  no  relation  to  the  csophaguD. 

Ventrally  the  iiars  thoracalis  is  covered  by  the 
trachea  (Fig.  211.5)  as  far  as  the  fourth  thoracic 
vertebra.  At  this  level  the  left  margin  of  the  esopha- 
gus comes  into  relationship  with  the  arcus  aorta> 
and  at  a  slightly  higher  level  with  the  arteria  carotis 
sinister  and  the  arteria  subclavia  sinister  (Fig.  2116). 

Below  the  bifurcatio  trachece  the  esophagus  i.s  in 
contact  with  that  portion  of  the  pericardium  whir-h 
corresponds  to  the  atrium  sinistrum.  At  thLs  level 
the  trunks  of  the  ncrvi  vagi,  which  have  emerged  from 
behind  the  two  main  bronchi,  join  the  esophagus. 
The  nervus  vagus  dexter  jja.sses  along  the  ilor,«;d  wall 
of  the  esophagus  accompanying  it  through  the  hiatus 
esophageus,  and  forms  on  the  posterior  surface  of  the 
curvatura  minor  the  plexus  gastricus  posterior.  The 
nervus  vagus  sinister  passes  along  the  left  and  anterior 
wall  of  the  esophagus  accompanying  it  through  the 
hiatus  esophageus  and  forms  on  the  anterior  surface 
of  the  curvatura  minor  ventriculi  the  plexus  gastricus 
anterior. 

In  the  upper  part  of  the  thorax  only  a  portion  of  the 
left  border  of  the  esophagus  comes  in  contact  with  the 
pleura  mediasf  inalis.  It  is  not  again  in  contact  with 
the  pleura  mediastinalis  until  just  before  it  passes 
through  the  hiatus  esophageus  where  it  is  covered  by 
the  pleura  mcdi.astinalis  sinistra.  On  the  right  side 
it  is  not  until  the  esophagus  has  reached  a  level  below 
the  radix  pulmonis  that  its  right  border  and  a  por- 
tion of  its  dorsal  surface  is  covered  by  the  pleura 
mediastinalis. 

Many  variations  from  the  above  description  are 
met  with.  The  .absence  of  a  dorsal  investure  by  the 
pleura  mediastinalis  on  the  left  side  makes  the  esopha- 
gus more  accessible  by  operation  than  on  the  right 
side  because  the  pleura  mediastinalis  is  more  cjisily 
displaced. 

Pars  Abdominalis. — This  extends  from  the  hiatus 
esophageus  to  the  cardia  ventriculi.  It  measures 
from  two  to  three  centimeters  in  length.  It  is  con- 
nected with  the  border  of  the  hiatus  esophageus  by 
means  of  loose  connective  tissue  and  is  completely 
surrounded  by  the  peritoneum.  It  is  in  contact 
dorsally  with  the  crus  mediale  sinister  of  the  dia- 
phragm, ventrally  with  the  lobus  caudatus  and  the 
lobus  sinister  of  the  liver.  On  the  facies  posterior  of 
the  latter  it  gives  rise  to  the  impressio  esophagea. 

The  arteria  phrenica  inferior  sinister  as  it  passes  from 
the  aorta  to  the  diaphragm  is  situated  dorsal  to  the 
pars  abdominalis.  The  nervus  vagus  dexter  extends 
along  the  dorsal  surface,  the  nervus  vagus  sinister 
along  the  ventral  surface  of  the  pars  abdominalis. 

V.\RiATioxs. — Corning  states  that  v.ariations  of  the 
esophagus  may  be  caused  by:  (1)  Changes  due  to  age; 
(2)  individual  variations; "(3)  physiological  changes 
in  position  due  to  pressure.  It  will  be  seen  that  the 
above  factors  cause  changes  in  the  diameter,  cur\-es 
and  distensibility  of  the  esophagus  and  may  be  in- 
trinsic or  extrinsic. 

Malformations  of  the  esophagus  are  occasionally 
met  with  as,  for  example,  a  double  esophagus  or  an 
absence  of  the  esophagus.  Congenital  diverticula 
are  also  found,  but  as  yet  no  s.atisfactory  explanation 
has  been  offered  as  to  their  origin.  In  a  few  rare 
instances  a  congenital  fistula  may  be  present,  con- 
necting the  esophagus  and  trachea. 

De\-elopmext. — The  esophagus  is  developed  from 
that  part  of  the  primitive  foregut  which  is  situated 
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between  the  pharynx  anteriorly  and  the  ventricuhis 
posteriorly.  Like  the  remaining  portion  of  the  tubus 
cligestorius  its  epithelium  is  of  enclodermal  origin 
while  its  muscle  and  connective  tissue  are  of  mesoder- 
mal origin. 

In  its  earliest  stage  of  development  the  esophagvis 
includes  the  anlage  of  the  trachea;  by  the  third  weelv 
of  embryonic  life  the  trachea  ("lung  bud")  appears 
as  a  separate  growth,  having  been  constricted  otf  from 
the  ventral  side  of  the  esophagus. 

The  esophagus  grows  rapidly.  Hammar  found 
in  an  embryo  five  millimeters  long  that  it  was  0.4.5 
millimeter  in  length  and  that  in  an  embryo  ten  milli- 
meters long  it  was  two  millimeters  in  length;  that  is 
while  the  esophagus  had  increased  in  length  nearly 
five  times,  the  embryo  had  only  doubled  its  length. 

The  older  embryologists  described  the  esophagus 
as  having,  in  its  earliest  stage  of  development,  an 
open  lumen.  This  stage  was  followed  by  one  in 
which  the  lumen  was  wholly  or  in  part  obliterated 
which  was,  in  its  turn,  succeeded  by  a  reopening  of  the 
lumen  of  the  esophagus.  Forssner,  Schridde,  and 
Johnson  have  studied  the  development  of  the  esopha- 
gus and  have  failed  to  find  an  occlusion  of  the 
esophagus  at  any  stage  of  development.  The  latest 
work  available  is  that  of  Johnson  and  I  shall  draw 
freely  from  his  paper  in  the  following  description. 

In  embryos  of  sixteen  millimeters  the  esophagus 
has  increased  not  only  in  length  but  also  in  breadth. 
The  upper  end  is  the  larger  and  of  irregular  outline, 
while  the  lower  end  is  smaller  and  of  an  oval  out- 
line. The  mesenchyme  which  surrounds  the  epi- 
thelial tube  is  itself  surrounded  by  a  narrow  ring  of 
myoblasts  which  later  develop  into  the  stratum 
circulare  of  the  tunica  muscularis. 

In  embryos  of  nineteen  millimeters  "the  epithelial 
tube  is  now  irregular  in  outline  and  presents  within 
its  walls  numerous  small  cavities  or  vacuoles." 
Some  of  these  vacuoles  open  directly  into  the  lumen 
of  the  esophagus  while  others  are  situated  wholly 
within  the  epithelium  (Fig.  2117,  1  a).  These 
vacuoles  are  most  numerous  in  the  lower  portion  of 
the  esophagus. 

In  a  22.8  milimeter  embryo  Johnson  found  that  the 
esophagus  was  nearly  twice  the  diameter  of  that  in 
the  nineteen  millimeter  embryo.  The  vacuoles  were 
increased  in  number  (Fig.  2117,  1  b)  and  communi- 
cated not  only  with  the  lumen  of  the  esophagus  but 
also  showed  a  tendency  to  become  confluent.  From 
this  stage  on  the  vacuoles  gradually  disappear,  be- 
ginning from  above  and  progressing  downward,  until 
in  embryos  of  thirty-seven  millimeters  they  have  en- 
tirely disappeared. 

These  vacuoles  were  first  described  by  Schultze, 
and  have  been  noted  b.v  Kreuter,  Forssner  and 
Schridde.  The  significance  of  the  vacuoles  is  summed 
up  as  follows  by  Johnson:  "Two  results  of  vacuola- 
tion  are,  therefore,  a  destruction  of  the  more  superficial 
layers  of  cells,  and  an  increase  in  the  size  of  the 
lumen  of  the  esophagus." 

The  epithelial  tube  is  thrown  into  longitudinal 
folds  at  an  early  stage  of  development.  There  are 
usually  four  primary  folds  between  which  there  are 
later  developed  smaller  secondary  folds.  A  dorsal 
fold  is  the  first  to  develop  and  this  is  soon  followed 
by  a  ventral  fold.  The  second  pair  of  primary  folds 
develop  from  below  upward.  The  secondary  folds 
are  less  constant  in  position  and  size  than  the  primary 
folds  (Fig.  2117,  2,  3,  4  and  5). 

The  esophagus  is  lined  with  stratified  squamous 
epithelium;  but  in  embryos  of  the  fourth  or  fifth 
month,  and  up  to  the  time  of  birth,  islands  of  ciliated 
columnar  epithelium  are  found  scattered  throughout 
its  length  especially  along  the  surface  of  the  folds. 

Johnson  found  in  embryos  of  sixteen  millimeters 
that  the  stratum  circulare  of  the  tunica  muscularis 
was  beginning  to  be  differentiated.  Schridde  states 
that  in  embryos  of  12.4  millimeters  both  the  stratum 
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circul.are  and  the  stratum  longitudinalc  are  wcU 
marked  and  that  the  stratum  longitudinale  (the  last 
to  be  developed)  is  well  develojjed  throughout  the 
entire  extent  of  the  esophagus  in  embryos  of  twenty- 
one  millimeters.  The  lamina  muscularis  mucosas 
is  a  later  development  and  is  not  well  defined  until 
the  embryo  rearches  a  length  exceeding  ninety  milli- 
meters. 

At  the  upper  end  of  the  esophagus  the  smooth 
muscle  is  replaced  by  striated  muscle.  The  develop- 
ment of  this  mucle  has  been  studied  bv  McGUl  and 


Fig.  2117. — Wax  Reconstructions  of  the  Epithelium  of  the 
Esophagus.  1,  Showing  vacuoles;  a,  human  embryo  of  19  ram. 
with  discrete  vacuoles:  b.  human  embryo  of  22. S  mm.  in  which  the 
vacuoles  have  become  confluent  and  some  of  them  open  into  the 
lumen  of  the  esophagus;  2,  from  a  human  embryo  of  37  mm. 
shows  single  dorsal  fold;  3,  from  a  human  embryo  of  42  mm. 
shows  dorsal  and  ventral  folds;  also  beginning  lateral  folds;  4, 
from  a  human  embryo  of  55  mm.  shows  Greek  cross  stage;  5, 
from  a  human  embryo  of  120  mm.  shows  four  primary  and'  four 
secondary  folds;  the  so-called  Maltese  stage,      (.\fter  Johnson.) 

the  results  ma}'  be  summed  up  as  follows:  "The 
smooth  and  the  cross-striated  muscle  of  the  esophagus 
arise  from  a  common  mesenchymal  eyncytium.  In 
the  early  stages,  up  to  the  time  when  the  cross-stria- 
tions  form,  both  ti-ssues  appear  identical  in  structure^ 
The  striated  muscle  of  the  esophagus  seems  to  be 
only  a  further  differentiation  of  smooth  muscle. 
No  transitional  forms  between  the  two  tissues,  how- 
ever, were  found  in  the  adult  esophagus." 

HisTOLOGT. — The  walls  of  the  esophagus  are  com- 
posed of  four  coats  (Fig.  2118;  which  named  from 
within  outward  are:  (1)  tunica  mucosa;  (2)  tela 
submucosa;  (3)  tunica  muscularis;  (4)  tunica  ad- 
ventitia.  The  tunica  adventitia  is  replaced  in  the 
pars  abdominalis  by  a  tunica  serosa. 
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Fig.  211S. — Transverse  Section  of  the  Esophagus.  (After  Stohr.)  1, 
Tunica  mucosa  with  its  stratified  squamous  epithehum  (2),  and  its  lamina 
propria  (,3);    4.  lamina   muscularis    mucosae;    5.  tela  submucosa:    6,  tunica 

muscularis    with    its    stratum    circulare    (7),  and  its  stratum  longitudinale     the  posterior  surface  of  the  Cricoid  cartilage 
(8):     9.  tunica  adventitia:     10.  vlandulffi  esophageae  (mucous  glands) ;    11,      (Cunningham). 


before  cnterinK  tlje  cpiihcljiiin  tliii.2\}'J). 
The  ducts  and  their  dilatatioM.s  are  lined  uitti 
simple  columnar  cpitheliiini,  thouxh,  ju«t  heforo 
they  open  on  the  surface,  the  Mtratified  squa- 
mous epithelium  of  the  esophagus  may  be  con- 
tinued into  them  for  a  short  rlistance.  The 
glands  of  the  upper  group  are  srjmetimes  desig- 
nated as  "the  superficial  e«o|)haKcal  glanrls 
of  Hewlett,"  sometimes  a.s  "the  upper  cardiac 
glands  of  Schaffer."  The  glands  of  the  lower 
group  are  called  "th(;  esophageal  cardiac 
glands."  They  resemble  the  glands  of  the 
same  name  found  at  the  carflia  ventriculi.  They 
arc  mucous  secreting  glands  fIJensley). 

The  Intiica  muscutari.s  crjnsists,  except  in  the 
upper  third,  of  smooth  muscle  arranged  a.s  a 
stratum  circulare  and  a  stratum  longitudinale 
{  Fig.  2 1  IS;.  The  two  strata  resemble  in  .struc- 
ture and  arrangement  the  tunica  muscularis  of 
the  digestive  tract  (see  article  in  \'olume  111.), 
except  that  here  each  stratum  is  much  thicker. 

In  the  e.xtreme  up|)er  portion  of  the  esopha- 
gus only  striated  muscle  fibers  are  present. 
Boon  bundles  of  snKjoth  muscle  are  found  inter- 
mingled with  the  striated  muscle  and  in  the 
lower  two-thirds  only  smooth  muscle  is  present. 

In  the  upper  third  (Fig.  2120)  "the  longi- 
tudinal fibers  of  each  side,  separating  at  the 
back,  pass  round  toward  the  anterior  aspect 
and  form  two  longitudinal  bands  which  run 
up  on  the  front  of  the  tube,  and  are  attached 
by  a  tendinous  band  to  the  superior  part  of 


nodulus  lymphaticus;  12,  group  of  fat  cells. 

Tunica  Mucosa. — The  tunica  mucosa  can  be  divided 
into  an  outer  layer  of  stratified  scjuamous  epithelium 
and  an  inner  layer,  composed  of  white  fibrous  connec- 
tive tissue  and  a  few  elastic  fibers,  the  lamina  propria 
(Fig.  2118). 

In  sections  cut  transverse  to  the  long  axis  of  the 
esophagus  the  tunica  mucosa  is  usually  found  thrown 
into  longitudinal  folds  or  ruga;  and  minute  papillae 
project  from  the  lamina  propria  into  the  epithelium 
(Fig.  2118).  A  thin  layer  of  smooth  muscle,  the 
lamina  muscularis  mucosa,  forms  the  outer  boundary 
of  the  tunica  mucosa  (Fig.  2118).  This  is  composed 
of  bundles  of  smooth  muscle  arranged  longitudinally. 
It  is  ill  defined  in  the  upper  part  of  the  esophagus  but 
as  the  pars  thoracalis  is  approached  it  becomes  more 
distinct.  The  lamina  muscularis  mucosa^  of  the  esoph- 
agus differs  from  that  in  the  remaining  portion  of  the 
tubus  digestorius  in  that  it  contains  only  longitudinal 
bundles  while  both  longitudinal  and  circular  bundles 
are  present  in  the  other  portions. 

Noduli  lymphatici  are  frequently  found  in  the 
tunica  mucosa;  they  are  larger  and  often  have  a  well 
marked  germ  center  in  the  lower  portion  of  the 
esophagus. 

The  tela  submucosa  (Fig.  2118)  consists  of  loosely 
arranged  bundles  of  white  fibrous  connective  tissue 
and  elastic  fibers,  which  connect  on  the  one  hand  with 
the  connective  tissue  in  the  tvmica  muscularis  and  on 
the  other  hand  wdth  the  connective  tissue  between  the 
bundles  of  smooth  muscle  in  the  lamina  muscularis 
mucosa'.  Scattered  groups  of  fat  ceUs  are  also  found 
in  the  tela  submucosa. 

Two  varieties  of  glands  (glandulae  esophageffi)  are 
found  in  the  esophagus.  The  first  consists  of  mucous 
glands  which  are  situated  in  the  tela  submucosa  with 
their  ducts  passing  through  the  lamina  muscularis 
mucosae  to  open  on  the  surface  of  the  epithelium. 
The  second  variety  of  glands  are  situated  in  the  lamina 
propria  of  the  tunica  mucosa  and  are  found  in  the 
extreme  upper  and  lower  portions  of  the  esophagus. 
The  glands  are  of  the  branched  tubular  type.  Their 
ducts  often  show  dilations  of  greater  or  less  size  just 
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The  stratum  longitudinale  of  the  esophagus  is 

often  joined  by  narrow  strips  of  smooth  muscle, 

two  of  which  are  not  uncommon.     These  are  known 

as    the    M.   bronchoesophageus    and    M.  pleuroeso- 

phageus.      The     M.    bronchoesophageus    is    a    thin 


* ;  ^i>^ 

Fig.  2119. — Part  of  the  Tunica  Mucosa  of  the  Human  Esophainis 
showing  a  Cardiac  Gland  with  a  Dilated  Duct.  I.  .\n  alvpoltu  of 
the  gland:  2.  Lamina  propria  of  the  tunica  muco,«a;  3.  deop  laj-rr 
of  the  epithelium;  4.  columnar  epithelium  Uninfc  the  duct:  5. 
lumen  of  the  duct:  6,  branched  papilla  from  the  lamina  propria 
of  the  tunica  mucosa  projecting  into  the  epithelium,  t.^ftcr 
Bohm  and  DavidofE. 
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triangular  sheet  of  muscle  whieh  is  frotiuently  found 
arising  from  the  posterior  wall  of  the  left  bronchus 
and  passing  downward  is  inserted  into  the  stratum 
longitudinale  of  the  tunica  niuscularis  of  the 
esophagus.  The  M.  pleuroesophageus  arises  from  the 
connective  tissue  in  the  left  half  of  the  eavum  medias- 
tinale  posterins,  at  about  the  level  of  the  seventh 
thoracic  vertebra,  and  extends  along  the  aorta  thora- 
calis  and  is  inserted  like  the  preceding  muscle  into 
the  esophagus  at  a  lower  level.  This  last  muscle  is 
the  more  freciuent  of  the  two. 

The  tunica  adrentilia  consists  of  loosely  arranged 
areolar  connective  tissue  and  serves  to  attach  the 
esophagusto  thesurrounding  structures.  As  has  been 
stated  this  is  replaced  b.v  a  tunica  serosa  in  the  pars 
abdoininalis. 


Loiipitudinal 
fibres  diverging' 


'Trachea 


Fig.  2120. — Dissection  to  show  the  Arrangement  of  the  Muscu- 
lar Fibers  on  the  Posterior  Aspect  of  the  Esophagus  and  Pharynx. 
Traced  upward,  the  longitudinal  muscular  fibers  of  the  esophagus 
are  seen  to  separate  posteriorly;  passing  round  to  the  sides,  they 
form  two  longitudinal  bands  which  meet  anteriorly  and  are  in- 
serted into  the  cartilago  cricoidea.      (From  Cunningham.) 

Blood-vessels. — The  gross  distribution  of  the  ar- 
teries and  veins  has  already  been  given.  Beyond  the 
fact  that  the  larger  vessels  are  found  in  the  tela  sub- 
mucosa  and  that  branches  from  these  pass  on  the 
one  hand  to  the  tunica  mucosa  and  on  the  other  hand 
to  the  tunica  muscularis,  little  is  known  in  regard  to 
the  finer  distribution  of  the  blood-vessels  to  the 
esophagus. 

Lymphatics. — The  gross  distribution  has  been 
described.  Practically  nothing  is  known  at  present 
in  regard  to  their  finer  arrangement  within  the 
esophagus. 

Nerves. — The  nerves  of  the  esophagus  are  derived 
from  the  peripheral  and  the  sympathetic  nervous  sys- 
tems. Branches  of  the  nervus  vagus  are  distributed 
to  the  striated  muscle  of  the  upper  third  while  the 
smooth  muscle  and  glands  receive  their  supply  from 
the  sympathetic.  Between  the  stratum  circulare  and 
the  stratum  longitudinale  of  the  tunica  muscularis 
of  the  lower  two-thirds  of  the  esophagus  the  sj-m- 
pathetic  nerve  forms  a  plexus  which  corresponds  to 
that  found  in  the  same  position  in  the  tunica  mus- 
cularis in  the  "digestive  tract  (see  this  article). 

W.  S.  Miller. 
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Esophagus,  Surgery  of  the. — Surgical  Anatomy 
.VXD  Physiology. — The  esophagus  begins  at  the  lower 
border  of  the  cricoid  cartilage,  opposite  the  lower 
border  of  the  sixth  cervical  vertebra,  and  after  passing 
through  the  hiatus  oesophagi  in  the  diaphragm  ends  in 
the  cardiac  end  of  the  stomach  opposite  the  eleventh 
thoracic  vertebra.  It  averages  about  twenty-five 
centimeters  (10  in.)  in  length  beginning  about  fifteen 
centimeters  (6  in.)  from  the  teeth.  Its  course  through 
the  body  is  not  direct,  inclining  first  to  the  left  in  the 
cervical  portion,  hence  in  doing  esophagotomy  it  is 
more  easily  reached  from  that  side,  it  then  inclines  to 
the  right  reaching  the  median  line  again  opposite  the 
fifth  thoracic  vertebra,  where  it  again  passes  to  the 
left  to  pierce  the  diaphragm  in  front  of  the  aortic 
opening  and  to  the  left  of  the  median  line  opposite  the 
tenth  thoracic  vertebra,  and  ends  entirely  to  the  left 
of  the  median  line  in  the  cardiac  orifice  of  the  stomach. 
It  is  accompanied  through  the  diaphragm  by  both 
vagi  nerves,  and  grooves  the  posterior  surface  of  the 
liver  near  its  termination. 

Its  lumen  varies  and  is  constricted  at  three  points  in 
particular:  (1)  at  its  commencement;  (2)  where  it 
crosses  the  aorta  and  left  bronchus;  and  (.3)  where  it 
passes  through  the  diaphragm.  Its  average  diameter 
is  about  two  centimeters.  Moderate  constriction 
will,  therefore,  be  met  with  fifteen  centimeters,  twenty- 
two  centimeters,  and  thirty-seven  centimeters  from 
the  teeth  line. 

The  arteries  are  branches  of  the  inferior  thjToid, 
posterior  bronchial  and  phrenic  arteries  with  a  few 
direct  branches  from  the  aortic  trunk  and  tributaries 
from  the  coronary  artery  of  the  stomach.  The  blood 
supply  after  reaching  the  gullet  runs  for  the  greater 
part  longitudinally,  which  is  a  point  of  great  impor- 
tance in  the  nutriment  a  transposed  part  receives  subse- 
quent to  e\'ulsion  of  the  organ.  The  veins  empty 
into  the  azygos,  superior  and  inferior  venae  cava;  and 
portal  veins.  The  nerves  are  derived  from  the 
pneumogastric,  laryngeal,  and  sympathetic. 

Relations. — In  the  neck  the  esophagus  passes  over 
the  longus  colli  muscle  and  vertebra:'  behind,  having 
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the  trachea  immediately  in  front;  to  the  left  it  i.s  in 
close  approximation  to  the  carotid  sheath,  the  left 
lobe  of  the  thyroid  and  the  thoracic  duct.  The  left 
recurrent  laryngeal  nerve  is  closer  than  the  right, 
owing  to  the  latter  coming  over  from  the  right  sub- 
clavian artery.  It  lies  on  the  anterior  surface  of  the 
esophagus  near  the  left  edge.  The  right  carotid 
artery  is  farther  away  than  the  left  and  the  right 
inferior  thyroid  artery  is  also  farther  away  owing  to 
the  inclination  of  the  esophagus  to  the  left. 

7/i  the  thorax  the  esophagus  passes  through  the 
superior  mediastinum  between  the  trachea  and  its 
bifurcation  in  front  and  the  aorta  behind.  It  en- 
croaches more  on  the  left  bronchus  than  the  right. 
The  arch  of  the  aorta  and  subclavian  arteries  pass  in 
front  of  it  and  in  the  posterior  mediastinum  the 
pericardium  and  diaphragm  are  anterior  to  it.  Later- 
ally it  is  in  relation  with  the  left  pleura  above  and  the 
right  pleura  below,  the  vena  azygos  major  traverses 
its  right  side  posteriorly.  The  aortic  inch  winds 
around  its  left  side  at  the  root  of  the  lung.  The  right 
vagus  nerve  courses  down  its  posterior  aspect  and  the 
left  vagus  nerve  its  anterior  surface  forming  a  plexus 
on  the  walls.  The  relations  of  the  crura  of  the 
diaphragm  to  the  esophagus  as  it  pireces  this  structure 
are  of  particular  interest  owing  to  the  probable  relation 
they  bear  to  the  etiolog>-  of  idiopathic  esophageal 
dilatation,  or  so-called  cardiospasm. 

Solid  food  is  carried  to  the  cardia  by  peristalsis, 
while  fluids  are  pressed  down  by  the  contraction  fo 
the  mylohyoid  muscles.  The  cardia  is  provided  with 
a  valvular  and  muscular  mechanism  preventing  re- 
gurgitation under  usual  conditions,  but  in  no  way 
interfering  with  entrance  of  material  into  the  stomach. 

Methods  of  Examination. — These  comprise  inspec- 
tion, palpation,  percussion,  auscultation,  pressure 
determination,  sounding,  radiography,  and  esopha- 
goscopy.  The  first  three  are  of  obvious  importance, 
iDut  demand  no  special  consideration.  In  auscultating 
and  esophagus  the  stethoscope  is  placed  in  the 
epigastric  angle  or  along  the  spinal  column  and  on 
liquid  being  swallowed  a  "squirting"  murmur  is  to 
be  heard  almost  immediately  after  the  act  of  swallow- 
ing and  is  followed  normally  in  six  to  seven  seconds  by 
a  "squeezing"  murmur  as  the  food  passes  the  cardia. 
This  latter  sound  is  changed  in  character,  delayed  or 
absent  in  stenoses  or  partial  or  complete  obstructions 
of  the  canal,  and  is  of  great  importance  in  the  diagno- 
sis of  certain  conditions  especiall}-  incipient  carcinoma 
near  or  at  the  cardia. 

Pressure  determination  was  earlier  used  extensively 
to  ascertain  the  size  of  a  dilatation,  or  the  presence  of  a 
spasm  or  paralysis,  but  has  been  completely  replaced 
by  the  data  obtained  from  radiographic  examination. 
Probably  the  most  feasible  method  was  that  devised 
by  Strauss,  in  employing  a  stomach  tube  to  the  lower 
end  of  which  a  rubber  bag  is  attached,  which  after 
introduction  into  the  esophagus  was  distended  and  the 
amount  of  air  used  computed.  Its  deficiencies  are 
chiefly  difficulty  in  introduction  and  the  lack  of 
definite  conclusions  which  can  be  drawn  in  dilatations 
of  small  caliber.  Von  Mikulicz  also  devised  a 
cumbersome  and  expensive  apparatus  which  in  ap- 
plication proved  more  academic  than  practical  in  the 
results  obtained. 

The  use  of  sounds  in  experienced  hands  is  of  great 
value.  Many  varieties  and  modifications  have  been 
introduced,  but  are  usually  applicable  to  individual 
cases  only.  Four  types  which  have  proven  general  in 
the  scope  of  usefulness  are  the  (1)  ordinary  conical- 
tipped  soft  stomach  tubes  of  varying  diameters;  (2) 
solid  flexible  bougies;  (3)  thin  whalebone  bougies  with 
detachable  olive  tips  of  varying  shapes  and  dimen- 
sions; (4)  fenestrated  detachable  olive-tipped  metal 
sound  of  Plunimer,  with  spiral-tip  attachment. 
Among  others  which  have  found  application  may  be 
mentioned    fenestrated    hollow    sounds,    Craw-cour's 


metal  sound  with  spiral,  Leube's  and  .Stun-k's  diver- 
ticulum sounds,  and  many  desiKned  for  thcrupputic 
measures,  as  Schreiber's  dilating  Kound.  or  that  of 
Russell,  Reichman  or  von  Lcube.  Tin-  iinbitinn 
sound  of  Senator  of  Ebstein  for  the  introduction  of 
laminaria  tents,  also  von  Hacker's  appiiratua  for 
introducing  thin  catgut  bougies. 

Technique  of  Diagnostic  SuuruHng. — L'sc  the  largest 
and  softest  .sound  first,  preferably  a  .stomach  tulx-,  no 
lubricant  is  neces.sary,  the  abundant  mucoid  hoctc- 
tions  i)oured  out  into  the  throat  being  suflicient. 
Advance  tube  with  head  in  natural  position  quickly  to 
introitus  of  esophagus.  The  le.>;s  time  given  the  patient 
to  realize  what  is  being  flone  the  more  readily  will  the 
introduction  be  accomplished.  One  nr  two  endeavors 
to  swallow  causes  the  epiglottis  to  clo.fe,  the  muscu- 
lature of  the  upper  gullet  to  relax  anrl  the  back  of  the 
tongue  to  force  the  tip  of  the  entering  tube  into  the 
introitus.  Continuous  gentle  pressure  should  be  made 
introducing  tube  one  or  two  inches  at  a  time  only. 
When  gagging  or  .straining  is  present  rio  not  advance 
tube,  but  wait  for  interval.  In  introducing  a  solid 
flexible  bougie  start  with  head  retracted  until  tip  is  at 
esophageal  entrance,  first  having  bent  the  tube  in  a 
curved  shape,  then  allow  head  to  come  well  forward 
and  downward.  All  manipulation  should  be  slow  and 
without  undue  pressure. 

From  such  sounding  evidence  may  be  gathered  to 
indicate  an  inflammatory  condition,  if  pain  be  a 
marked  factor.  This  might  be  caused  by  an  esopha- 
gitis,  chronic  or  acute,  or  by  an  ulcer  or  tumor;  should 
no  contracting  rings  be  encountered,  atony  or  a  phase  of 
paresthesia  might  be  inferred.  It  is  well  to  remember 
that  in  some  cases  of  cardiospasm  with  marked  ob- 
struction and  dilatation  a  large  tube  may  enter  the 
stomach  with  ease.  If  the  e.soph.agus  prove  impass- 
able to  ordinary  sounds,  the  method  of  Plummer 
with  preliminary  swallowing  of  thread  and  use  of  fen- 
estrated olives  is  the  most  feasible.  (See  the  section 
on  Cardiospasm.) 

Contraindications  to  the  use  of  sounds  are  Inrnl: 
acute  inflammation  of  the  csoi)hagus,  manipulation 
after  recent  burns  until  four  to  six  weeks  have  elapsed, 
hemorrhage;  remote:  advanced  cardiac  and  pulmonary 
lesions,  aneurysm  and  cirrhosis  of  the  liver,  owing  to 
the  esophageal  varices  frequently  present  in  the  latter 
condition. 

Radiography  affords  opportunities  of  inestimable 
value  in  the  diagnosis  of  esophageal  lesions,  not  only 
as  to  their  character,  but  also  as  to  their  position 
and  extent.  Concomitant  fluoroscopy  has  been  suc- 
cessfully employed  in  the  removal  of  foreign 
bodies. 

Techtiique. — The  fencing  position  of  Holzknecht 
should  always  be  employed  in  radiographic  ex- 
aminations, namely,  the  rays  should  enter  obliquely 
from  the  right  side  behind  to  the  left  side  in  front. 
This  gives  one  an  unobstructed  view  of  the  entire 
gullet.  There  is  then  administered  a  bismuth  or 
barium  meal  consisting  of  from  two  to  three  ounces  of 
bismuth  subnitrate,  or  subcarbonate,  or  barium 
sulphate,  incorporated  with  enough  mucilage  of  acacia 
to  make  a  paste  of  moderate  consistency  which  is 
mixed  into  a  glass  of  top  milk  and  swallowed.  Tho 
exposures  are  taken  immediately.  If  data  is  re- 
quired high  up,  it  is  best  to  make  the  exposures  while 
the  patient  is  still  swallowing.  Thus,  defects  in 
muscular  contraction,  the  extent  and  position  of  var- 
ious stenoses,  and  the  position,  degree  and  extent  of 
any  dilatation  or  diverticulum  can  beaocurately  shown. 
(See  the  sections  on  Cardiospasm,  Stricture,  Diver- 
ticula, and  Cancer.)  Tu  mors  themselves  are  frequent  ly 
demonstrable  as  slight,  usually  irregular  shadows, 
even  without  the  use  of  bisni\ith.  Aortic  aneurysm 
is  alwavs  recognizable  although  cjire  must  be  taken  to 
difl'erentiate  esoph.ageal  tumors  which  may  h.'ive 
become  adherent  to  the  aorta  and  which  through  the 
transmitted  pulsation  simulate  aneur\-sm  closely. 
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Esoi'HAGOscopY. — Direct. — See  the  article  on  Esopha- 
gnscopy  and  Ou/itroscojjy. 

RHroijrade. — The  writer  has  inaugurated  and  em- 
ployed this  nietliod  of  examination  in  cases  whore 
the  epigastrium  has  been  opened  for  exploration  and 
has  found  it  of  the  great  value  in  cases  where  carcinoma 
of  the  lower  jjortion  of  the  esophagus  is  complicated 
by  cardiospasm.  By  it  the  examiner  can  ascertain 
the  exact  position  and  extent  of  involvement  and 
particularly  the  limits  of  gastric  infiltration  and  there 
by  be  inditenced  in  the  choice  of  operation  for  its 
removal  without  sul)jocting  tlie  patient  to  the  discom- 
fiture of  unnecessary  oral  introductions. 

Tciiiiiiijiic. — A  buttonhole  incision  is  made  in  an 
avascular  area  of  the  gastric  fundus  which  has  first 
been  circumscribed  by  a  purse-string  suture.  An 
ordinary  direct  or  indirect  cystoscope  of  the  Pilcher 
tyjie  is  introduced  and  the  stomach  inflated  with  air 
through  a  Davidson  syringe  attached  to  the  cystoscope. 
Accurate  definition  of  all  gastric,  cardial,  pyloric,  and 
duodenal  jxithological  proce.sses  may  thus  be  obtained. 
At  conclusion  of  examination  the  air  should  be  evacu- 
ated and  the  purse-string  suture  drawn  taut  and  in- 
verted with  a  few  Lembert  sutures. 

CoN'GENiT.\L  i\I.\LFORM.\TioN's. — While  extremely  in- 
frequent these  are  still  of  considerable  surgical  im- 
portance, probably  not  .so  much  from  an  operative 
as  from  a  diagnostic  standpoint.  The  three  usually 
met  with  in  »rder  of  frequency  of  occurrence  are  (1) 
esophagotracheal  fistula  (2)  obturation  from  mem- 
branous diaphragm  and  (3)  stenosis. 

Esophagotracheal  fistula;  are  symptomatized  by 
attacks  of  asphyxia  during  swallowing,  regurgitation 
of  fluids  through  nose  and  mouth,  or  continued  severe 
dyspnea  from  its  entrance  into  trachea;  foreign  body 
bronchitis  and  bronchopneumonia  are  very  hkely  to 
ensue,  although  many  of  the  cases  have  survived  some 
time;  no  attempts  have  been  made  to  remedy  the 
defect.  Usually,  however,  the  condition  is  only  one 
evidence  of  other  malformation  which  in  themselves 
determine  the  mortality.  Gastrostomy  is  the  immedi- 
ate rational  treatment. 

Obturation  is  immediately  recognized  owing  to  the 
inabilitj'  of  fluids  to  enter  the  stomach.  Puncture  of 
the  obstructive  membrane  through  an  esophagoscope, 
is  the  best  method  of  procedure.  The  diagnosis  may 
be.  made  by  a  radiograph,  or  by  introducing  metal 
sounds  from  above  and  below  and  then  taking  a  radio- 
graph. A  coexisting  esophagotracheal  fistula  may 
have  to  be  dealt  with. 

Stenoses  in  the  new-born  are  confined  almost  without 
exception  to  the  upper  portion  of  the  esophagus.  The 
diagnosis  is  determined  through  the  clinical  evidences 
of  difficulty  in  deglutition  and  the  presence  of  ob- 
struction to  sounding.  The  treatment  is  gradual 
dilatation.  Diverticula  are  frequently  found  proxi- 
mal to  these  stenoses  and  should  be  appropriately 
dealt  with.     (See  the  section  on  Dilatations.) 

Injuries  of  the  esophagus  are  occasioned  from 
within  by  foreign  bodies,  sounds,  and  efTorts  of  dilata- 
tion; from  without  bv  shot,  stab,  or  incised  wounds. 
In  treatment  of  the  former  class  absolute  local  rest  is 
imperative  and  feeding  must  be  accomplished  either 
per  rectum,  via  gastrostomy,  or  by  stomach  tube  if  its 
introduction  is  not  hazardous.  The  prognosis  is 
not  particularly  unfavorable  unless  the  condition  be 
complicated  by  mediastinitis  which  occasionally  follows 
injuries  received  from  without  and  should  be  treated 
by  thorough  drainage  through  a  cervical  or  thoracic 
mediastonotomy,  under  differential  pressure  if  nec- 
cessary.  Usually  the  outcome  is  determined  by  the 
injuries  suffered  by  the  other  organs  in  the  thorax. 
The  diagnosis  is  usually  made  by  the  passage  of 
particles  of  food  through  the  external  wound,  or  by 
coughing  being  evoked  through  irritation  of  the  re- 
spiratory passages  by  the  ingested  material. 
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Wounds. — Here  should  be  considered  (1)  rupture, 
(2)  jjerforation,  (3)  hemorrh.age. 

Rupture  has  occurred  from  violent  vomiting  of 
large  ([uantities  of  material,  as  the  result  of  lavage, 
consequent  to  injuries  or  spontaneously,  supposeclly 
as  the  result  of  malacia  produced  by  hyperacid  gastric 
contents  in  conjunction  with  marked  increase  of  in- 
ternal pressure.  Gottstein  believes  that  spasmodic 
closure  of  the  inferior  pharyngeal  constrictors  is  neces- 
sary before  rupture  can  occur.  This  is  probably 
especially  applicable  to  the  last  class  of  cases.  The 
symptoms  are  severe  pain  in  the  chest,  repeated 
retching,  inability  to  vomit  or  passage  of  fluids  to  the 
stomach,  rapidly  developing  cutaneous  emphysema  of 
the  neck  and  death  usually  within  twenty-four  hours. 
Treatment  under  diflferential  pressure  might  prove 
efficacious. 

Perforation  may  occur  from  within  or  without.  As 
a  rule,  its  deevlopment  is  gradual.  The  structures 
perforated  intoare  usually  the  large  vessels,  the  medias- 
tinum, or  the  lower  air  passages,  and  are  the  results 
of  various  esophageal  lesions  as  ulceration  proximal 
to  stictures,  or  those  the  result  of  foreign  body  nec- 
rosis, or  from  traction  diverticula  and  infrequently 
from  cardial  ulcers  resembling  in  character  the  chronic 
gastric  ulcers.  The  secondary  perforations  from  with- 
out into  the  esophagus  are  the  terminal  results  of 
pressure  necrosis  from  aneurysm  or  cecrotic  process 
involving  adjacent  thoracic  viscera.  Diagnosis  is  to 
be  made  with  certainty  only  in  those  cases  involving 
the  respiratory  tract  when  by  the  method  of  Gerhardt, 
of  noticing  air  passing  through  a  tube  introduced  into 
the  esophagus,  one  may  be  sure  of  communication 
of  an  air  passage  with  the  esophagus.  The  treat- 
ment consists  of  temporary  gastrostomy  and  subse- 
quent operation  under  differential  pressure  to  dis- 
connect the  fistula  and  infold  the  esophagus,  or  to 
drain  the  mediastinum. 

Hemorrhage  from  the  esophagus  may  occur  from 
carcinoma,  ulcer,  varix  (the  result  of  cirrhosis  of  the 
liver),  burns,  foreign  bodies,  perforation  and  from 
ruptured  aneurysm.  When  profuse  it  is  particularly 
fatal.  Its  source  can  only  be  ascertained,  and  that 
with  the  greatest  difficulty,  by  inspection  through  the 
esophagoscope,  or  through  retrograde  esophagoscopy 
after  the  author's  method,  and  attempts  may  be  made 
to  tampon  it  through  this  instrument,  symptomatically 
astringents  as  iron,  adrenalin,  styptol,  ergot,  ice,  etc., 
have  been  suggested  but  are  seldom  effective.  The 
bleeding  area  may  be  compressed  by  an  inflated 
r\ibber  bulb,  or  the  use  of  such  an  instrument  as 
Schreiber's  dilating  bougie. 

Foreign  bodies  in  tee  esophagus  form  by  far  the 
largest  class  of  surgical  affections  of  that  organ,  as  prac- 
tically anything  which  can  pass  through  the  pharynx 
may  become  lodgfed  either  permanently  or  tempo- 
rarily in  the  esophagus.  Such  bodies  become  of 
clinical  interest  only  when  they  become  impacted,  and 
thus  interfere  with  deglutition  or  cause  pain  or  pro- 
duce complications  through  puncture  of  the  walls  or 
initiate  stricture  formation. 

Predisposing  causes  to  the  lodgment  of  foreign 
bodies  in  the  gullet  are  loss  of  teeth,  or  paralysis  of  the 
facial  muscles,  lips,  tongue,  pharynx,  or  esophagus, 
various  inflammations  of  the  postbuccal  region,  also 
strictures,  growths,  malformations  of  the  organ,  youth, 
and  insanity. 

Sites  of  election  are  usually  at  the  points  of  phy- 
siological constriction,  namely,  at  the  level  of  the 
cricoid,  at  the  point  where  the  left  bronchus  crosses 
the  gullet  and  above  the  hiatus  oesophagi. 

Symplotns  are  varied  and  may  range  from  practically 
no  discomfort  to  nausea,  vomiting,  or  pain  on  degluti- 
tion, dyspnea,  or  even  asphyxia.  Much  depends  on 
the  character  of  the  ingested  body  or  its  position  in  the 
gullet.  Stabbing  pain  usually  denotes  puncture  of  the 
mucous  membrane.     Again,  merely  a  feeling  of  re- 
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trosternal  pressure  may  bo  experienced.  The  pain 
complained  of  does  not  always  correspond  to  the 
level  of  the  impacted  body,  and  may  even  be  due  to 
the  injury  inflicted  by  the  body  in  passing. 

Diagnosis  may  usually  be  most  readily  made  by  the 
history  and  by  a  consideration  of  the  subjective  symp- 
toms. Occasionally  one  can  palpate  a  lar^e  body  by 
lateral  pressure  on  the  neck,  or  through  (ligital  pal- 
pation through  the  pharynx.  The  introduction  of  a 
soft  tube,  probang  or  bougie,  may  locate  the  level  of 
the  obstruction,  but  the  greatest  caution  must  be 
exercised  in  the  blind  introduction  of  these  in.stru- 
ments,  as  perfor;i,tion  has  been  repeatedly  caused  in 
this  manner,  or  the  object  dislodged  from  a  favorable 
position  above  the  level  of  the  crossing  of  the  bron- 
chus to  one  below  it,  which  situation  is  much  less 
accessible,  or  it  may  be  caused  to  become  more  firmly 
impacted.  This  method  would  best  be  reserved  for 
use  only  in  those  cases, where  soft  objects  form  the 
obstruction,  in  some  of  which  instances  the  manipu- 
lator may  be  successful  in  jnishing  the  body  on  into 
the  stomach  or  possibly  have  it  ejected  through  the 
efforts  to  vomit  which  may  be  stimulated.  Rafli- 
ography  or  fluoroscopy  have  proved  of  the  greatest 
value  in  locating  objects  refractive  to  the  passage  of 
the  rays.  The  transillumination  or  photograph 
should  be  taken  in  the  fencer  position.  A  most 
striking  illustration  of  the  possibilities  of  the  detail 
thus  obtainable  is  well  shown  in  Fig.  2121. 


Flu.  2121. — Toy  Bicycle  Lodged  in  Esophagus.      (IligbyO 

The  most  successful  method,  however,  at  our  com- 
mand both  from  the  point  of  diagnosis,  as  well  as 
treatment  of  foreign  bodies  lodged  in  the  esophagus, 
is  esophagoscopy  (q.v.). 

Treatment  should  never  be  instituted  until  the  most 
exhaustive  efforts  have  been  made  to  not  only  verify 
the  diagnosis,  but  to  ascertain  to  a  certainty  the  situa- 
tion and  nature  of  the  obstruction  and  its  relative 
position  within  the  canal.  The  treatment  may  con- 
sist of  either  non-operative  or  operative  measures. 

Non-operative     Extraction. — In     cases   where  the 


obstruction  causes  asphyxia,  it  is  always  situutcfl  at 
the  introitus  of  the  esophagus  and  can  cither  be  re- 
moved by  the  finger,  or  by  a  pair  of  curve<l  forci-ps. 
Tracheotomy  must  occasionally  be  performed  as  a 
temijorary  measure.  The  practice  of  evoking  cmesis 
has  been  referred  to  incident  to  the  introduction  of 
bougies  and  its  indiscriminate  use  cautionccl  against. 
If  it  is  indicated,  however,  it  may  be  cau.sed  by  rectal 
injections  of  tobacco,  as  suggested  by  Poulet,  by  hy- 
podermic injections  of  apomorphine,  or  probably  best 
by  titillation  of  the  uvula.  When  the  ob.structinR 
substance  is  of  such  a  nature  as  to  lend  itself  to  diges- 
tion or  shrinkage,  the  former  may  be  accomplished  by 
administering  a  solution  of  pejisin  or  papain  and  hy- 
drochloric acid,  or  the  latter  l)V  having  the  patient 
drink  strong  cognac.  Many  instruments  have  been 
devised  for  the  removal  of  foreign  bodies  from  the 
esophagus.  Among  them  may  be  mentioned  the 
forceps  designed  by  (Jutsch,  Eckholdt,  Bond,  Burge, 
Cloc)uet,  Cusco,  Alathieu,  and  Gama.  Other  instru- 
ments used  are  Pctit's  hook,  Graefe's  coin-catcher, 
or  the  ring  coin  catcher.  These  have  all  been  useil 
repeatedly  and  successfully,  as  have  the  bristle  pro- 
bang  and  the  horsehair  parasol  snare  in  many  in- 
stances. The  sim])ler  methods  failing,  recourse  mu.st 
be  made  to  the  esophagoscope.  Many  instances  will 
occur  where  even  manipulation  through  this  instru- 
ment will  prove  ineffective  and  open  operative  inter- 
vention indicated. 

Operative  Removal. — This  resolves  itself  into  five 
methods  of  approach  according  to  the  situation  of  the 
foreign  body  (1)  esophagotomy  (high)  (2)  esophag- 
otomy  (low)  (3)  gastrotomy  (4)  cervical  mediastin- 
otomj'  (5)  posteriorthoracicesophagotomy.  The  tech- 
nique of  these  procedures  will  be  considered  later  on 
under  the  caption  of  operative  methods. 

Com  plication  f:  depend  greatly  on  the  size,  nature,  and 
situation  of  the  foreign  body.  Probably  the  most 
frequent  immediate  trouble  is  that  caused  from  hem- 
orrhage which  is  particularly  difficult  to  control  when 
profuse.  Direct  ligature  or  tying  of  the  carotid  in 
the  lower  third  has  been  suggested.  Empyema, 
pyopneumothorax,  local  abscess,  pericarditis,  open- 
ings into  the  trachea  and  bronchi  and  even  into  the 
thoracic  aorta  have  occurred  from  perforation  at  the 
site  of  impaction  due  to  the  resultant  necrosis;  esoph- 
ageal fistuUe  have  also  been  formed. 

Progtiosis  is  relatively  bad  if  the  object  is  not  re- 
moved early.  Cutaneous  emphysema  is  almost 
invariably  followed  by  a  fatal  issue,  while  in  all 
cases  of  abscess  formation  the  prognosis  is  un- 
favorable. The  usual  operative  measures  for  their 
relief  are  of  course  indicated. 

EsoPH.iGiTis. — Local  inflammation  of  the  gullet 
may  be  jiroduced  through  chemical,  thermal,  or 
mechanical  processes,  or  be  .sc(|uel;p  to  some  of  the 
exanthemata.  The  most  important  of  this  chiss 
may  be  termed 

toxic  or  corrosive  esophag^itis,  caused  by  swallow- 
ing caustic  soda,  l.ve,  or  acid,  may  lie  either  superficial 
or  deep  in  character  usually  dependent  upon  the  degree 
of  concentration  of  the  substance  ingested.  (Fig.  2 122.) 
The  diagnosis  is  usually  made  from  the  history  and  buc- 
cal inspection.  The  treatment  should  be  immediate 
and  thorough.  If  possible  to  introduce  a  stomach 
tube  easilv,  the  stomach  should  be  repeatedly  flushed 
out  with  the  antidote  for  the  poison  taken;  thus,  in 
cases  of  acids,  an  alkali  should  be  employed,  as  soap 
solutions,  sodium  bicarbonate,  calcined  magnesia 
(wall  plaster),  or  food  given  to  bind  and  thus  render 
inert  the  irritant,  eggs,  or  milk,  or  both  are  the  best 
to  use;  sweet  or  olive  oil  is  indicated  jw  it  serves  to 
protect  the  mucosa  from  further  injury.  When  the 
poison  is  of  an  alkaline  nature,  as  in  the  use  of  lye. 
or  caustic  soda,  acids  should  be  administered — pnib- 
ablv  best  dilute  vinegar — and  then  the  <ise  of  milk 
and  oil.     As  a  result  of  the  more  severe  corrosions, 
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there  may  follow  complete  occlusion  of  the  esophagus, 
or  the  stomach  may  be  in  so  precarious  a  condition 
as  to  not  tolerate  any  material  in  it,  or  a  complete 
occlusion  of  the  pylorus  may  result.  The  surgeon 
must  be  guitled,  therefore,  according  to  the  situation 
and  extent  of  the  lesion  as  to  whether  a  gastrostomy 
or  jejunostomy  is  imperative.  The  interval  treat- 
ment is  purely  symptomatic.  Sounds  should  under 
no  consideration  be  used  until  after  one  month  has 
elapsed,   best   wait   six   weeks,   and   even   then   they 


Fig.  2122. — Radiograph  of  Cicatricial  Stenosis  Caused  by  Lye. 
Note  the  smooth  margins  and  the  proximal  dilatation  of  the 
esophagus. 

should  not  be  employed  if  there  is  an.v  fever  or  evi- 
dences of  active  inflammatory  reaction  in  the  esopha- 
gus, .as  tenderness,  pain,  blood  streaks,  in  vomitus  or 
saliva. 

Acute  catarrhal  esophagitis  is  also  quite  frequently 
encountered  following  the  ingestion  of  ver.v  hot  fluids, 
or  as  a  result  of  sounding,  or  the  swallowing  of  foreign 
bodies,  and  is  symptomatized  by  fever,  lancinating 
pain  on  deglutition  and  a  viscid  tenacious  secretion. 
The  treatment  is  symptomatic  and  prompt  recovery 
in  a  few  days  usually  ensues.  No  local  instrumenta- 
tion should  be  used. 

Phlegmonous  esophagitis  is  of  rare  occurrence. 
Its  etiology  is  given  as  being  the  resultant  of  foreign 
bodies,  corrosions,  phlegmon  of  the  stomach,  rupture 
from  the  periesophageal  purulent  foci,  and  lacerations 
of  the  mucous  membrane  after  violent  vomiting. 
A  diffuse  and  circumscribed  form  are  described. 
The  diagnosis  is  seldom  made.  The  symptomatology 
consists  of  fever,  chills,  dysphagia,  dyspnea,  and 
purulent  expectoration.  The  prognosis  is  unfavor- 
able. Treatment  resolves  itself  into  drainage  of  the 
foci,  if  they  can  be  located,  either  by  puncture  or  by 
incision  6(  the  mucosa  through  an  esophagoscope. 

Chronic  catarrhal  esophagitis  may  either  originate 
as  such,  or  be  the  result  of  an  acute  process.  It  is 
frequent  in  chronic  alcoholism  and  in  habitual 
smokers,  or  may  be  associated  with  adjacent  chronic 
processes  of  a  similar  nature  of  the  pharynx  or 
stomach.     A   more   or  less  severe   grade  is   usuaUy 
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present  in  most  all  mechanical  conditions  affecting 
the  guUet  as  stricture,  diverticula,  or  spasm,  and  is 
frequently  present  due  to  passive  congestion  in  car- 
diac, renal,  and  hepatic  disease.  The  symptoms  are 
slight  and  usually  merely  a  burning  sensation  of 
mild  character  in  the  esophagus  is  experienced,  ac- 
companied by  occasional  transient  interference  with 
deglutition. 

In  this  category  might  well  be  considered  those 
affections  of  the  esophagus  noted  after  some  of  the 
acute  contagious  and  infectious  diseases  as  diphtheria, 
scarlet  fever,  typhoid,  small-pox,  thrush,  etc.,  in 
which  infiltration  of  the  tissues  to  a  moderate  de- 
gree occur  and  occasionally  pseudomembranous  casts 
are  desquamated.  Local  cleansing  with  weak  boric 
acid  solutions  (three  per  cent.),  and  removal  of  ob- 
structing masses  with  a  stomach  tube  or  soft  man- 
darin, or  by  the  induction  of  emesis,  is  usualh'  all 
the  condition  re(|uires.  , 

Ulcers  .^xd  Fissures. — The  former  are  usu.ally  of 
superficial  character  and  consequent  to  an  associated 
chronic  inflammation.  The  chronic  perforating  type 
is  considered  under  wounds  of  the  esophagus.  The 
treatment  of  the  class  considered  here  is  chiefly  rest, 
local  applications  of  stimulants,  as  silver  nitrate  on  a 
swab  introduced  through  an  esophagoscope,  and  the 
administration  per  os  of  bismuth  subnitrate  or  sub- 
carbonate.  F^issures  are  usually  the  result  of  instru- 
mentation, or  the  passage  of  foreign  bodies,  and  are 
located  at  the  points  of  physiologic  constriction, 
more  frequently  at  the  cardia  probably  than  else- 
where, in  which  situation  they  occasionally  cause 
local  spasm,  for  the  relief  of  which  applications  of 
silver  nitrate,  ten  per  cent.,  and  bismuth  may  suf- 
fice, or  even  temporary  gastrostomy  may  have  to  be 
I)erformed  in  the  more  resistant  and  troublesome 
conditions. 

Motor  Disturbances  op  the  Esophagus. — These 
are  encountered  probably  more  frequently  even  than 
the  occurrence  of  foreign  bodies,  when  their  sympto- 
matology is  appreciated  and  the  proper  measures 
instituted  to  assist  the  examiner  in  making  a  correct 
diagnosis.  Those  phenomena  will  be  considered  which 
result  from  acute,  intermittent,  or  continuous  .spastic 
contraction  of  the  esophageal  musculature  in  var.ving 
locations  in  the  organ  and  of  types  presented  which 
may  be  either  the  result  of  functional  or  organic 
disturbances. 

There  are  some  other  disturbances  of  the  esophageal 
musculature  in  the  nature  of  complete  or  partial 
paralysis  which  are  much  more  rare  in  occurrence. 

Esophageal  paralysis  has  occurred  as  one  of  the 
sequete  of  diphtheria,  in  the  course  of  hemorrhage, 
softening,  tumor  or  sclerosis  in  the  brain,  pressure 
from  enlarged  lymphatic  glands  on  the  vagus  nerve, 
disease  of  the  vertebrae,  chronic  alcoholism,  lead 
poisoning,  and  syphilis.  The  condition  is  symptom- 
ized  by  immediate  regurgitation  of  ingested  material, 
disturbance  of  the  swallowing  sounds  is  to  be  noted, 
and  radiographic  examination  shows  evidences  of 
atonic  dilatation.  The  treatment  resolves  itself  into 
feeding  through  a  tube  and  treatment  of  the  causative 
factor.     The  prognosis  is  not  essentially  bad. 

Esophagismus,  or  spasm  of  the  esophagus,  when 
considered  as  an  entity,  is  a  relatively  common  con- 
dition. This  is  particularly  pertinent  in  the  paroxys- 
mal tj^pe.  It  may  be  conveniently  classified  rela- 
tive to  anatomic  distribution  into  (1)  cricoid  spasm, 
(2)  spasm  of  esophagus  proper,  and  (.3)  cardiospasm. 
Relative  to  its  etiologio  factor  the  classes  of  (1) 
idiop.athic,  (2)  reflex,  and  (3)  tonic  spasm  should  be 
considered. 

Cricoid  spas7n  is  probably  the  most  frequent  of 
occurrence,  and  is  a  term  introduced  by  the  writer 
to  denote  a  contraction  of  the  circular  muscular  fibers 
at  the  introitus  of  the  esophagus  which  is  in  close 
relation  to  the  cricoid  cartilage.     Its  etiologj'  is  more 
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commonly  neurotic  in  its  nature,  but  severe  and  pro- 
tracted cases  are  also  found  in  smokers  and  alcoholics 
in  whom  there  is  usually  an  accompanyinK  chronic 
esophagitis.  Tuberculosis  of  the  larynx,  or  other 
local  inflammatory  processes  frequently  cause  cricoid 
spasm  as  do  ulcers,  strictures,  tumors,  or  fissures  lower 
down,  the  so-called  globus  hystericus  is  merely  a 
common  name  for  this  condition.  The  diagnosis  is 
usually  easily  made  in  the  absence  of  any  other  local 
trouble.  On  direct  esophagoscopic  examination  the 
introitus  appears  as  a  firm,  tight  rosette.  Pas.sage 
of  a  sound  or  stomach  tube  frequently  allows  the 
examiner  to  experience  the  sensation  as  if  flie  instru- 
ment were  passing  a  narrow  canal;  occasionally  the 
muscle  will  grasp  the  tube  spasmodically.  "  The 
symptoms  consist  of  retromanubrial  cramps  with 
radiation  to  the  shoulders  and  back  of  the  neck, 
and  a  more  or  less  severe  grade  of  dysphagia  accord- 
ing to  the  condition.  Occasionally  swallowing  is 
impossible,  but  one  of  the  characteristic  signs  is  the 
varying  degree  of  permeability  present  at  short 
intervals.  The  condition  tends  to  recur  frequently. 
The  treatment  consists  of  sounds,  dilatation,  elec- 
tricity, local  and  general  analgesics,  and  sedatives. 

Esophageal  spasm,  or  contraction  of  the  entire 
esophagus,  is  frequent  but  usually  of  a  very  transitory 
nature.  It  is  invariably  preceded  by  spasm  at  the 
introitus  and  its  etiology  and  treatment  coincides 
with  that  of  pathological  muscular  contraction  at 
that  point  as  previously  described.  The  symptoms 
differ  in  that  the  cramp    begins    at  the  level  of  the 


Eiopbacni.  flnncrr)  of 


Fig.  2123. — Radiograph  of  Typical  Case  of  Cardiospasm  En- 
grafted upon  a  Carcinoma  of  the  Cardia.  Note  the  smooth  wall 
of  esophagus  with  ita  dilatation  proximal  to  the  typically  pointed 
cardia,  distal  to  which  is  the  moth-eaten  cardiac  end  of  the  stomach 
through  which  the  bismuth  trickles  irregularly. 

cricoid  and  progresses  downward  to  the  cardia,  and 
radiation  of  the  pain  continues  down  between  the 
shoulders  and  to  the  epigastrium.  It  usually  takes 
one  or  two  minutes  for  the  spasm  to  relax.  Tonic 
spasm  of  the  esophagus  has  been  noted  as  a  compli- 
cation of  several  conditions,  chief  among  which  may 
be  mentioned  rabies,  tetanus,  hj-steria,  and  epilepsy. 


In  the  two  former  it  Is  of  serious  import;  in  the  latter 
conditions  it  is  usually  transitorv  in  nature. 

Cardiospasm;  Phrenospasm.— The  resultant  of  this 
condition  was  first  noted  pfjstmortcm  bv  Von  Ziiins- 
sen  and  Zenker  in  1874,  when  thev  published  llnir 
observations  on  cases  of  idiopathic  "dilatation  of  the 
esophagus,  but  it  was  not  until  1,S82  that  Mikulics 
first  attributed  it  to  the  presence  of  a  muscular  Kpaxm 
at  the  cardia.     During  the  past  five  years,  however, 


Fio.  2124. — Radiograph  in  a  Case  of  Typical  Cardiospasm 
Showing  Diffuse  Fusiform  Dilatation  of  the  £aophagu5,  with 
PecuUar  Characteristic  Pointed  Distal  End. 

the  recognition  of  the  condition  from  its  clinical  picture 
and  its  treatment  have  been  so  much  more  frequent 
and  the  latter  so  greatly  developed,  that  several 
hundred  cases  have  been  recorded  during  this  period. 
The  name  thus  far  applied  to  it,  cardiospasm,  is 
probably  incorrect  owing  to  the  varying  ideas  as  to  its 
etiology  which  have  been  promulgated  from  time  to 
time,  as  in  addition  to  the  above  nomenclature  we  have 
offered  (1)  diffuse  dilatation  of  the  esophagus  without 
anatomic  stenosis  (2)  fusiform  (3)  idiopathic  (4) 
uniform  diffuse  and  (.5)  spontaneous  dilatation. 
Relative  to  the  etiological  factor  involvetl  a  similar 
dissimilarity  of  ideas  exists,  thus  (1)  primary  cardio- 
spasm, (2)  primary  atony  of  the  esophagus.  Oi)  vagi 
degeneration,  (4)  congenital  anlage,  i.5)  esophagitis, 
(13)  kinking  at  the  hiatus  oesophagi.  (7)  congenital 
or  acquired  asthenia,  (8)  i)ressure  occlusion  from  spasm 
of  the  diaphragmatic  crura,  and  (9)  secondary  to  ulcer 
or  cancer  of  the  stomach  (Fig.  2123),  gallstones, 
appendicitis,  etc. 

The  condition  may  be  either  acute  or  chronic. 
The  former  is  quite  frequent,  but  of  transitory  nature, 
and  is  usually  the  result  of  an  hyperacidity  of  the 
stomach  or  some  corresponding  irritant.  It  resembles 
the  esophageal  spasm  in  general  and  seldom  needs 
other  than  symptomatic  treatment.  The  chronic 
form  is,  however,  productive  of  pathological  ch.nngos 
in  the  esophagus  and  eventually  causes  a  diffuse 
dilatation  usuallv  extending  the  entire  length  of 
the  esophagus;  the  walls  become  thickened  and  a 
general    chronic    esophagitis    ensues.     There    form 
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papillary  excrescences,  erosions,  and  scars  which 
from  the  chronic  static  irritation  to  which  they  are 
subjected  offer  an  exceptional  nidus  for  the  develop- 
ment of  cancer. 

Si/mplomatology. — This  develops  along  three  dis- 
tinct lines  according  to  the  stage  of  the  condition  pre- 
sent and  after  coniijlction  of  the  pathologic  changes  a 
definite  practically  pathognomonic  triad  is  presented 
(1)  early  spasmodic  pain,  followed  after  months  or  years 


Fig.  2125. — Radiogr.iph  in  a  Cuse  of  Typic.il  Cardiospasm 
showing  Diffuse  Fusiform  Dilatation  of  the  Esopliagus,  with 
Peculiar  Characteristic  Pointed  Distal  End. 

by  (2)  regurgitation,  and  this  in  turn  subseciuentlv 
followed  by  evidences  of  (3)  retention.  The  first 
stage  is  characterized  by  retrosternal  discomfort  and 
oppression,  retroxiphoid  cramping,  and  sensations  of 
choking.  The  second  stage  by  immediate  post- 
prandial regurgitation  and  a  more  continuous  though 
frequently  milder  sensation  of  tightness  in  the  region 
of  the  cardia,  with  acute  exacerbations  at  times.  In 
the  third  stage  the  ingested  food  is  retained  longer  in 
the  dilated  esophagus  and  is  only  regurgitated  at 
irregular  intervals  after  eating. 

JNIany  variations  of  this  complex  picture  are  present 
in  different  cases.  The  discomfort  may  be  located  in 
the  epigastrium,  it  may  radiate  to  the  back  or  not  at 
all,  it  may  be  referred  to  the  left  hj-pochondrium  or 
higher  up  in  the  esophagus.  The  most  frequently 
used  expression  is  that  the  food  seems  to  "stick  behind 
the  breast  bone."  Again,  these  subjective  sensations 
may  occur  entirely  independently  of  food  intake. 
Later  the  spells  of  vomiting  immediately  after  eating 
occur  at  intervals  only  and  between  them  no  dis- 
comfort at  all  ma}'  be  experienced.  Still  later  after 
dilatation  has  occurred  the  earlier  part  of  the  meal  is 
usually  retained,  spasmodic  cramping  has  usually 
disappeared  and  what  is  regurgitated  is  merely  from 
overflow.  These  patients  frequently  complain  of  fluid 
gushing  out  on  the  pillow  after  they  are  asleep,  an 
observation  which  should  be  very  .suggestive. 

Diagnosis  from  Ohjcclive  Examinaiion. — Plummer 
lays  down  the  following  points  which  should  be 
demonstrated  in  the  diagnosis  and  study  of  a  case  of 


cardiospasm:  (1)  the  food  is  regurgitated  from  the 
esophagus  and  not  the  stomach;  (2)  the  existence  and 
character  of  obstruction  at  the  cardia;  (3)  the  presence 
or  absence  of  esophageal  dilatation  and  its  shape,  size, 
etc.,  and  (4)  the  presence  or  absence  of  gross  lesions  in 
the  esophagus  or  neighboring  organs  which  might  ex- 
cite cardiospasm. 

In  demonstration  of  these  points  he  advises  that  the 
following  measures  be  resorted  to:  (1)  the  various 
stomach-tube  tests,  including  the  methods  proposed 
by  Rumpel,  Kelling,  and  Einhorn;  (2)  passage  of  a 
Vjulbous  sound  on  a  whalebone  staff;  (3)  the  passage 
of  the  Plummer  sound;  (4)  radiographing  a  bismuth 
mixture  in  the  dilated  esophagus  (Fig  2124,  212.5, 
2120;  (5)  determinationof  the  size  of  the  dilatation, 
Strauss'  method,  and  (6)  esophagoscopic  examina- 
tion. 

Treatment  consists  of  symptomatic  and  dietetic 
measures  which  need  not  be  detailed;  the  removal  of 
any  extraesophageal  irritating  factor  as  gallstones, 
ulcer  or  cancer  of  stomach  or  appendix,  etc.,  if 
possible;  or  dilatation  either  by  hydrostatic  or  me- 
chanical means,  or  by  open  operation  directed  to  the 
cardia  itself.  The  hydrostatic  dilator  of  Plummer 
being  the  most  effective  and  simplest  method  detail 
description  will  be  given  of  it  only. 

The  e.\ternal  construction  of  this  apparatus  may 
be  seen  in  Figs. 2127  to  2130.  The  description  of  it 
and  the  method  of  its  application  by  the  originator 
states  that  it  is  made  by  cementing  a  rubber-dam 
balloon  to  one  end  of  a  piece  of  non-elastic  rubber  tub- 
ing in  such  a  manner  that  the  tube  just  passes  through 
the  balloon.     A  number  of  holes  are  so  punched  in  the 


Fig.  2126. — Radiograph  of  Case  of  ^  Typical  Cardiospasm 
showing  Diffuse  Fusiform  Dilatation  of  Esophagus,  with  Peculiar 
Characteristic  Pointed  Distal  End. 

tubing  that  its  lumen  connects  with  the  interior  of  the 
balloon.  A  sausage-shaped  silk  bag  is  drawn  over 
the  balloon  to  preserve  its  shape  on  distention.  Sever.il 
sizes,  ten  centimeters  long  and  from  twenty  milli- 
meters to  forty  millimeters  in  diameter  are  provided. 
A  second  rubber  balloon  is  drawn  over  the  instrument  to 
facilitate   its   introduction.     If  the  dilator  is  slightly 
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constricted  in  its  middle  third,  the  tendency  for  it  to 
slip  into  the  stomach  Is  lessened.  Provision  is  made 
for  removing  the  staff  to  prevent  its  maceration  when 
not  in  use.  The  metal  tip  of  the  staff  Ls  threaded  for 
the  set  of  fenestrated  olives  used  in  sounding  (Fig. 
2128)  and  for  the  spiral  tip  if  its  use  is  indicated 
(Fig.  2129).  The  dilator  is  connected  by  rubber 
tubing  with  .a  water-tap  or  pump.  Into  this  tubing 
two  hard-rubber  T-joints  are  inserted,  one  for  an 
altitude  gauge  or  manometer,  and  the  other  for  a 
piece  of  tubing  to  permit  draining  the  instrument 
without  disconnecting  at  the  tap,  and  for  controlling 
the  pressure  (Fig.  2130). 

As  a  preliminary  to  the  u.se  of  this  hydrostatic  dilator, 
Plummer  has  perfected  a  method,  earlier  suggested  by 
Russell,  of  having  the  patient  slowly  swallow  six  yards 
of  a  silk  thread  which  when  threaded  through  the 
fenestrated  olive  acts  as  a  guide.     This  passes  through 


Fig.  2127.- 


-The  Plummer  Hydrostatic  Dilator  Inflated,  and 
Fenestrated  Olive  Tip  Threaded. 


the  coUs  of  small  intestine  becoming  engaged  in  them  so 
that  the  .string  cannot  be  pulled  out  on  being  drawn 
taut.  It  is  advisable  to  have  the  patient  swallow 
three  yards  at  first  and  the  remainder  after  an  interval 
of  twelve  hours,  as  snarling  may  be  anticipated  if  it  is 
all  taken  at  once. 

The  position  of  the  eardia  having  been  previously 
accurately  determined,  the  olive  is  threaded  on  to  the 
string  and  the  dilator  introduced  sufficiently  far  for  the 
eardia  to  engage  the  balloon  at  its  middle  third.  The 
instrument  is  held  firmly  with  the  right  hand,  the 
index-finger  resting  against  the  teeth  to  prevent  the 
dilator  being  drawn  into  the  stomach.  The  t.ap  is  now 
opened  enough  to  fill  the  instrument  and  deliver  a 
good  stream  through  the  tubing  for  draining  the  bal- 
loon, but  not  to  indicate  any  pressure.  The  pressure 
is  now  slowlv  raised  bv  pinching  the  drainage  tube  with 
the  fingers  of  the  left  hand.     This  is  continued  until 


\ 


Fig.  212S.— Fenf.stratod  Olive 
for  Carrying  Thread  -or  Wire 
Guide.     (Plummer.) 


KuJ.  -12'J. — Spirril  'lip  uccd 
in  Conjunction  with  the  Fen- 
estrated Olive,  indicated  in 
Tortuous  Strictures.  (Plum- 
mer.) 


Fia.  2130. — Hydrostatic    Dihiior   showins  Armnsc- 
niCDt  of  Tubing  and  Attachment.     (Plummer.) 
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the  gauge  registers  57;)  millimeters  which  has  been 
found  to  besuflieient  in  the  great  majority  of  eases  and 
still  be  within  the  limits  of  safety.  The  number  for 
dilatations  averages  between  one  and  five.  The  in- 
terval between  them  should  be  from  four  to  five  days. 

The  mechanieal  ililator  consisting  of  jjarallel  blades 
covered  by  a  rubber-dam  and  operated  by  a  screw 
externally,  devised  by  Einliorn,  has  also  been  used 
repeatedly  with  success  but  the  danger  of  rupture  is 
much  greater  tlian  that  experienced  with  the  iise  of 
riumnier's  apj)ara(us  and  the  accuracy'  of  the  latter 
is  ajjpreciably  greater. 

There  are,  however,  certain  cases  which  are  resist- 
ant to  repeated  attempts  at  dilatation,  or  in  which 
the  manipulator  may  have  been  unable  to  enter  the 
cardia;  these,  then,  must  be  treated  by  open  opera- 
tion. Three  such  methods  have  been  advocated  and 
successfully  carried  out:  (1)  Mikulicz'  method  of 
gastrotomy  with  introduction  of  covered  forceps 
through  cardia  from  below  and  divulsion;  (2)  Meyer's 
method  of  esophagoplication  and  vagolysis,  and  (3) 
Wendel  's  method  of  cardioplasty  in  w'hich  he  adopted 
the  technimie  of  ijyloroplasty  by  the  Heineke-Mikulicz 
method.  Finally  jjalliative  gastrostomy  may  be  the 
only  course  left  owing  to  the  exigencies  offered  in  cer- 
tain cases. 

Stricture  of  the  Esoph.\gus. — This  may  be  a  re- 
sultant of  many  diverse  factors.  Those  most  con- 
tinuously met  with  are:  (1)  Congenital  stenosis,  (2) 
membranous  obturation  (see  the  section  on  congeni- 
tal malformations),  (3)  obstructive  (see  the  section  on 
foreign  bodies),  (4)  external  pressure  (mediastinal 
tumors),  (5)  spastic  contraction  (see  the  section  on 
motor  disturbances),  (G)  those  consequent  to  cicatri- 
cial formation,  and  (7)  those  caused  by  involvement 
of  neoplasms.  The  latter  two  will  be  considered  in 
this  section. 

Cicatricial  stenoses  are  usually  caused  by  the  swallow- 
ing of  such  substances  as  lye,  caustic  soda,  or  acids. 
Syphilitic  hyperplasia  is  also  occasionally  found. 
They  are  ordinarily  symptomatized  by  an  increasing 


Fig.  2131. — Abbe's  String-saw  Operation.     Method  of  using  the 
bougie  and  string.      (.\bbe.) 

inability  to  swallow;  first  solids,  later  fluids,  or  the 
recognition  of  serious  trouble  may  be  delayed  until 
attention  is  drawn  to  it  by  the  subjective  and  objec- 
tive .symptoms  consecpient  to  a  proximal  dilatation 
or  diverticulum  which  has  been  formed. 

Treatment  is  either  mechanical  or  operative,  the 
former  consisting  of  the  introduction  of  sounds  of 
increasing  diameter.  In  tortuous  strictures  the  utili- 
zation of  Plunimer's  string  method  and  spiral  guide 
may  facilitate  the  introduction  of  the  dilating  appa- 
ratus which  would  otherwise  be  impossible.  IVIany 
impermeable  strictures  will  relax  sufficiently  to  admit 
a  bougie  after  a  temporary  gastrostomy  and  the 
esophagus  thus  put  at  absolute  rest  for  some  time. 
Koenig's  method  of  dropping  silver  balls  of  increas- 
ing size  onto  the  stricture  which  are  allowed  to  re- 
main in  over  night  has  resulted  in  marked  relief.  The 
introduction  of  a  Symond's  permanent  cannula  after 
the  method  of  Mixter  has  allowed  many  cases  to  live 
in  comfort  and  thus  obviated  a  gastrostomy.     The 
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introduction  of  these  catgut  bougies  through  a  von 
Hacker  cannula  is  frequently  possible  when  the  pass- 
age of  a  small  sound  is  not. 

The  entrance  of  sounds  through  a  stricture  from 
above  having  been  found  impossible,  several  ingen- 
ious methods  have  been  evolved  which  necessitate 
an  opening  in  the  stomach.  The  most  practical  and 
the  one  which  seems  to  have  given  the  best  results  is 
the  method  of  Abbe,  viz.,  retrograde  dilatation  through 
gastrostomy.  A  gastrostomy  is  done  and  a  fine 
whalebone  bougie  introduced  from  below  upward  un- 
til it  protrudes  from  the  mouth  or  through  a  pre- 
viously made  external  incision  above  the  stricture. 
A  stout  thread  or  piece  of  braided  silk  is  then  tirawn 
through  and  after  making  the  stricture  tense  by  in- 
troducing a  conical  bougie  (Figs.  2131  and  2132),  the 


Fig.  2132. — .\bbe'9    String-saw    Operation.     String    dividint^    the 
esophageal  stricture  kept  tense  by  bougie.     (.\bbc.) 

string  is  pulled  up  and  down  sawing  through  the 
stricture,  and  as  the  cicatricial  tissue  gives  way  the 
bougie  may  be  introduced  further  and  further  until 
it  slips  through;  subsequent  passage  weekly  of  a  full- 
sized  bougie  effects  a  jjrompt  cure.  Ochsner  also 
obtained  good  results  from  drawing  a  rubber  tube 
caught  in  the  middle  and  drawn  out  taut  to  diminish 
its  diameter  to  the  caliber  of  the  stricture  aperture 
and  pulling  it  up  through  the  stricture,  employing 
successively  increasing  sizes  of  tubing  as  the  progress- 
ive dilatation  of  the  stricture  allows.  The  Hacker- 
Socin-Mikulicz  method  is  founded  on  the  same  prin- 
ciple except  single  tubes  are  used  in  increasing  diameter, 
which  are  allowed  to  remain  from  one  to  two  weeks 
before  the  next  size  larger  is  introduced.  Eiselsberg 
employs  a  conical  rubber  tube  in  the  same  way.  It 
is  pos.sibly  more  convenient  to  handle  this  after  it  has 
once  been  introduced  and  telerance  established. 

Internal  esophagotomy  with  an  instrument  of  the 
Maisonneuve  type  has  practically  been  discontinued 
owing  to  the  dangers  involved  and  the  lack  of  control 
of  the  depth  of  the  incision  or  its  exact  location,  and 
the  frequent  hemorrhage  following.  Any  cutting 
should  be  done  under  direct  inspection  through  an 
esophagoscope.  The  use  of  electrolysis  is  of  question- 
able value. 

Three  types  of  open  operation  have  been  practised 
.successfully  in  those  ca.ses  in  which  the  stricture  re- 
sisted all  of  the  above  detailed  methods  to  enter  and 
dilate  it:  (1)  external  esophagotomy  or  esophagectomy 
in  the  cervical  region,  (2)  thoracic  mediastinotomy 
with  secondary  esophagectomy,  and  (3)  esophago- 
gastric anastomosis  with  low  esophagectomy  under 
differential  pressure.  (See  the  section  on  operative 
methods.) 

Strictures  of  the  esophagus  by  neoplasms  may  be 
either  benign  or  malignant  in  character.  Bening 
tumors  are  rare  and  but  infrequently  diagnosed.  They 
consist  chiefly  of  cystomata,  caused  by  retention  in 
the  mucous  follicles,  papillomata,  fibromata,  myxo- 
mata,  myomata,  lipomata,  and  adenomata.  The 
diagnosis  is  usually  jjossible  only  by  the  use  of  the 
esophagoscope,  although  occasionally  pedunculated 
tumors  have  been  forced  up  into  the  pharynx  and  thus 
recognized.  Papillomata  may  occur  anywhere  along 
the  tract  of  the  gullet.  They  are  noted  most  fre- 
quently in  elderly  people  and  are  frequently  multiple. 
'These  three  observations  hold  good  as  a  whole  for  all 
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other  benign  growths.  Their  symptomatology  ia 
quite  variable  causing  in  some  instances  practically 
no  trouble  whatever,  in  others  with  seemingly  less 
involvement  severe  attacks  of  dysphagia  and  even 
dyspnea.  Their  treatment  consists  in  removal  or 
puncture  in  the  case  of  cystic  formation.  When  the 
growth  is  pedunculated  it  can  conveniently  be  cut 
through  an  esophagoscope,  or  if  it  can  be  delivered 
into  the  pharynx  it  may  be  grasped  and  either  cauter- 
ized or  snared  off.  External  esoiihagotomy  may  be 
found  necessar.v,  or  even  gastrotomy,  if  there  is  great 
emaciation.  In  instances  of  asphyxia  tracheotomy 
may  become  essential. 

Malignant  tumors  involving  the  esophagus  consist 
of  two  varieties,  sarcomata,  and  carcinomata.  The 
former  are  very  rare  occurring  as  a  rule  in  old  people. 
They  may  be  either  primary  or  secondary,  the  former 
occurring  at  the  introitus  esojihagi,  although  they 
have  been  noted  at  the  constriction  opposite  the 
tracheal  bifurcation.  They  are  generally  of  the 
round-celled  variety.  Symptoms  produced  by  this 
growth  are  slow  in  developing  and  no  treatment 
other  than  the  exliibition  of  Coley's  mixed  toxins  has 
been  attempted.  It  is  doubtful  if  surgical  removal 
is  indicated,  if  the  examiner  is  sure  of  the  diagnosis. 

Carcinoma  is  a  condition  affecting  the  esophagus 
more  frequently  than  any  other  pathological  altera- 
tion, its  incidence  has  been  placed  at  eighty  per  cent. 
The  seat  of  involvement  is  usually  in  the  region  of  the 
cardia  (seventy  per  cent.),  next  at  tlie  introitus  (fifteen 
per  cent.)  and  the  thoracic  segment  is  involved  in 
approximately  fifteen  per  cent,  of  the  cases.  It 
occurs  more  frequently  in  men  than  in  women, 
approximately  in  the  ratio  of  3  to  1.  The  majority  of 
cases  being  found  between  the  ages  of  forty-five  and 
fifty-five,  indeed,  the  fortieth  to  the  forty-fifth  year, 
seems  to  divide  esophageal  cases  into  two  groups. 
In  the  earlier  period  carcinoma  is  very  rare,  wdiile 
in  the  latter  group  it  is  by  far  the  most  common  affec- 
tion. It  frequently  complicates  a  preexisting  benign 
condition,  such  as  tubercular  or  simple  ulceration, 
cicatricial  strictures,  diverticula,  chronic  esophagitis, 
or  cardiospasm.  Stress  has  also  been  laid  on  the 
frequency  of  its  occurrence  in  cases  subjected  to  con- 
tinued mechanical  irritation,  and  in  those  addicted  to 
tobacco  and  alcohol.  Chemical  end  thermic  factors 
should  also  be  considered. 

The  pathological  picture  in  its  entiret}-  consists 
of  infiltration,  growth,  obstruction,  destruction,  ulcera- 
tion, and  contraction.  The  carcinoma  may  be  either 
primary  or  secondary  by  contiguity,  metastasis  from 
other  foci  does  not  appear  to  occur  in  this  organ, 
autoimplantation  has,  however,  been  noted.  The 
character  of  the  typical  esojjhageal  growth  consists 
usually  of  epitheliomatous  i)roliferation.  Of  rarer 
occurrence  is  cancer  of  the  glandular  and  colloid  type. 
The  progress  of  extension  is  peculiarly  slow  in 
esophageal  involvement  and  frequently  limited  to 
one  wall  for  a  long  period  of  time.  Metastases  are 
also  slow-  in  taking  place. 

Symptoms  occur  early  as  a  rule,  unfortunately 
they  are  belittled  in  most  instances  until  extensive 
involvement  has  occurred.  Probably  the  earliest 
in  occurrence  is  the  change  in  character  of  the 
deglutition  murmur,  thus,  in  the  involvement  high 
up  the  early  or  squirting  sound  may  be  markedly 
inhibited,  if  in  the  thoracic  segment  the  second  or 
squeezing  murmur  which  normally  occurs  seven 
seconds  after  swallowing  is  more  or  less  delayed,  and 
in  cardial  carcinoma  this  sound  may  not  only  be 
altered  in  character,  but  be  entirely  absent.  These 
phenomena  are,  however,  seldom  noted  until  dys- 
phagia which  is  the  cardinal  symptom  of  the  disease 
has  been  ushered  in.  This  symptom  is  invariably 
progressive  in  character,  first  being  noticed  after 
ingestion  of  solid  food,  later  even  liquids  cause  marked 
discomfort,  although  in  many  instances  when  ulcera- 
tion and  sloughing  take  place  "there  may  be  a  prolonged 


period  of  marked  amelioration,  or  even  a  practiml 
disajjpearance  of  the  dysphagia.  A.s  a  result  of 
insufficient  nutrition,  loss  of  strength  and  increa.iiiiK 
emaciation  Ijecome  progressively  more  marked. 
Anorexia,  nausea,  vomiting,  regurgitation,  cough, 
dysphonia,  excessive  thirst,  and  dryness  of  thetnouth 
complete  the  general  picture.  Darting  pains  radiat- 
ing tff  the  back,  shoidders  anrl  neck  in<licate  exten- 
sion into  the  nerve  trunks.  A  peculiar  bursting  or 
breaking  sensation  is  freciucntly  complained  of  in 
some  late  cases  and  may  be  attributed  to  nerve 
involvement. 

Diaiinoxin. — The  subjective  history  and  general 
objective  findings  are  of  the  utmo.st  importance,  but 
pathological  examination  of  tissue  removed  and  ocular 
demonstration  of  the  growth  itself  should  be  ol>- 
tained  a  certain  diagnosis  should  be  made.  The  lo- 
c.ition  of  the  stricture  should  be  ascertained  anti  the 
character  of  the  walls  at  this  point  be  determined. 
The  methods  at   our  disposal   for  .icconipli^hiiig  tliii 


Fig.  2133. — Radiograph  of  Carcinomatous  Strirtun-s  of  the 
Thoracic  Esophagus,  with  Proximal  Dilatation.  Nolo  the  irn-gular 
ragged  or  moth-eaten  edges,  or  even  entire  absence  of  shadow. 

are  afforded  by  the  use  of  esophagoscopy,  soundinif 
and  radiograi)hy  (Fig.  2133)  the  technique  of  which 
is  elsewhere  described. 

Treatment  of  carcinoma  of  the  esophagus  may  be 
either  medicinal,  mechanical,  palliative,  or  radical. 
Thcrapevitic  treatment  has  until  lately  had  merely  a 
symptomatic  basis  for  its  exhibition  and  consists 
merely  of  the  application  of  opiates,  cocaine,  lavage 
with  "salt,  borax,  soda,  or  a  one  to  four  per  cent. 
silver  nitrate  solution.  For  the  relief  of  the  dysphagia 
a  combination  such  as  the  following  will  be  found 
most  useful,  dionina^  and  codeina>  hydrochloridi  aa 
gr.  iss,  cocaina^  hydrochloridi  gr.  iv.  ammonii  yaler- 
atis  and  acjua  amvgdahe  amara- aa  5'':  Sig.  Fifteen 
drops  three  or  foiir  times  a  day.  Atropine  and  po- 
tassium iodide  have  also  been  given.  Temporary 
results  have  latelv  been  claimed  by  the  introduc- 
tion of  radium  to  the  site  of  stricture,  u.sing  UX) 
mlligrams  encased  in  a  lead  and  gold  capsule  and 
allowed  to  remain  in  ai)position  to  the  growth  from 
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six  to  eight  hours  at  varying  intervals  of  time,  com- 
bined however  with  dihitation  of  the  stricture.  The 
injection  of  various  substances  which  are  claimed  to 
have  a  particuhir  affinity  for  cancer  cells  and  which 
destroy  them  have  as  yet  not  been  perfected  to  a 
degree"  that  warrants  their  recitation. 

Mechanical  treatment  consists  of  dilatation  of  the 
stricture  by  one  of  the  methods  previously  described. 
Probablv  the  most  efficacious  and  certainly  the  safest 
procedure  is  that  of  emploving  the  string  guide  method 
of  Plummer  with  the  fenestrated  olive  bougie.  Dila- 
tation mav  be  safelv  carried  at  the  first  sitting  to  a 
No.  35  or  40  F.  Cutting  through  the  protruding 
growth  by  the  Abbe  string  method  and  subseciuent 
dilation  lias  also  given  good  results.  A  marked  re- 
lief from  the  dysphagia  is  thus  frequently  afTorded 
and  moderate  "comfort  obtained  for  many  months 
or  even  longer  periods. 

Palliative  treatment  should  emaciation  occur  very 
rapidlv  or  the  general  condition  of  the  patient  be  st) 
poor  "that  instrumentation  is  contraindicated,  or 
conditions  be  such  that  a  short  prolongation  of  life 
desired,  should  consist  of  a  simple  gastrotomy. 
The  results  obtained  from  such  operative  inter- 
vention are  questionable  and  as  a  rule  unsatisfactory. 

Radical  operative  interference  in  cases  of  carcinoma 
of  the  esophagus  especially  in  involvement  of  the 
cardial  portion,  has  made  extraordinary  progress 
since  the  introduction  of  the  differential  pressure 
cabinet  introduced  by  Sauerbruch  and  the  method 
of  intratracheal  insufflation  anesthesia,  as  elaborated 
by  Meltzer.  Operations  which  have  been  performer! 
successfully  consist,  according  to  the  location  of  the 
tumor,  of  "cervical  resection,  resection  of  the  thoracic 
segment  through  a  posterior  thoracic  mediastino- 
tomy,  and  resection  of  the  cardial  segment  with  a 
subsequent  esophago-gastroanastomosis,  or  a  dis- 
location of  the  jejunum  under  the  slcin  of  the  thorax, 
or  by  resection  of  the  greater  curvature  of  tlie  stomach 
and  a  dislocation  of  it  under  the  skin  of  the  thorax. 
These  procedures  will  be  considered  under  the 
description  of  operative  methods. 

Diverticula  of  the  Esophagus. — Several  classes  of 
this  condition  are  recognized  and  may  be  considered 
either  from  their  etiologic  or  from  their  anatomic 
and  clinical  aspect.  The  former  group  is  therefore 
divided  into  (1)  traction,  (2)  pressure  or  ])ulsion  and 
(3)  traction — pressure  diverticula,  according  to  the 
processes  involved  in  their  formation.  The  second 
class  comprises  four  subdivisions  which  are  self- 
explanatory  (1)  pharyngeal,  (2)  pharyngoesoph- 
ageal,  (3)  midthoracic,  and  (4)  infrabifurcal  diverticula 
or  those  situated  below  the  level  of  the  bifurcation 
of  the  trachea.  This  type  is  particularly  infrequent 
in  occurrence,  while  the  pharyngoesophageal  tyjje 
is  the  most  common. 

Symptoms  are  those  of  a  gradually  increasing 
stenosis,  interference  with  swallowing  being  slight 
at  first,  merely  a  sense  of  ob.struction  being  complained 
of.  This  is  "followed  by  irregular  regurgitation  of 
undigested  and  non-acid  material.  The  progressive 
stenosis  is  entirely  dependent  upon  the  increase  in 
size  of  the  sac  which  causes  pressure  upon  and  sub- 
sequent occlusion  of  the  esoijhagus.  Pain  after  eating 
is  freciuently  complained  of  due  to  distention  of  the 
sac  and  pressure  exerted  on  the  adjacent  structures 
by  it.  Immediate  relief  is  afTorded  by  regurgitation 
of  the  contents.  Progressive  emaciation  and  death 
from  inanition  ensues  if  the  condition  is  not  recognized 
and  relieved. 

Diag7iosis  is  as  a  rule  relatively  simple.  In  the 
most  frequent  type  of  pharyngoesophageal  dilata- 
tions, the  tumor'  usually  lies  on  the  left  side  of  the 
neck  and  is  frequently  mistaken  for  the  enlarged 
left  lobe  of  the  thyroid.  Pressure  upon  it  causes 
its  contents  to  swell  up  into  the  mouth  and  this  afiforfls 
the   examiner  a  pathognomonic  phenomenon.     Dys- 


phonia,  dyspnea,  and  even  asphyxia  may  occur,  while 
many  complain  of  an  irritative  cough.  A  radio- 
graph after  administering  a  bismuth  meal  shows  with 
great  definiteness  not  only  the  presence  but  the 
situation,  size,  and  direction  of  the  diverticuhim. 
(Figs.  2134,  213.5,  213fi,  and  2137). 


Fig.  2134. — Radiograph  of  Diverticulum  of  Esophagus  Injected 
with  Bismuth.     (Mayo.) 

Diagnosis  of  the  more  deeply  situated  dilatations  is 
more  difficult  but  of  extreme  importance  particularly 
its  differentiation  from  dilatation  resultant  to  cardio- 
spasm. The  most  exact  evidence  may  be  obtained 
here  also  by  the  use  of  the  radiograph.  Of  con- 
firmatory nature  the  use  of  Strauss'  volume  measure, 
or  Rumpel's  double  sound  and  esophagoscopy  m.ay  be 


Fig.  2135. — Radiograph   of   Diverticulum   of  Esophagus   In- 
jected with  Bismuth.     (Mayo.) 

employed,  and  of  particular  value  the  use  of  the  Plum- 
mer string  guide  mctliotl  of  .soiuiding.  The  information 
thus  obtainable  is  well  shown  in  Figs.  2038  and"  2039. 
This  will  be  found  of  particular  advantage  in  greatly 
emaciated  cases  in  whom  an  operation  in  such  an 
enfeebled  condition  would  be  dangerous,  as  a  stomach 
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tube  may  l)e  threaded  over  the  string  guide  aucl  foofl 
tlius  given  without  the  necessity  of  a  proliniinary 
gastrostomy. 

Trealimiti  may  bo  palliative  or  radical.     The  former 
consisting    of    sounding    which  has  given   moderate 


Fig.  2136. — Radiograph  of  Diverticulum  of  the  Esophagus  In- 
jected with  Bismuth.     (Mayo.) 

relief  in  a  few  instances  and  symptomatic  meas- 
ures as  suitable  diet,  position,  and  irrigation  of  the 
diverticulum  which  have  held  the  condition  in  check 
for  many  years  in  some  cases. 

Operative     Method. — Incision     along     the     inner 
margin  of  the  left  sternomastoid  muscle  which  is  drawn 


Fig.  2137.- 


-Kadiograph  of   Diverticulum  of  Eauphagud  In- 
jected with  Bismuth.      (Mayo.) 


outward,  while  the  anterior  sternal  neck  muscles  are 
tracted  inward.  The  lobe  of  the  th\Toid  is  elevated 
and  the  lateral  thyroid  vein  ligated  and  cut,  care  must 
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be  e.\erclsed  to  avoitl  the  recurrent  larvngeal  nerve 
Should  difliculty  ari.se  owing  to  the  inability  torecoK- 
nize  the  sac,  an  urethral  sound  may  Ix-  introduc-d 
through  the  mouth  into  the  pharynxand  its  tip  uttod 
to  elevate  the  sac  into  the  wound.  The  sac  \n  op<Tic<I 
and  its  interior  examined.  It  i.s  then  ampiitati-d  an.l 
the  oflgcs  of  the  wound  in  the  esophagAil  wall  inverted 
by  a  continuous  mattress  suture,  a  reinforcing  CuHhini< 
parallel  .suture  of  fine  gut  is  then  applied.  A  tempo- 
rary rubber  tissue  drain  should  be  inserted.  It  in  wLse 
to  empty  the  sac  before  the  anesthesia  is  begun.  The 
aftcr-trc.itinent  consists  of  enteroclvsis  (Miirphv)  and 
feeding  twice  daily  by  means  of  a  si'nall  stomach  tube. 
Infre<iuent  sips  of  hot  water  may  be  allowed  r.n  the 
socoiifl  day.  Mayo  reports  si.x"  operative  cures,  no 
mortalities  and  but  two  fistula-  by  this  method.  The 
writer  has  found  the  use  of  a  duorlcnal  feeding  tube 
ideal  for  the  conveyance  of  litpiirl  nourishment  by  any 
le.><ion  of  the  esophagus  or  stomach,  and  its  use  will 
1)0  found  particularly  apphcable  after  the  above 
operation. 


Fio.  2138. — Sound  Pocketed 
in  a  Low  Diverticulum,  but 
Threaded  over  Guide  String. 
(Plummer.) 


Fio.  2139 .— Illu»traiB» 
how  the  Depth  of  the  Diver- 
ticulum may  be  Accurately 
Ascertained  by  Traction  on 
the  String  liflinK  the  Sound 
out  of  the  Diverticulum  and 
over  the  Lip  into  the  F«oph- 
agus.     (Plumraor.) 


In  cases  of  small  diverticula  the  method  of  Girard  of 
inverting  the  diverticulum  and  allowing  it  to  atrophy 
may  be  employerl.  Danger  of  stenosis  in  larger 
dilatations  precludes  this  procedure. 

Oi'EK.\TivE  Methods. — Ccn-icnl  esophagntomi/  may 
be  indicated  in  the  removal  of  foreign  bodies,  ex- 
tirpation of  diverticula,  division  of  strictures  and  for 
facilitating  the  sawing  through  of  strictures  lower 
down.  The  steps  in  the  operation  are  practically  tho.<e 
ju.st  descriljed  for  the  extirpation  of  pharyngoesoph- 
ageal  diverticula.  v 

Cervical  malin.stirinlomy  has  been  performed  several 
times  bv  going  down  in  the  retroesophageal  space  to 
the  median  side  of  the  large  vessels,  or  between  the 
heads  of  the  sternocleidomastoid  muscles  from  the 
clavicle  on  the  right  side,  between  the  carotid  and  the 
jugular  vein,  or  on  the  left  side  to  the  outer  side  of  these 
two  vessels,  and  phlegmons  of  the  thorax  thus 
drained. 
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Cervical  enoiilingnslomi/  is  perforincrl  in  a  similar 
manner  except  the  esopliageal  mucosa  is  sutured  ex- 
ternally to  the  skin. 

Cervical  resection  of  esophagus  {esophagectomy)  is 
indicated  in  certain  cases  of  impermeable  stricture  and 
small  carcinomata  high  up.  Its  mortality  is  high.  The 
technique  consists  of  the  steps  indicated  for  esophag- 
otomy.  The  esophagus  is  dislocated  with  a  blunt 
dissector,  and  if  the  excised  portion  is  not  too  long,  the 
proximal  and  distal  ends  may  be  directly  connected  by 
a  circular  suture.  Otherwise,  both  are  brought  out  to 
the  skin  and  subsequently  joined  by  a  skin  plasty.  A 
temporary  gastrostoinx'  or  tracheotomy  may  be 
indicated  by  the  local  conditions.  The  after-treat- 
ment may  necessitate  a  gastrostomy.  The  duodenal 
feeding  tube  is  an  essential  adjunct.  The  dressings 
must  be  changed  frequently  and  the  drainage  must  be 
thorough. 


Fig.  2140. — Showing  Double  Ligation  and  Division  of  Great 
Omentum  up  to  Reflection  of  Left  Inferior  Epiploic  Artery  onto 
the  Stomach,  also  Double  Ligation  and  Division  of  Right  Inferior 
Epiploic  artery,  and  Exposure  of  Great  Curvature  of  the  Stomach. 
(Meyer.) 

Dorsal  Mediaslinotomy,  Posterior  Thoracic  Esopha- 
gotomy  and  Resection  of  the  Thoracic  Segment  of  the 
Esophagus  (Esophagectomy,  Torek). — Various  methods 
of  transthoracic  approach  to  the  esophagus  have  been 
devised  chiefly  for  the  removal  or  impacted  foreign 
bodies.  All  such  operations  have  proven  formidable 
not  because  of  the  difRcult.v  of  the  operation  per  se, 
but  owing  to  the  frequency  of  resultant  mediastinitis, 
this  may  to  a  great  measure  be  mitigated  by  em|3loying 
duodenal  alimentation  in  the  postoperative  treatment. 
For  greater  difficulties  are  offered,  however,  in  re- 
secting the  thoracic  portion  of  the  esophagus  for 
carcinoma.  Torek  has  achieved  success  by  making 
an  incision  through  the  whole  length  of  the  seventh 
left  intercostal  space,  from  the  posterior  end  of  which 
the  incision  was  continued  upward,  cutting  through  the 
seventh,  sixth,  and  fourth  ribs  at  their  angles.  This  is 
much  simpler  than  the  previously  employed  methods 
of  taking  off  the  scapula,  or  resecting  several  adjacent 
ribs,  or  of  going  in  through  two  separate  interco.stal 
spaces,  as  it  is  more  quickly  executed  and  gives  a 
better  exposure  than  any  of  the  other  methods  of 
access.     To  reach  the  parts  behind  the  arch  of  the 
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aorta  a  number  of  its  thoracic  branches  were  divided 
and  the  aorta  lifted  forward.  The  proximal  stump  of 
the  esophagus  were  dissected  free  and  transposed 
extrathoracically  through  an  incision  at  the  anterior 


Fig.  2141. — Method  of  Application  of  Hueltl's  Wire-stitching 
Instrument  to  Stomach,  showing  Double  Row  of  Through-and- 
through  Staples  in  Place.  The  lower  illustration  A  shows  the 
instrument.  B  shows  the  crank  which  when  turned  five  times 
after  closing  the  clamp,  drives  all  the  staples  (C)  through  all  inter- 
vening tissues  and  clamps  them  (D)  on  the  opposite  side.      (Meyer.) 

border  of  the  left  sternocleidomastoid  muscle,  thus 
obviating  any  postoperative  intrathoracic  leakage 
which  had  previously  been  the  cause  of  the  great 
majority  of  deaths. 


Fig.  2142. — Showing  .■\pphcation  of  Long  Clamps  placed 
Parallel  to  the  Greater  Curvature  in  Case  Hueltl's  Instrument  is 
not  used.      (Meyer.) 

Exirathoraeic  Inferior  Esophago plasty. — Jianu's  Op- 
eration is  applicable  to  form  a  new  tube,  one  end 
connected  with  the  gastric  fundus,  the  other  situated 
high  up  on  the  chest  wall.     It  is  described  by  Meyer  as 
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consisting  of  a  median  abdominal  incision  above  the 
umbilicus,  pulling  forward  of  stomach,  double  ligation 
and  division  of  major  omentum  from  a  place  about  two 
inches  from  the  pylorus  up  to  the  region  where  the 
left  inferior  epiploic  artery  turns  onto  the  stomach. 
Ligation  of  right  inferior  epiploic  artery  next  to  the 
first  omental  stump,  conipleteh-  baring  the  stomach 
wall  (Fig.  2140).     A  mattress  suture  is  run   from   here 
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Fig.  2143. — Illustrates  the  Clamps  Still  in  Place  and  tin 
Greater  Curvature  formed  into  a  Tube  by  Connell's  Sutures, 
Reinforced  by  the  Cusfaing  Mattress.      (Meyer.) 

through  the  entire  thickness  of  the  stomach  about  one 
and  one-half  inches  distant  from  and  parallel  with  the 
greater  curvature  Hueltl's  wire  stitching  instrument 
is  applied  in  a  similar  position  (Fig.  2141)  the  stom- 
ach having  been  lifted  up  in  order  to  have  the 
contents  run  toward  the  lesser  curvature.  The 
stomach  is  then  divided  between  the  two  rows  of 
staples  or  between  the  line  of  mattress  sutures  and  a 


Fig.  2144. — Inversion  of  the  End  ol  the  Jianu  Tube  with  iLe 
Ends  of  the  Sutures  left  long.     (Meyer.) 

clamp,  if  Hueltl's  clamp  is  not  used,  and  what  was  for- 
merly the  greater  curvature  is  turned  up  and  formed 
into  a  tube  by  a  Connell's  suture  (Figs.  2142  and 
2143);  a  Gushing  mattress  suture  inverts  the  first  row, 
the  end  of  the  tube  is  temporarily  inverted  by  three 
sutures,  leaving  the  ends  long  (Fig.  2144).  Stomach 
turned  so  that  the  base  of  Jianu  tube  corresponds  to 
upper  angle  of  abdominal  wound  where  it  is  secured  by 


a  few  sutures.  Clo.sure  of  lower  half  r>f  abdominal 
wound.  New  formed  tube  in  then  meamired  off  on 
external  surface  of  che-st  to  left  of  Hternum  anil  a 
horizontal  incision  made  at  upper  level  of  tube,  skin  of 


Fig.  214.".  -  .SIiiwiiik  lii.j  .M.  tli.^J  ui  lJr.i.\;iit;  the  Tube  up  under 
the  Skin  of  the  Thorax.  The  undermined  part  of  the  thorai 
should  be  quite  broad.  All  projecting  sutures  should  be  Rmsiied 
hut  not  the  gut.      (Meyer.) 


Fig.  2146. — Closing  the  .\bdoniinal  Incision  I'nmanly  and 
Suturing  the  End  of  the  New  Tube  by  its  Mucosa  to  the  Skin  ol 
the  Thorax.     (Meyer.) 

thorax  thoroughly  undermined  and  tube  pulled  up 
with  long  forcepswhich  grasp  the  ends  of  inverting 
sutures  (Fig.  2145);  mucosa  then  sutured  to  .«kin, 
closure  of  remainder  of  abdominal  incision  (Fig.  2H»">i. 
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Iniralhoracic  Inferior  EaophagoplaMy. — Meyer's  C)p- 
er,atii)ii.  In  tliis  tlie  orisiiuitor  utilizes  the  entire 
technique  of  Jianu,  l)ut  instead  of  transposing  the  tube 
under  the  skin,  pulls  it  up  into  the  pleural  cavity 


Fig.  2147, — Meyer's  Method.  Inverted  tip  of  Jianu  tube  cut 
off  and  sutured  end  to  end  with  proximal  end  of  severed  esophagus, 
intrathoracically.  The  hgated  greater  omentum  always  toward 
the  right.     (Meyer.) 

through  a  hole  in  the  diaiihragm  and  anastomoses  it 
directly  to  the  proximal  stumj)  of  the  esophagus  thus 
replacing  the  excised  (lortion  and  reestablishing 
normal  relations  (Fig.  2147). 

Inferior  Exirathoracic  Esophagoplasty. — Von  Finck 
Method.     Here    is    utilized    the    stomach    and    first 
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Fig.  2148. — Showing  *  Situation  of  Cardial  Carcinoma  with 
Gastric  Extension  of  such  Degree  as  to  preclude  the  Formation  of 
the  Jianu  Tube.     (Meyer.) 

portion  of  the  duodenum,  and  is  applicable  to  those 
cancers  of  the  cardia  which  extend  downward  involv- 
ing the  cardialfundus  (Fig.  2148)  and  thus  preclude  the 
formation  of  a  Jianu  tube.  Technique:  The  duode- 
num is  doubh'  ligated  and  divided  at  the  junction  of 
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the  horizontal  and  descending  portions  (Fig.  2149). 
The  whole  viscus  is  then  transposed  under  the  skin 
of  the  thorax  through  a  hole  made  in  the  abdominal 
wall,  after   resection  of  a  portion  of  the  left  ninth  rib 


Fig.  2149. — Primary  Stej>  in  von  Finck's  Operation.  Divi- 
sion of  duodenum  after  freeing  greater  and  lesser  curvatures. 
(Meyer.) 

(Fig.  21.50),  a  posterior  gastroentero.stomy  closing  the 
first  stage  of  the  operation.  At  the  second  sitting  the 
cancer  is  excised  and  distal  portion  of  the  stomach 
closed,  the  proximal  stump  of  the  esophagus  is  then 


Fig.  2150. — Showing  the  Transposed  Stomach  and  First  Por- 
tion of  Duodenum  under  the  Skin  of  the  Thorax  after  Resection  of 
the  Left  Ninth  Rib.      (Meyer.) 

transposed  extrathoracically  and  anastomosed  to  the 
presenting  end  of  the  duodenum. 

Inferior  Intrathoracic  Esophagoplasty. — Ach  Method 
whereby  the  distal  end   of   the  esophagus  and  the 
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mobilized  stomach  are  utilized  to  fill  in  the  defect 
resultant  to  removal  of  the  middle  portion  of  the 
gullet. 

Inferior  Exlralhoracic  Esophagoplasty. — Kelling-Vul- 
liet  Method.  The  transverse  colon  is  totally  excluded 
and  transposed  extrathoracically  (Fig.  21.51). 


Fig.  2151. — Showing     the     Kelling-VuUiet     Method     of    Trans- 
posing the  Transverse  Colon  Extrathoracically.      (Meyer.) 

Inferior  Exlralhoracic  Esophagoplasly. — Wullstein- 
Roux  ^Method.  Is  performed  by  a  total  exclusion  of  a 
coil  of  jejunum,  which  however  necessitates  several 
stages  (Fig.  2152). 


Fig.  2152. — Wullstein-Roux  Method  of  Total  Exclusion  of 
a  Coil  of  Jejunum  and  its  Transposition  Extrathoracically. 
(Rovsing.J 

Esophagoenteric  junction  by  skin  plasty  was  first 
shown  to  be  feasible  by  Bircher,  and  was  later  elabo- 
rated by  Lexer.  Technique:  Horizontal  skin  incision 
at  level  of  cricoid  cartilage  and  a  second  one  parallel 
to  it  below  costal  arch  or  at  level  of  transposed  tube  of 
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Esperanza  MInpral  sprlnK* 


intestine  or  stomach;  tlieir  outer  ends  united  by  pcr- 
IJCndicular  incision  and  flap  loosened,  turned  over  and 
sutured  to  the  median  border  inwardly  to  form  tul>c 
of  finKer'.s  size,  lined  with  epidermis  throughout;  a 
dovible  bridge  flap  moved  inwardly  from  either  side  of 
the  outer  [jortion  of  the  skin  of  thorax  covcrii  the  new 
tube;  the  lower  end  is  then  united  with  thcintextine 
or  stomach  and  the  upper  end  with  the  oral  end  of  the 
esophagus. 


Fig.  2153. — Method    of    Anastomosis    between    the    TmnspowtJ 
Cervical  or  Thoracic  Segment  of  the  Esophagus.     (Meyer.) 

The  cervical  or  thoracic  esophagus  may  be  evulsed 
from  the  body  and  transposed  under  the  skin  of  the 
thorax  and  united  with  the  presenting  visciis  from 
below  (Fig.  21oii),  or  the  two  ends  may  be  connected 
by  means  of  rubber  tubing  (Gluck,  Perthes.) 

J.\MES    T.\FT    PiLCHER. 


Esperanza  Mineral  Springs. — Yates  County, 
New  York. 

Post-office. — Pen  Yan. 

Access. — By  steamers  on  Lake  Keuka  or  by  a 
trolley  line  between  Pen  Yan,  which  is  six  miles 
distant  in  one  direction,  and  Brauchport,  one  mile 
distant  in  the  other. 

The  springs  are  located  at  the  head  of  the  west 
branch  of  Lake  Keuka,  one  of  the  most  charming; 
and  pictiiresc|ue  of  the  many  series  of  lakes  which 
give  the  name  of  the  lake  section  to  this  part  of 
central  New  York.  Lake  Keuka  is  700  feet  alwve 
the  ocean  level,  and  within  a  mile  of  the  springs 
an  elevation  of  1,100  feet  higher  may  be  reached. 
This  is  the  great  grajjo-producing  section  of  New 
York,  and  the  country  about  the  lake  is  dotted  on 
every  hand  with  vineyards.  There  is  a  fine  beach. 
Lovelv  walks,  drives,  and  bicycle  paths  abound  on 
all  sides.  The  largest  of  the  springs  flows  about  1.000 
g;illons  hourlv.  The  water  has  a  temperature  of  .51" 
F.  A  qualitative  analysis  shows  the  following  ingre- 
dients: Calcium  carbonate,  calcium  sulphate,  calciunj 
phosph.ate,  calcium  chloride,  ntagnesium  chloride. 
magnesium  carbonate,  magnesium  sulphate,  iron  oxide 
(trace),  sulphureted  hydrogen  gas.  and  carbonic  acid 
gas. 
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The  water,  when  first  taken  from  the  spring,  has 
both  the  taste  and  the  smell  of  suli)hur,  but  this 
disap[)ears  after  a  few  hours,  and  the  water  becomes 
very  palatable.  There  is  no  hotel  at  the  springs, 
though  there  are  many  within  easy  reach.  Lake 
Keuka  is  well  supplied  not  only  with  hotels,  but  with 
cottages,  steam  yachts,  sail-boats,  and  various  forms 
of  amusement.  No  systematic  effort  has  so  far  been 
made  to  put  the  Esperanza  Spring  waters  on  the 
market,  although  large  quantities  have  already  Ijeen 
sold.  Emma  E.  Walkek. 

Essence. — This  term  seems  to  have  no  definite 
and  generally  accei)ted  meaning.  As  ordinarily  used, 
it  is  supposed  to  represent  an  alcoholic  solution  of  a 
volatile  oil,  or  an  alcoholic  preparation  of  some 
aromatic  principle.  Fortunately,  both  the  United 
States  Pharmacopoeia  and  the  British  Pharmacopoeia 
have  abolished  the  term  from  their  official  pre^jara- 
tions.  The  National  Formvdary  lists  four  essences,  one 
of  which  {essence  of  ginger)  is  a  liquor  or  solution,  one 
{essence  of  lemon)  is  a  spirit,  and  one  (compound 
essence  of  vatdllin),  is  a  compound  tincture.  The 
remaining  one,  essence  of  pepsin,  contains:  Pepsin 
22.5,  rennin  16. .5,  lactic  acid  2,  tincture  of  sweet 
orange  peel  10,  glycerin  12.5,  alcohol  .50,  syrup  65, 
white  wine  365,  purified  talc  15,  and  water  to  1000. 
The  dose  is  2  drams  (8  c.c).  R.  J.  E.  Scott. 

Esthesiometers. — The  word  esthesiometer  is  de- 
rived from  the  Greek  ahOdvoitni.,  I  perceive,  a'iaOrjais, 
perception,  sensation,  and  jUxfiov,  a  measure;  thus 
meaning  literally  a  measure  of  sensation;  and  it  is 
used  to  denote  an  instrument  which  measures  that 
form  of  sensation  known  as  tactile  sensibility  {Tast- 
sinn  in  German). 

Touch  or  tactile  sensibility  is  resolvable  into  at 
least  two  elements,  light  touch — epicritic  sensibility  of 
Head,  and  pressure  touch. 

Esthesiometers,  properly  so  called,  are  instruments 
for  testing  the  sense  of  touch,  the  pressure  touch  thresh- 
old, or  the  perception  of  roughness,  etc.  The  first 
one  used,  one  whicli  under  slight  modifications  still  re- 
tains its  place,  is  that  of  E.  H.  Weber,  who,  in  1829,  ap- 
pears to  have  published  his  first  account  of  his  investi- 
gations in  regard  to  the  sense  of  touch  discrimination. 
The  in.strument  had  probably,  however,  been  for  some 
time  in  use  at  that  date,  for  in  184G  he  refers  to  its  use 
twenty  years  ago.  It  consisted  simply  of  a  pair  of 
compasses  with  e>'lindrical  arms,  the  points  of  which 
were  so  ground  down  that  their  ends  had  a  diameter 
of  one-third  line,  so  that  they  should  produce  simply 
a  sensation  of  touch  and  should  avoid  any  sensation  of 
pain.  To  use  this  instrument  it  was  only  necessary  to 
place  the  two  points  upon  the  skin  of  the  person  to  be 
examined,  care  being  taken  at  the  same  time  that  he 
should  not  see  whether  both  [loints  or  only  one  touched 
his  skin,  and  by  examination  to  find  out  at  what  dis- 
tance from  each  other  it  was  necessary  that  the  points 
should  be  in  order  that  they  should  be  distinctly  felt 
as  separate.  For  in  any  portion  of  the  skin  two  dis- 
tinct points,  if  placed  near  enough  together,  will  be 
felt  as  only  one.  Light  touch  may  be  determined  by 
the  use  of  cotton  wool  on  both  hairless  or  hair-clad 
parts.  The  threshold  of  light  touch  may  also  be  deter- 
mined by  the  use  of  von  Frey's  hairs.  Pressure  touch 
is  determined  by  a  pressure  esthesiometer. 

Weber  found  that  the  sense  of  touch  discrimination, 
i.e.  the  ability  to  discriminate  simultaneous  contacts, 
varied  much  in  healthy  individuals  in  different  parts 
of  the  body,  and  varied  also  somewhat,  especially  on 
the  limbs,  according  to  the  direction  in  which  the 
points  were  placed,  whether  longitudinally,  obliquely, 
or  transversely.  His  figures  and  those  of  Valentin 
for  the  normal  distance  between  two  points,  which  can 
be  distinguished  as  such  in  the  various  parts  of  the 
body,  are  as  follows: 
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Table  of  Variations  of  tue  Sense  of  Locality  in  Different 
Portions  of  the  Skin  (Weber  and  Valentin). 
(The  subjoined  table  gives  the  mean  minimum  distances  (in  Paris 
lines — 2.256  mm.)  for  different  parts  of  the  body  bet  ween  the 
points  of  the  esthesiometer  at  which  two  impressions  can  be  dis- 
tinguished when  the  points  are  applied  simultaneously.  The  first 
column  gives  the  results  of  the  experiments  of  Weber,  the  second 
of  those  of  Valentin,  while  the  third  column  (also  from  V.alentin) 
gives  the  relative  obtuseness  of  each  portion  of  the  body,  the 
most  delicate  part,  the  tip  of  the  tongue,  being  taken  as  the  unit 
of  measurement.) 


Part  of  surface. 


Tip  of  tongue 

Palmar  surface,  third  phalanx  of  forefinger 
Palmar  surface,  third  phalanx  ofmiddle  finger 
Palmar  surface,  third  phalanx  of  ring  finger. 
Palmar  surface,  third  phalanx  of  thumb.  .  .  , 
Palmar  surface,  third  phalanx  of  little  finger. 

Red  surface  of  under  lip 

Red  surface  of  upper  lip 

Palmar  surface,  second  phalanges  of  fingers.. 
Palmar  surface,  first  phalanges  of  fingers.  .  .  . 
Dorsum  of  tongue  (one  inch  from  tip.  Weber) 

Dorsal  surface,  third  phalanx  of  finger 

Portion  of  lips  not  red 

Tip  of  nose 

Edge  of  tongue,  one  inch  from  t  p 

Palmar  surface  of  the  metacarpus  (capitula 

ossium). 

Lateral  surface  of  dorsum  of  topgue 

End  of  great  toe  (plantar  side  of  last  joint, 

Weber). 

Metacarpal  joint  of  thumb 

External  surface  of  eyelids 

Palm  of  hand 

Dorsal  surface  of  second  phalanx  of  thumb.  . 
Dorsal  surface  of  second  phalanx  of  forefinger 
Dorsal   surface   of  second  phalanx  of  middle 

finger. 
Dorsal  surface  of  second  phalanx    of    little 

finger. 
Dorsal   surface  of   second  phalanx   of   ring 

finger. 

Center  of  hard  palate 

Mucous  membrane  of  lips  near  gums 

Skin  of  cheek  over  buccinator 

Skin  of  cheek  over  anterior  part  of  malar  bone 

Dorsal  surface,  first  phalanx  of  finger 

Prepuce 

Dorsal  surface  of  heads  of  metacarpal  bones. 
Check,  over  posterior  part  of  malar  bone. .  .  . 

Plantar  surface  of  first  metatarsal 

Lower  part  of  forehead 

Back  of  hand 

Lower  part  of  hairy  scalp  in  occipital  region. 

Surface  of  throat  beneath  lower  jaw 

Back  of  heel 

Pubes 

Crown  of  head 

Patella  and  surrounding  parts 

.\reola  around  nipple 

Dorsum  of  foot,  near  toes 

.\xilla 

Skin  of  forearm  (upper  and  lower  extremities 

of  forearm,  Weber). 
Back  of  neck  (over  spinal  column,  Weber).  . 
Upper  and  lower  extremities  of  lower  leg. . . . 

Penis 

-Acromion  and  upper  part  of  arm 

Sacral  region 

Sternum 

Gluteal  region 

Middle  of  arm 

Middle  of  thigh 

Spine  near  middle  of  cervical  vertebrae 

Spine  near  fifth  dorsal  vertebra 

Lower    part    of    thorax,    and    over    lumbar 

vertebrte. 
Middle  of  dorsal  vertebrae 


Valentin. 


3.00 


5.00 


483 
003 
706 
723 
725 
7.33 
500 
520 
55.S 
650 
916 
125 
20S 
250 
478 
£25 

500 
250 

333 

833 
833 
893 
893 
900 


3.943 


3.971 


042 
125 
541 

020 


1.000 
1.248 
1,462 
1.497 
1.501 
1.518 
3.100 
3.147 
3.220 
3.416 
3 ,  967 
4.400 
4.572 
4.658 
5.130 
5,434 

5.176 
6.729 

6.901 
7.936 
7 . 9.36 
8 .  660 
8 .  060 
8.075 

8.163 

8.221 


18.00 


18.00 


10. 
12. 
12. 
13. 
13, 

13. 
13. 
13. 
13. 
14, 
15, 
16, 
17. 
17. 
18. 
19. 
00'19. 


8.369 
8.540 
9.402 
9 .  565 
917  10.180 
100  10.559 
2501 10.809 
2,S0 1  10.944 
875  12.104 
000  12.422 
960 j 14.423 
292J17.108 
292117.108 
000  18.634 
200 1 19.048 
583: 19.840 
208  21.135 
066! 24. 982 
525  25.932 
000  26.915 
292  27.520 


292 
708 
850 
886 
958 
875 


27.520 
28.381 
28.675 
28 . 708 
30.969 
32.867 


625  34.420 


083 
633 
542 
000 
912 


35.368 
36.507 
38.389 
39.337 
41.225 


.  30.00  24.208'50.120 
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Foster  gives  the  following  figures  in  millin'oters  oVj- 
tained  by  the  >ise  of  a  pair  of  compasses  (a  Paris  line 
equals  2.250  millimeters) : 

Tip  of  tongue 1.1  mm. 

P.ilmar  surface  of  terminal  phalanx  of  finger.  2.2  mm. 

Palmar  surface  of  second  phalanx  of  finger.  .  .  4.4  mm. 

Tip  of  nose 0.0  mm. 

White  part  of  lips 8.8  mm. 

Back  of  second  phalanx  of  finger 11.1  mm. 

Skin  over  malar  bone 15.4  mm. 

Back  of  hand 29.8  mm. 

Forearm 39 . 6  mm. 

Sternum 44.0  mm. 

Back 60. 0  mm. 

In  1858  Sieveking  published  the  account  of  his 
esthesiometer  in  the  Britiali  and  Foreign  Mcdico-Chi- 
rurgical  Review.  The  principle  is  the  same  as  that  of 
Weber's,  but  the  form  is  somewhat  altered.  Instead 
of  using  the  common  compasses  Sieveking  has  made 
his  instrument  in  the  form  of  the  beam  compass  used 
b.v  mechanics;  that  is  to  say,  of  a  .solid  graduated  bar 
of  metal,  which  terminates  at  one  end  in  point  run- 
ning at  right  angles  to  the  bar,  while  on  the  bar  slides 
another  point  of  horn  or  ivory,  which  can  be  fixed  at 
any  desired  distance  from  the  first  by  means  of  a 
screw  on  top.  A  modification  of  Sieveking's  esthesi- 
ometer wrs  made  by  Brown-Secpiard,  who  made  both 
the  bar  itself  and  the  points  lighter  and  did  away 
with  the  screw-  at  the  top  of  the  movaljle  point. 
In  his  instrument  the  points  are  of  steel,  and  there  is  a 
roughened  prominence  on  the  side  of  the  second 
point  to  enable  it  to  be  readily  moved  by  the  finger  or 
thumb  (see  Fig.  2154).     Nearly  all  the  esthesiometers 
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Fig.  21.J4. — Brown-'Sequard's  Esthesiometer  (reduced  in  size). 

at  present  used  are  modifications  of  these  two  forms. 
Hammond's  convenient  little  instrument  is  a  modifica- 
tion of  Weber's,  eonsi.sting  essentially  in  allowing 
the  index  bar  to  swing  on  a  rivet  fastened  to  one  arm 
of  the  compass,  the  bar,  while  in  ui;e,  being  held  by  a 
catch  on  the  other  arm,  in  which  it  slides  freely. 
When  not  in  use  it  can  be  lifted  from  the  catch  and 
swings  into  approximation  with  the  arm  to  which  it  is 
fastened,  so  that  the  whole  instrument,  when  closed, 
occupies  but  little  space  and  can  readily  be  carried  in 
the  pocket.  Carroll's  instrument  is  simply  a  compass, 
each  arm  of  which  ends  in  two  points,  one  blunt  and 
one  sharp,  either  of  which  can  be  used  as  desired; 
while  Vance's  is  an  arrangement  of  compass  with 
flattened  arms,  which  shuts  up  in  a  case  like  a  penknife. 
Gordon  Holmes  has  constructed  one  of  the  simplest 
and  most  jjractical  types.  It  consists  of  a  short- 
limbed  flat  calipers  with  blunt  turned  ends,  distances 
being  marked  on  the  sides. 

The  ability  to  discriminate  two  points  may  be  tested 
in  two  ways:  The  points  may  be  applied  simulta- 
neously or  in  succession.  In  the  latter  method  one 
point  of  a  compass  is  brought  in  contact  with  the 
skin  and  then  while  in  contact  the  second  point  is 
rapidly  placed  upon  the  skin.  In  testing  for  cerebral 
lesions  this  second  method  often  gives  valuable 
information. 

The  older  experiments  of  Weber,  Vierordt,  and 
others  were  directed  largely  to  an  intellectual  appre- 
ciation of  the  distances  stibtended  by  the  compass 
points.  The  more  recent  work  of  Head  is  more 
directly  apj)licable  to  the  discriminating  when  one  or 
two  points  are  touched.  From  the  older  experimental 
view-point  certain  interesting  facts  were  determined. 
These  were  as  follows:  1.    The  points  of  the  esthesi- 


ometer always  seem  to  be  farther  apart  when  one 
point  is  placed  on  one  side  of  a  natural  openinK  and  one 
on  the  other.  Thus,  when  one  point  is  placed  on  tlie 
upper  lip  and  one  on  tlie  lower,  thev  appear  fartht-r 
separated  than  if  both  points  are  placed  in  a  corre- 
sponding position  on  either  lip.  This  in  part  accounts 
for  the  increase  ap[)arent  when  tlie  esthesiometer  in 
moved  from  the  cheek  to  the  median  line  in  Weber'g 
experiment.  2.  Other  things  being  equal,  the  points 
of  the  esthesiometer  seem  farther  apart  when  they 
rest  upon  different  tissues.  Thus,  for  example, 
when  one  point  is  placed  upon  the  mucous  rneln- 
brane  of  the  lip  and  one  point  U|)oii  the  skin,  they  seem 
f.arther  apart  than  when  both  points  are  upon" either 
the  skin  or  the  mucous  membrane.  .3.  As  a  rule  the 
points  seem  farther  apart  when  they  are  on  different 
sides  of  the  median  line  than  they  do  in  correspondini; 
positions  wlien  both  are  on  the  .same  side.  This  law 
does  not,  however,  always  hold  good.  4.  The  direc- 
tion in  which  the  i)oints  are  i)laced  in  relation  to  each 
other  is  of  considerable  imfxirtance  in  certain  parts  of 
the  body,  especially  on  the  limbs.  When  placcfl  trans- 
versely they  appear  to  be  at  a  greater  distance  from 
each  other  than  when  i)laced  longitudinally.  On  the 
body  proper  there  seems  to  be  but  little  difference, 
while  it  is  more  marked  on  the  face,  and  more  so  still 
on  the  limbs,  especially  the  lower  arms  and  legs  The 
cause  of  this  is  as  yet  unknown,  but  it  may  be  that  the 
skin  over  different  muscles  responds  more  readily  to 
two  stimulations  than  tlu^  skin  over  the  same  muscle 
when  touched  at  two  equally  distant  points.  Accord- 
ing to  Vierordt  the  relative  delicacy  of  the  sense  of 
locality  at  any  point  on  the  .skin  of  a  special  portion 
of  the  body,  as  compared  with  that  of  the  other  points 
of  the  same  portion,  is  a  function  of  its  mobility  and 
increases  proportionately  to  its  distance  from  the  axis 
on  which  that  part  moves,  since  it  depends  on  the 
relative  greatness  of  the  excursions  which  it  effects 
about  its  axis  through  the  movements  of  the  part 
concerned. 

In  applying  the  esthesiometer  certain  precautions 
should  always  be  observed.  The  points  should  have 
the  same  temperature  as  the  body.  In  one  series  of 
tests  the  oijcrator  should  take  especial  care  that  both 
points  are  ai)i)lied  as  nearly  as  possible  simullancouslt/, 
as  the  elemefit  of  time  enters  distinctly  into  our  tactile 
impressions  and  the  greater  the  time  which  clai>.scs 
between  any  two  impressions  of  a  similar  kind,  the 
more  readily  are  such  impressions  recognized  as  dis- 
tinct. For  this  reason,  also  the  points,  when  once 
applied,  should  not  be  moved,  for  if  they  be  moved,  a 
new  sensation,  or  a  series  of  sensations,  will  be  pro- 
duced, which  will  enable  us  to  inter])ret  the  impres- 
sions more  easily.  It  is  a  curious  fact  that,  if  two 
points  be  placed  so  near  together  that  they  are  felt 
as  only  one,  and  a  third  point  be  drawn  across  ths 
skin  between  the  two,  the  sensation  of  a  moving 
object  can  be  felt,  although  its  position  cannot  be 
localized.  The  impression  produced  by  the  points, 
moreover,  becomes  clearer  the  longer  fhey  rcni.-.in 
in  contact  with  the  skin.  Hence,  in  making  compar.i- 
tive  ob.servations,  the  points  should  be  held  on  each 
place  for  the  same  length  of  time.  In  addition  to 
the  simultaneousness  of  the  touch  the  pressure  at  the 
two  points  should  be  as  nearly  e(|u.al  as  possible  and 
as  .slight  as  possible.  As  we  shall  hereafter  see,  the 
ratio  of  the  sense  of  pressure  in  different  parts  of  the 
body  varies  considerably  from  that  of  touch,  and  the 
two  different  sensations  should  be  carefully  distin- 
guished. For  practical  purposes,  however,  the 
amount  of  pressure  exercised  in  ordinary  cases  when 
due  care  is  taken  is  not  sufficient  to  affect  in  anv  w.".y 
the  resiilt.  It  is  otherwise,  however,  when  a  ditlcnnit 
amount  of  pressure  is  exerted  on  the  two  points.  Th." 
force  of  the  stimulus  produced  iit  one  point  is  liable 
so  to  act  that  the  stimulus  produced  .at  the  other  is 
perceived  but  indistinctly  or  not  at  .all._  A  third  and 
obvious    precaution    to    be    obser\-ed    in    using    the 
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esthesioineter,  when  testing  corresponding  portions  of 
the  body,  is  tliat  tlie  points  should  in  each  case  be 
placed  in  the  same  direction,  that  is,  longitudinally, 
obliciuely,  or  transversely,  as  may  be,  and  that  they 
should  be  on  exactly  corresponding  parts  and  at  an 
equal  distance  from  the  median  lino.  This  is  of 
special  importance  in  pathological  cases,  where  the 
esthesiometer  is  vised  for  the  purpose  of  diagnosis. 

In  an  examination  for  physiological  purposes  we 
must  also  take  into  consideration  the  mental  condi- 
tion of  the  subject.  Whenever  the  attention  is 
strongly  fixed  upon  any  point  in  the  body,  sensations 
produced  there  by  external  objects  are  more  readily 
and  more  quickly  perceived  than  when  the  mind  is 
occupied  by  other  thoughts.  Hence,  when  the  atten- 
tion is  fixed  ujion  the  action  of  the  esthesiometer,  the 
points  will  lie  perceived  more  readily  and  more  dis- 
tinctly than  would  otherwise  be  the  case.  The  readi- 
ness with  which  the  points  are  perceived  and  their 
position  determined  varies  also  greatly  with  practice. 
Cold  diminishes  the  tactile  sen-sibility,  as  does  also 
extreme  heat.  Hj-peremia,  as  well  as  anemia,  prob- 
ably likewise  diminishes  it.  The  clinical  value  of  the 
compass-)3oint  tests  of  epicritic  sensibility  are  fully  dis- 
cussed iu  the  article  on  Atiesthesia  and  Analgesia. 

B.\HESTHESiOMETER. — The  term  baresthesiometer, 
from  pi-pa's,  weight,  and  esthesiometer,  has  been 
applied  to  instruments  which  are  used  to  determine 
the  delicacy  of  the  cutaneous  sense  of  pressure. 

The  first  attempts  to  measure  the  cutaneous  sense 
of  pressure  were  made  by  E.  H.  Weber,  who  for  this 
purpose  used  weights  laid  directly  upon  the  parts  to  be 
tested,  the  muscular  sense  being  excluded  by  firmlv 
supporting  the  part  to  be  examined  upon  some  solid 
body.  Various  weights,  as  nearly  as  possible  of  the 
same  size  and  same  temperature,  were  applied  in 
succession  to  the  part,  and  the  smallest  difference 
which  could  be  thus  detected  was  carefully  determined 
for  each  part.  Weber  himself  had  made  use  for  this 
purpose  of  coins  (thalers)  which  he  laid  upon  the  fore- 
head, the  head  being  supported,  and  thus  he  obtained 
some  important  results.  According  to  his  researches, 
the  sense  of  pressure  varies  much  less  in  the  different 
parts  of  the  body  than  the  sense  of  locality,  and  does 
not  vary  in  the  same  proportion  in  the  different  parts. 
In  the  place  of  coins  Kammler  and  Aubert  made  use 
of  small  discs  of  cork  or  elder-pith,  on  which  weights 
could  be  placed,  while  Dohrn  estimated  the  sense  of 
pressure  by  means  of  a  blunt  point  attached  to  the 
arm  of  a  pair  of  scales.  In  1863  Goltz  published  the 
account  of  his  apparatus,  by  means  of  which  he  sought 
to  determine  the  smallest  rhythmical  pressure  which 
can  be  perceived  on  any  given  part.  For  this  purpose 
he  made  use  of  an  india-rubber  tube,  both  ends  of 
which  were  closed  and  which  was  rendered  tense  by 
being  filled  with  water.  The  pulsations  produced  by 
the  experimenter  at  one  end  of  the  tube  were  trans- 
mitted to  the  other  end,  which  was  laid  upon  the  part 
to  be  tested.  Goltz 's  results  corresponded  with  those 
of  Weber  for  the  sense  of  locality,  except  that  the  tip 
of  the  tongue  was  found  to  be  proportionately  much 
less  sensitive  to  pressure. 

To  determine  the  delicacy  of  the  sense  of  varintio7i  of 
pressure,  Evdenburg  used  the  baresthesiometer  which 
bears  his  name  (Fig.  2155).  It  consists  simply  of  a 
hard-rubber  plate,  on  to  which  is  screwed  a  spiral  spring 
through  whose  greater  or  lesser  tension  a  stronger  or 
weaker  pressure  can  be  exerted  on  the  plate.  This 
spring  is  placed  inside  a  case,  and  can  be  more  or 
less  compressed  at  will  by  means  of  a  guiding  rod. 
Through  a  toothed  wheel,  which  is  placed  in  connec- 
tion with  this  rod,  an  index  is  set  in  motion,  which 
marks  on  a  dial  plate  the  amount  of  tension  of  the 
spring,  thus  showing  the  strength  of  the  pressure 
exerted.  Each  figure  on  the  dial  corresponds  to  a 
pressure  of  one  gram.  Eulenburg  found  that  the 
sensibility  to  variations  of  pressure  was  most  delicate 
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on  the  face,  especially  the  forehead,  then  on  the  lips, 
the  back  of  the  tongue,  cheeks,  and  temples.  Here  it 
is  -j\,,  often  5^5.  On  the  upper  extremities  it  is  j'j 
to  iVi,  and  does  not  vary  much  in  the  different  part's. 
In  the  lower  extremities  the  anterior  portions  of  the 
lower  leg  and  thigh  seem  to  possess  the  greatest  sensi- 
bility; next  follow  the  back  of  the  foot  and  dorsal 
surface  of  the  toes,  while  on  the  plantar  surface  of 
the  toes,  the  sole  of  the  foot,  and  the  posterior  por- 
tions of  the  lower  leg  and  thigh  the  sensibility  is 
much  weaker.  Lowitt  and  Biedermann  found  that  liy 
the  finger  tips  the  differences  between  weights  which 
bear  to  each  other  the  jiroportion  of  29  to  30,  could  be 
appreciated,  provided  the  weights  were  not  too  light 
nor  too  heavy.  The  power  of  determining  variations 
of  pressure  varies  in  accordance  with  the  amount  of 
the  pressure.  Except  perhaps  for  minimal  pressures, 
the  greater  the  initial  pressure  the  greater  must  be  the 
increase  of  pressure  in  order  that  a  variation  may  be 


Fig.  2155. — Eulenburg'3    Baresthesiometer.      A,    Front  view;    B, 
back  view. 

felt.  These  instruments  for  determining  the  pressure 
threshold  have  been  superseded  largely  by  the 
use  of  von  Frey's  hairs,  or  the  pressure  esthesiometer 
of  Head.  The  use  of  these  instruments  has  afforded 
entirely  new  insight  into  clinical  neurology.  The  chief 
features  of  deep  sensibility  in  its  relation  to  clinical 
neurology,  as  determined  by  the  Head  or  Cattel  instru- 
ments, are  fully  discussed  in  the  article  on  Anesthesia 
and  Analgesia. 

Thermesthesiometer. — For  measuring  the  sensi- 
bility of  differences  of  temperature,  Weber  used  two 
long  glass  phials  filled  with  oil,  into  each  of  which  he 
introduced  a  thermometer,  passing  it  through  the 
stopper.  By  means  of  this  apparatus  he  found  that 
the  skin  of  the  face  was  the  most  sensitive,  especially 
that  of  the  e.yelids  and  cheeks.  The  lips,  on  the  con- 
trary, which  are  more  sensitive  to  sensations  of  place, 
are  less  so  to  those  of  temperature.  Moreover,  the 
sense  of  temperature,  as  tested  in  this  way,  instead  of 
being  greatest  in  the  middle  of  the  lips,  is  greater  on 
the  lateral  portions  of  the  upper  lip,  greatest  on  the 
cheeks,  and  less  as  we  approach  the  median  line.  In 
18f)6,  Eulenburg  described  his  thermesthesiometer. 
The  instrument  consisted  simply  of  a  "frame"  and 
two  thermometers  attached  thereto.  For  "frame" 
he  made  use  of  Sieveking's  esthesiometer,  to  the  bar 
of  which  he  fastened  two  exactly  similar  thermome- 
ters which  corresponded  accurately'  to  each  other. 
Their  lower  ends  were  drawn  into  broad  glass  bulbs, 
and  flattened  at  the  bottom  so  as  to  rest  readily 
upon  the  skin.  These  thermometers  worked  like  the 
points  of  the  esthesiometer,  one  of  them  being  fixed 
at  the  end  of  the  bar,  while  tlie  other  could  be  moved 
along  it  as  desired,  and  be  fastened  at  an^'  distance  by 
means  of  a  screw.  Thus  the  distance  between  the 
thermometers  was  determinable  at  will,  and  could  be 
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estimated  by  a  scale  marked  on  the  bar.  In  using  this 
apparatus,  one  thermometer  was  heated  or  cooled  as 
desired,  while  the  other  was  left  at  the  temperature 
of  the  room.  In  the  following  year,  1SG7,  Nothnagel 
published  a  series  of  very  careful  investigations  into 
the  cutaneous  sensibility  of  the  temperature,  in 
making  which  he  used  a  special  instrument.  Noth- 
nagel's  thermesthesiometer  consists  of  two  exactly 
similar  cylindrical  vessels,  two  and  a  half  inches  high 
and  one  and  a  half  inches  in  diameter.  Their  walls 
are  made  of  wood  and  are  double,  some  poorly  con- 
ducting substance,  as  ashes,  being  placed  between 
the  two  parts.  The  bottom  is  formed  of  copper,  a 
good  heat  conductor.  On  the  top  of  the  vessel  is  a 
tightly  closing  wooden  cover  which  moves  on  a  hinge 
and  which  has  an  opening  on  one  side.  Correspond- 
ing to  this  opening  there  rises  perpendicularly  from 
the  edge  of  the  vessel  a  piece  of  wood  to  which  are 
fastened  two  rings.  Through  these  rings  and  through 
the  opening  in  the  cover  a  thermometer  is  thrust  into 
each  vessel,  which  is  partially  filled  with  water,  whose 
temperature  ma\-  readily  be  rendered  different  in  the 
two  vessels  by  plunging  into  it  some  good  conductor, 
which  has  been  previously  heated  or  cooled.  The 
vessels  should  be  placed  rapidly  one  after  the  other 
on  the  part  to  be  examined,  and  the  time  of  contact 
should  last  until  the  subject  has  formed  a  judgment 
in  regard  to  the  temperature.  Care  must  be  taken 
that  the  whole  surface  of  the  bottom  of  both  vessels 
should  rest  against  the  skin,  since,  as  is  well  known, 
the  strength  of  the  impression  and  the  delicacy  of 
the  sensibility  to  temperature  grow  with  the  increase 
in  the  number  of  nerve  ends  affected.  By  this  means 
Nothnagel  determined  that  the  greatest  capacity 
for  distinguishing  differences  of  temperature  exists 
when  the  temperature  is  between  27°  and  3.3°  C. 
(80.6°  and  91.4°  F.) ;  up  to  39°  C.  (102.2°  F.)  it  is  but 
slightly  diminished,  but  from  thence  to  49°  C. 
(120.2°  F.)  it  diminishes  rapidlv,  and  at  the  latter 
point  pain  occurs.  From  27°  to  14°C.  (80.6°  to  57.2°  F.) 
the  capacitv  diminishes  in  much  the  same  ratio  as 
from  33°  to"  39°  C.  (91.4°  to  102.2°  F.),  but  between 
14°  and  7°  C.  (57.2°  and  44.6°  F.)  it  falls  off  rapidly. 
He  found  that  in  different  parts  of  the  body  the  fol- 
lowing differences  in  temperature  could  be  dis- 
tinguished : 

Centigrade. 

Sternum 0.6° 

Chest,  upper  and  outer  portion 0.4° 

Epigastrium 0.5° 

Abdomen,  upper  lateral  portion 0.4° 

Midd'e  part  of  back 1.2° 

Lateral  portions  of  back 0.0° 

Palm  of  the  hand 0.5»-0.4° 

Back   of  the  hand 0.3° 

Forearm — extensors 0.2° 

Forearm — flexors 0.2° 

Upper  arm — extensors  and  fiexors 0.2° 

Dorsal  surface  of  foot 0.5°-0.4° 

Lower  leg — extensors 0.7° 

Lower  leg — flexors  (calf) 0.0° 

Thigh  extensors  and  flexors 0.5° 

Cheeks 0.4°-0.2° 

Temples 0.4°-0.3° 

The  sensibility  to  variations  of  temperature  seems 
duller  as  we  approach  the  median  line.  The  hand  and 
fingers  are  generally  alike,  the  lower  arm  more  sensi- 
tive than  the  hand,  and  the  upper  arm  more  so  than 
the  lower  arm.  By  extreme  degrees  of  heat  or  cold 
a  thermanesthesia  is  produced.  Anemia  increases 
sensibility  to  temperature,  hyperemia  is  said  to 
diminish  it. 

Kronecker's  fhermesthesiometer  resembles  Eulen- 
burg's,  but  tlie  latter's  thermometers  are  replaced  by 
metal  tubes,  each  divided  nearly  to  the  end  by  a  parti- 
tion, as  in  a  double-irrigating  catheter.  Throiigh 
these  water  of  a  fixed  temperature  can  be  caused  to 
flow 
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ture sense  by  means  of  warm  and  cold  metal  cvlindcm 
with  a  round  conflict  surface  one  ccntiniettT  in 
diameter.  He  also  used  in  other  experiments  a  metal 
globe  which  could  be  heated  or  cooled. 

The  recent  work  of  Head  points  to  the  fact  that  two 
types  of  thermal  recognition  are  pres<'iit  in  the  huni:iT. 
body.  One  that  distinguishes  Ixjtween  slight  ■. 
tions  in  temperature-epicritic  thermal  wnsi' 
and  that  which  distinguishes  only  between  extrenito 
of  heat  and  cold  protopathic  sensibility.  These  are 
subserved  by  quite  different  recept^irs.  The-,  v-. 
tested  often  by  ordinary  te.st-tube  methorls.  N. 
ous  electrical  thermestliesiometers  have  l>een  de\i-.  .1. 
Mills  of  Philadelphia  having  cr)nstnicted  one  of  the 
latest.  The  clinical  value  of  the  information  given 
with  reference  to  epicritic  and  protopathic  he;it 
sensibility  is  very  great.  One  may  be  lost  without 
the  other.  In  general,  as  in  a  neuritic  proce.ss,  both 
may  be  gone,  but  in  certain  cord  lesions  (hema- 
tomyelia),  there  may  be  a  loss  of  protopathic  and  no 
loss  of  epicritic  sensibility.  Such  a  patient  cannot 
distinguish  between  boiling  and  freezing,  but  may 
accurately  say  warm  or  cool.  The  significance  of 
these  te.sts  in  clinical  neurology  has  been  discu.s.<ed 
in  the  article  on  Anesthesia  ami  Analgrxia  in  Vol.  I. 

Smith  Ely  Jelliffe. 


Estienne,  Charles. — .V  distinguished  French  anato- 
mist and  practitioner  of  medicine  of  the  first  half 
of  the  sixteenth  century.  He  was  born  at  Paris 
about  the  year  1504.  His  father  and  his  elder  brother 
Robert  were  among  the  most  celebrated  printers  of 
that  period,  and — like  all  those  who  presided  at  the 
birth  of  this  art — they  were  men  of  great  cultivation. 
Charles,  the  younger  brother,  after  receiving  a  bril- 
liant general  education,  devoted  him-self  to  the  study 
of  medicine  and  was  given  the  degree  of  Doctor  of 
Medicine  on  June  20,  1542.  France  was  ver>-  much 
disturbed  about  this  time  by  the  opposition  offered  to 
all  attempts  to  reform  the  prevailing  religion,  and 
Robert  Estienne,  who  had  actively  espoused  the  catise 
of  Luther,  was  soon  made  to  feel  that  it  was  no  longer 
safe  for  him  to  remain  in  Paris.  He  accordingly  fletl 
to  Geneva,  in  1551,  leaving  the  management  of  the 
printing  establishment  in  the  hands  of  his  younger 
brother,  who  by  this  time  had  become  a  physician 
of  considerable  distinction.  In  religious  matters 
Charles  was  not  in  sympathy  with  his  brother  Robert. 
He  remained  a  staunch  Catholic,  and  the  king  (Fran- 
cis II.),  shortly  after  Robert's  flight  to  Geneva, 
appointed  Charles  Printer  to  the  Court.  Despite  the 
royal  favor  and  the  great  fame  which  the  Estienne 
establishment  had  acquired,  he  was  unable  to  make  a 
financial  siiccess  of  the  printing  business.  The 
debts  steadily  increased,  and  finally  his  creditors 
threw  him  into  a  debtors'  prison,  where  he  died  in 
1564,  at  the  age  of  sixty. 

Charles  Estienne  owed  his  fame  almost  as  much  to 
his  knowledge  of  botany  as  to  the  fact  that  he  was  an 
original  investigator  in  the  domain  of  human  anatomy. 
His  treatises  on  the  former  subject  were  six  in  numlxr, 
and  they  were  ptiblished  separately  at  different 
times  between  the  years  1.535  and  1543.  The  book 
which  he  wrote  on"  anatomy  was  published  first  in 
L.atin  (1545)  and  then  in  French,  and  the  title  which  it 
bore  in  the  latter  language  reads  as  follows:  "La 
dissection  des  parties  du  corj's  himiain.  divis<5e  en 
trois  livres  (avec  les  figures  et  declarations  des  inci- 
sions  par   Estienne   de  la  Rividrc,  chirurgien),  Paris 

A.  H.  B. 


Estill  Springs.— Estill  County.  Kentucky.  These 
springs  are  located  at  Irvine,  forty-six  miles  e.a-st  of 
Lexington,  130  miles  east  of  Louisville,  and  130 
miles    south    of    Cincinnati,    on   the   Louisville    and 
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Athuitic  division  of  the  Louisville  und  Nashville 
Railroad.  Tlie  modern  hotel  is  beautifully  sitiuited 
on  the  eastern  side  of  a  high  mountain,  in  the  midst 
of  a  thirty-acre  lawn  studded  with  original  forest 
trees.  The  farm  connected  with  the  springs  comprises 
830  acres.  We  are  indehte<i  to  the  United  States 
Geological  Reports  for  the  following  analysis,  made 
bv  Dr.  Robert  Peter: 


One  United  States  Gallon  Contains 

■  • 

Solids. 

Red  Sulphur 
Springs 

(near  saloon) 
Grains. 

Chalybeate 
Spring.t 
Grains. 

1.16 
11.66 
4.64 

9.32 

2.93 

1.75 

9.91 
5.24 

.58 

.58 

16.32 

.58 
5.24 

9.91 

Sociium  chloride 

.58 
Trace. 

Silica 

Organic  matter 

.58 
2.33 

1.75 
8.16 

Total 

41.34 

51.88 

Gases. 

Cubic  inches. 

Cubic  inches. 

0.26 
18.98 

Carbonic  acid 

15.68 

The  following  analysis  of  the  white  sulphur  water 
was  made  by  Professor  J.  H.  Kastle,  professor  of 
chemistry,  State  College  of  Kentucky. 

One  United  States  Gallon  Contains: 
Solids.  Grain.s. 

Calciumcarbonate 15.3 

Calcium  sulphate 8.5 

Magnesium  sulphate 10. 1 

Sodium  chloride 5.3 

Potassium  chloride 1.5 

Lithium  chloride 1.0 

Silica  and  insoluble  residue 2.1 

Total 43.8 

Total  solids  by  evaporation 46.6 

Hydrogen  sulphide 1.4  Cubic  inches . 

The  waters  are  principally  of  the  light  sulphureted 
type,  with  one  mild  ferruginous  spring.  Another 
spring  in  the  neighborhood,  termed  by  Walton  the 
"Irvine"  spring,  is  purgative,  containing  about  2.56 
grains  of  .sulphate  of  magnesium  to  the  gallon. 
Besides  the  hotel  there  are  cottages.  The  table  is 
supplied  from  the  large  gardens  of  the  springs. 
Fine  bowling  alleys,  tennis  courts,  billiards,  and  many 
other  sports  are  at  hand  for  the  entertainment  of 
the  guests.  The  springs  grounds  adjoin  Irvine,  a 
town  of  about  1500  inhabitants. 

Emm.\  E.  W.\lker. 


Estlander,  Jakob  August. — Born  in  Helsingfors 
Finland,  December  24,  1831,  he  was  graduated  from 
the  university  in  that  place  in  1858.  After  studying 
for  two  years  in  Paris  and  London,  he  was  ap])ointed 
professor  of  surgery  at  the  University  of  Helsingfors, 
a  post  which  he  filled  for  his  entire  jirofessional  life. 
He  died  March  4,  1S81,  in  Messina  whither  he  had  gone 
in  the  hope  of  regaining  his  health  which  had  long 
been  failing. 

He  was  the  author  of  numerous  articles  in  surgical 
subjects  published  in  the  medical  journals  of  France 
and   Germanv   as   well   as   of   his  native  land.     The 


*  Converted  from  parts  per  1,000. 
t  Alkaline  calcic  chalybeate. 
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operation  which  bears  his  name  was  described  in  an 
article  entitled  "  R^'section  des  cotes  dans  remi)ycnie 
chronique,"  published  in  the  Revue  de  mi'decine'et  de 
chirurgie,  1879.  Other  papers  written  by  him  were: 
"Ueber  Chorioiditis  nach  febris  typhosa  recurrens," 
Ueber  Brand  in  den  unteren  Extreniitaten  hei  exan- 
thematischem  Typhus,"  and  "Methofie  d'autoplastic 
de  la  joue  ou  d'une  levre  par  un  lambeau  enijjruntc  a 
I'autre  levre."  T.  L.  S. 


Ether. — In  medicine  and  pharmacy  the  word  elher, 
unqualified,  means,  as  it  does  in  common  parlance, 
the  body  ethyl  oxide  (C2H5)20,  formerly,  but  improp- 
erly, called  sulphuric  elher.  Ether  is  a  product  of 
reaction  between  sulphuric  acid  and  alcohol,  and  is 
obtained  by  distilling  a  mixture  of  these  two  bodies, 
and  purifying  the  di.stillate.  Under  the  simple  title 
/Elher,  Ether,  the  United  States  Pharmacopoeia 
recognizes  an  ether  of  standard  purity,  "composed  of 
al)0ut  ninety-six  per  cent.,  by  weight,  of  absolute 
ether,  .  .  .  and  about  four  per  cent,  of  alcohol 
containing  a  little  water." 

Ether  is  "a  transparent,  colorless,  mobile  liquid, 
having  a  characteristic  odor,  and  a  burning  and 
sweetish  taste.  Specific  gravity:  0.716  to  0.717 
at  25°  C.  (77°  F.).  Soluble  in  about  ten  times  its 
volume  of  water  at  25°  C.  (77°  F.),  with  slight  con- 
traction of  volume.  Miscible,  in  all  proportions, 
w'ith  alcohol,  chloroform,  petroleum,  benzin, 
benzene,  fixed  and  volatile  oils.  Ether  boils  at  about 
35.5°  C.  (96°  F.),  and  it  should,  therefore,  boil  when  a 
test-tube,  containing  some  broken  glass  and  half 
filled  with  it,  is  held  for  some  time  in  the  hand.  Ether 
is  highly  volatile  and  inflammable.  Its  vapor,  when 
mixed  with  air  and  ignited,  explodes  violentlv. " 
(U.  S.  P.) 

Ether  tends  to  decompose  by  prolonged  keeping, 
developing,  as  one  product,  acetic  acid.  For  use  as 
an  anesthetic,  ether  ought  to  be  pure  and  of  standard 
strength.  In  all  cases  of  suspicion,  therefore,  the 
surgeon  should  test  his  sample  by  the  following 
simple  procedures:  1.  Let  soak  in  the  ether  for  ten 
minutes  a  piece  of  pale  blue  litmus  paper,  previously 
moLstened  with  water;  the  paper  should  not  redder, 
thus  showing  the  ether  to  be  free  from  acid.  2. 
Pour  about  two  teaspoonfuls  of  the  ether  upon  a 
piece  of  clean  blotting-paper,  free  from  smell,  and  let 
it  evaporate;  as  the  last  of  the  ether  is  dissipated,  no 
foreign  odor  should  be  perceptible  on  the  paper,  show- 
ing absence  of  impurities.  3.  Saturate  some  water 
with  the  ether,  and  then  shake  together,  in  a  gradu- 
ated test-tube,  20  c.c.  of  such  aqueous  solution  of 
ether  with  an  equal  bulk  of  the  ether  itself.  Upon 
standing  till  the  two  fluids  separate,  the  layer  of  ether 
should  not  measure  less  than  19.8  c.c,  thus  showing 
an  absence  of  undue  amoimt  of  alcohol  or  water — in 
other  words,  that  the  ether  is  up  to  standard  in 
strength. 

By  reason  of  its  extreme  volatility  ether  is  best  kept 
in  hermetically  .sealed  tins.  In  bottles,  whether  cork- 
or  glass-stoppered,  leakage  by  evaporation  is  almost 
certain  to  occur,  especiall.v  during  transportation. 
Extreme  inflammability  is  another  property  of  ether 
requiring  especial  precautions  in  handling  the  fluid, 
and  a  point  often  overlooked  is  that  air  even  moder- 
ately charged  with  ether  vapor  is  explosive. 

Ether  is  a  conjoint  local  irritant  and  constitutional 
narcotic.  Being  of  high  diffusion  power,  it  is  readily 
absorbed  by  living  tissues,  and  so  speedily  declares  its 
influence.  Applied  in  full  strength  to  the  skin,  and 
prevented  from  evaporating,  it  cjuickly  reddens,  and 
in  time  will  Ijlister.  Absorbed  into  the  blood,  ether 
disturbs  nerve  function  by  attacking  first  and  more 
profoundly  the  nerve  centers,  and  secondly,  and  with 
less  intensity,  the  nerves  themselves.  Oif  the  nerve 
centers,  the  cerebrum  seems  to  be  the  most  sensitive 
to  the  ether  Influence,  the  disturbance  being  first  a 
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conjoint  excitation  of  the  emotional  and  Itltuiting  of 
the  intellectual  faculties,  and  finally  an  abroKation  of 
all  mental  phenomena,  and  unconsciousness  so 
absolute  that  upon  awaking  there  is  not  even  that 
vagueapppreciationcf  the  duration  of  the  narcosis  that 
follows  ordinary  sleep.  Next  to  the  cerebrum  suffers 
the  sensory  tract  of  the  spinal  cord,  the  affection 
ijeing  a  progressive  blunting  of  perceptivity,  and 
next  again  the  motor  tract,  suffering  first  by  "paresis 
and  irritation,  and  finally  by  full  paralysis.  Lastly, 
the  medulla  oblongata  becomes  involved,  its  sensory 
centers,  as  in  the  case  of  the  cord,  succumbing  first 
and  its  motor  centers  last.  Upon  the  nerves  ether  has 
a  paralyzing  power  similar  to  what  it  exerts  upon  the 
centers,  but  the  influence  is  so  feeble  as  to  be  pro- 
ducible only  by  direct  application  of  ether  to  an  ex- 
posed nerve.  In  impregnation  of  the  blood  with 
ether,  death  of  the  subject  by  paralysis  of  the  medulla 
will  take  place  before  there  is  any  obvious  impairment 
of  conductivity  on  the  part  of  the  nerve  trunks.  Of 
the  great  functions,  heart  aclinn  is  stimulated  by  ether, 
the  pulse  of  a  healthy  subject  rising  in  force  and 
frequency,  and  maintaining  such  cjuickened  and 
deepened  action  even  tlirough  a  long  and  full  narcosis. 
In  profound  etherization,  however,  the  heart  is 
weakened,  but  the  effect  is  always  insignificant  as 
compared  with  the  weakening  wrought  by  chloroform, 
and  in  death  by  ether  the  heart  is  still  irritable. 
Arterial  tension  is  increased  at  first;  in  part,  doubtless, 
as  a  result  of  the  increased  heart  action,  but  in  part 
also,  apparently,  by  vasomotor  spasm.  Later  in  the 
narcosis  the  blood  pressure  falls.  Respiration  is 
primarily  stimulated,  but  secondaril.v  depressed, 
until  in  full  ether  narcosis  the  breathing  becomes  slow 
and  shallow;  and,  in  case  of  overdosing,  respiration 
is  the  function  whose  failure  produces  death.  From 
the  experiments  of  Knoll  it  would  appear  that  these 
respiratory  derangements  are  caused  by  direct  action 
of  the  ether  upon  the  respiratory  centers.  Functions 
presided  over  by  the  sympathetic  nervous  system  are 
but  little  disturbed  by  ether.  The  slomach  is  easily 
upset  by  ether;  full  doses  given  bj'  swallowing  are 
repulsive  and  sickening;  and  after  ether  inhalation 
nausea  and  vomiting  are  common  occurrences, 
especially  if  the  narcosis  has  been  of  considerable  dura- 
tion, and  especially,  further,  if  an  ether  of  inferior  qual- 
ity has  been  used. 

Ether  may  be  administered  by  inhalation  or  by 
the  stomach.  For  inhalation,  and  the  anesthetic  use 
of  ether,  see  Anesthesia,  General  Surgical,  hy  the 
stomach,  from  one  to  two  teaspoonfuls  is  the  average 
dose,  best  given  in  from  eight  to  ten  measures  of  ice- 
cold  water,  sweetened,  if  so  preferred.  Ether  so 
taken  is,  however,  a  repulsive  medicine,  being  offen- 
sive to  the  taste  and  tending  to  choke,  because  of  its 
pungency.  But  for  internal  administration  the  com- 
mon practice  is  to  prescribe  the  pharmacopcrial  prepa- 
ration entitled  Spiritus  /Eihcris  Compositus,  Com- 
pound Spirit  of  Ether,  or  Hoffman's  anod.vne.  This 
preparation  is  compounded  of  325  parts,  by  measure, 
of  ether,  6.30  parts  of  alcohol,  and  25  parts  of  ethereal 
oil.  It  is  a  colorless  volatile  fluid,  smelling  and 
tasting  of  its  three  powerful  ingredients.  It  forms  a 
milk}-  emulsion  on  admixture  with  water.  It  is 
used  as  an  antispasmodic  and  general  nervine  and 
cardiac  stimulant,  and  is  given  in  average  dose  of  from 
half  a  teaspoonful  to  one  or  two  such  measures,  in 
water,  plain  or  sweetened.  In  the  United  States 
Pharmacopoeia  there  is  also  official  a  preparation 
entitled  Spinms^i/im.s,  Spirit  of  Ether,  a  preparation 
consisting  of  .325  parts,  by  measure,  of  ether,  and 
075  parts  of  alcohol  in  mutual  solution.  This  spirit 
may  be  given  as  an  internal  medicine  in  doses  of  one 
or  two  teaspoonfuls,  administered  in  a  goodly  quantity 
of  iced  water,  plain  or  .sweetened. 

A  peculiar  application  of  ether  is  the  driving  of  the 
fluid,  in  atomized  spray,  upon  the  skin  for  the  purpose 
of  freezing  that  texture  by  the  cold  developed  by  the 


evaporation  of  the  ether — such  freezing  iK-ing  for  the 
.sake  of  the  anesthesia  that  attends  it.  The  procedure 
is  appropriate  only  for  brief  and  superficial  surgical 
operations,  and  often  is  more  painful  than  the  knife. 
See  Anesthesia,  Local.  Edwajid  Ccnris. 

II.  J.   E.  St-rjTT. 


Ethics,  Medical. — Ethics,  the  dictionary  says,  in 
"the  science  of  human  duty;  the  body  of  rules  of  duty 
drawn  from  this  science;  a  particular  system  of  prin- 
ciijles  and  rules  concerning  duty,  whether  true  or 
false;  rules  of  practice  in  respect  to  a  single  cla.H.s  of 
h\iman  actions — as  jjolitical  or  social  ethics;  medical 
ethics."  I  have  ever  been  of  the  opinion  that  a  gentle- 
man required  no  rules  of  dut.v.  But  duties  are  many, 
and  the  rules  of  duty  may,  and  should,  be  learned. 
The  ten  commandments  may  not  be  recjuired  by  the 
virtuous,  but  when  learned  by  the  young  thej'  have 
contributed  to  keep  him — aye,  to  make  him — 
virtuous.  That  is  why  the  medical  student  should 
learn  the  ethics  of  his  profession  before  the  temptations 
and  as])erities  of  practice,  and  bad  examples,  have 
numbed  his  finest  feelings.  That  is  why,  in  my 
opinion,  the  teaching  of  medical  ethics  should  be  a 
part  of  our  undergraduate  co.irses,  and  a  medical 
school  without  them  does  not  fit  the  coming  genera- 
tion of  physicians — while  conscience  is  being  clouded 
by  modern  commercialism — for  their  sacred  vocation. 
That  is  why  the  .American  Medical  .\ssociation,  after 
abolishing  its  inmitive  code  of  ethics  ten  years  ago, 
has  compiled  and  promulgated  as  an  advisory  and 
suggestive  document,  the  "Principles  of  Medical 
Ethics."  Its  chapters  are  three:  first,  the  duty  of 
physicians  to  their  jjatients;  second,  the  duty  of 
physicians  to  each  other  and  to  the  profession  at 
large;  and,  third,  the  duties  of  the  |)rofcssion  to  the 
public,  as  teachers  of  public  hygiene,  of  sanitary 
matters  in  daily  life  and  in  e])idemics,  and  on  charla- 
tanism, which  is  rampant  in  every  country  and  con- 
stitutes a  permanent  danger  even  more  threatening 
than  epidemics. 

A  year  ago,  Dr.  L.  Fischer  of  Vienna  published  a 
book  (i\rztliche  Stande>;pflichten  und  Standesfragen, 
Vienna,  1912)  on  the  duties  of  the  medical  i)rofe.'ision 
and  general  professional  questions.  In  his  historical 
review,  he  speaks  of  jealousy  and  enmity  as  the 
peculiarities  of  medical  men:  "Invidia  medicorum 
pessima,"  and  "Cave  collegam"  were  proverbial. 
The  book  is  still  waiting  for  a  translation.  One  of 
its  best  chapters  is  that  on  the  mutual  relations  of 
medical  men.  Galen  himself  complained  of  having; 
.suffered  much,  even  physically,  from  the  jealousy  of 
the  doctors.  The  relations  between  the  members  of 
the  medical  profession  remained  bad  through  cen- 
turies, though  professional  leaders  and  governments 
tried  to  make  the  doctors  behave  like  gentlemen. 
In  the  tenth  century,  Izaak  Juda-us.  in  the  fourteenth, 
Henry  de  Mondeviile,  preached  concord  and  harmony; 
they  even  practised  what  they  preached.  In  vain! 
Through  centuries,  statutes  of  as.sociations,  faculties — 
for  instance,  these  of  the  chirurgeons  of  Paris,  1370-|- 
the  barbers  of  Alsace,  the  medical  faculties  of  Leipsic 
(1309),  Cologne  (1392).  Vienna  (1494).  contain  all 
sorts  of  rebukes,  rejiriniands,  fines,  and  even  in- 
carcerations on  account  of  unethical  behavior. 
Johannes  Peter  Frank  was  .so  disgusted  with  the 
behavior  of  doctors  when  they  met  in  consultations 
as  to  advise  the  calling  in  ofthc  police  on  all  such 
occasions.  That  was  about  the  end  of  the  eighteenth 
ccnturv.  It  was  the  very  time  (1799)  at  which  the 
RLarvland  Medical  and  Surgical  Faculty,  according 
to  Eugene  Fauntlerov  Cordell  (The  Medical  Annals 
of  Marvland,  1903,  p.  31)  framed  regulations  which 
gave  its  president  authority  to  fine  any  memlH-r, 
acting  at  a  meeting  in  a  disorderly  manner,  a  sum 
not  exceeding  ten  dollars,  or,  if  the  otTense  were  con- 
sidered  sufficiently  serious,   to  eject   him,   with   the 
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consent  of  two-thirds  of  the  members  present — and 
after  all,  they  did  not  know  of  fee  splitting  and 
contract  practice  in  those  times. 

These  conditions  wore  the  same  in  all  countries — 
Germany,  France,  Switzerland,  Italy,  and  Great 
Britain.  It  was  in  the  last-named  country  that 
Percival  wrote  in  1803  his  book  on  ethics  which  was 
the  foundation  and  guide  of  the  .\merican  Medical 
Association  (1847)  until  the  punitive  "Code  of 
Ethics"  was  replaced  by  the  "Principles  of  Ethics" 
at  the  general  meeting  in  New  Orleans,  in  190-3. 

The  history  of  what  may  be  styled  the  business 
relations  of  "practitioners  is  quite  extensive.  No 
"barber,"  chirurgeon,  or  practitioner  was  entitled  to 
take  a  case  which  was  under  the  treatment  of  another, 
unless  the  predecessor  was  notified,  paid,  and  decently 
discharged.  The  large  number  of  regulations,  orders, 
and  sometimes  heavv  fines  emanating  from  govern- 
ments and  faculties"  prove  the  frequency  of  trans- 
gressions. The  good  "olden  times,"  the  "golden 
age,"  of  the  past  was  not  what  we — with  all  our 
justifiable  com])laints  of  to-day — would  wish  to  see 
return.  Consultations  were  always  frequent — either 
desired  or  feared.  Hipjjocrates  says  that  quacks 
refuse  to  call  other  practitioners  but  that  a  physician 
will,  in  a  case  beset  with  difficulties  and  dangers, 
demand  the  presence  of  a  colleague  without  any 
injury  to  his  own  reputation.  Still,  the  anxiety  of 
the  patient  and  his  friends  overdid  the  practice  of 
calling  consultations.  Pliny  reports  that  the  monu- 
ment of  the  Emperor  H.adrian  was  inscribed  "turba 
medicorum  perdidit  Caesaren"  (the  large  number 
of  doctors  killed  the  Emperor).  Henry  IV.  of  France, 
calling  (1594)  upon  one  of  his  state  officers  who 
suffered  from  retention  of  urine,  found  him  sur- 
rounded by  sixteen  doctors.  The  patient  is  still 
dead.  Sorne  of  the  regulations  regarding  consulta- 
tions were  quite  strict.  Now  and  then  it  was  ruled 
that  the  youngest  doctor  talked  first,  in  other  cases 
it  was  the  oldest  and  most  mature. 

The  relations  of  the  practitioner  and  the  apothecary 
were  considered  suspicious  at  an  early  time.  The 
statute  of  Benevent  (1207),  the  medical  rules  of  the 
Emperor  Frederick  II  (1241),  the  regulations  of  the 
city  of  Marseilles  (1255)  and  those  of  Constance 
(1387),  are  very  emphatic  in  their  expressions  con- 
cerning their  pecuniary  relations.  Annual  presents 
were  limited  to  a  certain  amount,  or  were  prohibited. 
In  several  cities,  during  the  fifteenth  and  subsequent 
centuries,  the  doctor  was  warned  not  to  send  his 
patients  to  a  particular  apothecary.  The  question 
whether  the  apothecary  was  obliged  to  furnish  medi- 
cines gratis  to  practitioners  or  to  their  families  was 
discussed  by  the  Faculty  of  Vienna  in  1628.  Its 
decision  was  quite  positive.  No  such  obligation 
existed,  but  the  apothecary  was  permitted  to  be 
guided  by  reasons  of  friendship. 

Human  nature,  good  and  bad,  seems  to  be  the  same 
in  all  centuries  and  all  peoples.  The  outcome  of 
what  existed  centuries  ago  is  at  the  present  time  the 
taking  of  "commissions."  There  are  those  in  the 
practice  of  medicine  who  demand  and  take  commis- 
sions. What  is  a  commission?  An  agent  receives 
it  when  or  because  he  supplies  to  a  tradesman  a 
new  customer.  It  is  not  difficult  to  determine  who 
pays  for  it.  Is  it  the  employer?  or  the  customer? 
it  is  an  indirect  tax  to  be  paid  by  the  latter,  viz., 
the  customer,  who  is  robbed  in  order  to  sustain  a  high 
tariff.  Commissions  are  asked  from  and  paid  by 
apothecaries,  truss  and  bandage  makers,  instrument 
manufacturers,  even  from  and  by  poor  nurses.  That 
is  a  shameful  but  frequent  occurrence.  I  know  that 
a  competent  person  who  asked  for  a  weekly  payment 
of  fifteen  dollars  was  in  the  habit  of  offering  a  "com- 
mission" as  a  remuneration  to  the  practitioner  who 
was  requested  to  employ  her.  This  occurred  a  year 
ago,  not  centuries  ago;  in  New  York,  not  in  Sing  Sing. 
Unfortunately,  this  is  not  an  unusual  case.     It  merely 


proves  that  the  practice  of  medicine  is,  to  many,  a 
shameless  trade  instead  of  a  sacred  vocation.  The 
same  unprincipled  method  is  followed  in  the  relations 
of  the  practitioner  to  the  consultant,  who  is  called  in 
only  because  he  consents  to  divide  ("split")  his  fee 
with  the  man  who  calls  him  in.  This  iniquity  is  no 
exception;  on  the  contrary,  it  is  quite  frequent.  In 
New  York  and  other  large  cities  it  is  only  a  small 
number  of  surgeons  who  are  known  for  their  objec- 
tions to  this  nefarious  practice  and  their  persistent 
refusal  to  submit  to  it.  The  very  fact  that  medical 
associations  and  public  hospitals  have  felt  obliged  to 
stamp  the  practice  as  nefarious,  even  to  threaten 
transgressors  with  expulsion,  proves  its  freciuencj'. 
Its  extermination  is  not  easy.  If  the  consultant  no 
longer  pays  cash,  he  has  been  known  to  help  his  needy 
or  greedy  employer  with  a  "loan."  There  is  no  law 
or  rule  that  may  not  be  either  broken  or  circumvented 
by  those  in  the  low  ranks  or  by  those  of  high  standing. 
Unhappily,  doubtful  or  vicious  habits  are  more  readily 
established  than  virtuous  precepts.  That  is  why  it 
is  so  much  easier  to  influence  favorably  those  who  are 
still  young  and  not  demoralized  by  poverty  or  the 
temptations  of  years  of  detrimental  opportunities, 
and  why  the  neglect  of  teaching  ethics  during  under- 
graduate instruction  in  our  medical  schools  is  a 
reprehensible  omission.  Indeed,  advanced  classes  of 
medical  students  have  felt  the  want  of  it  and  have 
invited  it. 

Hippocrates  has  the  following  sentence:  "I  shall 
give  nobody  a  death-working  remedy,  though  I  may 
be  requested  to  do  so,  nor  shaU  I  suggest  anything 
of  that  nature." 

What  has  been  called  euthanasia  is  not  meant  to 
favor  the  suffering  or  dying,  but  to  relieve  and  please 
the  living  egotist.  Bacon  wanted  the  dying  or  mori- 
bund removed  because  to  him  the  sight  of  pain  was 
distressing.  A  hysterical — and  for  that  reason, 
fashionable — poet  sees  in  the  dying  "agon}'"  only. 
That  is  Maeterlinck.  When  a  patient  is  "doomed" — 
he  makes  that  prognosis  out  of  ignorance  or  craziness 
(Galton  has  a  special  class  for  poets  and  insane) — he 
blames  the  doctor  for  not  relieving  Maeterlinck  of 
Maeterlinck's  horror.  I  was  present  when  a  doctor 
of  divinity  told  a  houseful  of  doctors  of  medi- 
cine that  they  must  give  a  deadly  dose  to  a  pa- 
tient who  is  sure  to  die.  "Sure  to  die,"  prognoses 
are  rarely  made  by  the  knowing.  They  require  the 
insolence  of  ignorance.  Of  the  latter,  no  one  is  de- 
prived by  a  one-sided  instruction  (called  "education  "). 
That  is  why  every  "medical  sect"  for  a  hundred  years 
past  has  gathered  its  converts  and  adherents  in 
"professional"  circles,  particularly  among  those  of  all 
possible  sexes  whose  studies  and  convictions  are  based 
on  faith  exclusively.  To  this  class  belong  clergymen 
and  lawyers. 

I  know  of  no  better  teacher  of  the  "principles  of 
ethics"  than  the  rules  laid  down  by  the  A.  M.  A.  Its 
collection  of  leaflets  should  be  in  the  hands  of  every 
one,  to  be  read  occasionally  as  a  welcome  reminder. 
A  good  doctor  should  have  it  on  his  shelf  next  to  his 
Bible.  As  its  contents  teach  the  doctor's  duties  to 
himself,  to  his  profession,  to  his  medical  neighbor,  and 
to  the  community,  my  remarks  may  be  quite  brief.  _ 
The  young  and  the  old  doctor's  duty  to  himself  is 
his  membership  in  the  medical  society  of  his  county, 
State,  and  the  A.  M.  A.  I  have  met  hundreds  of  men 
who  belonged  to  none  of  them,  but  none  of  them  filled 
me  with  confidence  in  their  judgment  or  general  sense 
of  responsibility.  The  County  Society,  like  every 
scientific  gathering,  is  the  very  place  to  teach  and  to 
learn,  the  latter  more  through  discussion  than  the 
reading  of  papers.  Briefly,  membership  in  the  County 
Society  is  as  significant  as  naturalization  of  a  for- 
eigner— at  the  proper  time.  Omission  of  that  duty 
or  opportunity  means  bad  citizenship. 

Be  careful  when  you  make  a  prognosis.  In  the 
presence  of  a  patient  aiHicted  with  a  fatal  disease,  be 
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rather  optimistic.  That  is  no  reason  why  a  reliable 
or  cautious  member  of  his  family  should  not  learn  the 
truth.  I  have  made  many  mistakes  in  that  way. 
Good-naturedness  and  the  fear  lest  a  fatal  prognosis 
would  disturb  the  family  nursing  and  reach  the  pa- 
tient after  all  have  prevailed  upon  me  fretjuently — 
mainly  in  my  younger  years — to  give  an  unjustifiably 
good  prognosis,  which  finally  was  refuted  bj'  the  out- 
come. Our  feelings  and  temperaments  mu.st  be 
watched.  After  all,  however,  our  optimism  is  a  boon 
to  the  patient.  Hope  and  assurance  are  better  nerve 
stimulants  than  valerian  or  nux  vomica.  To  tell  a 
patient  he  has  to  die  is  a  culpable  brutality.  Beware, 
however!  Patients  who  tell  you  they  want  to  know 
the  worst,  deceive  you  and  themselves.  The  teaching 
of  Richard  Cabot  in  connection  with  that  problem  is  a 
mistake  which  injures  the  patient;  and  Grover  Cleve- 
land's address  delivered  before  the  Medical  Society  of 
the  State  of  New  York  some  years  ago  was  the  result 
of  insufficient  information  on  the  part  of  that  great, 
true,  and  otherwise  wise  man .  Concealing  a  dangerous 
truth  is  no  "lying." 

Patients  should  be  filled  with  hope  in  the  way  in 
which  their  ailment  is  described  to  them.  They  take 
the  word  "cancer"  as  a  death  warrant,  and  the  shock 
and  fear  kill  them  before  their  time.  Let  them  under- 
stand that  they  have  a  tumor  which  should  be  removed 
immediately,  or,  when  inoperable,  should  be  treated 
medicinally  only. 

Your  straightforward  inhumanitj'  should  not  add 
to  the  gravity  of  the  calamity.  The  word  "consump- 
tion" takes  the  same  rank  in  their  imagination.  It 
is  a  sentence  of  death.  It  should  never  be  used. 
Health  Department  officers  who  in  their  thousands 
of  cases  use  the  word  officially  prove  that  they  obtain 
more  callousness  in  their  bureaucratic  desk  work  than 
feeling  for  their  unfortunate  neighbors.  Tell  your 
patient  he  has  "tuberculosis,"  and  that  in  order  to 
escape  "consumption"  he  must  obey  certain  rules  of 
diet,  and  hygiene,  and  proper  medication  to  get 
either  well  or  surely  no  worse.  To  tell  a  young  w-oman 
with  heart  disease  that  no  medicine  in  New  York  or 
Brooklyn  w-ill  cure  her,  is  brutal  and  ignorant.  Such 
wUd  talk  and  careless  phraseology  harms  the  sick  and 
drives  them  into  the  arms  of  the  quacks  of  either  sex. 
All  these  warnings  have  been  given  thousands  of  times 
these  7,000  years,  but  we  doctors  are  apt  to  forget 
both  facts  and  ethics. 

In  our  vocation  we  have  to  deal  with  no  crystal,  or  a 
machine,  but  with  the  life  of  a  fellow-being.  We  are, 
at  the  bedside,  no  longer  naturalists,  no  longer  mere 
medical  men,  but  physicians.  If  we  cannot  cure  or 
restore,  we  can  improve.  If  neither,  we  can  cheer, 
and  that  is  improving. 

One  of  our  obligations  to  the  community  is  fre- 
quently forgotten  in  the  following  way:  The  rules 
for  admission  to  both  public  and  private  schools 
require  that  a  child  taken  with  a  contagious  disease 
must  be  isolated,  and  no  child  of  the  same  family  must 
return  to  the  school  within  a  legally  determined 
period.  Untold  dangers  and  many  deaths  may  occur 
in  consequence  of  not  reporting  a  communicable 
disease.  A  scarlet  fever  must  not  be  declared  a 
stomach  rash;  measles,  a  cold;  chickenpox,  an 
intestinal  autoinfection;  and  diphtheria,  a  mild  sore 
throat.  Such  a  criminal  transaction  has  been  the 
cause  of  many  like  cases  in  the  same  family  and  its 
neighborhood^  of  an  epidemic,  of  the  closure  of  many 
schools,  of  untold  undertaker  bills.    . 

Ethics  are  disregarded  in  a  great  many  other  ways. 
We  are  prone  to  complain  of  the  rapid  invasion  of 
proprietary  foods  and  medicines,  but  the  vast  majority 
of  the  verj'  prescriptions  of  the  doctors,  wdiich  arc 
recorded  in  all  the  apothecary  shops,  contain  pro- 
prietary medicines,  nostrums,  quackishnesses  "made 
in"  America,  Germany,  France.  Nor  is  it  less  un- 
ethical to  shift  the  responsibilities  of  a  doctor's  office 
on  less   competent   shoulders.     The   great   majority 


of  the  so-called  laboratories  in  the  large  cities  arc  run 
by  incompetent  people.     They  make  a  livini?  hi-<    ■-. 
our  general  practitioners  refer  the  simplest  (•xa:t 
tions  of  urine  or  sputum  to  thein.     They  incrt-a-.   •  :.. 
expense,  they  decrease  the  ref.[M;ct  due  to  the  prac- 
titioner.    The  practitioner  who  acts  in  that  way  is 
unethical  in  a  great  many  ways  Ixisides  refusiiig  to 
perform  for  his  patient  a  simple  work;  moreover,  it 
detracts  from  the  dignity  and  humbles  the  pu-/ 
of  the  practitioner  in  the  eyes  of  the  public,  wh; 
taught  by  its  very  jiractitioners  that  they  are  un.u^i.. 
without  outside  help  to  take  care  of  the  sick. 

There  are  a  few  rules  to  be  remembered  by  the 
young  doctor.  When  your  medical  neighbor  ha.s 
patients  while  .you  are  still  waiting,  never  grudge  him 
his  own,  and  wait — as  he  has  done.  When  the  first 
patient  has  turned  up,  never  feel  that  you  own  him. 
When  your  neighbor  is  well  spoken  of,  do  not  believe 
that  your  reputation  suffers  because  he  is  eulogized. 
On  the  contrary,  you  miss  for  many  reasons,  a  great 
deal  when  you  omit  praising  a  colleague  who  deserves 
it.  It  is  better  that  patients  should  seek  you  than 
that  you  should  run  after  them.  When  your  patient 
leaves  you  for  some  other  doctor,  it  depends  on  your 
temperament,  or  vanity,  or  needs,  whether  you  feel 
chagrined — but  do  not  blame  the  doctor  who  is  called 
in  your  place.  On  the  other  hand,  when  another 
doctor  robs  you  of  your  patient  by  hook  or  by  crook — 
they  say  that  such  things  do  happen — be  sorry  for  that 
doctor  and  for  the  profession  he  should  not  belong  to, 
and  be  glad  that  you  are  not  the  other  man,  but  a 
gentleman.  Remember  that  a  gentleman  should  find 
it  easy  to  compete  honorably;  when  you  are  treated  in 
that  shabby  way  it  worries  you,  but  you  are  the  gen- 
tleman, and  people  will  eventually  find  you  out.  Not 
to  take  honest  competition  on  the  part  of  others  kind- 
ly, shows  disregard  for  the  rights  of  others,  either 
doctors  or  patients,  and  bad  citizenship,  and  exhibits 
jealousy,  avidity,  and  senility  of  the  young  or  the  old 
heart. 

The  commercialism  which  is  the  signature  of  our  era 
has  invaded  industries,  arts,  sciences,  and  the  pro- 
fessions, but  it  has  not  proved  so  detrimental  here  as 
it  has  in  Europe  where  poverty  is  still  greater,  and  the 
innate  pride  of  our  democratic  citizens  is  absent. 
Still,  we  have  not  escaped  the  hypocrisy  of  the  worst 
forms  of  fee  splitting  or  contract  practice.  No  rule, 
no  code,  will  ever  make  a  gentleman  out  of  an  evilly 
disposed  or  low-bred  person.  No  law  can.  B\it 
their  teaching  may  guide  and  warn  the  inexperiencerl. 
even  in  a  time  which  makes  honorable  competition 
unusually  difficult. 

Still,  conditions  were  worse  for  us  some  time  ago. 
When  the  facility  of  obtaining  a  diploma  and  of  the 
license  to  practise  filled  the  profession  with  undesir- 
able men  and  women,  the  ideal  of  what  a  physician 
should  be  was  crowded  to  the  wall.  It  is  only  with  the 
growing  difficulty  of  matriculation  and  the  increasing 
severitv  of  examinations — particularly  also  the  estab- 
lishment of  State  license  boards — that  the  number  of 
underweight  doctors  has  become  smaller,  and  the 
average  standard  of  the  well-informed,  well-brought- 
up,  and  wcU-behaving,  and  erudite  doctors  immensely 
higher.  That  is  why  the  humanitarian  endeavors  of 
the  altruistic  part  of  the  community  find  their  support 
more  than  ever  among  such  members  of  our  profession 
as  look  upon  their  duties  beyond  the  field  of  mere 
prescription  writing  and  bone-setting. 

Section  7  of  Chapter  II  of  the  "Principles  of 
Ethics"  of  the  A.  M.  .-V.  declares  public  advertising 
to  be  incompatible  with  honorable  standing  in  the 
profession.  A  better  phraseology  than  that  of  its  few 
sentences  cannot  he  imagined.  Without  one  telling 
them  the  public  will  find  out  what  every  one  of  us  is 
made  of.  Whoever  is  a  thorough  specialist  will  soon 
be  appreciated  and  favored  by  his  professional  col- 
leagues. No  advertiser  has  ever  lived  to  see  police- 
men required  to  protect   his  hall  door  against   the 
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storming  of  his  office  by  uncontrollable  throngs  of 
would-be  patients.  It  was  a  foreign  tourist,  who, 
after  a  few  weeks  on  the  railroads  in  this  country, 
tried  to  refute  an  American  practitioner  who,  after  a 
practice  of  sixty  years,  defended  the  American  doctor 
against  the  charge  of  universal  advertising,  and  pro- 
claimed in  one  of  the  greatest  medical  weeklies  in 
Germany,  that  he  had  been  in  America  and  knew 
better,  for  he  and  his  fellow-travellers  had  seen  ever 
so  many  shingles  witli  the  word  "osteopath"  in- 
scribed on  them.     Sapienti  sat. — 

A.  Jacobi. 


Ethidene  Bichloride. — Elliylidene  Chloride:  CH,.- 
CHCl".  This  is  an  etliereal  body,  isomeric  with  and 
much  resembling  ethylene  bichloride.  It  has  been 
experimented  with  as  an  anesthetic,  aud  has  been 
found  to  operate  after  the  general  manner  of  chloro- 
form, including  the  occasional  killing  of  a  subject. 
It  is  said  to  be  less  depressant  to  the  heart,  and  there- 
fore safer  than  chloroform;  it  is  administered  similarly 
to  chloroform.  EDW.-iRD  CnnTis. 

R.  J.  E.  Scott. 


Ethnology,  Medical. — Within  the  last  few  years 
many  physicians  have  observed  facts  which  indicate 
that  the  law  of  adaptation  to  environment  applies 
strictly  to  man,  and  that  if  a  type  which  has  been 
evolved  as  fittest  for  survival  in  one  place,  migrates 
to  a  new  environment  to  which  it  is  not  adjusted,  it 
suffers  from  special  diseases  due  to  the  new  adverse 
factors  against  which  it  has  no  defenses.  We  have 
known  for  a  long  time  that  races  disappear  if  they 
migrate  to  a  climate  markedly  different  from  their 
ancestral  one,  but  the  newly  discovered  facts  show  that 
we  are  tied  by  a  much  shorter  tether  than  the  older 
ethnologists  realized,  and  that  even  a  minor  change  of 
climate  will  adversely  affect  those  variations,  which 
are  the  least  adjusted  to  the  new  conditions,  while 
the  individuals  which  happen  to  vary  in  the  opposite 
direction  of  a  more  nearly  perfect  adjustment  will 
be  in  better  health  and  eventually  survive  as  the 
fittest.  Indeed,  the  evolution  of  the  present  races 
and  subraces  from  common  ancestors  could  not  have 
been  accomplished  by  any  other  process  than  by  the 
survival  of  the  fittest,  variations  among  migrants,  and 
the  destruction  of  the  unfit.  There  is  still  some  ques- 
tion as  to  whether  mankind  has  descended  from  one 
or  two  or  several  pre-human  or  anthropoid  types,  but 
there  is  no  c|uestion  that  there  has  been  a  common 
ancestor  of  all  existing  types  if  we  go  back  far  enough. 
That  is,  there  was  a  cradle  of  the  hvunan  race — a  place 
of  origin — and  from  this  place  individuals  or  groups 
spread  outward  in  search  of  new  feeding  grounds. 
These  early  movements  were  necessarily  very  slow, 
and  probably  no  tribe  was  ever  able  to  go  so  far  as  to 
meet  an  environment  which  killed  all  its  members. 
Some  survived  and  these  fittest  ones  may  have  been 
very  few  indeed  to  have  perpetuated  the  new  type. 
Thus  new  races  aro.se  as  the  migration  carried  man 
over  the  whole  earth. 

There  is  not  space  here  to  give  the  proofs  of  this 
imiversal  law  of  a  tendency  to  spread  from  a  constant 
overpopulation,  but  the  facts  are  recorded  in  the 
book  "Expansion  of  Races"  by  the  author  of  this 
article.  What  we  must  realize  is,  that  there  are  per- 
petual streams  of  people  toward  places  where  there 
is  more  wealth  per  capita  than  at  their  respective 
birthplaces. 

These  movements  are  con.stantly  taking  some  to 
places  where  lack  of  adjustment  is  causing  them  to 
sicken,  and  the  science  of  medical  ethnology  takes 
congizance  of  the  types  which  thus  tend  to  die  out, 
and  also  studies  the  diseases  which  cause  the  loss  of 
vitality.  This  branch  of  demography  has  recently 
assumed  more  importance  from  the   discovery  that 
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evolution  by  this  process  of  killing  the  least  fit  may 
be  very  rapid.  For  instance,  there  is  historic  proof 
that  the  majority  of  the  French  women  sent  over  to 
Canada  by  Louis  XIV  were  blonds,  probaljly  from  the 
northern  third  of  France.  The  present  population 
is  very  largely  brunette.  In  Louisiana  few  if  any 
blonds  have  survived,  the  pure  French  Creole  being 
almo.st  invariably  brunette.  Such  evidence  is  inclin- 
ing us  to  the  belief  that  the  evolution  of  the  subraces 
in  Europe  may  have  been  very  rapid  and  not  the  long 
process  we  once  considered  it.  To  be  sure,  a  type 
once  adjusted  to  a  place  will  not  change  if  it  remains 
there  and  the  environment  does  not  change.  The 
peasantry  of  Egypt,  for  instance,  is  essentially  if  not 
identicall}'  the  same  as  it  was  many  thousands  of 
years  ago,  as  shown  by  the  pictures  carved  and  painted 
on  the  walls  of  ancient  tombs. 

Before  we  can  fully  understand  why  certain  diseases 
attack  a  type  out  of  its  proper  environment,  we  must 
know  the  reason  for  the  local  evolution  of  all  the  vari- 
ous characters  of  every  type  of  man — such  as  tallness, 
curliness  of  hair,  and  width  of  nose.  We  must  assume 
that  everyone  of  .such  characters  has  been  of  use,  other- 
wise it  would  not  have  been  created  by  that  awfully 
expensive  process  of  "natural  selection."  No  one 
has  ever  detected  nature  doing  anything  so  foolish  as 
selecting  the  useless  or  harmful  for  survival.  The 
struggle  for  existence  is  so  severe  that  it  reciuires  only 
a  slight  advantage  to  survive  a  strain  which  might 
be  like  the  last  straw  to  men  not  so  fortunate.  Hence 
all  such  cha>racters  as  distinguish  one  type  from 
another  must  have  been  of  vital  importance,  some- 
time, somewhere. 

Physiology  has  scarcely  a  word  as  to  the  functions 
of  the  characters  or  differences  between  races  of  men. 
Take  the  beard,  for  instance.  It  is  not  a  protection 
against  cold,  which  requires  fur  or  wool.  In  addition 
races  living  in  the  coldest  countries  may  have  no 
beard  at  all,  and  it  may  be  abundant  in  hot  places. 
Only  recently  has  it  been  discovered  that  the  beard 
is  a  vital  protection  against  injury  by  the  underbrush 
of  forest-living  primitive  man  in  his  hunting  stage. 
Soldiers  campaigning  in  countries  where  the  brush  is 
thick  are  often  compelled  to  let  their  beards  grow  to 
prevent  lacerations  of  the  face  and  neck.  It  can  well 
be  seen  that  this  protection  would  determine  survival 
in  competition  with  those  not  so  guarded,  and  it  is 
also  evident  that  the  women  who  never  did  any  of  the 
hunting  or  fighting  in  the  forest  had  no  need  for  the 
beard,  and  there  was  no  selection  in  their  case  and  no 
evolution  as  with  the  men.  In  the  same  way  female 
lions  and  buffalosdid  not  evolve  the  mane  as  a  protec- 
tion in  fighting.  Prof.  L.  W.  Lyde,  professor  of 
geography,  University  College  of  London,  has  recently 
observed  that  the  long-headed  races,  which  are  largely 
bearded,  inhabit  wooded  di.stricts  and  shun  the  open 
country,  while  the  beardless  or  broad-headed  .\siatic 
t)-pes  live  in  the  open  or  grass  covmtry  and  dread  the 
forests. 

In  modern  life  there  is  then  no  kno^-n  use  for  the 
beard,  which  persists  in  appearing  by  the  law  of 
organic  inertia.  There  are  no  known  ethnic  diseases 
relating  to  the  beard  or  its  ab.sence,  and  the  hygienic 
discussions  on  this  line  are  pure  speculations.  If  the 
growth  of  the  beard  were  an  appreciable  burden  from 
the  use  of  material  needed  for  growth  of  other  ti.ssue, 
involution  would  quite  promptly  take  place  bj-  the 
advantage  in  survival  of  those  not  so  burdened. 

If  a  change  of  environment  makes  a  character 
harmful,  its  disappearance  requires  infinitely  less 
time  than  its  evolution.  Beardless  races  which  mi- 
grate to  forest  countries  could  not  expect  to  develop 
this  protection  for  man}'  thousands  of  years,  and  that 
is  one  of  the  numerous  facts  going  to  prove  that  the 
American  Indians  are  rather  recent  arrivals — speaking 
geologically.  They  have  had  ample  time  to  modify 
other  characters  but  have  not  developed  new  ones. 
They    still    closely    resemble    the    Mongol    tribes"  of 
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northeastern  Asia,  who  have  been  proved  by  Dr. 
Alex.  Hrdlieka  to  be  the  ancestors  of  the  American 
Indian. 

The  beard,  by  the  way,  is  a  mere  remnant  of  the 
hair  which  covered  the  whole  body  and  which  dis- 
appeared except  in  useful  patches,  because  it  became 
harmful.  There  is  now  no  question  that  it  persisted 
until  long  after  man  had  developed  a  high  degree  of 
intelligence  but  had  still  retained  some  simian  physical 
characteristics.  Indeed  there  are  actual  prehistoric 
pictures  engraved  on  stone  or  ivory  showing  this  bodv 
hair.  _  The  harm  of  much  body  hair  resulted  from  the 
inability  to  stand  rapid  dailv  changes  of  temperature 
such  as  must  have  characterized  glacial  times.  The 
intelligence  which  pennitted  man  to  prepare  and  u.se 
hides  of  animals  for  protection  not  only  prevented  his 
own  total  extinction  but  gave  such  an  advantage  to 
those  with  the  least  hair,  who  could  thus  stand  all 
extremes,  that  the  involution  must  have  gone  on 
very  rapidly.  It  is  remarkable  that  the  beardles.s 
races  have  little  body  hair  and  that  the  cro.ss-section 
of  the  hair  is  nearly  circular  and  the  hairs  straight; 
but  that  thebearded  types  have  hair  on  the  body  also, 
and  the  cross-sections  are  oval  or  flat  and  the  hairs 
more  or  less  wavy  or  kinky.  There  is  no  known  ex- 
planation of  these  facts,  and  of  cour.se,  no  disea.sed 
conditions  are  known  to  occur  in  those  who  markedly 
depart  from  the  rule  of  their  locality  and  ancestral 
type.  The  Biblical  story  of  Jacob  and  Esau  seems  to 
be  based  on  the  struggle  of  these  two  types  of  fore.st 
and  plains  people  for  the  pos.session  of  Palestine. 
The  story  is  interesting  as  showing  that  hairiness  is 
possibly  a  great  disadvantage  in  places  where  nature 
has  evolved  a  hairless  type,  but  the  matter  has  never 
been  studied  pathologically. 

If  an  animal  spreads  north  and  south,  the  size  of 
the  varieties  or  species  increases  from  the  tropics  to 
the  arctics.  This  rule  applies  to  man,  but  we  have  no 
explanation  for  this  general  rule.  The  shortest  or 
pygmies  are  in  the  tropics  and  the  tallest  near  the 
arctic  circle — the  Scotch  and  Pategonians.  There 
are  many  exceptions  to  the  rule,  for  instance,  there 
are  very  tall  natives  of  India  and  yet  tall  Britishers 
suffer  from  disease  there  much  more  than  short  ones. 
As  a  rule  big  Europeans  do  not  last  in  tropical  colonies, 
and  the  survivors  of  long  tropical  service  are  all  short 
men  like  Lord  Roberts  and  Dr.  Livingston.  No  one 
has  ever  descriljed  any  sDCcial  diseases,  which  carry  off 
or  disable  the  biggest  white  men  who  take  up  tropical 
residence,  and  it  must  be  a  general  redviction  of  vital- 
ity. I  know  of  several  who  developed  tuberculosis 
though  apparently  in  the  pink  of  condition,  but  the 
little  men  also  become  tuberculous  and  perhaps  in 
greater  percentage,  .so  we  are  wholly  unable  to  explain 
why  tallness  has  developed,  except  the  general  rule, 
that  among  hand-to-hand  fighters  tallness  must 
have  helped  in  the  battles  to  a  large  extent,  and  that 
the  race  became  tall  from  survival  of  the  fittest 
warriors,  but  that  stature  diminished  where  migration 
carried  the  type  to  where  tallness  was  harmful  in 
some  unknown  way. 

In  the  matter  of  weight  or  bulk  we  are  on  safer 
ground,  for  there  is  little  doubt  that  the  universal 
slenderncss  of  tropical  races  is  of  vast  assistance  in 
radiation  and  prevents  the  overheating  so  prone  to 
occur  in  bulky  men  from  cold  coimtries.  The 
exceptions  to  this  rule  in  the  tropics  are  sedentary 
aristocrats  who  are  overfed  and  who  are  carefully 
protected  against  the  climatic  factors  to  which  they 
cannot  possibly  be  exposed  like  the  slender  low-caste 
coolies.  In  addition  it  seems  that  fat  tropical  natives 
are  of  short  life.  In  cold  covmtries  it  seems  that 
stockiness  or  even  bulkiness  and  fatness,  irrespective 
of  stature,  are  of  great  advantage  in  keeping  warm, 
as  the  radiating  .surface  diminishes  in  proportion  to 
mass  when  the  size  increases.  A  mass  of  hot  metal 
may  take  days  or  weeks  to  cool  off,  but  if  run  into  thin 
wire  or  broken  into  pieces  the  size  of  bird  shot,  it  will 
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coo  in  a  few  minutes.  Stockv  men  are  comfortable  in 
cold  weather  with  far  !cs.s  clothing  tlum  thin  men 
Heavy  northern  types  are  at  a  great  dUadviintagc  in 
all  parts  of  the  Lnitcd  States  where  there  i.t  a  hot 
.season  or  even  where  there  i.s  no  cold  one  Dr 
Brandreth  Symonds  (Med.  Reconl,  Sept.  .'>,  19l;H) 
has  proved  from  life  insurance  statistics  tliat  no  men, 
niore  than  twenty  per  cent,  heavier  than  the  avernge 
for  their  height  and  age,  reach  eightv  vears  of  uiii; 
and  that  practically  all  who  do  live  longer  than  four 
score  have  been  underweights  who  are  more  than 
twenty  per  cent,  lighter  than  the  average  for  their 
height  and  age.  The  overweights  seem  to  die  unduly 
from  nervous,  digestive,  circulatory,  and  urinary 
di.sea.ses,  probaljlv  due  to  eating  too"  much  for  thei'r 
requirements.  That  is,  with  les.sfMied  radiati<m  they 
might  need  actually  less  food  than  the  thin  man,  bii't 
consume  more,  which  instead  of  being  oxvdized,  is 
merely  stored  to  clog  the  mechanism  anfl  perhaps 
poison  the  whole  system.  All  this  fully  explains 
tlie  Americans'  general  tendency  to  leanness  as  com- 
l)ared  with  their  ancestors,  and  the  pictures  of  John 
Bull  and  I'ncle  Sam  are  not  fancies  by  a  Icmg  shot. 
As  far  as  known,  the  bulky  men  in  northern  Europe 
seem  to  have  an  advantage  as  to  health  and  long  life, 
but  there  are  no  statistics  at  hand  to  verify  this 
conclusion. 

Obesity  and  brawn  are  then  exceedingly  important 
matters  in  hot  countries,  not  only  as  to  hygiene  and 
therajjy,  but  also  as  to  the  .selection  of  proper  climates 
to  retain  or  restore  health  when  a  change  is  needed 
and  is  possible.  In  the  climatic  treatment  of  tuber- 
<'ulosi.s,  for  in.stance,  there  is  little  doubt  that  weight 
has  much  to  do  with  success  in  very  cold  climates  and 
that  the  failures  are  largely  in  thin  persons  who  cannot 
keep  warm  or  comfortable  even  when  opfiressively 
overloaded  with  clothing.  Conversely,  heavy,  bulky, 
or  fat  jiatients  will  rapidly  get  worse"  in  hot  climates 
or  in  the  hot  sea.son,  or  even  in  mild  climates  where 
thin  men  recover.  The  heavy  healthy  man  ne<>ds 
an  amount  of  out-door  exercise  which  would  be  fatal 
to  a  small  thin  man,  and  would  (piickly  .sicken  or  die 
if  exposed  to  indoor  sedentary  conditions  which  .seem 
to  be  ideal  for  certain  small  thin  men.  In  no  other 
maladjustment  are  the  results  of  imjjropcr  living  so 
di.sastrou.s,  as  in  the  case  of  heavy  men  out  of  their 
proper  environment. 

The  size  of  the  nose  and  nostrils  must  be  a  ver>- 
important  factor  in  health  because  they  vary  so  enor- 
mously from  country  to  country.  In  hot  places  where 
we  must  breath  more  bulk  of  the  raretied  air  for  the 
needed  oxygen,  the  nostrils  and  nasal  cavities  are 
open  and  large  to  give  free  ])assage  to  the  current, 
but  the  nose  itself  is  very  small.  In  cold  countries, 
on  the  other  hand,  the  air  is  conden.sed.  less  bulk 
needed  and  it  must  be  admitted  in  a  thin,  rilibon- 
sliaped  stream  so  that  it  can  be  more  easily  warmed. 
Consequently  the  nose  is  large  but  the  nostrils  thin, 
and  there  seems  also  to  be  more  warming  surface  on  the 
turliinates  than  in  trojiical  peoples.  The  nassil 
index  (, width  divided  by  breadth)  increases  from  the 
arctics  to  the  tropics. 

Races  which  inhabit  elevated  regions  seem  also  to 
have  special  arrangements  for  their  combination  of 
cold  and  raretied  air,  but  the  details  have  not  been 
worked  out.  As  between  hot  and  cold  countries  there 
is  an  appreciable  difference  in  the  size  of  the  anterii>r 
nasal  bony  aperture,  and  the  matter  must  have  vital 
bearings  to  cause  such  profound  changes  in  the  shape 
of  the  skull. 

The  large  open  nostril  has  long  deen  blamed  for  the 
respiratory  diseases  of  tropical  |H>ople  who  migrate 
to  cold  climates.  Conver.sely  the  thin  nostril  and 
constricted  nasal  sjiaces  of  a  northern  race  cause 
some  kind  of  distress  when  it  goes  to  hot  places  or  ele- 
vated regions.  How  much  disease  results  has  never 
been  rei)orted  but  there  is  little  doubt  that  the  conges- 
tions and  catarrhs  so  prevalent  in  .\merica  are  as  much 
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due  to  our  hot  summers  as  to  our  cold  winters.  Pneu- 
monia is  almost  an  ethnic  disease,  since  it  is  so  preva- 
lent among  raws  whieh  migrate.  It  killed  the  ma- 
jority of  the  Eskimo  who  took  up  residence  in  New 
York  or  similar  climates,  and  at  one  time  it  well  nigh 
decimated  Jamaica  negroes  at  work  on  the  Panama 
canal.  In  our  elevated  northwest  country,  pneumonia 
does  not  bother  people  nuteh  in  winter,  but  prevails 
in  the  late  spring  and  summer. 

The  recentlv  discovered  pictures  of  primitive 
Europeans,  show  that  man  then  had  a  large  prominent 
nose.  During  this  long  cold  period  there  was  a  slow 
emigration  to  lands  where  the  struggle  for  food  was 
easier,  the  evolution  of  more  brain  ceased  at  once  but 
the  body  gradually  changed  to  fit  it  to  the  new  climatic 
factors.  The  present  lower  races  of  limited  intelli- 
gence are  the  descendants  of  these  early  escapes  from 
the  cradle  of  the  race  during  the  process  of  evolution 
of  higher  man.  The  stay-at-homes,  who^  remained 
north  under  this  cruel  selection  of  the  most  intelligent, 
of  course  evolved  the  liest  and  biggest  brains  and  their 
descendants  are  the  two  main  types  now  found  in 
the  northwest  corner  of  Europe — the  long-headed 
bnmette  primitive  stock  and  its  t)lond  subrace,  the 
Baltic,  Nordic,  or  Aryan,  which  by  the  way,  seems  to  be 
a  very  recent  evolution. 

Now  these  early  escapes  into  hot  climates  would 
promptly  redeveloj)  the  simian  wide  nose  and  open  nos- 
tril, though  they  had  previously  evolved  a  big  nose 
to  fit  them'  to  the  glacial  cold  weather.  To  ac- 
complish this  change  there  must  have  been  the  same 
diseases  of  maladjustment  that  we  now  see  in  the 
thin-nostrilled  northern  peoples  who  have  wandered 
into  hot  climates.  The  American  negro,  who  has 
made  the  reverse  move,  seems  to  be  keeping  himself 
alive  for  a  while  by  escaping  the  cold  and  seeking 
indoor  employment. 

The  open  nostril  of  white  infants  and  children  would 
seem  to  be  a  disadvantage  if  they  are  exposed  to  cold, 
as  their  fathers  are,  but  they  survive  with  their 
mothers  because  they  are  more  carefully  housed. 
Indeed  the  short,  stubby,  turned-up  nose  of  the  baby 
is  a  real  advantage  in  nursing,  permitting  it  to  breathe 
freely.  ISIedical  ethnology,  then,  would  utter  a  warn- 
ing against  the  excessive  exposure  of  babies  to  very 
cold  air.  It  seems  almost  a  crime  to  say  anything 
against  the  splendid  modern  fashion  of  keeping  babies 
outdoors  even  in  winter,  but  our  besetting  sin  is 
carrying  good  things  to  such  an  excess  that  they  be- 
come bad  things.  We  must  remember  that  the  white 
baby  w-as  a  tropical  animal  for  nine  months  before 
it  was  born  and  thrives  in  hot  climates  during  in- 
fancy, if  properly  breast-fed.  There  is  some  evidence 
of  harm  from  undue  exposure  to  cold  air  and  mothers 
should  be  warned  to  arrange  the  covers  so  as  to  pro- 
tect their  babies  from  cold  winds.  The  evident  dis- 
tress of  a  baby  in  a  wind  of  any  temperature  makes  us 
guard  it  instinctively,  but  in  the  matter  of  sleeping 
in  its  carriage  on  the  porch  we  are  liable  to  be  a  bit 
neglectful. 

Italians  less  than  five  years  of  age  have  a  death  rate 
in  Bo.ston  of  32  for  males  and  19  for  females,  as  com- 
pared with  the  rate  of  7.2  for  all  nationalities,  while 
the  babies  from  northwestern  Europe  have  generally 
low  rates. 

It  is  interesting  to  note  that  the  tropical  or  Arab 
horse  has  large  open  nostrils  like  a  negro,  its  trachea 
and  larj'nx  are  so  large  as  to  widen  the  space  between 
the  angles  of  the  lower  jaws,  and  its  head  is  in  line 
with  the  neck,  so  that  when  rvmning  there  is  almost 
a  straight  line  from  the  nostrils  to  the  bronchi  per- 
mitting a  free  flow  of  air.  It  is  also  said  to  have 
larger  lungs  than  the  northern  species.  These  char- 
acters are  said  to  induce  bronchial  diseases  and  pneu- 
monia, when  the  horse  is  taken  to  bitterly  cold  climates, 
and  it  is  one  rea.son  why  they  do  not  sur\'ive  in  cold 
places.  Now  certain  observers  have  reported  that 
tropical  races  of  man  have  larger  lungs  than  northern 
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races  of  equal  height.  It  is  called  the  "large  tropical 
lung."  Other  observers  have  reported  that  the  large 
lung  in  colder  climates  is  prone  to  become  tuberculous, 
particularly  if  it  is  accompanied  by  a  small  heart  which 
cannot  supply  enough  blood.  On  the  other  hand, 
small  lungs  and  those  conjested  by  leaky  mitral 
valves  are  said  to  be  remarkably  resistant  to  tuber- 
culosis. All  these  things  may  help  to  explain  why 
the  negro,  with  his  open  nostrils,  large  larynx,  trachea, 
and  lungs  is  so  often  a  victim  of  tuberculosis.  Much, 
if  not  most,  of  his  susceptibility  is  unciuestionably 
due  to  poor  food  and  unhygienic  living,  and  under 
proper  management  he  is  just  as  curable  as  any  other 
race,  bvit  after  all  his  phy.sique  is  a  serious  handicap. 
The  prevalence  of  pneumonia  in  cold  climatic  races, 
when  they  migrate  to  hot  places,  seems  to  be  due  to 
loss  of  resistance  from  exposure  to  heat  and  may  have 
no  relation  to  the  size  of  the  lung.  At  lea.st,  as  before 
mentioned,  there  is  no  other  explanation  for  the  preva- 
lence of  hot-weather  pneumonia. 

The  shape  of  the  head  is  one  of  the  most  persistent 
of  racial  characters,  appearing  for  thousands  of  years 
unchanged  in  spite  of  very  wide  migration.  It 
proves  the  existence  of  an  intruded  Asiatic  (.\lpine 
or  broad-headed)  race  in  Europe  since  the  bronze  age 
or  slightly  before,  and  conversely  it  proves  that  the 
long-headed  or  Eur-African  race  has  sent,  since  pre- 
history, many  tiny  streams  of  migrants  all  over  Asia, 
where  they  can  now  be  recognized  from  India  to  Japan. 
It  is  the  main  reason  why  more  than  one  anthropolo- 
gist is  convinced  that  there  have  been  two  l)ranches 
of  the  human  race,  Asiatic,  or  broad-headed  and 
Eur-African  or  long-headed.  The  former  is  found 
around  the  Pacific  ocean  and  the  latter  around  the 
Indian  Ocean.  The  two  separated  from  their  common 
ancestral  stem  at  the  very  beginning  of  human  evolu- 
tion or  shortly  before  in  the  anthropoid  stage  or  per- 
haps a  little  earlier  still.  There  nmst  have  been  a 
remarkable  difference  in  the  two  situations  to  make  a 
long  head,  long  face,  and  rather  .slender  body  fittest 
for  one,  and  a  broad  head,  broad  face,  and  stocky 
build  fittest  for  the  other.  It  almost  inclines  one  to 
believe  that  the  European  type  was  a  tree  or  lorest 
resident,  and  necessarily  slender,  while  the  Asiatic 
was  a  plains  type  needing  more  bulkiness.  Be  all 
this  as  it  may,  the  general  impression  seems  to  be  that 
the  conditions  have  long  passed  away  and  that  the 
two  head  shapes  are  now  immaterial  but  persist 
through  organic  inertia  as  harmless  characters.  Even 
the  western  anthropoids  are  still  to  some  extent  long 
headed  and  the  eastern  broad  headed. 

There  is  reason  to  doubt  this  old  idea,  and  to  believe 
that  head  shape  is  of  some  benefit  or  disadvantage, 
as  the  case  may  be,  but  which  is  so  slight  that  it 
requires  some  centuries  or  even  millenniiuns  to  make 
a  noticeable  change  in  type  by  survival  of  the  fittest 
variations  among  immigr."ints.  England,  for  instance, 
is  markedly  mesocephalic  in  spite  of  the  fact  that 
nearly  all  the  types  which  peopled  it  were  very  long 
headed.  The  rovmd  barrow  race  was  rovmd  headed, 
to  be  sure,  and  might  have  reduced  the  long  headed- 
ness  by  intermarriage,  but  there  is  reason  to  believe 
that  head  shape  is  a  imit  character  which  does  not 
blend  but  appears  unchanged  in  offspring — some  long 
headed  and  some  reverse.  Boas  of  New  York  thinks 
he  sees  a  similar  phenomenon  in  the  descendants  of 
recent  immigrants  in  the  United  States,  though 
his  facts,  reasoning,  and  conclusions  have  been  very 
strongly  combated  by  equally  able  anthropologists. 
The  medical  side  of  tlie  matter  lies  in  the  discovery  of 
facts  which  would  indicate  a  difference  in  adjustment 
of  the  two  types  here.  In  Europe  the  broad-headed 
type  has  not  seemed  to  maintain  itself  as  well  as  the 
autochthonous  long  heads,  though  this  might  be  due 
to  slightly  higher  average  intelligence  of  the  long 
heads.  It  is  all  too  slight  a  matter  for  practical  pur- 
poses, though  there  might  be  unexpected  developments 
and  it  is  not  wise  to  neglect  the  study  much  longer. 
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Tlie  colon  is  still  under  discussion.  It  may  have 
been  of  importance  quite  recently  in  our  evolution, 
and  its  large  size  indicates  some  vital  use,  probably 
as  a  secondary  stomach  for  the  bacterial  digestion  (if 
the  rough,  coarse,  uncooked  foods  of  primitive  people. 
The  assertion  has  been  made  that  lower  races  which 
still  subsist  on  coarse  foods  have  much  larger  colons 
than  civilized  man  and  that  the  organ  contains  a  pro- 
fusion of  bacteria  for  the  digestion  or  at  least  the 
partial  softening  of  the  cellulose  coverings  of  grains 
and  seeds  which  may  have  escaped  thorough  masti- 
cation. Tlie  evidence  in  support  of  this  opinion  is 
not  ample  enough  for  acceptance,  but  the  theory 
explains  why  lower  races  can  thrive  on  foods  which 
cause  disease  in  the  higher.  Conversely  there  is  some 
evidence  that  when  lower  races  are  fed  on  the  more 
concentrated  civilized  foods,  they  suffer  from  dis- 
eases of  the  digestive  organs  and  are  not  only  lowered 
in  vitality  thereby  but   have   their  lives  shortened. 

Whatever  the  use  of  the  colon  may  once  have  been, 
it  is  now  of  so  little  importance  that  it  can  be  removed 
with  no  appreciable  effect  upon  the  general  health. 
MetchnlkofT  of  the  Pasteur  Institute  and  Sir  William 
Lane  of  London  independently  came  to  the  conclusion 
that  our  change  of  habits  and  diet  had  not  only  ren- 
dered the  colon  useless  but  an  actual  detriment  to  well- 
being,  health,  and  life.  The  alleged  involution  which 
the  organ  has  already  undergone  in  civilization  is 
certainly  in  favor  of  their  conclusion,  for,  as  before 
explained,  useless  organs  do  not  diminish  and  dis- 
appear unless  the  new  environment  makes  them  harm- 
ful enough  to  hamper  one  in  the  struggle  for  existence; 
in  which  case,  those  men  whose  colons  have  varied  in 
the  direction  of  .smallness  are  the  fittest  and  survive 
in  greater  numbers.  Nevertheless  some  very  alile 
anatomists  and  physiologists  are  in  violent  opposition 
to  the  conclusions  of  Lane  and  Metchnikoff  and  assert 
that  if  the  organ  were  as  harmful  as  these  two  scientists 
assert,  it  would  have  dwindled  to  a  harmless  size  long 
ago,  because  under  such  circumstances  involution  is 
an  exceedingly  rapid  progress.  It  is  claimed  that 
important  bacterial  digestion  still  goes  on  in  the  colon 
and  that  it  is  large  for  the  express  purpose  of  delaying 
the  movement  of  the  undigested  mass,  and  that  an  im- 
portant part  of  absorption  takes  place  in  the  colon 
during  this  delay.  It  is  acknowledged  that  the.se 
uses  are  not  vital  and  that  we  can  exist  without  them, 
and  also  that  it  is  far  better  to  have  no  colon  at  all 
than  a  diseased  one.  The  quarrel  then  is  a  mere 
academic  one,  and  has  no  practical  bearing,  for  all 
seem  to  be  in  agreement  with  the  main  proposition, 
that  in  civilized  races  it  is  occasionally  necessary 
to  remove  the  colon  or  put  it  out  of  commission  by 
"short-circuiting"  the  small  intestine  to  the  pelvic 
colon.  It  seems,  however,  that  the  arrested  races  and 
subraces  do  not  suffer  from  such  diseases  to  anywhere 
near  the  extent  that  the  higher  do,  yet  here  we  are 
on  uncertain  ground,  as  there  are  no  accurate  vital 
statistics  to  enable  us  to  make  comparisons.  Whether 
an  alleged  large  colon  is  partly  responsible  for  the 
excessive  negro  death  rate  in  the  United  States  is  very 
questionable,  but  the  matter  should  not  be  ignored. 
The  negro  death  rate  from  nephritis  is  170  in  the 
registration  area  of  the  United  States  and  the  white 
rate  9.5,  and  Lane  claims  that  nephritis  can  be  caused 
by  toxic  absorption  from  large  sluggish  colons. 

Metchnikoff  has  studied  the  disharmonies  which 
exist  in  man  as  the  result  of  persistence  of  organs  or 
tissues  evolved  for  prior  stages  of  our  evolution,  but 
■which  have  become  useless  or  harmful  in  the  upright 
po.sition  or  in  the  new  environments  created  by  social 
life.  Some  of  these  disharmonies  are  more  pronounced 
in  civilization  than  in  savagery  and  these  are  legitimate 
subjects  for  investigation  by  medical  ethnologists — 
the  rest  belong  to  medical  anthropology. 

Skin  pigmentation  has  attracted  more  attention 
from  ethnologists  and  physiologists  than  any  other 
racial  character  because  a  tribe  which  has  been  long 


isolated  mvariably  takes  on  a  peculiar  cohiring  which 
IS  the  same  in  all  its  nieriibers,  but  difTers  from  Uiat 
of  adjacent  tribes.  This  lias  been  tlie  busiH  of  classi- 
fication  and  it  has  also  been  incorrectly  u.sed  a«  a 
proof  that  peo[)lcs  of  unifonn  color  are  of  pure  di-. .  i.t 
and  are  real  "races."  C'lo.ser  investigatirjn  .;•■: 
shows  that  in  other  respects  there  are  great  di!l.  j- 
ences  among  the  members  of  a  supno.sedlv  one-stock 
nation,  and  that  it  is  generally  possible  to'distinguiKh 
several  types,  showing  that  there  have  l>een  many 
immigrations.  The  word  "race,"  then,  has  almost 
lost  scientific  value  and  is  becoming  obsolete  Ix-causj 
of  the  difficulty  of  finding  one,  or  of  telling  what  it  in. 
The  constant  movements  of  population  which  have 
been  going  on  by  individuals  or  groups  since  man  ap- 
peared have  caused  an  enormously  complex  mixing. 
We  find,  therefore,  that  the  same  types  occur  in  cverj- 
nation  of  northwest  Europe. 

Since  a  mixture  of  types  which  is  long  i.solatcd, 
takes  on  a  peculiar  more  or  less  uniform  coloration, 
it  is  proof  that  the  unfit  complexions  have  been  fatal. 
Proper  pigmentation  is  then  a  very  vital  matter,  as 
it  is  of  survival  value.  Mention  "has  already  Ix'cn 
made  of  the  partial  disappearance  of  blonds  from  the 
Canadian  French  and  their  complete  elimination  from 
Louisiana  Creoles,  but  as  the  process  is  a  very  slow 
one,  requiring  many  generations,  it  has  never  l)ecn 
noticed.  In  fact  few  of  us  have  any  idea  as  to  the 
complexions  of  our  great-great-grand  parents,  and  if 
all  the  blonds  had  gradually  di.sapi)earcd  in  the  course 
of  a  couple  of  centuries,  it  would  not  have  caused  com- 
ment. Nevertheless,  measured  by  the  geological  ages 
required  for  the  evolution  of  animal  forms,  the  evo- 
lution of  color  is  exceedingly  rapid.  Moreover,  a 
process  which  causes  such  marked  change  of  type  in 
a  century  or  two  must  also  cause  noticeably  greater 
morbidity  and  mortality  of  the  unfit  in  one  or  two 
generations,  as  proved  later.  Comjjlexion,  then,  is 
no  guide  to  purity  of  race,  because  it  is  easily  changed 
by  change  of  environment — not  that  the  climate 
changes  each  individual  to  the  common  tint,  but  Ijc- 
cau.se  the  best  variations  survive  and  the  worst 
perish.  Thus  there  is  a  remarkable  uniformity  of 
complexions  among  the  descendants  of  numerous 
types  which  have  invaded  the  Japanese  .Archipelago 
and  now  constitute  that  nation,  although  one  can 
detect  differences  upon  critical  examination.  At  any 
rate  there  are  no  lilonds  and  if  there  had  been  any 
among  the  long  heads  who  probably  arrived  in  the 
neolithic  age,  and  possibly  came  all  the  way  from 
Europe  by  easy  -stages,  they  have  disappeared  so  long 
ago  that  there  is  no  trace  or  tradition  of  them,  be- 
yond the  sur\-iving  habit  of  picturing  ancient  upper 
types  as  having  white  skins.  On  the  other  hand,  the 
Asiatic  broad  heads  who  invaded  Europe  were  un- 
doubtedly as  swarthy  as  present-day  Siberians,  yet 
the  darkest  of  them  were  so  greatly  out  of  adjustment 
and  the  lightest  so  much  better  fitted,  that  the  .\lpinc 
"race"  has  actually  become  white.  Indeed  it  was 
only  comparatively  recently  that  ethnologists  proved 
on  other  grounds  that  it  did  come  from  .-Vsia. 

There  is  no  longer  the  slightest  doubt  that  the 
chief  function  of  pigmentation  is  to  protect  the  under- 
lying protoplasm  from  damage  by  excessive  light. 
There  are  also  other  causes  for  its  evolution — as  a 
provision  against  overheating  for  instance — but  the 
main  purjiose  is  to  keep  living  substance  in  the  shade. 
Innumerable  experiments  and  observations  have 
shown  that,  without  a  single  exception,  every  kind  of 
light  or  ether  vibration  is  lethal  if  it  is  sulficiently 
intense.  It  has  recently  been  shown  that  Konfgon 
ravs  and  the  shortest  ultra-voilet  rays  have  a  wave 
length  much  smaller  than  the  diameter  of  a  molecule 
of  i)rotoi)Iasm.  and  that  their  effect  is  therefore  intra- 
molecular. They  can  disrupt  this  molecule  without 
disturbing  its  rate  of  vibration.  That  is,  the  actinic 
effect  does  not  alter  the  temperature.  Infra-rod 
rays,  on  the  other  hand,  arc  longer  and  are  able  to 
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change  tho  temperature  by  altering  tlie  rate  and  ampli- 
tude (if  the  molecular  movements. 

We  have  long  used  strong  sunlight  as  our  most 
reliable  disinfectant,  and  that  process,  so  wholesome 
to  us  by  destroying  our  microscopic  enemies,  has 
created  the  false  popular  impression  that  light  is  not 
only  harmless  to  us  but  an  actual  benefit  no  matter 
how  strong  it  may  be.  Yet  so  harmful  is  light  to 
every  form  of  living  substance,  that  there  is  a  continual 
elimination  of  those  insutiiciently  jjrotected.  The 
survival  of  tho.se  with  enough  ])igment  thus  creates 
a  uniform  i)igmentation  in  all  the  individvials  of  a 
local  species  or  variety. 

The  rule  is  \niiver.sal  in  all  plants  and  animals  that 
the  living  protoplasm  is  guarded  by  some  device  or 
habit  whereby  it  is  never  expo.sed  to  light  of  injurious 
intensity.  In  plants,  the  active  cells  are  under  the 
bark  or' in  the  roots  in  complete  darkness  and  those 
in  the  leaf  are  protected  by  the  green  chlorophyl  or 
by  hairs  or  other  contrivances.  The  light  is  used  to 
break  up  the  carbon  dioxide  of  the  air  and  if  the  rays 
are  too  strong  they  break  up  the  protoplasm  also. 
Hence  the  feebly  protected  shade-loving  plants 
promptly  perish  when  exposed  to  strong  sunlight. 
For  instance,  the  shamrock,  which  is  fitted  for  the 
feeble  sunshine  of  Ireland,  will  not  live  when  trans- 
planted to  lands  where  the  light  is  stronger. 

Without  any  exception,  every  species  of  animal  has 
a  light  screen  such  as  hair,  feathers  or  skin  pigment, 
sufficient  in  amount  to  keep  out  the  light  to  which  it 
is  daily  exposed.  In  such  cloudy  places  as  England 
survival  is  possible  with  very  little  pigment,  as  in 
the  white-skinned  farm  stock.  Even  in  them  there 
is  sufficient  skin  pigment  of  a  yellow  or  reddish  color 
for  the  amount  of  light  they  encounter,  but  they 
never  flourish  when  taken  to  lands  of  strong  sunshine. 
Where  there  is  much  light,  the  animals  must  have 
much  pigment,  and  in  the  lightest  countries  we  find 
the  darkest  animals.  Almost  all  the  black  animals 
live  in  the  tropics.  Even  in  the  arctics  where  the 
snow  glare  of  the  summer  is  very  intense  the  surfaces 
exposed  to  light,  such  as  the  tip  of  the  nose  and  the 
retina,  are  jet  black.  If  tropical  animals  such  as  white 
ants  or  the  white  larva-  of  many  insects,  have  no 
pigment  at  all,  they  are  carefully  housed  in  dark- 
ness. A  white  ant  dies  in  a  few  seconds  if  exposed 
to  the  direct  rays  of  the  tropical  sun  of  noon  time, 
and  the  naked  young  of  rats  will  die  in  a  few 
minutes. 

Although  every  kind  of  ray  is  lethal  if  strong 
enoiigh,  the  injury  increases  with  the  frequency  of 
vibration.  The  slow  infra-red  rays  have  practically 
no  effect  nor  do  the  red,  but  as  we  approach  the 
violet  the  injury  increases  and  in  the  ultra-violet  it 
is  exceedingly  serious.  Permanent  blindness  has 
resulted  from  a  very  short  exposure  to  strong  ultra- 
violet rays  and  insects  are  killed  in  a  few  minutes. 
Rontgen  rays  and  the  very  short  gamma  rays  which 
are  emitted  from  radium  have  similar  effects,  but  the 
exposure  must  be  longer,  as  they  are  not  so  intense 
as  the  ultra-violet  we  can  generate  by  means  of  some 
kinds  of  electric  lights. 

The  rule  seems  to  be,  that,  if  of  little  intensity,  the 
short  rays  stimulate,  in  moderate  degree  they  ex- 
haust, and  if  very  strong  they  actually  disrupt  the 
protoplasmic  molecuje  without  causing  any  rise  of 
temperature.  These,  then,  are  the  rays  which  do  the 
most  harm  to  us  and  which  must  be  excluded,  and  as  a 
fact  it  is  found  that  the  denser  the  pigment  in  man's 
skin  the  more  efficient  is  it  in  excluding  ultra-violet 
and  Rontgen  rays.  As  a  general  rule,  men  are  pig- 
mented in  proportion  to  the  intensity  of  the  ultra- 
violet in  the  lands  which  evolved  them — the  Arab  in 
the  hot  desert,  the  Eskimo  in  the  fierce  snow  glare 
and  the  Apache  Indian  on  our  sunny  plains,  need 
about  eqvial  amoimts  of  protection  and  they  have 
evolved  about  eqiial  amounts  of  pigment  through 
selection  of  the  fittest  and  death  of  the  re.st.     The 


.\mazonian  Indian  needs  more  and  is  nearly  black, 
while  the  forest  tribes  of  the  northeastern  part  of 
the  United  States  needed  less  and  are  nearly  white. 

Anthropologists  were  at  first  quite  reluctant  to 
accept  this  generalization,  because  migrated  types 
persist  a  long  time  in  climates  where  they  have  enough 
pigment  or  so  nearly  enough  that  the  damage  is 
immaterial.  Then,  also,  peo|)le  with  much  pigment 
will  last  longer  .still  in  places  where  there  is  little  light. 
Our  negro  is  surviving  longer  than  the  very  blond 
immigrants  and  the  two  types,  existing  in  a  land  which 
evolved  the  complexions  of  the  Indians,  had  given  the 
impression  that  pigment  had  no  use  at  aU.  The  per- 
petual migrations  of  men  are  followed  by  an  equally 
l)cr]5('(ual  elimination  of  the  least  fit,  and  in  a  mixed 
population  we  will  always  find  that  some  types  have 
greater  mortality  and  morbidity  than  others — a  mat- 
ter which  medical  .statisticians  are  just  beginning  to 
note  and  explain. 

As  above  mentioned,  inten.se  infra-red  or  heat  rays 
are  just  as  harmful  as  any  others — perhaps  more 
harmful.  All  kinds  of  protoplasm  have  very  definite 
temperature  ranges,  the  upper  death  point  being  only 
a  comparatively  few  degrees  above  the  optimum. 
Some  kinds  are  promptly  killed  by  a  temperature 
only  a  few  degrees  below  the  optimum,  though  the 
majority  of  forms  can  stand  a  great  reduction  for  a 
limited  time.  As  a  universal  rule,  then,  organisms 
perish  when  the  temperature  of  the  environment  rises 
only  slightly  above  the  optimum,  unless  some  means 
are  taken  to  reflect  the  external  heat  and  radiate  their 
own  surplus.  As  this  is  an  exceedingly  important 
matter  in  medical  ethnology,  which  explains  many 
facts  as  to  "racial"  diseases,  and  also  points  the  way 
to  rational  therapy,  the  subject  must  be  further 
investigated   by  physiologists. 

An  animal,  which,  by  a  happy  variation,  has  de- 
veloped some  kind  of  a  defen.se  against  overheating, 
will  survive  a  hot  period  of  weather  which  kills  off 
all  the  rest  by  overheating.  In  the  ca.se  of  the  higher 
mammals,  the.se  defenses  must  be  exceedingly  efficient, 
particularly  for  the  nerve  cells  which  are  destroyed 
by  a  ri.se  of  temperature  of  only  a  few  degrees.  The 
superficial  tissues  may  safely  be  reduced  or  raised 
several  degrees,  but  the  brain  cells  are  disturbed  by  a 
rise  of  only  one  degree,  and  destroyed,  in  time,  by  a 
fever  of  six  or  eight  degrees,  while  a  rise  of  ten  or  twelve 
degrees,  as  in  sunstroke,  is  fatal  in  a  time  counted  by 
minutes.  Hence  in  consequence  of  the  survival  of 
those  best  fitted  with  temperature  regulators,  there  are 
many  complex  mechanisms  for  keeping  the  blood 
temperature  uniform. 

Color  is  an  important  means  of  regulating  heat. 
The  darker  the  color  the  easier  does  it  absorb  external 
heat  rays  from  a  hotter  source  or  radiate  internal 
heat  to  a  colder  environment.  Hence  the  blackness 
of  tropical  animals  is  of  immense  assistance  in  keeping 
them  cool  in  temperatures  which  are  below  body 
heat.  The  air  temperature  where  black  wild  animals 
thrive  is  never  over  98°  and  rarely  over  90°;  but  may 
be  as  low  as  60°  or  even  less  in  the  highlands.  But 
these  animals  cannot  expose  themselves  to  a  higher 
heat  than  that  of  their  bodies,  for  they  will  then  absorb 
too  much  and  die  of  thermic  fever.  Hence  they  are 
nocturnal  in  habit  and  hide  away  in  the  water  or  in 
cool  shade  in  the  day  time.  Similarly  the  savage 
negro  is  nocturnal  or  at  least  shuns  the  midday  sun, 
and  he  is  most  comfortable  in  his  natural  temperature 
between  75°  or  80°  and  98°,  but  he  cannot  stand  a 
higher  external  heat  as  well  as  a  white  man.  He  has 
never  maintained  himself  in  the  hottest  climates. 
A  hot  fire-room  will  give  anyone  thermic  fever  in 
time,  but  the  negroes  succumb  the  .soonest  and  furnish 
most  of  the  victims  on  board  ships.  Similarly  dark 
bnmettes  furnish  proportionately  far  more  ca.ses  of 
thermic  fever  than  light  l)londs  in  the  same  conditions 
of  high  heat,  but  in  temperatures  lower  than  98°, 
the    brunette    may  be  healthy  and  comfortable  by 
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radiating  lioat  where  the  Ijlond  is  vincoinfortable  and 
is  sickening  from  inability  to  radiate. 

Haldane  (Jour,  of  Ili/giene,  vol.  v,  .511-.")12)  found 
that  the  rectal  temperature  did  not  rise  until  the  wet- 
bulb  thermometer  was  over  88°  F.,  aliove  which  point 
it  rose  rapidly  irrespective  of  humidity.  For  a  man 
at  work,  the  critical  wet-bulb  temperature  was  S.')°, 
but  if  the  air  was  moving  at  a  rate  of  170  feet  a  minute 
a  wet-bulb  temperature  of  93°  did  not  cause  a  rise 
of  rectal  temperature.  That  is,  white  men  must  have 
movement  of  air  to  carry  off  surplus  heat  bv  evapora- 
tion of  perspiration  in  the  range  of  air  temperatures 
in  which  the  negro  is  healthy  with  no  air  movement. 
It  explains  the  fact  that  white  men  can  last  a  longer 
time  in  tropical  places  having  constant  breezes  day 
and  night.  Our  hosjiitals,  then,  must  be  cooled  in 
summer  or  the  air  kept  moving,  and  experience  so  far 
shows  that  the  death  rate  is  thus  lessened,  particularly 
in  all  bowel  infections,  respiratory  disea.ses,  and  mala- 
ria, but  negroes  must  not  be  put  in  such  wards.  This 
matter  of  temperature  range  is  a  very  important 
practical  part  of  ethnic  medicine  in  America.  In 
hot  places,  white  uicn  swelter  in  rooms  where  dark 
ones  are  comfortable,  and,  if  sick,  will  die  where 
negroes  recover. 

In  cold  temperatures  on  the  other  hand  blondness 
or  rather  a  light-colored  skin  as  in  the  yellow  northern 
Asiatic  races  is  a  great  advantage  as  it  radiates  less, 
while  blackness  is  a  fatal  disadvantage  as  it  radiates 
so  freely  as  to  chill  the  body.  Negroes  in  cold  coun- 
tries reijuire  more  clothing  and  warmer  houses  than 
white  men,  and  escape  the  cold  by  indoor  emjilov- 
ments.  The  black  man  also  sutfers  more  from  frost- 
bite, chilblains,  and  rheumatic  and  other  diseases 
having  some  relation  to  cold.  Hence  by  survival 
of  the  fittest,  a  light  .skin  is  found  where  "there  is  a 
cold  and  hot  season;  but  where  there  is  also  some 
light  to  exclude,  it  takes  a  yellowish  or  reddish  tint, 
and  where  there  is  little  light  the  true  blond  is  fittest, 
as  in  the  northwest  corner  of  Europe.  The  bloncl 
nordic  type  is  perfectly  comfortable  in  the  cold  and 
can  stand  a  short  hot  summer,  but  he  deteriorates 
when  he  migrates  to  sunny  climates,  whether  they 
be  cold  or  hot. 

Complexion  then  seems  to  tie  a  man  to  a  very 
restricted  environment  and  his  line  will  eventually 
perish  if  he  gets  out  of  his  light  and  heat  zone.  It 
might  take  some  centuries  to  cause  misplaced  migrants 
to  disajipear,  but  in  the  meantime  they  deteriorate 
and  furnish  cases  of  disease  which  are  not  found 
among  the  adjusted  or  among  their  kinfolk  at  the 
ancestral  home.  This  is  perhaps  the  most  impor- 
tant jiart  of  medical  ethnology  and  climatic  therapy, 
particularly  as  the  whole  American  nation  is  composed 
of  migrants,  all  of  whom  are  more  or  less  out  of  their 
proper  environment  and  who  suffer  from  certain 
disea.ses  far  more  than  European  white  men  or 
American  Indians,  and  who  conversely  may  de  saved 
from  other  diseases  more  prevalent  in  their  ancestral 
home. 

The  position  of  the  hair  of  the  head  is  proof  that  it 
has  survived  in  that  particular  spot  as  a  shade  to  the 
underlying  cerebral  cells.  It  exists  even  where  the 
external  temperature  is  very  high  and  we  would  pre- 
sume that  overheating  would  result.  It  is  not  vital 
as  a  protection  from  cold  except  in  great  extremes,  as 
perfect  health  is  possible  when  the  head  is  nearly  or 
entirely  bald.  In  very  hot  climates  the  hair  is  wavy 
or  kinky  to  make  it  stand  up  from  the  head  to  prevent 
overheating.  This  device  probably  also  increases  the 
shade  and  is  an  additional  guard  against  both  light 
and  heat  rays,  though  the  main  effect  is  uncpiestion- 
ably  the  exclusion  of  light.  Kinkine.ss  of  hair  was 
evidently  evolved  very  early  before  primitive  man 
had  sense  enough  to  protect  "himself  by  a  head-dress. 
It  has  therefore  never  been  evolved  in  .\merican 
Indians  in  the  tropics,  who  also  have  arrived  too 
recently  for  such  an  evolution.     Pathologically,  the 


cross-section  of  the  hiiir  has  no  intlucnce  whate^-cr 
smce  we  universally  use  artificial  head  proU-ctiun 
and  can  cut  the  hair  short. 

.\n  effort  has  been  made  (piito  recently  to  show 
that  sweat  glands  are  more  nuim-rou.s  and"<-(lir;uioiiH 
in  the  natives  of  hot  climates  th;in  in  thus*-  from  cohl, 
and  there  secans  to  be  some  evidence  in  that  direction! 
At  any  rate,  the  evaporation  of  ijorspiralion  in  an 
imi)ortant  means  of  disposing  of  bodv  heat. 

"Heat  cramps"  is  the  only  condition  definitely 
Iiroved  to  be  due  to  excessive  perspiration,  as  in  tli'c 
hot  fire-rooms  of  ships.  The  symptoms  are  the  xame 
as  when  the  scrum  of  the  blood  is  drained  ofT  in 
cholera,  contraction  of  all  the  mu.scles,  dvspnea, 
suppression  of  urine,  and  ])erhaps  cardiuc'spasm! 
Death  is  very  prompt  unless  the  fluid  is  restored  to 
the  blood.  Our  naval  surgeons  have  never  been 
given  enough  credit  for  their  magnificent  work  in 
discovering  how  to  cure  these  dcsjierat*;  cases  almost 
miraculously  by  intravenous  injections  of  physiological 
salt  solution.  The  uremia  following  the  suppression 
is  not  the  cau.se  of  the  cramps,  but  both  follow  the 
higli  specific  gravity  of  the  blood  due  to  the  failure 
to  drink  enough  water  to  restore  the  balance  duriii? 
excessive  jierspiration.  It  is  po.ssible  for  anyone  to 
suffer  from  this  condition,  but  negroes  succumb 
soonest  of  all  and  white  men  resist  longest.  The  negro 
absorbs  more  heat  under  the.se  conditions  and  perspires 
more  freely  and  he  may  develop  fatal  heat  cramps 
from  this  partial  desiccation  long  before  the  body 
heats  up.  Indeed  some  of  the  cases  have  subnormal 
temperature,  though  it  is  quite  possible  for  the  con- 
dition to  be  complicated  by  real  thermic  fever.  It 
is  not  yet  determinxl  whether  the  alleged  greater 
profusion  of  s%ycat  glands  in  the  negro  is  a  factor 
predisposing  him  to  heat  cramps  from  exce.ssive 
perspiration  in  the  unnatural  conditions  of  high 
external  heat. 

It  is  quite  likely  tliat  while  bnmettes  suffer  from 
excessive  perspiration  more  than  blonds  when  the 
external  temperature  is  over  blood  heat,  blonds  suffer 
more  than  brunettes  in  lesser  temperatures.  In 
the  latter  case  the  loss  of  water  rarely  if  ever  goes 
to  the  point  of  causing  cramps  or  suppression,  but 
there  is  recent  evidence  that  the  higher  s])ecific 
gravity  and  viscosity  of  the  blood  is  one  of  the  cau.-rs 
of  cloudy  swelling  of  the  kidney  cells  and  that  chronic 
parenchymatous  nephritis  results.  Certainly  the 
hotter  a  coimtry,  the  more  common  is  this  form  of 
kidney  disease  and  it  is  more  prevalent  among 
migrants  from  colder  countries  than  among  natives. 
Moreover  there  is  some  evidence  that  blonds  in  hot 
places  suffer  more  than  brunettes  from  nephritis  due 
to  this  cause.  Indeed  the  irritation  of  thick  blood 
may  be  more  potent  to  jjroduce  the  cellular  inflam- 
mation than  the  usual  causes  in  colder  coimtries. 

In  1906  Scandinavians  in  Boston  had  the  lowest 
rates  for  nephritis  and  heart  diseases,  as  thourh 
they  wore  more  fit  to  live  there  than  the  i>thor 
races,  but  the  amount  of  parenchymatous  ne- 
phritis is  not  known.  These  ethnic  studii"S  prove 
that  we  have  not  sufficiently  emphasized  the  necessity 
of  drinking  much  cool  wat^-r  in  our  tropical 
summers. 

Since  the  action  of  light  is  at  first  stimulating, 
then  exhausting,  and  finally  lethal,  we  find  that 
northern  tyjies  recently  arriving  in  the  tro|iios  ex- 
perience very  marked  exhilaration,  all  their  functions 
being  performed  far  better  thai\  normallv.  This 
feeling  of  welUieing  conceals  the  damage,  leads  to 
undue  exposure  and  hastens  the  st.;ige  of  exhaustion. 
which  invariably  comes  on,  sooner  or  latter.  It  is 
exactly  the  same  as  neurasthenia  from  any  other 
exhausting  causes,  and  the  heat  of  the  tropics  as  well 
as  the  repeated  infections  imdoubtedly  contribute  to 
the  result.  That  light  is  a  potent  cause  is  proved 
by  the  fact  that  it  appears  in  cold  light  countries 
aiso    and   that   blonds  sufTcr  more  than  brunettes. 
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Some  years  ago  the  writer  called  attention  to  the  dis- 
ease under  the  name  of  "tropical  neurasthenia," 
and  though  the  facts  were  at  first  denied,  the  condi- 
tion is  now  recognized  quite  generally.  It  would 
be  far  lietter  to  have  called  it  "actinic  neurasthenia" 
to  enii)hasize  the  fact  that  it  is  largely  due  to  light, 
although  aggravated  by  heat.  Since  blonds  suffer 
from  inability  to  radiate  heat  in  the  usual  tropical 
temperatures,  S0°  to  9.")°,  they  are  at  a  double  dis- 
advantage and  furnish  far  more  cases  than  brunettes 
of  exhaustive  states  of  the  brain  and  nervous  system. 

The  ac\ite  or  fulminating  form  of  actinic  neuras- 
thenia is  still  called  "heat  exhaustion,"  though  it  is 
now  quite  widely  recognized  as  due  to  light.  The 
condition  is  allied  to  shock  from  mechanical  traumat- 
ism, indeed  the  nerve-cell  changes  resulting  from 
the  action  of  any  of  the  short  rays — light,  ultra- 
violet, radium,  and  i-rays — are  of  the  same  order 
as  those  due  to  traumatism  as  described  by  Crile. 
"Heat  exhaustion"  is  shock  and  has  nothing  in  com- 
mon with  thermic  fever  or  sunstroke  with  its  high 
fever,  bounding  full  jnilse,  more  or  less  coma,  dry- 
skin,  and  often  convulsions.  Sufferers  from  actinic 
shock  are  conscious  as  a  rule,  have  a  normal  or  sub- 
normal tem])crature,  w'cak,  thready  pulse,  wet 
skin,  and  extreme  weakness  and  relaxation  of  all 
the  muscular  tissues.  Minor  forms  of  it  result  from 
exposure  to  strong  electric  light  where  there  is  almost 
a  complete  absence  of  heat,  and  in  lower  animals 
we  can  experimentally  produce  all  grades  of  it  up  to 
the  cases  of  prompt  death.  In  man  sunlight  is  never 
strong  enough  to  kill.  Blonds  suffer  from  this  con- 
dition more  than  brunettes,  indeed  I  do  not  recall 
any  reports  of  negroes  suffering  from  pure  "heat 
exhaustion." 

When  there  is  enough  sunlight  to  do  harm  there  is 
generally  also  a  dangerous  degree  of  heat,  and  this 
fact  has  led  to  the  impression  that  heat  was  the  cause 
of  all  the  untoward  effects  of  excessive  sunshine. 
Again,  the  three  conditions  of  thermic  fever,  actinic 
shock,  and  heat  cramps  may  be  present  in  various 
degrees  of  severity.  There  is  then  an  infinite  variety 
of  cases  with  or  without  one  or  more  of  the  charac- 
teristic symptoms  of  a  pure  case,  and  we  had  no  way 
of  unraveling  the  tangle  until  the  recent  inventions 
of  ultra-violet  electric  lamps  and  the  discovery  of 
radium  and  i-rays  proved  to  us  that  cold  light  itself 
caused  typical  "lieat-cxhaustion,"  and  could  be  lethal 
from  the  molecular  destruction. 

People  whose  nerve  cells  have  been  damaged  by 
heat  and  light  must  necessarily  have  suffered  injury  to 
other  tissues  also.  Hence  we  find  that  blonds  have 
more  sickness  from  other  diseases  than  brunettes  in 
the  ordinary  degrees  of  tropical  heat,  and  wherever 
the  light  is  excessive.  The  eye  natiu-ally  is  the  organ 
most  affected,  and  we  find  that  all  the  conditions  due 
to  glare  are  worse  in  l)londs  than  in  brunettes,  such 
as  night  blindness  from  optic  paresis,  various  grades 
of  conjunctivitis,  retinitis,  and  optic  neuritis.  The 
skin  of  blonds  may  suffer  from  lowered  vitality 
differing  only  in  degree  from  the  sluggishness  of  all 
the  tissues  surroimding  an  a;-ray  burn.  Not  only 
may  the  pus  infections  be  severe  but  there  is  much 
evidence  that  ordinary  .skin  cancers  as  well  as  those 
following  j-ray  injury  are  more  common  in  blonds 
than  brunettes.  Several  observers  have  concluded 
that  light  and  ultra-violet  in  the  unprotected  are 
almost  as  potent  predisposing  causes  of  cancer  as 
are  x-rays.  The  Italians  in  Boston  have  the  lowest 
death  rate  from  cancer,  while  the  highest  rates  are 
among  those  from  the  northwest  corner  of  Europe, 
the  Irish  being  the  worst,  and  the  Scotch  next. 

Quite  recently,  attention  has  been  called  to  the  cases 
of  photophthalmia  arising  among  summer  visitors  to 
the  seashore  and  caused  by  sea-glare.  They  do  not 
occur  in  those  who  have  sufficient  retinal  pigment  nor 
in  the  blonds  who  are  careful  enough  to  wear  dark- 
ened glasses. 
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The  worst  grades  of  photophthalmia  are  found  in 
those  who  have  been  exposed  at  short  distance,  for 
only  an  instant,  to  the  intense  light  of  short-circuited 
electric  wires  carrying  heavy  high-potential  currents. 
There  is  intense  ciliary  pain  several  hours  later  and 
lasting  all  night.  Blindness  may  result.  It  is  of 
course  worse  in  the  blondest. 

Rufousness  has  yet  to  be  explained.  It  was  once 
supposed  to  be  an  ethnic  character  developed  in 
some  restricted  locality  as  an  advantage  and  that  it 
has  spread  by  migrations  and  now  persists  merely 
because  it  is  not  sufficiently  diisadvantageous  to  cause 
elimination  of  the  type. 

Recent  observations  in  a  restricted  localitj'  in 
England  have  shown  that  rufousness  is  invariably 
hereditary  and  never  arises  as  a  new  mutation.  It 
is  a  permanent  recessive  character.  How  it  arose 
originally  in  such  families  is  of  course  wholly  un- 
known. It  does  not  seem  to  be  a  disadvantage  in 
northw-estern  Europe  and  it  does  not  furnish  any 
more  extremely  nervous,  fiery,  unstable  types  than 
the  rest  of  the  population.  The  case  is  different  in 
those  who  migrate  to  lighter  countries  as  in  America. 
When  tuberculosis  attacks  the  rufous  in  the  United 
States,  it  is  rapidly  fatal,  particularly  among  the 
Hebrews.  The  type  disappears  as  a  rule  from 
American  families. 

Anthropologists  have  long  known  that  as  a  rule  the 
dwellers  in  European  cities  are  more  brunette  than  the 
surrounding  urban  population,  that  city  families  tend 
to  die  out,  and  that  the  population  is  kept  up  by  a 
constant  flux  from  the  country.  Dr.  F.  C.  Shrubsall 
of  London  has  shown  by  very  extensive  statistics  that 
in  each  locality,  certain  diseases  show  special  af- 
finities for  certain  types  of  the  population  {Brit. 
Med.  Journal,  Dec.  24^.31,  1904,  a.nd  St.  Bariholnmew's 
Hospital  Reports,  1903).  As  to  London  it  is  found 
"that  adult  hospital  patients  as  a  whole  are  slightly 
fairer  than  the  population  within  the  sphere  of  at- 
traction of  each  hospital,"  "that  with  each  successive 
generation  of  city  life  the  fair  element  sends  an  luidue 
proportion  of  its  members  to  the  hospitals,"  "that 
child  patients  are  markedly  fairer  than  the  children 
in  the  districts  around  the  hospitals"  and  "that 
diminution  of  stature  and  increase  of  brunette  traits 
are  almost  certainly  progressive  with  increased  heredity 
of  an  urban  environment."  In  London  blond  traits 
are  associated  with  acute  rheumatism,  heart  disease, 
tuberculosis,  and  malignant  disease,  while  the  bru- 
nettes suffer  unduly  from  nervous  diseases,  pulmonary 
tuberculosis,  and  malignant  diseases.  There  is  .some 
evidence  that  tallness  goes  with  the  blond  group  of 
diseases  and  short  stature  with  the  brunette.  In 
the  British  Islands  as  a  whole  there  is  al.so  a  relation 
between  type  and  disease.  Similar  facts  have  been 
brought  out  on  the  Continent.  Shrub.sall  concludes 
that  the  physical  difference  between  city  and  country 
populations  is  due  to  the  process  of  elimination  of 
the  unfit  by  disease. 

There  seems  to  be  fair  agreement  among  anthro- 
pologists that  blondness  was  evolved  on  the  continent 
and  is  an  importation  into  tlie  British  Islands — 
indeed  it  was  the  prevailing  type  in  the  last  invasions. 
It  is  therefore  the  least  fit  and  is  being  eliminated  in 
the  most  southerly  parts,  but  the  process  is  so  slow 
that  it  was  not  noticed  until  the  famous  anthropolo- 
gist, the  late  Dr.  John  Beddoc,  discovered  it  by  the 
most  pain.staking  survey  man_v  years  ago.  He 
showed  that  the  brunette  types  "driven  eastward  by 
the  blond  invaders  are  now  returning  and  becoming 
the  prevailing  type.  In  the  far  north  where  the  con- 
ditions more  nearly  resemble  southern  Scandinavia, 
the  center  of  blondness,  the  blond  invading  type  is 
probably  a  permanent  fixture  in  rural  surroundings. 
In  the  "cities  of  Scotland  the  reverse  is  found  to  be 
the  case.  Dr.  David  MacDonald  has  foimd  in 
Glasgow-  {Biometrika,  July,  1911)  that  "in  the  various 
gradations  between  the  extreme  dark   and  extreme 
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fair  types,  the  closer  the  type  approximates  to  fair, 
the  less  recuperative  power  it  has  and  the  less  re- 
sistance it  offers  to  the  diseases." 

The  articles  of  Shrubsall  give  many  illustrations  of 
the  diseases  among  misplaced  races,  and  also  refer  to 
the  very  extensive  continental  literature  on  the  subject. 
In  America  the  matter  has  scarcely  been  toudicd 
since  Baxter's  great  work  on  the  .statistics  of  the 
Provost-Marshall-General's  Bureau,  Washington, 
D.  C,  showing  the  relation  between  type  and  disease 
in  the  northern  army,  1861-5. 

Dr.  J.  S.  Mackintosh  of  London  has  independently 
found  that  environment  has  an  enormous  elfect 
upon  types  out  of  adjustment  to  the  climate.  His 
great  contribution  to  the  subject  is  his  discovery  that 
the  big  nordic  blonds  cannot  stand  dampness  or 
confinement.  They  must  have  large  open  places 
and  a  dry  soil,  though  they  seem  to  thrive  when  the 
humidity  of  the  upjjer  air  produces  a  maximum  of 
clouds,  to  protect  from  exccs.sive  light.  He  mentions 
the  western  kinds  who  are  an  Aryan-speaking  remnant 
of  the  blond,  blue-eyed,  long-headed  invaders  from 
the  north,  but  the  climate  is  dry  and  cold,  the  summers 
not  too  hot,  and  the  country  is  mountainous.  The 
same  phenomenon  of  blond  survival  in  the  mountains 
is  seen  in  this  belt  all  around  the  world — our  southern 
Alleghanies,  the  mountains  of  northern  Spain, 
northern  Italy — but  everywhere  as  far  as  known 
there  is  a  dry  soil.  Even  in  Sweden  the  blonds  are 
largely  in  the  uplands  and  brunettes  on  the  coast. 
The  damp-soil  districts  of  England  are  solidly 
brunette,  and  if  a  blond  wanders  into  them  for 
residence  he  suffers  unduly  from  catarrhs  of  the  res- 
piratory and  alimentary  tracts.  The  reason  for  this  is 
not  knoW'U,  though  it  is  unciuestionaljly  racial  and  due 
to  some  other  character  evolved  in  the  dry-soil,  cokl, 
cloudy  highland  districts  of  Scandinavia  coLncidently 
with  the  blondness. 

Mackintosh,  who  is  a  very  keen  observer,  finds  that 
the  blond  demands  large  open  spaces.  He  calls 
attention  to  a  remark  by  Tacitus  ("Treatise  on  the 
Situation,  Manners,  and  Inhabitants  of  Germany") 
that  the  German  "villages  are  laid  out,  not  like  ours 
in  rows  of  adjoining  buildings,  but  everyone  surrounds 

his  hou.se  with  a  vacant  space "     Even  the 

villages  were  scattered  and  there  w'ere  no  cities.  In 
America,  we  find  that  our  tenements  are  largely 
occupied  b_v  the  bnmettes  from  the  home  of  Tacitus, 
and  that  the  northern  Germanic  types  are  moving  to 
the  open  suburbs  like  their  prehistoric  ancestors. 
Moreover,  as  in  Sweden  to-day,  the  blond  is  best  in 
the  highlands  and  in  all  our  hilly  cities  we  find  the 
lower  the  level  the  more  brunette  the  peojjlc.  This 
phenomenon  is  universal  in  continental  lOurope — 
mountaineers  are  more  blond  than  the  inhabitants 
of  the  surrounding  plains.  The  practical  importance 
of  this  lies  in  the  fact  discovered  by  Mackintosh 
and  mentioned  in  the  numerous  articles  (see  CUnicnl 
Journal,  Aug.  9,  1911,  and  Brilish  Med.  JournnI,  1910) 
that  >the  mis[)taced  blond  suffers  a  lowered  vitality 
predisposing  him  to  disease  of  all  kinds. 

We  instinctively  turn  toward  a  vacation  place 
which  makes  us  comfortable.  All  Americans  like 
to  go  to  Europe  to  escape  our  subtropical  summers 
and  to  live  where  our  tj-pes  were  evolved  and  where 
we  are  comfortable  because  we  are  adjusted.  The 
blonds  are  showing  a  tendency  to  resort  to  high- 
level  recreation  grounds  and  the  brunettes  to  the 
low  level  or  seashore  both  here  and  in  Europe. 
Even  in  occupations  we  see  this  same  tendency. 
The  tall  blonds  are  failing  in  factory  and  shop  bccau.se 
of  the  confinement,  but  are  flocking  to  outdoor  em- 
ployments. The  London  soldiers  and  policemen 
are  overwhelmingly  light-eyed  and  yellow-bearded. 
In  American  cities  there  is  a  tendency  that  way, 
because  stature  is  an  important  item  in  selection, 
liut  the  excessive  light  and  heat  of  summer  modifies 
the  process,  as  the  blond  is  at  a  disadvantage.     Strcct- 
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car  motornien  are  largely  of  Alpine  typo  as  KtorklncvH 
IS  essential,  but  there  is  no  racial  helettlon  l,.',.,ii.l 
this.  Similarly  European  sailors  are  overwhelm;'  ■ 
bl(jnd,  from  the  lov(^  of  the  open  and  perhup-  :  , 
an  inherited  seafaring  tendencv.  In  all  Kun.-,.  ,•, 
cities  I  have  visited,  the  street"  workers  are  blo'ndi  r 
than  the  shopkeepers  and  factory  eiiiployee.s. 

Very  high  altitude  causes  so  great  a  phvKicnl 
change  to  adjust  a  race  to  it  that  there  h  imfitness 
for  low  levels.  The  increa.sed  mortality  of  moun- 
taineers, who  go  to  the  lowlands,  Is  shown  bv  the  N.  V. 
.statistics.  The  opposite  is  also  true.  f.owlanderH 
cannot  stand  permanent  residence  in  the  niountaln.v. 
It  is  quite  a  common  thing  for  people  to  be  driven  out 
of  our  Rocky  mountains  on  account  of  "ner\-ou.>.ne.-s," 
and  it  has  also  been  known  that  pneumonia  Im-  'i 
very  high  case  death  rate.  In  certain  places,  M.  ;.  , 
and  Montana,  for  instance,  it  has  become  the  fu-i  .la 
to  put  a  pneumonia  patient  on  the  first  train  after 
the  diagnosis  is  made  and  .send  him  to  .s<!a-level. 
The  neurasthenia  of  high  altitudes  has  ticen  found 
to  be  worse  in  blonds  than  in  brunettes.  We  ar(! 
justified,  therefore,  in  blaming  excessive  light  for  the 
nerve  irritation,  at  very  high  altitudes  above  th'- 
cloud  line,  particularly  as  the  condition  is  not  found 
in  lower  mountains  where  the  cloudiness  makes  an 
ideal  environment  for  blonds. 

In  the  central  plateau  of  South  Africa  the  matter 
was  carefully  investigated  on  account  of  the  charge 
that  cross-country  nms  were  harmful  for  s<'hool 
boys,  and  the  amazing  discovery  was  made  that  the 
majority  of  school  children  had  alinormal  hearts. 
The  red  blood  corpuscles  are  Increased  in  nunil>crand 
the  viscosity  of  the  blood  is  also  increa.sed.  The 
greater  arterial  friction,  therefore,  causes  undue 
heart  pressiue,  hypertrophy  with  subsequent  dilata- 
tion, and  the  long  train  of  symptoms  going  with  this 
condition.  Present-day  mountain  types,  such  as 
the  Thibetans,  have  become  adjusted  through  a 
long  process  of  elimination,  and  .selection.  There 
must  be  other  conditions  which  unduly  affect  low- 
landers,  who  migrate  to  high  levels,  b\it  the  subject 
has  not  been  given  the  .study  it  deser\'cs.  The 
erythrocytosis  of  elevations  might  he  one  factor 
accounting  for  good  results  in  tuberculosis.  The 
tissues  are  better  nourished,  as  in  the  collapsed  lung 
of  artificial  pneumothorax. 

The  1900  cens\is  shows  that  there  arc  high  death 
rates  in  the  United  States  in  the  high  altitudes  ea>l 
of  California  and  west  of  Kansas,  all  the  way  from 
Canada  to  Mexico.  Another  area  of  high  rates  i.s 
in  the  semi-tropical  strip  of  land  bordering  the  lower 
half  of  the  Mississippi  River  and,  with  this  exception, 
the  lowlands  seem  to  have  less  mortality  than  the 
highlands  of  the  inuncdiatc  neighborhood.  That  is, 
.\mcrica  is  peopled  largely  by  Kuro|)eans  from  low- 
lands who  are  more  or  less  injured  by  elevation. 

It  is  ipiite  likely  that  we  can  explain  .some  racial 
nervous  nuitters  on  the  princli)les  laid  down  by 
Freud.  When  a  race  migrates  to  a  lu'w  environment, 
there  is  more  or  less  nervous  strain  In  resisting  new 
adverse  factors  to  which  it  is  not  physically  adapted. 
There  must  be  more  or  less  fear,  such  as  we  see  when 
we  take  an  infant  for  the  first  time  into  a  noisy  place 
from  its  cpiiet  home.  The  adult  suppres,scs  these 
fears,  and  they  remain  in  his  unconscious  ego,  only 
to  come  out  in  dreams  or  the  phobias  of  Freud's 
"anxiety  neurosis."  Races  evolved  In  open  country 
must  have  dreaded  the  forest  as  rock  pigeons  fear 
the  trees,  and  rice  versa  forest  animals  all  dread  the 
open.  Racial  fears  must  remain  in  man  as  long 
as  thev  do  in  pigeons.  Now  it  is  a  curious  observa- 
tion of  Mackintosh  of  London  that  claustrophobia, 
or  the  fear  of  closed  spaces,  is  far  more  conuuon  in 
the  Baltic  type  than  in  the  rest  of  lairopcans.  Could 
this  not  bo  the  escape  of  a  racial  fear  which  has  tx-cn 
suppres.sed  ever  since  this  typo  of  man  left  his  ancostnd 
free   and   open   life'/     I   would   commend   this  study 
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to  psychiatrists,  as  it  might  assist  them  very  much 
in  the  psychoanalysis  of  their  patients  and  in  therapy 
too,  for  the  treatment  of  a  case  of  claiistropliobia  must 
he  more  effective  in  the  open  country  and  difficult  in 
the  confinement  of  a  city  sanatorium. 

The  tuberculosis  death  rate  among  migrants  is 
probaljly  our  best  measure  of  their  fitness  for  their 
new  surroundings.  \Ye  are  born  free  of  the  infection, 
but  begin  to  acquire  it  as  soon  as  we  crawl  about, 
and  by  the  age  of  six  to  ten  nearly  all  civilized 
urban  children  are  actively  tuberculous.  The  lesions 
seem  to  cause  a  tolerant  immunity  by  perpetual 
autovaccination,  ,so.  that  we  are  not  harmed  by 
the  immense  numbers  of  bacilli  we  inhale  throughout 
life,  but  we  are  not  able  to  kill  off  all  the  bacilli  of 
our  own  foci.  These  stand  ready  to  spread  when  we 
lose  health  and  resistance  from  other  causes,  and  as  a 
fact,  practically  every  one  does  show  signs  post- 
mortem that  the  lesions  have  spread  some  time  in 
his  life,  but  were  later  cured.  It  is  evident  then  that 
if  a  man  is  being  constantly  harmed  by  the  climate, 
he  will  be  so  weakened  that  he  will  not  be  able  to 
recover  from  a  tuberculosis  which  has  been  made 
active  by  some  other  cause.  The  people  most  in- 
jured would  be  those  from  climates  markedly  different 
from  the  ones  where  they  arc  residing. 

The  climate  of  Ireland  differs  markedly  from  that 
of  any  place  in  the  United  States  except  our  extreme 
northwest  coast,  indeed  there  is  no  place  in  Europe 
which  shows  such  contrasts  to  America.  It  has  no 
extremes  of  heat,  cold,  light,  darkness  or  dryness, 
and  it  is  exceedingly  humid  the  year  round.  There 
has  never  been  anj'  selection  of  those  fit  for  the  above 
extremes  and  as  a  result  some  types  of  Irishmen,  who 
were  evolved  as  the  fittest  for  Ireland,  are  j)roving  the 
unfittest  for  America.  According  to  the  twelfth 
census,  the  general  death  rate  and  the  death  rates  from 
tuberculosis  and  alcoholism,  for  all  over  fifteen  years  of 
age  in  the  registration  area,  are  higher  for  those 
having  Irish-born  mothers  than  for  any  other  divi.'-ion 
of  the  white  population.  The  Bulletin  of  the  Boston 
Health  Department,  May,  1912,  shows  that  the  same 
high  rates  prevail  in  that  city,  and  later  investigation 
in  New  York  City  by  the  health  authorities  show  that 
the  conditions  there  are  truly  alarming.  In  Boston, 
seventj-  per  cent,  of  the  excess  from  the  ages  of  fifteen 
to  nineteen  is  due  to  tuberculosis,  though  this  per- 
centage progressively  lessens  with  age.  In  New  York 
city  in  190G,  the  Irish  death  rate  from  tuberculosis  of 
the  lungs  w-as  476  per  100,000,  or  almost  exactly 
doxible  the  rate  for  all  classes. 

In  Boston  the  other  causes  of  excess  deaths  of  the 
Irish  were  pneumonia,  heart  disease,  nephritis, 
cancer,  apoplexy,  and  alcoholism.  O'JNIalley  of 
Philadelphia  some  years  ago  called  attention  to  the 
excessive  alcoholism  of  certain  Irish  families  in 
Pennsylvania.  In  Boston  in  1900,  there  were  sixty- 
eight  deaths  from  this  cause  of  which  forty-four  were 
of  persons  who  had  Irish-born  mothers.  Now  it  is 
accepted  as  proved,  |that  alcoholism  as  a  rule  is  an 
expression  of  a  profound  exhaustion  of  the  nervous 
system,  and  there  is  some  evidence  that  it  afflicts  the 
blond  Irish  more  than  the  brunette.  That  is,  the 
types  least  fit  for  our  sunshine  are  the  ones  most 
damaged  by  it.  The  small  brunette  Irishmen  .seem  to 
do  far  better  here,  but  there  aie  no  figures  to  prove  it, 
only  the  statements  of  several  observers. 

The  other  people  from  the  northwestern  corner  of 
Europe  are  adjusted  to  more  heat  and  cold  than  the 
Irish,  and  are  better  fitted  for  the  climates  of  the 
northeastern  part  of  the  United  States.  The  Scotch 
seem  to  be  an  exception,  for  their  tuberculosis  rate  is 
is  nearly  as  h'gh  as  that  of  the  Irish.  Those  having 
less  than  the  average  are  Swedes,  English,  Canadians, 
and  Germans,  but  as  these  are  generally  possessed  of 
more  means,  their  relative  immunity  may  be  due 
to  economic  causes.  Tuberculosis  increases  with 
poverty.     Part  of  the  high  rate  of  the  Scotch  is  also 
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due  to  the  fact  that  mountain  people  are  injured  in 
the  plains.  The  Swiss  had  the  highest  tuuerculosis 
death  rate  in  New  York  City  in  190(),  though  it  came 
down  in  later  years.  Bohemians  and  Austro- 
Hungarians  also  had  high  rates.  Italians  have  only 
a  slightly  higher  rate  than  the  average  in  spite  of 
their  notorious  poverty  and  unhygienic  and  un- 
sanitary habits.  On  the  other  hand,  the  Finns  in 
New  York  City  have  as  high  a  rate  as  the  Irish, 
which  is  probalily  l>ecause  their  native  climate  is  so 
much  cooler  than  New  York.  The  susceptibility  to 
tuberculosis  is  greatly  increased  by  migrating  to  a 
hot  climate. 

While  the  Baltic  types  are  only  slightly  above 
or  below  the  average  as  to  tuberculosis  in  our  north- 
eastern section,  they  suffer  dreadfully  in  our  sunny 
West.  From  some  places  in  a  large  area,  with  Chicago 
as  a  center,  they  have  practically  disappeared  from 
tuberculosis,  where  they  were  once  verv  numerous. 
Lithuanians  have  furnished  an  undue  number  of 
consumptives  in  Chicago.  There  is  no  question  that 
this  is  partly  due  to  insufficient  pigmentation. 

The  Ghetto  Hebrews  of  Europe  have  been  imder- 
going  selection  for  a  thousand  years,  more  or  less, 
and  by  the  elimination  of  the  unfit  are  now  so  adjusted 
to  city  life  that  they  have  the  lowest  death  rate  from 
tuberculosis  in  Boston  and  New  York  of  any  other 
nationality.  They  are  largely  brunette  and  it  is 
a  notorious  fact  that  when  a  blond  Jew  does  become 
actively  tuberculous  the  course  is  rapidly  fatal. 
Statistics  published  a  few  years  ago  by  the  writer 
showed  that  blonds  of  other  nationalities  suffered 
more  from  tuberculosis  than  brunettes  in  our  lighter 
climates,  and  this  fully  accounts  for  the  way  blonds 
have  diminished  in  the  older  stocks.  Selection  has 
also  eliminated  the  tall  and  bulky  types  from  among 
the  Jews,  and  they  are  now  so  unfit  for  life  outside 
of  the  cities  that  few  are  able  to  take  up  farming  or  any 
other  trade  requiring  great  expenditure  of  energy  or 
exposure  to  cold  in  outdoor  labor.  Indeed,  so  thor- 
oughly has  city  life  eliminated  the  big  that  the 
survivors  are  largely  unfit  for  military  service. 
Many  do  become  soldiers,  but  the  proportion  is 
ver}'  small  as  compared  to  the  peasants  adjusted  by 
greater  stature  to  rural  life. 

The  great  prevalence  of  nervous  disorders  among 
Hebrews  has  been  thought  to  be  due  to  the  accumu- 
lated effects  of  centuries  of  persecution.  They  have 
been  alien  intruders,  so  to  say,  and  have  kept  aloof 
from  the  social  organism  from  which  they  have 
obtained  subsistence.  The}'  have  actually  lived  on 
their  wits  while  the  natives  lived  on  their  muscular 
energy.  None  but  the  shrewd  and  nervous  could 
survive  such  a  life  and  their  pre-eminent  abilities  to- 
day are  therefore  a  result  of  selection.  That  type  of 
man  is  everywhere  subject  to  nervous  disorders, 
largely  neurasthenic  in  origin.  Nevertheless,  there 
seems  to  be  a  correlation  between  brunetteness  and 
nervous  disorders  in  the  British  Islands  in  the  stock 
that  has  been  there  hundreds  of  millenniums  and  is 
perfectly  adjusted  physically  to  the  climatic  environ- 
ment both  urban  and  rural  (Beddoc  and  Shrubsall). 
The  explanation  seems  to  be  the  lowered  resistance 
due  to  poverty,  for  the  brunettes  predominate  in 
the  overcrowded  areas  and  in  the  lowest  economic 
classes  and  are  therefore  badly  nourished.  The  well- 
to-do  are  more  blond,  better  nourished  and  have  less 
nervous  disease  except  where  they  are  hopelessly 
unfit  for  the  climate.  Not  only  do  blonds  have  more 
nervous  disease  in  the  tropics,  but  they  furnish  a 
large  number  of  cases  in  our  South. 

Shrubsall  and  others  report  that  in  northwest 
Europe  the  brunettes  predominate  among  the  tuber- 
culous. This  seems  to  be  more  marked  the  blonder 
the  population,  and  is  evidenth"  due  to  racial  unfitness 
as  well  as  poverty.  It  is  a  very  marked  phenomenon 
in  northern  Germany  and  Scandinavia  but  less  so  in 
England.     On  our  northwest  coast  I  have  been  in- 
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formed  that  no  Italian  so  far  advanced  in  tuberciilosis 
as  to  lia\'e  bacilli  in  his  sputum  has  ever  been  known 
to  recover.  He  is  imfit  for  this  dark  rainy  land,  but 
in  southern  California,  where  the  conditions  resemble 
those  of  southern  Italy,  the  Mediterranean  types 
furnish  the  highest  percentage  of  cures.  In  New 
York  City,  the  tuberculosis  mortality  for  each 
nationality  does  not  vary  much  from  j-ear  to  year  as 
a  rule. 

It  is  not  temporary  and  accidental,  but  a  jx'rmanent 
vital  phenomenon,  constantly  eliminating  the  unlit 
among  the  newcomers.  The  survivors  should  show 
marked  differences  in  a  few  generations  in  the  way  uf 
lessened  mortality.  In  New  York  City,  for  instance, 
in  1906,  with  the  sole  exception  of  the  French,  the 
death  rate  from  tuberculosis  in  each  race  was  greater 
among  the  foreign-born  than  among  those  Ijorn  of 
foreign  parents.  The  difference  in  average  age  f)f 
the  two  classes  is  not  sufficient  to  account  for  the 
difference  in  mortality,  indeed  it  ought  to  act  the 
other  way,  for  the  foreign  born  are  more  largely  of  an 
advanced  age  when  tuberculosis  is  less  common. 
The  average  death  rate  for  all  is  2.39,  but  in  the 
native-born  it  is  207,  and  in  native-ljorn  of  native 
parents  it  is  only  1.57 — almost  as  low  as  the  rate  of 
those  born  of  Russian  and  Polish  parents,  mostly 
Hebrews — 1.3.5. 

Baxter  foimd  that  Iinmette  soldiers  in  our  civil 
war,  who  campaigned  in  our  South,  had  less  disease 
and  -were  stronger,  and  that  the  tall  and  blond 
suffered  unduly  from  tuberculosis.  This  process  is 
making  our  lowland  Southerners  a  race  of  brunettes 
of  medium  stature. 

The  blond  mountaineers  are  vigorous,  as  the  climate 
is  like  that  of  northern  Europe,  but  the  lowlanders  are 
generally  so  lacking  in  energy  and  intelligence  as  to 
be  evidently  decadent  and  on  the  way  to  extinction. 

An  important  part  of  medical  ethnology  is  the  study 
of  the  manner  in  which,  by  long-continued  natural 
selection,  a  type  will  develop  more  or  less  immunity 
to  certain  diseases.  Dr.  G.  Archdall  Reid  has  been  the 
loading  worker  in  this  field  and  in  his  books  on  "Alco- 
holism" and  "Heredity"  hegivesajirofusion  of  illustra- 
tions which  conclusively  prove  that  the  longer  a  race  is 
acquainted  with  a  disease  the  less  harmfid  it  becomes. 
Measles,  for  instance,  is  exceedingly  f.atal  to  lower  races 
which  have  never  before  been  infected,  but  it  has  elimi- 
nated from  civilized  people  nearly  all  those  who  can- 
not promptly  develop  antibodies  to  kill  off  the  invad- 
ing organisms.  Only  a  very  small  percentage  of  the 
infected  die  of  it  in  civilization.  The  same  reasoning 
is  supposed  to  account  for  the  mildness  of  mumps, 
whooping  cough,  and  chick enpox.  On  the  other  hand, 
the  severit}-  of  scarlet  fever  and  smallpox  is  ex- 
plained on  the  assimiption  that  they  have  been 
more  recently  evolved  by  differentiation  from  harmless 
organisms  or  from  those  which  have  taken  on  para- 
sitic habits  in  lower  animals  and  subse([uently  trans- 
ferred their  activities  to  man,  such  .as  the  plague 
bacillus.  Both  gonorrhea  and  syphilis  seem  to  be 
getting  mild  in  civilized  races  and  are  mild  negligible 
complaints  among  the  Japanese.  Indeed,  in  the 
great  majority  of  healthy  yoimg  Europeans,  too, 
gonorrhea  is  a  short  self-limited  disease,  though  in 
the  non-resistant  its  ravages  are  terrible.  Our 
genito-urinary  specialists  could  give  us  exceedinely 
valuable  ethnic  data  as  to  the  types  of  men  who  have 
gonorrhea  difficult  to  cure. 

Tuberculosis  also  is  a  severe  infection  among 
savage  races  which  have  never  been  infected  before, 
but  it  is  now  believed  to  be  universally  present  in 
civilized  races  because  all  who  could  not  develop 
antibodies  to  keep  it  in  check  have  been  killed  off. 
It  becomes  active  only  in  those  who  lose  resistance 
from  some  other  cau.se.  There  is  considerable  grovmd 
for  the  opinion  that  this  evolution  has  occurred  in 
the  short  time  man  has  been  living  in  houses,  before 
which  populations  were  too  sparse  for  the  infection 


to  be  carried  from  ijer.s<jn  to  perBon,  and  the  outdoor 
life  would  have  cured  them  if  the  bacillu.s  were  on-H-iit 
The  organism  probably  devel<jped  in  cattle  firKt  and 
thence  gave  rise  to  the  human  form.  It  became  a 
scourge  only  after  population.s  became  dcnNc  and 
lived  in  overcrowded  house^i,  and  the  mortalitv 
culminated  with  the  dreadfully  un.uaiiitury  ron(li- 
tions  existing  when  the  modern  industrial  era  began 
in  the  eighteenth  cenlurv,  since  when  the  Klaiightcr 
of  the  most  susceptible  has  so  cleaned  up  the  race 
that  the  annual  mortality  has  been  reduced  to  k-KS 
than  two  per  l.OOO  in  northern  Europe.  It  still 
causes  one  death  in  every  seven  to  ten  according  to 
locality,  but  as  nearly  everyone  show.s  postmcirtt-m 
signs  of  having  overcome  a  "temporarv  activation  of 
his  lesions,  we  can  as.sert  that  in  afjout  eighty  or 
ninety  jjcr  cent,  of  humanity  the  infection  is  harniles.s. 
Moreover,  the.<-e  cures  take  place  witliout  Biiecinl 
treatment,  which  never  occurs  with  negroes  and 
.'\merican  Indians,  in  whom  it  is  said  to  be  invariably 
fatal,  unless  given  .sjiecial  siinatorium  treatment. 

There  is  a  suspicion  that  we  gradually  evolve  an 
immunity  again.st  whooping  cough  in  the  .same  wav 
as  we  do  that  against  tuberculosis — that  is,  by  tho 
frequent  inh.ilation  of  small  numbers  of  attenuated 
bacilli,  which  gradually  iiroduce  enough  antibodies 
to  render  us  immune.  That  is  probably  why  tho 
disease  is  so  fatal  to  the  young,  tlie  mortality  being 
twenty-five  per  cent,  in  those  less  than  a  vear  old,  and 
very  fatal  in  the  early  months  of  life.  The  mortality 
cjuickly  diminishes  with  age  and  in  time  we  arc  wholly 
immune,  though  we  may  lo.se  that  immunity  as  in 
the  case  of  tuberculosis.  The  varying  mortality 
from  whooping  cough  from  race  to  race  is  probably 
due  to  the  different  periods  during  which  the  races  of 
the  world  have  had  contact  with  the  disease. 

Alcoholism  .should  be  studied  with  the  infections. 
Reid  shows  that  races  newly  acquainted  with  it  are 
very  drunken,  but  tliat  in  time  through  the  elimina- 
tion of  the  susceptible  a  race  becomes  temperate. 
Among  migrants,  on  the  other  hand,  alcoholi.sm 
affects  those  most  out  of  adjvistment.  As  before 
explained  it  is  a  sym[)t<)in  of  nervous  derangement, 
and  it  seems  to  be  one  of  the  ways  in  which  natural 
selection  unifies  a  type  locally  by  eliminating  the  least 
fit.  The  bacchanalian  orgies  of  the  ancient  blond 
Aryan  invaders  of  Greece  un(|uestionably  hn.stened 
their  decay  and  extinction,  and  possibly  the  same  was 
true  of  the  early  Romans.  The  Irish  in  .\merica 
h.ave  had  something  of  the  same  kind  of  history,  ac- 
cording to  O'Mallcy. 

The  least  fit  for  a  jilace  are  naturally  the  least 
efficient.  Their  weaknesses  finally  disable  them. 
They  cease  to  be  sclf-sujiporting  and  become  public 
burdens  or  resort  to  parasitism  of  some  kind.  1  find 
that  in  New  York  the  blonds  furnish  an  undue 
number  of  paupers,  insane,  and  chronic  offenders 
against  property.  The  southern  races  of  Europe 
predominate  in  crimes  of  violence,  but  they  do  not 
cause  more  crimes  proportionally  than  in  southern 
Italy  a  few  years  ago.  It  is  a  racial  norm  with  them, 
but  the  crimes  of  the  northern  races  here  are  largely  an 
indication  of  racial  decay.  In  northern  Europe  the 
conditions  are  reversed,  as  in  the  case  of  tuberculosis. 
In  the  blond  areas,  the  brunettes  are  the  most 
criminal. 

The  practical  side  of  medical  ethnology^  is  self- 
evident,  for  it  not  only  explains  the  " racial"  differ- 
ences in  morbidit.\-  and  mortality,  particul.-vrly  in 
America  where  .so  many  types  are  so  far  out  of 
adjustment  that  they  cannot  possibly  survive  pcr- 
nuuiently,  but  it  also  gives  a  hint  as  t<>  the  pro(><-r 
management  of  individual  cases.  It  is  far  more  than 
medical  clinuitology  and  more  than  what  might  bo 
called  medical  antitropology  or  study  of  the  evolu- 
tionary differences  between  man  and  the  lower 
animals. 

Mackintosh   has  frequently  found  in  England  that 
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a  patient  wliose  physical  type  difTers  widely  from  that 
which  characterizes  the  families  of  many  generations 
of  local  residence  not  infrequently  suffers  from  general 
ill  health  which  cannot  be  improved  by  anything 
short  of  a  return  to  an  environment  normal  to  him. 
He  quotes  Sir  Wm.  Bennett  to  the  cifcct  that  he  has 
found  the  city  best  for  those  consumjitives  who  are 
jihysically  adjusted  to  such  a  life.  We  in  America, 
then,  can  save  our  patients  much  illness  if  we  will 
obser\-e  their  physiijue  and  determine  whether  lack  of 
adjustment  is  a  factor  in  the  case.  For  instance, 
the  writer  knows  of  a  very  brunette  man  who  is  in 
excellent  health  in  the  sunny  climates  of  our  South- 
west where  he  has  mining  interests,  but  his  wife  who 
is  a  bright  l)lond  suffers  from  the  nevn-asthcnic  con- 
ditions so  prevalent  in  that  type  in  light  countries. 
In  a  more  cloudy  climate  where  she  is  at  her  best,  he 
suffers. 

In  selecting  a  place  to  send  a  patient  for  cure, 
convalescence,  or  permanent  residence;  we  must 
choose  one  which  resembles  that  which  has  evolved 
the  type.  It  was  a  dreadful  mistake  to  send  all 
consumptives  to  Florida  and  we  have  ceased  to  do  it, 
because  of  the  bad  results.  It  is  equallj'  wrong  to 
send  all  to  the  northern  mountains.  Plains  people 
should  not  be  sent  to  the  mountains  or  mountaineers 
to  the  plains,  dark  types  to  dark  climates  or  blonds  to 
the  sunniest,  thin  slender  ones  to  excessive  cold  or 
fat  and  bulky  ones  to  very  hot,  northern  races  to 
southern  climates  or  tropical  peoples  to  high 
latitudes.  Those  needing  travel  w-ill  find  the  good 
negatived  if  thev  travel  in  a  bad  climate,  Ijut  mere 
residence  in  northwest  Europe  for  a  while  may  do  a 
W'orld  of  good  to  one  who  has  been  damaged  by  our 
tropical  summers.  Indeed  the  annual  summer 
exodus  to  Europe  is  attaining  the  proportions  of  a 
flood  simply  because  people  are  finding  out  the  good 
it  does  to  return  to  our  ancestral  climatic  homes. 

In  applying  physiotherapeutic  measures  we  must 
also  be  guided  by  the  type  of  patient.  We.  cannot 
apply  cold  or  heat  to  all  alike,  for  one  man  will  be 
greatly  injured  by  what  Ijenefits  another  of  different 
physiciue.  Much  of  the  discontent  with  balneother- 
apy is  possibly  due  to  the  failures  following  neglect  of 
this  precaution.  A  very  hot  room  will  have  effects 
sooner  in  the  very  brunette,  who  will  suffer  harm 
if  they  remain  too  long. 

In  the  ap]3lication  of  light  to  the  naked  body  similar 
precautions  must  be  taken.  It  is  found  in  the  Swiss 
Alps,  where  such  treatment  for  surgical  tuberculosis 
is  quite  popular  with  a  few  phy.sicians,  that  excess 
is  very  harmful,  causing  phosphaturia,  nervousness, 
melancholia,  prostration,  and  a  psychosis — indeed 
all  the  conditions  found  in  the  tropics  among  Euro- 
peans who  expose  themselves  unduly  to  the  light  and 
heat.  Short  exposures  are  found  stimulating  and 
may  improve  patients  with  mental  depression,  but 
the  stimulation  is  liable  to  cause  hemorrhages  if 
the  lungs  are  tuterculous.  Moreover,  the  blonds  do 
not  improve  under  light  treatment  nor  can  anyone 
stand  the  strong  summer  sun  in  the  ^\lps  where  the 
exposures  must  be  given  on  mild  days  neither  hot 
nor  cold  nor  cloudy  nor  windy.  Those  who  get  the 
most  benefit  are  the  brunettes  who  take  on  a  thick 
coat  of  tan  which  excludes  the  light,  and  even  in  them 
we  get  just  as  good  results  in  cloudy  climates  and 
lower  levels.  Some  of  the  best  specialists  in  the  Alps 
are  bitterly  opposed  to  sun  exposure  because  of  the 
harm  it  does  in  excessive  amounts  and  because  of 
the  absence  of  proof  that  the  light  is  the  cause  of 
any  cures.  They  credit  the  cold  rare  air,  rest,  and 
food. 

Medical  ethnology  is  of  great  importance  in  America 
because  all  people  of  ICuropean  ancestry  are  phj'sically 
imadjusted  to  the  climatic  environments  to  a  greater  or 
lesser  extent,  and  there  has  been  an  undue  mortality 
from  this  cause.  We  can  never  reach  the  low  mor- 
bidity and  mortality  rates  of  Europe  where  sanitation 
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is  cultivated,  Init  we  can  improve  matters  greatly  by 
studying  the  types  which  suffer  the  most  from  each 
class  of  disease.  It  will  then  be  a  short  step  to 
devising  ways  and  means  of  avoiding  the  adverse 
factors  by  building  up  an  artificial  environment. 
The  science  seems  destined  to  jilay  a  big  jiart  in  future 
hygiene.  ChjUiles  E.  Wooduuff. 


Ethoxy-caffeine  (C8H9.OC2H5N4O2)  is  ol)tainod 
by  boiling  monobrom-caffeine  with  an  alcoholic 
solution  of  caustic  potash.  It  forms  crystals  which 
are  soluble  in  hot  alcohol,  and  less  so  in  ether.  It  is 
used  as  a  sedative  in  neuralgias  and  migraine.  Dose, 
gr.  i.  to  V.  (0.0(3-0.3  gm.),  in  capsules  or  wafers. 

R.  J.  E.  Scott. 


Ethyl  Bromide. — Ilydrohromic  Ether:  CjHsBr. 
This  body  is  a  thin,  colorless,  very  volatile  ether,  of  a 
strong  smell  and  hot  taste;  practically  non-inflam- 
mable; sparingly  soluble  in  water,  but  freely  so  in 
alcohol  and  ether.  It  is  prone  to  spontaneous 
decomposition,  on  exposure,  and  should  be  kept  in 
dark-colored  and  well-stoppered  bottles,  away  from 
the  light.  A  yellowish  tinge  means  decomposition, 
and  a  sample  so  discolored  is  unfit  for  use. 

Hydrobromic  ether  affects  the  human  system 
similarly  to  chloroform,  with  the  special  features  that 
sensibility  is  deadened  early,  and  that  narcosis  comes 
quickly  and  pleasantly,  but  without  full  muscular 
relaxation.  The  latter  circumstance  is  a  drawback, 
since  often  a  continuing  of  rigidity  and  even  of 
spasms  into  the  stage  of  narcosis  defeats  the  use  of 
the  agent  as  an  anesthetic  in  surgery. 

Hydrobromic  ether  causes  fall  of  blood  pressure,  and, 
in  overdosage,  death,  all  after  the  manner  of  chloro- 
form. It  has  been  used  as  an  anesthetic,  given  by  in- 
halation of  its  vapor,  especially  in  cases  in  which  a 
momentary  narcosis  only  is  needed. 

It  is  given  sunilarly  to  chloroform. 

Edward  Cttrtis. 
R.  J.  E.  Scott. 


Ethyl  Carbamate. — jEthylis  carbamas  (U.  S.  P.), 
Urethane  or  Ethylic  urethane  (NH2.COO.C2H5). 
This  compound  occurs  in  colorless  tabular  crystals, 
soluble  in  water,  alcohol,  and  ether.  It  has  no  odor 
and  but  a  mild  ethereal  taste,  producing  a  sensation 
of  coolness  in  the  tongue.  It  is  obtained  by  the 
action  of  ethyl  alcohol  on  urea  or  one  of  its  salts. 
Urethane  operates  upon  the  animal  system  as  a  quite 
pure,  though  not  overpowerful  hypnotic,  witliout 
effect  upon  the  peripheral  .sensory  apparatus,  and 
without  untoward  effects  of  any  kind.  It  does  not 
disturb  the  blood  pressure,  pulse  rate,  or  the  re- 
spiratory center;  but,  like  all  urea  derivatives,  it 
has  a  diuretic  action.  It  is  used  in  medicine  for 
procuring  sleep,  and  is  found  fairly  efficient  in  the 
more  tractable  conditions  of  insomnia.  Doses  of 
gr.  XV.  (1.0)  commonly  suffice,  but  the  drug  may  be 
required  in  two  or  three  times  this  quantity,  and 
such  large  doses  have  been  perfectly  well  borne. 
It  may  be  prescribed  in  simple  aqueous  solution" 
The  remedy  has  also  been  administered  by  hypoder- 
mic injection.  R.  J.  E.  Scott. 


Ethyl  Chloride.— //;/rfror/iZor/c  Elher,  C^HsCl. 
Ethyl  chloride  is  prepared  by  the  action  of  hydro- 
chloric acid  on  alcohol,  the  resulting  ether  being  con- 
densed at  a  low  temperature.  When  maintained  at 
a  temperature  below  50°  F.  it  is  a  colorless  liquid 
having  an  alliaceous  taste  and  smell.  Its  specific 
gravity  at  32"  F.  is  .9214.  It  mixes  with  water,  about 
one  part  in  fifty,  and  with  alcohol  and  ether  in  all 
proportions.     Its  boiling-point  is  54°  F.,  and  above 
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this  temperature  it  exists  as  a  gas.  As  a  gas  it  is 
exceedingly  inflammable,  burning  with  a  greenish 
flame  and  evolving  hydrochloric  acid. 

Following  the  introduction  of  ether  and  chloro- 
form, it  was  one  of  the  manj-  compounds  suggested  as 
suitable  for  general  anesthesia.  Being  very  volatile 
it  was  easily  administered  and  its  anesthetic  action 
was  more  rapidly  procured.  The  anesthesia  which 
it  produced,  however,  proved  to  be  very  transient, 
and  further  experience  as  well  as  experimental  work 
has  shown  that  its  action  is  accompanied  by  marked 
vascular  and  cardiac  depression.  Althougli  strongly 
advocated  by  many,  its  employment  never  became 
general. 

It  is  better  known  as  a  local  anesthetic.  Advan- 
tage has  been  taken  of  its  rapid  evaporation  to 
utilize  the  intense  cold  produced,  in  dental  and  minor 
surgical  practice,  and  for  the  relief  of  the  pain  of 
superficial  neuralgia.  It  has  been  used  with  satis- 
faction for  the  extraction  of  teeth,  for  opening  ab- 
scesses, for  removing  ingrowing  toe-nails,  and  for 
similar  painful  operations,  and  has  been  fovmd  to  give 
instantaneous  relief  in  facial  neuralgia,  interco.stal 
neuralgia,  and  sciatica. 

The  method  of  utilizing  this  property  was  made 
simple  and  easy  by  Monnet,  of  Lyons,  who  sug- 
gested the  storing  of  the  compressed  fluid  in  small 
capsules  and  tubes,  b}'  which  means  it  may  be  pre- 
served without  alteration  for  a  great  length  of  time. 
When  the  drug  is  required  for  use  the  point  of  the 
capillary  tube  is  broken  ofT,  and  the  opening  directed 
downward  on  the  part  to  be  anesthetized.  These 
tubes  have  now  been  perfected  by  the  addition  of  a 
screw  cap  which  allows  of  any  proportion  of  the  con- 
tents being  utilized,  the  remainder  being  preserved 
for  future  use.  Tlie  heat  of  tlie  hand  is  sufficient  to 
raise  the  temperature  of  the  fluid  above  its  boiling- 
point,  and  a  stream  of  the  rapidly  volatilizing  fluid 
issues  as  a  spray,  and  may  be  applied  to  anj-  part. 
The  tube  should  he  held  at  a  distance  of  eight  or  ten 
inches  from  the  part,  and  the  surrounding  tissues 
protected  to  prevent  excessive  and  needless  destruc- 
tion of  tissue.  The  surface  of  the  skin  acted  upon 
rapidly  becomes  blanched  and  devoid  of  sensation, 
and  regains  its  normal  state  upon  the  removal  of  the 
spray.  If  the  application  is  persisted  in,  the  vitality 
of  tiie  part  is  destroyed  and  necrosis  is  the  result. 
During  the  emplo^-ment  of  the  spray  care  must  be 
taken  tl;at  no  flame  shall  be  in  proximity,  on  account 
of  the  inflammability  of  the  gas. 

Beaumont  S.m.\ll. 


Ethyl  Hydrocupreine. — This  substance  is  a 
derivative  of  quinine,  and  its  relation  to  that  alkaloid 
may  be  seen  in  the  formuloe  of  the  following  sub- 
stances : — 

Cupreine    C1sH20Xj.OH.OH. 

Quinine CisHmNj.OH.O.CHi. 

Hjdrocuprcine CisHiiNi.OH.OH. 

Methvl  hydrocupreine C19Hi2N5.OH.OCH3. 

Ethyl  hydrocupreine Ci9H22N2.0H.OC2'll6. 

Ethyl  hydrocupreine  was  brought  forward  by  J. 
Morgenrot'h  as  having  a  powerful,  and  possibly  spe- 
cific, influence  on  the  pneumococcus.  More  recently 
it  has  been  used  with  benefit  in  cases  of  pneumococcus 
infection  of  the  external  eye.  R.  J.  E.  Scott. 

Ethyl  Iodide.— //j/rfriof/tc  Ether:  CoH,a.  This 
substance  is  prepared  by  distifling  a  mixture  of 
alcohol,  iodine,  and  phosphorus.  It  is  a  clear, 
colorless  liquid  (but  becomes  colored  when  the  iodine 
is  set  free) ;  it  has  an  ethereal  odor,  and  apungent  taste. 
It  is  soluble  in  about  400  parts  of  water,  and  mbces 
readily  with  alcohol  and  ether.  As  it  decomposes 
when  exposed  to  sunlight  or  to  air  it  should  be  kept 


in  well-stoppered  bottles  and  in  a  dark  place.  ¥.tU\\ 
iodide  has  been  u.sed  (by  inhalation)  in  ca.sos  of 
bronchial  a.sthma  and  edema  of  the  laryiix;  the  dufc 
is  fifteen  to  twenty  minims.  Owing  to  its  very 
large  iodine  content,  it  forms  a  readily  (ivailubl'e 
method  of  introducing  iodine  into  the  isyHtein,  and 
that  element  has  been  found  in  the  lirine  in  ten 
minutes  after  iuhulation  of  ethyl  iodide. 

U.  J.  E.  Scott. 


Ethylene      Bichloride. — Bichlorelhylene,      Dutch 

Liquid,  CjILClj.  This  body  is  a  thin,  colorle.s.1,  oily 
fluid,  smelling  and  tasting  much  like  chlorofomi; 
volatile  and  inflammable;  di.s.solving  sparingly  in 
water,  and  freely  in  alcohol  and  ether.  Its  only  med- 
ical interest  lies  in  its  attempted  substitution  for 
chloroform,  as  an  anesthetic  which  should  retain  the 
advantages  of  chloroform  while  free  from  its  dangers. 
It  is  rapid  and  i)Owerful  in  its  action,  and  .^eems  to 
operate  much  like  chloroform;  but  it  tends  to  paralyze 
the  respiratory  center  before  the  heart.  It  is,  how- 
ever, very  irritating  to  the  throat.  -Administration, 
in  mode  and  dose,  is  the  same  as  that  of  chloroform. 

Edw.\hd  CniTis. 

K.    J.    E.    StOTT. 


Ethylene  Bromide. — d-HiBr;.  A  colorless  or 
faintly  brown  lit|uiil,  containing  90.9  per  cent,  of 
bromine.  The  odor  is  agreeable  and  taste  sweetish. 
Its  specific  gravity  is  2.1()3  at  «0.,S°  F.  Below  4S'' 
F.  it  becomes  a  solid,  forming  crystals.  It  is  insoluble 
in  water,  soluble  I  in  4  of  rectified  spirit,  and  miscibic 
in  all  proportions  with  absolute  alcohol  and  oils. 

Ethylene  bromide  was  introduced  into  therapeutics 
as  a  convenient  means  of  supplying  bromine  in  cases 
in  which  its  use  is  indicated  for  a  prolonged  period. 
The  advantage  claimed  for  it  is  that  it  does  not  dis- 
turb the  digestion,  the  skin,  or  the  mucous  membranes, 
or  produce  any  of  the  unpleasant  efTect,<  that  the  my- 
dium  and  potassium  salts  are  liable  to  cause.  It  has 
been  usd  in  the  treatment  of  epilcp.sy,  delirium 
tremens,  and  other  conditions  in  which  the  liromides 
are  indicated,  in  doses  of  TTlj.-iij.  (O.OG-0.2)  in  cap- 
sules or  emulsion.  At  one  time  its  use  as  an  anes- 
thetic was  suggested  but  it  was  found  to  be  prac- 
tically devoid  of  anesthetic  action  and,  moreover, 
its  inhalation  has  been  followed  by  poisonous 
symptoms.  T.  L.  S. 


Ethylene-diamine  C;IL(NII;)2  also  known  as 
diamino-ethanc  is  a  thick,  colorless  liquid,  with  an 
alkaline  reaction,  a  caustic  taste  and  an  ammonuical 
odor.  It  is  freely  miscible  with  water,  and  h.is  the 
property  of  readily  dissolving  albumin.  Hence, 
it  has  been  recommended  as  a  solvent  for  the  false 
membrane  in  diphtheria. 

Elliylcnc-diamiiie-lrikrcsol  also  kno\\Ti  as  Irikrrsol- 
amine  or  krcsolaminc,  is  a  watery  sohif  ion  of  twenty-five 
per  cent,  each  of  ethylene-diamine  and  trikresol. 
It  is  a  clear  alkaline  liquid  and  is  u-ed  as  an  antiseptic. 

Ethylene-diamine  sUver  phosphate  is  argentaniin 
(see  Argcnium). 

Mercuric  ethylene-diamine  sulphate  is  known  as 
sublamine  (see  Hydrargyrum).  II.  J.  E.  Scott. 


Ethvlidene  Chloride  (CH.,CnCl!),  also  known  as 
ethideiie  bichloride,  is  a  colorless  liquid  resembling 
chloroform  in  its  physical  properties  and  also  in  its 
action  on  the  svstetn:  but  it  is  believed  to  lie  less 
depressing,  andj  therefore,  safer  than  chloroform. 
It  has  been  used  as  a  general  anesthetic  for  short 
oiieratious  but  is  not  much  employed  at  the  present 
day.  R-  J-  E.  Soorr. 
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Eucaine. — There  are  two  eucaiiies,  called  respec- 
tively alpha-eucaiiie  and  bela-eucaine.  They  are 
synthetic  alkaloids,  coniiilex  piijoridiiie  bodies,  pre- 
jjared  expressly  to  serve  as  local  anesthetics  in  the 
place  of  cocaine.  The  alpha-eucaine  is  no  longer 
used,  and  the  word  eucaine,  when  unqualified,  is 
now  generally  taken  to  mean  beta-eucaine.  Chemic- 
ally the  latter  is  the  benzoyl  derivative  of  vinyldi- 
acetonalkamine.  The  salt  used  is  the  hydrochloride, 
and  it  is  generally  employed  in  a  solution  of  from  one 
to  four  per  cent,  strength  in  phvsiological  salt  solution. 
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It  is  iised  as  a  local  anesthetic,  and  details  of  its 
action  and  therapeutic  use  will  be  found  in  the  article 
on  A?icstliesia,  Locnt  (vol.  i.,  page  390). 

As  compared  with  cocaine,  beta-eucaine  hydro- 
chloride is  much  cheaper,  less  toxic,  does  not  decom- 
pose on  being  boiled  and  so  is  more  easily  rendered 
sterile,  has  no  unpleasant  after-effect,  and  gives  rise 
to  no  "eucaine-habit."  R.  J.  E.  Scott. 


Eucalyptus. — Blue    Gum-tree.     "The    leaves    of 

Eucalyptux  globulus  Labillardiere  (fam.  Myrlaceir) 
collected  from  the  older  parts  of  the  tree"  (U.  S.  P.). 
At  the  close  of  this  article  will  be  found  some  general 
information  concerning  the  genus  Eucalyptus.  At- 
tention is  here  restricted  to  the  drug  above  defined. 
This  species  occurs  in  the  province  of  Victoria, 
Australia,  and  in  Tasmania.  It  grows  to  a  great 
size,  but  is  not  nearly  so  large  as  some  of  the  other 
species.     The  exhalations  from  the  tree,  where  forests 


of  it  occur,  and  especially  from  the  fallen 
leaves,  charge  the  atmospliere,  thereby  dis- 
infecting it.  At  the  same  time,  jiools  of 
water  containing  the  leaves  are  rendered 
uninhabitable  for  mosquito  larvae.  This  has  sug- 
gested the  idea  of  planting  it  in  malarial  regions, 
as  about  Rome,  for  a  similar  purpose,  but  it  is 
doubtful  if  the  experiment  has  anywhere  been  per- 
formed in  a  sufficiently  thorough  manner  or  upon  a 
sufficiently  extensive  scale.  It  was  an  incorrect 
notion  of  this  property  of  the  tree  which  suggested 
its  first  use  in  medicine,  that  of  a  specific  for  malaria. 
In  this  direction  it  proved  disappointing,  but  other 
important  medicinal  uses  were  found  for  it.  The 
tree,  when  young,  and  the  younger  portions  of  it  for 
some  time  after,  bear  leaves  which  to  a  great  extent 
are  wanting  in  the  active  constituent.  These  leaves 
are  broadly  ovate,  heart-shaped  at  the  base,  little  or 
not  at  all  tapering  at  the  apex,  and  comparatively 
thin.  The  official  leaves  (Fig.  2156)  are  fifteen  to 
thirty-  centimeters  (six  to  twelve  inches)  long  by  two 
to  four  centimeters  (three-fourths  to  one  and  one-half 
inches)  broad,  lanceolate  and  tapering  from  near  the 
blunt  base  to  an  acute  tip,  strongly  scythe-shaped,  and 
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very  inequilateral,  entire-margined,  very  thick, 
leathery,  smooth,  strongly  glaucous,  and  with  a  short, 
stout,  fiattened  and  twisted  petiole.  Against  the  light 
they  are  strongly  pellucid-punctate.  They  are  highly 
aromatic.  It  is  not  known  how  leaves  grown  in  the 
several  countries  where  the  tree  has  been  introduced 
compare  with  those  of  nati\e  origin,  but  some  of 
them  are  known  to  be  very  inferior,  and  it  is  certainly 
a  conservative  and  wise  policy  to  accept  only  those  of 
native  growth. 

Co.MPOsiTiON. — Besides  their  active  constituenti 
about  six  per  cent,  of  volatile  oil,  they  contain  wax, 
resin,  and  tannin.  The  medicinal  properties  and 
uses  of  the  drug  can  be  best  considered  farther  on,  in 
connection  with  those  of  the  oil  and  of  eucalyptol. 

Oil  of  Eucalyptus  (Oleum  Eucalypti,  U.  S.  P.)  is 
defined  as  a  volatile  oil  distilled  from  the  fresh  leaves 
of  eucalyptus,  rectified  by  steam  distillation,  and 
yielding,  when  assayed  by  the  U.  S.  P.  process,  not 
less  than  fiftv  per  cent.,  bv  volume,  of  cineol.  It  has 
a  specific  gravity  of  about  0.90.5  to  0.92.5  at  2,5°  C,  a 
characteristic  odor  and  taste,  and  it  dissolves  freely 
in  alcohol.  Since  the  active  constituent  of  the  oil 
is  eucalyptol  (properh-  called  cineol),  the  determina- 
tion of  the  jiercentage  of  that  constituent  constitutes 
the  proper  method  of  valuation.  With  eucalyptol, 
there  is  pinene  (from  E.  globulus)  or  cuminol  (from 
E.  oleosa),  or  the  two  oils  may  be  mixed.  Traces  of 
several  aldehydes  may  also  be  present.  The  optical 
rotation  will  also  differ  greatly  in  accordance  with  the 
source.  The  action  of  the  oil,  except  for  its  being 
weaker  and  less  regular,  is  that  of  eiicalyptol.  Phel- 
landrene  is  its  most  common  impurity,  derived  from 
other  species  of  Eucalyptus. 

Eucalyptol  or  Cineol  (CjoHisO)  is  defined  by  the 
Pharmacopoeia  as  "an  organic  oxide  obtained  from 
the  volatile  oil  of  Eucalyptus  globulus  Labillardiere 
and  from  other  sources."  The  allowance  of  "other 
sources"  is  here  not  objectionable  as  in  the  case  of  the 
oil,  for  the  eucalyptol  will  be  the  same  no  matter 
what  its  source.     It  is  also  the  active  constituent  of 

oil  of  cajuput  and  of 
some  other  Myrtaceous 
oils,  and  occurs  in  santo- 
nica,  rosemary,  pepper- 
mint, and  many  other 
oils  of  this  and  of  other 
families.  It  is  liquid, 
colorless,  with  a  charac- 
teristic odor  and  taste, 
has  a  specific  gravity  of 

T  V.-,,  .     ,T>  A      ^        y,  u^         about   0.92.5    at   2,5°  C, 
LabiU.l      (Reduced  one-half.l  j^^jig  ^^  j-go  ^^   j^-o  (^  _ 

crystallizes  at  freezing 
point,  is  optically  inactive,  and  dissolves  freely  in 
alcohol.  The  commonest  adulterant  is  the  oil,  which 
at  once  renders  it  optically  active. 

AcTiox  AXD  UsE.s. — The  action  and  uses  of  eucalyp- 
tol and  of  the  oil  must  be  considered  first,  as  that  of 
the  leaves  is  not  cpiite  identical.  Their  special  prop- 
erty among  volatile  oils  (see  Active  Constituents  of 
Plants)  is  their  antiseptic  and  expectorant  properties. 
As  an  antiseptic,  eucalyptol  ranks  second  only  to  oil 
of  cinnamon,  and  this  property  increases  somewhat 
as  the  oil  ages.  It  is  not  markedly  irritating  to  the 
skin  unless  the  surface  is  abraded  or  the  vapor  is 
confined,  but  it  is  markedlj-  irritating  to  mucous 
membranes,  expecially  to  that  of  the  stomach.  As  an 
expectorant,  whether  taken  internally  or  by  inhalation, 
it  is  both  stimulating  and  antiseptic.  Its  antiperiodic, 
action  is  very  similar  in  kind,  l)ut  also  ver}'  inferior, 
to  that  of  quinine.  As  a  poison  it  acts  as  a  gastro- 
intestinal irritant,  and  as  a  paralj'zant  of  the  vital 
functions,  especially  of  the  heart. 

The  uses  of  this  drug  are  all  to  be  regarded  as  local; 
even  when  given  internally,  it  is  transported  in  the 
circulation  to  the  seat  of  its  action.     Externally,  it  is 
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an  excellent  apijlieation  to  ulcers  which  require  cither 
disinfection  or  stimulation.  For  tliis  purj^ose,  a  t«o- 
to  five-per-cent.  solution  of  the  oil  in  alcohol  may  ]>e 
employed,  or  a  ten-per-cent.  tincture  of  the  leaves  is 
sometimes  even  better,  owing  to  the  resin  and  tannin 
contained.  The  greatest  value  of  eucalvptus  is  in 
the  treatment  of  catarrhal  conditions.  Here  the  bene- 
ficial results  are  directly  proportional  to  the  need  for 
stimulation  and  disinfection,  and  the  reverse  is  true 
when  there  is  already  irritation  or  inflammation. 
Thus  it  is  used  topically,  as  well  as  internally,  in 
gonorrhea  and  vesical  catarrh,  in  low  forms  of  dvsjjep- 
sia,  and  in  respiratory  catarrh.  Although  slightly 
diaphoretic,  it  is  scarcely  useful  in  that  wav.  Its 
antiperiodic  powers  are  feeble,  but  it  is  often' of  use 
when  the  case  is  mild,  and  the  surroundings  are  not 
continuously  infectious. 

In  considering  the  properties  of  the  leaves,  we  have 
to  regard  only  the  percentage  of  oil  which  they  con- 
tain, and  the  fact  that  the  amounts  of  resin  and  tannin, 
and  the  bitter  taste,  are  sufficient  to  add  their  etfects 
to  those  of  the  eucalyptol. 

The  dose  of  the  leaves  and  of  their  fluid  extract,  the 
only  official  preparation,  is  oss.  andoii.  (2.0  and  S.O) 
respectively.  The  oil  and  the  eucalvptol  are  given  in 
doses  of  from  TTlv.  to  x.xx.  (0.3  to  2.0). 

The  genus  Eucalyptus  contains  between  125  and 
1.50  species,  almost  all  of  Au.stralia  and  Tasmania. 
They  are  for  the  most  part  large  trees,  rivaling  in 
altitude  the  highest  known,  and  form  dense  and  vast 
forests.  Their  economic  importance  is  of  the  highest. 
Their  ability  to  with.stand  adverse  climatic  conditions 
permits  of  forestry  operations  where  they  would  be 
otherwise  impossible.  Their  timber  is  proof  against 
the  attacks  of  many  destructive  animals,  and  resists 
decay.  Their  astringent  gimis,  described  below,  are 
of  great  importance.  Many  of  the  oils,  though  ex- 
cluded from  the  uses  above  specified,  as  they  contain 
no  eucalyptol,  are  of  importance  in  the  arts.  The 
trees  are,  moreover,  highly  ornamental. 

Henry  H.  Rusby. 


Eucalyptus  Qum. — ErcALYPTi  Gujimi.  Enc.\- 
LYPTU.S  Ki.xo.  A  ruby-colored  exudation,  or  so-called 
red  gum,  from  the  bark  of  Eucalyptus  rostratus 
Schlecht,  and  some  other  species  of  eucalyptus. 
Sixteen  species  of  eucalyptus  have  been  named  as 
yielding  these  gums,  which  are  now  very  generally 
used  in  the  place  of  our  official  malabar  kino,  this 
having  become  excessively  scarce  and  high-priced. 
It  is  even  true  that  the  former  is  very  commonly 
given  where  the  latter  is  called  for.  The  two  are  very 
similar  indeed,  this  one  occurring  in  grains  or  small 
ma.sses,  the  fragments  transparent  and  of  a  ruby-red 
or  garnet-red  color,  somewhat  tough  and  of  a  very 
astringent  taste.  \A'hen  chewed,  it  adheres  to  the 
teeth  and  tinges  the  saliva  red.  Cold  water  dissolves 
from  eighty  to  ninety  per  cent.,  forming  a  neiitral 
solution,  and  it  is  almost  entirely  soluble  in  ninety 
per  cent,  alcohol.  The  properties  and  uses  of  this 
substance  are  identical  with  those  of  kino,  and  the 
dose  is  gr.  ij. -v. (0.1 2-0.3). 

Hexry  H.   RrsBY. 


Eudermol,  or  nicotine  salicylate,  occurs  in  white 
or  yellowish  white  crystals;  it  is  freely  soluble  in 
water  and  alcohol,  but  it  is  generally  used  in  the 
form  of  an  ointment  (one  per  cent.)  In  certain  parasitic 
skin  diseases.  It  is  chiefly  employed  in  veterinary 
practice.  R.  J.  E.  Scott. 


Euflagellata. — Flngcllala.  Mastigophora  with  one 
or  more  fiagella.  Many  species  are  colonial.  This 
subclass  of  protozoans  contains  many  parasites. 
See  Protozoa.  A.  S.  P. 


KuK^'nlr* 


Eugallol,  or  jiyrogallol  inf)tiiiaretatc  [CtlU.Cllr 
C(>.{()11):.\,  is  a  dark,  syrupy  liquid,  .-ioluble  iii'watfr 
and  in  acetone.  It  is  marketed  in  hi.\tv-,ix  iKjr 
cent,  solution  in  acetone  and  is  used  in  j>.soria>is  and 
similar  conditions.  R.  J.  t;.  .Scott 


Eugenics. — Eugenics  has  to  do  with  the  improve- 
ment of  the  human  race  by  bettor  brecdinK.  In  m 
far  as  it  has  an  end  or  goal  to  bo  reached  and  a  tochniijue 
and  a  program  for  reaching  it,  it  is  an  applied  .science; 
but  this  applied  science  must  rest  on  carefully  a.'seer- 
tained  facts,  and  the  collection  and  analv.-iLs  of  thcsac 
facts  constitute  the  pure  science. 

The  scojx;  of  eugenics  includes,  first  of  all,  the  study 
of  the  heredity  of  human  traits,  .secondiv,  the  study 
of  human  families,  "lilood-lines"  or  "st-ains,  ani 
"biotypes"  or  elementary  .species,  and  thirdly  the 
application  of  this  knowledge  to  tlio  improvement  of 
the  race  by  increasing  the  ijroportion  of  jiersfins  with 
the  socially  fittest  desirable  (|ualities  through  the 
best  marriage  selection,  the  high  fecundity  of  the 
best  stock,  and  selective  immigration. 

Heredity. — The  study  of  the  heredity  of  human 
traits  entered  upon  a  new  stage  with  the  recognition 
of  the  general  principles  that  traits  arc  t<i  be  studied 
one  at  a  time;  that  inheritance  is  not  from  parent, 
grandparents,  etc.,  and  that  traits,  as  .such,  arc  really, 
strictly  not  inherited  at  all.  It  was  necc.s.sary 
to  cast  off  a  lot  of  rubbish  and  figures  of  si)e<'cK 
which  clung  about  the  term  heredity  before  it  became 
the  subject  of  serious  biological  consideration.  .\3 
most  persons  are  yet  iminstructcd  in  the  modern 
biological  viewpoint  of  heredity,  it  is  necessary  to 
elucidate  this  somewhat  fully."  And  first  a  serious 
warning  must  be  entered  ag.-iinst  the  so-called  bio- 
metrical  school  of  heredity,  which  looks  at  heredity 
jnirely  by  the  method  of  mass  statistics.  No  biologist 
of  any  standing  can  justify  tlie  methi)d  of  studying 
heredity  of  the  statisticians,  who,  in  the  va.st  elabora- 
tion of  statistical  method,  seetn  to  be  blind  to  the  fact 
that  biologists  no  longer  use  the  language  for  which 
the  biometricians  are  seeking  preci.se  cjuantitative 
expression,  and  their  results,  though  quantitatively 
precise,  have,  once  they  are  obtained,  no  biological 
significance. 

For  the  biologist,  then,  inheritance  is  not  from  any 
person  but  from  the  germ  cells;  the  perm  cells  do  not 
contain  the  adult  inheritable  traits  but  cont.!iin  .some 
things  (chemicals)  that  ilctcrntinc  those  adult  traitj?. 
These  may  be  called  dctcrmiitvrs  (or  differentials,  as 
they  determine  differences).  The  reason  for  the  re- 
semblance between  father  and  son  is  that  both  ari.se 
from  germ  cells  that  contain  some  of  the  same  detf-r- 
miners;  but  it  is  (luite  as  true  that  a  father  inherits 
his  traits  from  his  son  as  the  revcr.se;  it  merely 
happens  that  in  the  father  some  of  these  determiners 
develop  earlier  in  the  history  of  the  race;  or  in  the 
son  the  same  kind  of  determiner  develops  later.  If, 
as  is  probable,  the  determiners  are  constantly  doubling 
by  fission,  one  cannot  say  the  determiners  of  the  ferti- 
lized egg  that  go  to  form  the  son  are  derived  from 
those  that  go  to  form  the  father.  The  detormincrs 
in  the  embryo  son  are  just  as  old  as  those  that  went 
into  the  father;  in  fact,  a  little  older,  as  the  race  is 
older  at  the  conceiition  of  the  son  than  at  the  con- 
ception of  the  father. 

The  relation  of  the  determiners  of  the  fertilized 
egg  to  the  traits  of  the  adult  man  has  to  I>o  clearly 
seen  for  clear  thinking.  The  trait  as  we  know  it 
in  a  man  is  merely  a  morphological  or  functional 
entity  that  has  received  a  popular  name,  like  blue 
eye,  "black  skin,  cataract,  or  enilepsy.  The.sc  t^^rms 
are  merely  names  for  end  products  and  tell  nothing 
about  the  nvmibcr  of  chemicjil  reactions  involved  in 
their  iiroduction.  As  a  matter  of  fact,  blue  eye.  as 
distinguished  from  brown  eye,  is  due  to  the  absence 
of  the  determiner  that  makes  brown  iris  pigment,  for 
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every  one  has  blue  eyes  at  some  time,  but  in  many 
persons  the  blue  is  covered  o\'cr  by  brown  pigment 
cither  before  or  after  t)irtli.  Tlie  black  skin  of  the 
negro  is  due  to  two  determiners  of  skin  pigment,  one 
working  to  reinforce  the  other;  presenile  cataract 
seems  to  be  due  to  one  extra  determiner,  something 
that  causes  the  lens  to  grow  opaque;  epilepsy  to  the 
absence  of  some  determiner  that  secures  appropriate 
control  and  protection  of  the  centers  of  forced  move- 
ments. Even  (one  might  say,  especially)  the  absence 
of  inhibitions — that  ijcrmits  childish  and  immoral 
behavior — probably  results  from  a  real  determiner. 
Tlie  only  way  bj-  which  one  can  tell  whether  a  given 
trait  is  dependent  on  several  determiners,  one  deter- 
miner only,  or  no  determiner  at  all  is  by  studying  the 
behavior  of  the  trait  in  the  crossing  of  strains  or 
biotypes — i.e.  crossing  strains  having  the  trait  with 
strains  that  lack  it. 

As  we  have  seen,  it  is  not  the  trait  that  is  inherited 
but  only  a  determiner  for  the  trait.  But  the  deter- 
miner is  a  differential  only  and  does  not  insure  the 
full  development  of  the  trait,  any  more  than  a  seed 
insures  a  good  yield.  In  order  that  the  determiner  shall 
fully  develop  its  potentialities  it  is  necessary  that  good 
conditions  for  development  should  be  present.  The 
determiner  for  educability  may  be  present  but  its 
full  potentialities  are  yielded  only  when  suitable 
means  of  education  are  provided.  Similarly,  re- 
sistance to  tuberculosis  may  be  present  in  the  body 
liut  it  may  have  a  poor  chance  to  develop,  owing 
to  bad  conditions  of  life. 

When  the  point  of  view  of  the  preceding  paragraph 
is  fully  grasped  the  difficulty  that  some  people  find 
in  understanding  how  a  disease  that  is  "due"  to  a 
germ  can  be  "hereditary"  disappears.  For  what  is 
inherited  is  the  chemical  constitution-or'  rather  the 
determiners  of  such — and  upon  that  chemical  con- 
stitution depends  the  ability  of  the  parasite  of  a 
given  constant  virulence  to  grow  luxuriantly,  poorly, 
or  not  to  grow  at  all.  The  hereditary  constitution 
is  not  a  constant  thing,  even  in  a  pure-bred  strain. 
It  varies  between  individuals,  depending  upon  the 
degree  to  which  the  conditions  of  development  have 
favored  it.  It  varies  in  the  same  individual  from 
time  to  time  according  to  the  "condition"  of  the 
individual-as  one  says  of  a  person :  "he  was  underfed, 
and  starved  for  air  and  his  resistance  was  broken 
down." 

To  repeat,  then,  we  do  not  inherit  characters, 
traits,  but  onh'  the  determiners  or  differentials  for 
them.  We  do  not  inherit,  strictly,  from  our  parents 
but  we  resemble  our  parents  for  the  same  reason  that 
we  resemble  our  uncles  or  first  cousins,  because  we 
and  they  have  common  determiners  derived  from  a 
common  germ-plasm.  This  germ-plasm  is  the 
totality  of  the  germ  cells,  or  strictly  just  that  portion 
of  the  germ  cells  that  seems,  paticularly,  to  carry 
the  determiners  (known  as  the  chromosomes). 
Finally,  there  is  a  determiner  for  each  unit  character 
but  the  unit  character  is  not  the  same  as  the  trait 
as  we  know  it;  on  the  contrary,  a  trait  as  we  know  it 
may  consist  of  more  than  one  unit  character,  or  of 
one  only,  or  it  may  be  due  to  the  absence  of  a  unit 
character  that  is  cominonly  present — as  blue  eye 
is  due  to  the  absence  of  the  unit  character:  brown  iris 
pigment.  Thus  traits  are  referable  to  unit  charac- 
ters, each  of  which  depends  upon  a  determiner  in  the 
germ-plasm,  and  this  determiner  is  the  real  inheritable 
unit. 

One  other  principle,  of  great  importance,  remains 
to  be  considered.  If  all  germ  cells  on  both  the 
paternal  and  maternal  sides  of  the  house  contain  a 
determiner  for  a  given  unit  character,  then  in  the 
zygote  resulting  from  the  union  of  egg  and  sperm, 
there  are  two  determiners — the  determiner  is  said,  in 
that  case,  to  be  duplex.  In  the  unripe  germ  cells 
of  the  individual  that  develops  from  this  zygote  the 
determiners  are  still  duplex;  but  in  the  last  cell  divi- 
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sion — the  maturation  division — the  elements  of  the 
pairs  are  separated  from  one  another  and  in  each  and 
every  ripe  germ  cell  the  determiner  for  the  character 
is  simplex  again.  But  it  frequently  happens  that  the 
two  parental  germ  plasms  are  different,  in  that  one 
possesses,  while  the  other  lacks,  the  determiner  for  a 
character.  Then  in  the  zygote  this  determiner  is 
simplex  in  each  cell  and  in  the  unripe  germ  cells  of 
the  adult.  In  the  maturation  division  of  these  germ 
cells,  the  simplex  determiner  goes,  in  each  division, 
to  one  of  the  two  daughter  cells  and  the  other  is  left 
without  any  determiner.  That  is,  half  of  the  ripe 
germ  cells  are  simplex  in  respect  to  the  determiner 
and  half  are  without  any  determiner  at  all  or  are 
nuUiplex.  The  progeny  of  two  parents  of  this  type, 
whose  germ  cells  are  half  of  one  kind  and  half  of 
another,  will  be  of  three  kinds  because  there  are  three 
kinds  of  unions  of  the  germ  cells — three  kinds  of 
zygotes;  zygotes  resulting  from  the  union  of  two  germ 
cells  each  with  a  determiner;  zygotes  resulting  from 
the  union  of  germ  cells  of  which  one  only  has  the 
determiner;  zygotes  resulting  from  the  union  of  germ 
cells  neither  of  which  has  the  determiner;  i.e.  duplex 
zygotes,  simplex  zygotes,  and  -nulliplex  zygotes  and 
these  appear  in  the  ratio  of  1:2:1.  Since  the  duplex 
and  simplex  zygotes  are  often  indistinguishable, 
there  may  be  three  individuals  of  one  kind  and  one 
of  the  other.  This  is  the  3  to  1  ratio  of  which  we 
heard  so  much  in  the  early  studies  on  "  Mendelism." 

The  foregoing  principles  may  now  be  illustrated  by 
an  example,  namely,  eye  color.  The  iris  consists  of 
a  mesh  of  connective  tissue  in  the  rear  of  which  par- 
ticles bearing  a  purple-blue  color  are  located.  These 
give  the  typical  blue  color  of  the  iris.  Yellowish 
pigment,  doubtless  allied  to  that  seen  in  red  hair,  is 
also  present  in  greater  or  less  amount  and,  backed  by 
blue,  gives  the  green  iris  color.  In  many  ej-es  (taking 
the  world  over,  in  the  vast  majority  of  them)  brown 
pigment  is  laid  down  in  the  iris.  The  amount  of 
brown  varies  in  area  and  in  intensity  from  dark 
brown  to  a  light  brown  and  to  a  condition  of  brown 
spots,  usually  massed  around  the  pupil  but  sometimes 
scattered  irregularly  over  the  surface  of  the  iris.  For 
the  sake  of  simplicity  we  will  here  consider  only  the 
brown  pigment  and  the  blue  iris.  Now  (1)  if  both 
parents  belong  to  pure  strains  of  brown-eyed  people 
all  germ  cells  will  carry  the  determiner  for  brown  pig- 
ment and  all  the  children  will  have  duplex  brown 
eyes.  (2)  If  one  parent  belongs  to  pure  brown-eyed 
stock,  while  the  other  is  a  simplex  brown  all  children 
will  have  brown  eyes,  but  in  half  the  color  is  sinijjlex. 
(3)  If  both  parents  be  simplex  one-quarter  of  the  off- 
spring will  be  blue-eyed.  (4)  If  one  parent  be 
duplex  brown-eyed  and  the  other  blue-eyed  all  of  the 
children  will  be  simplex  brown-eyed.  (5)  If  one 
parent  be  simplex  and  the  other  Ijlue-eyed,  half  of 
the  children  will  have  blue  eyes.  (6)  If  both  parents 
lack  brown  pigment  in  the  eyes  all  of  the  children  will 
also  lack  it.  These  .six  cases  are  illustrative  of  the 
six  cases  that  matings  of  a  simple  unit  character 
usuallv  fall  into. 

But  not  all  human  traits  are  inherited  in  so  simple  a 
fashion  as  eye-color.  Some  apparently  simple 
characters  are  really  compound,  as  shown  by  the  way 
they  are  inherited.  Thus,  the  pigmentation  of  the 
negro  skin  is  due  to  two  (paired)  determiners  each  of 
which  does  the  same  work  as  the  other.  In  the  mu- 
latto onlj'  one  of  these  determiners  (composed  of  two 
factors)  is  at  work,  consequently  the  pigmentation 
is  half  as  dark  as  in  the  negro.  In  the  quadroon 
there  is  only  one  factor  at  work;  and  in  the  sambo 
three  factors.  The  octoroon  apparently  has  no 
factor  at  all  for  brown  skin  color. 

All  simple  traits  (dependent  on  a  single  determiner) 
fall  (so  far  as  we  know)  into  three  classes:  (a)  those 
due  to  the  presence  of  a  determiner,  (b)  those  due  to 
the  absence  of  a  determiner,  (c)  those  that  are  sex- 
linked.     Reallv  these  are  not  three  methods  of  in- 
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hcritance,  but  one  only.  For  corresponding  with 
cviTV  trait  that  is  due  to  a  determiner  is  a  trait  that 
is  due  to  its  absence.  And  the  sex-linked  traits  are, 
according  to  the  current  theory,  those  that  are  due 
to  tlie  absence  of  a  determiner  from  the  "sex  chromo- 
some"; i.e.  the  chromosome  that  determines  many 
otlier  character  of  sex,  especially  the  character  of  the 
sex  cells.  This  sex  chromosome  is  peculiar  in  that 
it  is  always  simplex  in  the  male  and  hence  all  "sex- 
linked"  characters  are  simplex. 

With  this  explanation  a  list  of  traits  of  the  three 
classes  (so  far  as  determined)  may  now  be  given. 

a.  One  of  the  clearest  of  positive  traits  is  Hunting- 
ton's chorea,  a  condition  that  ordinarily  develops 
rather  late  in  life.  If  the  determiner  of  the  tendency 
i<  in  the  germ  plasm  of  the  zygote — the  child — it 
will,  if  he  lives  long  enough,  develop  in  his  soma  as  a 
chorea.  If  it  is  in  the  .soma  of  a  parent,  at  least  half 
of  the  germ  cells  of  the  parent  will  have  the  deter- 
miner for  it  and  some  of  the  children  will  have  it. 
But  a  parent,  without  the  trait,  though  of  choreic 
stock,  will,  typically  have  no  affected  children.  The 
fact  that  the  stock  to  which  this  person  belongs  con- 
tains this  inheritable  and  highly  undesirable  trait  is 
no  reason  for  denying  marriage  to  such  a  normal  per- 
son.* Other  examples  of  positive  traits  are  presenile 
cataract,  displaced  lens,  glaucoma,  retinitis  pigmentosa 
(probably),  night  blindness,  epidermolysis  bullosa,  ty- 
losis of  palms  and  soles,  monilithrix  (or  beaded  hair), 
telangiectasis,  chronic  family  jaundice,  hypospadias, 
cryptorchism,  polydactylism,  syndactylism,  brachy- 
dactylism,  double-jointedness  of  the  fingers,  and 
crossed  toes.  To  this  list  may  probably  be  added 
certain  elements  of  hysteria,  such  as  liability  to 
violent  outbreaks  of  temper  (tantrums)  and  strong 
eroticism  (nymphomania).  In  general,  the  normal 
(i.e.  unaffected)  descendants  of  such  stock  ma}'  not 
be  denied  marriage;  but  affected  persons  will  have  at 
least  half  of  their  children  similarly  affected;  and,  if 
the  disease  is  an  important  one,  they  should  not  have 
children. 

On  the  other  hand,  many  conditions  are  due  to  a 
defect.  A  normal  person  may  carry  the  defect  in 
some  of  his  germ  cells  but  it  will  appear  in  his  progeny 
only  if  one  of  these  defective  germ  cells  unites  with 
a  similarly  defective  germ  cell  from  the  other  parent. 
It  makes  no  difference  whether  the  trait  has  ap- 
peared in  representatives  of  the  past  few  generations 
of  ancestors  or  not.  The  great  difficulty  in  advising 
in  this  class  of  cases  is  due  to  the  fact  that,  since  the 
germinal  defect  is  hidden,  its  reappearance  in  later 
generations  is  less  easily  guarded  against.  Where 
such  a  hidden  possibility  is  feared,  the  first  caution  is 
to  avoid  cousin  marriage.  The  second  caution  is 
to  avoid  marrying  into  a  strain  with  the  same  defect, 
even  though  the  proposed  consort  does  not  show  the 
defect.  If  a  study  of  the  family  history  of  the 
partners  shows  the  same  defect  it  is  desirable  that 
the  engagement  to  marry  be  broken.  Examples 
of  such  traits  are  albinism,  excessive  growth  in 
stature  (probable),  imbecility  or  marked  general 
mental  defect,  hereditary  epilepsy,  myoclonic  epilepsy, 
dementia  precox,  manic-depressive  insanity  (in  some 
cases  or  some  of  its  elements,  at  least),  extreme 
alcoholism  and  dipsomania  (probable),  cerebral 
palsy  of  infancy,  hereditary  ataxy,  Thomsen's  disease, 
congenital  deafness  (but  this  is  complex  and  probably 
many  factors  are  involved),  otosclerosis  (probable), 
non-resistance  to.  cancer,  to  tuberculosis,  and  to 
catarrh-inciting  causes.  Many  of  the  commonest 
diseases  and  defects  belong  to  this  category.  The 
possession  of  these  conditions  is  often  considered  a 
bar  to  marriage  and  yet  tfie  case  is  with  them  very 

•It  ia  to  be  noted  that  in  this  particular  ca.se  it  is  difficult  or 
impossible  to  tell  at  the  usual  age  of  marriage  whether  a  young 
person,  one  of  whose  parents  was  choreic,  will  eventually  develop 
the  disease  or  not.  It  is  better,  in  each  case,  to  delay  marriage 
until  the  age  of  on^et  of  the  disease  in  the  affected  parent. 


(lifTerent  from  what  it  is  with  duniinant  di«e4UiOi. 
ror  the  latter  ordinarily  appear  in  at  I"--'  '  i'  ■,{ 
the  children  of  an  affected  parent  whil^-  r 

may  not  and,  in  appropriate  millings,  cnui  -.r 

in  the  bodies  of  the  offspring  of  such  affected  parentd. 
To  be  sure,  the  germinal  defects  are  continued:  but 
if  care  is  taken  in  the  rnatings  of  later  r  •  i 

the  defect  may  be  kept  from  appearing 
No  doubt  it  were  bettiT  for  epileptics,  feiio.  -n,  i.ii-.l^ 
insane,  and  consumptives  not  to  marrv;  but  if  there 
are  strong  reasons  wli.y  a  person  affected  with  one  of 
these  conditions  should  marry,  then,  for  the  sake  of 
the  children,  let  the  mating  be  made  with  pcrwjns  or 
into  strains  that  are  not  defective  in  the  same  way. 

Finally,  there  is  the  third  set  of  cases,  the  "scx- 
limitcd.  These  appear,  tyj)ically,  in  one  sex  only, 
the  male,  and  arc  transmitted  in  a  peculiar  fashion 
as  the  "knight's  move"  form  of  heredity.  That  is 
to  say,  affected  fathers  have  ordinarilv  no  affected 
children  but  the  defect  lies  in  the  germ  cclLs  of  the 
daughters  and  when  they,  in  turn,  become  mothers 
it  reappears  in  half  of  their  sons.  The  rea.son  is 
that,  in  the  case  of  these  .sex-limited  traits,  the  .sons 
inherit  from  the  genn  pla.sm  of  the  mothers  only, 
but  the  da\ighters  inherit  from  both  parents  and, 
conseciurntly,  if  one  jjarent  is  normal  the  daughters, 
also,  will  be  nonnal,  though  capable  of  transmitting 
the  defect  to  their  sons.  The  following  conditions 
appear  to  be  inherited  in  a  .sex-limited  fashion,  color 
blindness,  atrophy  of  the  optic  nerve,  multiple 
sclerosis,  ichthyosis,  muscular  atrophy,  and  hemo- 
philia. Advice  on  this  class  of  ca.ses  is  this;  affected 
men  should  not  marry  if  the  defect  is  decidedly 
undesirable,  since  their  daughters,  though  .somatically 
normal,  will  carry  the  defect  in  half  of  their  germ 
cells.  Women  who  have  an  affected  father  or  an 
affected  brother  should  not  I7iarry;  but  nomial  sons 
may  marry  into  outside  strains  with  entire  impvmity. 
Thev  carrv  no  taint  of  the  defect  even  in  their  germ 
cells". 

Consanguiticous  Marriage. — One  of  the  comnione.st 
inquiries  made  of  the  physician  is  as  to  tlie  profjriety 
of  the  marriage  of  two  young  persons  who  are  cou^^ins 
or  nearer  relatives.  There  has  been  much  legislation 
on  this  matter  in  the  dilferent  States  of  the  Union. 
-All  States  (except  Tennessee,  probably  due  to  an  over- 
sight) forbid  the  marriage  of  brothers  and  sisters 
"of  the  half  or  the  whole  blood."  All  forbid  the 
marriage  of  child  and  parent.  Twenty-two  out  of 
forty-eight  forbid  the  marriage  of  first  cousins.  It 
is  .significant  that  the  States  that  do  not  forbid  cousin 
marriage  include  most  of  the  older  states,  and  this  is 
doubtless  because  cousin  marriages  were  very  common 
in  ("olonial  times.  Thus  cousin  marriages  are  legal 
in  Maine,  Vermont,  Mas.sachusctts,  Rhode  Island, 
Connecticut,  New  York,  New  Jersey.  Delaware, 
Maryland,  Virginia,  West  Virginia,  South  Carolin.!. 
Pennsylvania  is  the  most  .striking  omission  from  this 
list,  among  the  thirteen  original  .states.  What 
answer  can  be  given  first  cousins  who  wish  to  marry 
each  other  and  who  ini|uire  about  the  danger  to  the 
children?  First,  it  cannot  lie  maintained  that  cousin 
marriages  always  produce  defective  children.  Charles 
Darwin  married  his  first  cousin  and  all  of  his  five  sons 
have  been  men  of  exceptional  ability  and  good  vitality. 
Roger  Wolcott.  governor  of  Connecticut,  married 
his  first  cousin,  Sarah  Drake.  Their  children  included 
Roger  Wolcott,  Jr.,  a  judge  of  the  Superior  Court; 
Oliver  Wolcott,  a  signer  of  the  Declaration  of  In- 
dependence and  governor  of  Connecticut;  Era.stus 
Wolcott,  a  justice  of  the  Supreme  Court  of  Con- 
necticut and  a  speaker  of  the  Connecticut  House:  and 
Ursula,  who  married  her  second  cousin  once  removed. 
Matthew  Oriswold,  a  governor  of  Connecticut,  and 
had  a  son,  Roger  Oriswold.  also  governor  of  Con- 
necticut. Again,  Fidelia  Dwight  and  Jonathan 
Edwards  Porter,  both  grandchildren  of  Jonathan 
Edwards  of  the  Connecticut  Valley,  married  each 
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other.  They  liiid  five  children:  Julia,  of  brilliant 
intellect;  Timothy,  proprietor  and  principal  of 
Washington  Institute  and  other  schools,  a  man  of 
literary  tastes  and  capacity:  Theodore,  a  teacher 
nil  hislifu;  and  two  sons  uho  died  at  birth.  These 
instances  might  be  nuiltiplied.  On  the  other  hand 
it  would  be  easy  to  cite  many  cases  •nhcro  the  children 
of  first  cousins  are  mentally  or  physically  defective. 
The  reason  why  cousin  marriages  sometimes  produce 
defective  progeny  and  sometimes  progeny  of  the 
highest  order  of  intelligence  is  very  simple.  Cousin 
marriage  permits  two  persons  with  the  same  defect 
in  the  germ  cells  to  become  the  progenitors  of  offspring 
that  get  the  normal  condition  from  neither  side  of 
the  house  and  hence  must  show  the  family  defect. 
On  the  other  hand  cousin  marriage  may  bring  to- 
gether a  double  dose  of  the  special  ability  that  char- 
acterizes a  family.  There  is  danger  in  cousin  mar- 
riage whenever  (as  is  so  frequently  the  case),  there  is 
a  marked  family  defect;  but,  on  the  other  hand,  in 
the  absence  of  a  marked  family  defect  cousin  marriage 
may  perpetuate  and  even  strengthen  a  desirable 
quality. 

Eugenic  Marriages. — These  should  be  strictly 
distinguished  from  hygienic  marriages  with  which  they 
are  often  confounded.  Personally,  I  anticipate  that 
the  provisions  for  a  physician's  certificate  before  mar- 
riage will,  in  the  long  run,  tend  to  increase  the  marriage 
density  by  removing  the  fear  of  infection  which  the 
modem  sex  hygiene  propaganda  has  made  so  vivid  to 
many  a  young  woman,  that  she  shuns  marriage — such 
testimonj-  I  have  received,  at  any  rate,  from  young 
women.  Eugenic  marriages,  on  the  other  hand,  seek 
to  secure  physical  and  mental  health  to  the  children 
by  the  proper  matings  of  good  stock.  All  of  our 
States  have  laws  limiting  the  right  of  marriage  of  the 
mentally  defective  or  afflicted,  but  these  laws  do  not 
square  with  modem  knowledge  and  they  are  actually 
inadequately  enforced.  I  have  elsewhere  (Eugenics 
Record  Office,  Bulletin  No.  9),  urged  that  each  State 
should  organize  a  State  Eugenic  Board  which  should 
comprise  a  trained  biologist,  a  general  practising 
physician  of  experience,  and  a  general  practitioner  of 
law  of  broad  experience  to  devote  its  entire  time  to  its 
duties.  It  should  appoint  the  State  official  physicians 
and  the  field  workers,  and  direct  the  administrative 
office  and  records  of  the  Board.  To  it  should  be 
referred  for  decision,  all  questions  of  the  granting  of 
licenses  in  cases  where  special  consideration  is  clearly 
required.  The  vast  majority  of  marriages  in  any 
State  will  not  be  considered  by  a  board.  If  ten  per 
cent,  were,  that  would  mean  for  New  York  State 
about  10,000,  or  thirty  a  working  day;  for  Ohio, 
about  5,000;  for  Kansas  and  Virginia,  about  1,700 
per  year  each. 

The  plan  calls  also  for  the  appointment  of  Official 
Physicians  of  the  State.  These  should  be  designated 
by  the  Eugenics  Board  from  among  the  general 
practising  physicians  of  each  community.  Since 
only  about  sixteen  persons  (eight  pairs)  are  married 
each  year  per  thousand  of  the  population,  and  since 
a  physician  could  consider  on  the  average,  say,  two  a 
week  without  gieatly  interfering  with  his  other  en- 
gagements, one  official  physician  could  certainly 
take  care  of  a  population  of  10,000  and  in  large  cities, 
the  proportion  could  be  increased  to  one  in  2.5,000  or 
even  50,000  of  the  population.  In  a  state  like  New 
York,  with  9,11.3,000  inhabitants,  about  500  official 
physicians  would  be  required,  those  in  the  largest 
cities  giving  their  whole  time  to  the  work  of  the 
Eugenics  Board.  The  official  physician  should 
receive  applications  for  licenses  to  marry;  he  should 
direct  field  workers  to  report  on  the  family  histories 
of  the  applicants  with  respect  to  the  points  covered  by 
the  law;  he  should,  where  the  law  requires  a  certificate 
of  health,  examine  and  certify  such  of  the  applicants 
as  are  of  the  same  se.x  as  the  official  physician,  and 
secure  a  report  upon  the  physical  condition  of  the  other 
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applicant  from  a  physician  of  the  same  sex  as  sai<l 
a])plicant.  If  the  findings  of  the  field  workers  and 
those  of  the  ])hysical  examination  are  both  favorable, 
the  license  shall  be  furnished  forthwith.  If  either  or 
both  the  family  history  and  the  physical  examination 
are  such  that  there  may  be  reasonable  doubt  as  to  the 
quality  of  the  offspring,  the  case,  with  findings,  must 
be  laid  before  the  Eugenics  Board.  If  it  is  clear 
that  the  license  cannot  be  granted  legally,  the  appli- 
cation is  denied  forthwith  and  the  applicants  are  fvilly 
instructed  as  to  the  reasons  why  the  license  cannot  be 
granted,  particularly  the  danger  to  progeny  if  the 
marriage  were  consummated.  A  written  statement 
of  the  reasons  for  refusing  the  license  is  to  be  sent  to 
the  parent  or  guardian  of  each  of  the  applicants. 
.•\ppeal  may  be  made  to  the  Eugenics  Board.  In 
case  the  application  is  referred  to  the  Eugenics  Board 
and  the  reply  from  the  Board  is  favorable,  the  license 
i<  granted  forthwith;  but  in  case  it  is  unfavorable, 
the  applicants  and  their  guardians  shall  be  instructed 
as  above. 

The  Field  Workers,  referred  to  above,  are  students 
of  family  history.  These  shall  be  appointed  by  the 
Board.  They  shall,  where  necessary,  and  under  the 
orders  of  the  official  physician  to  whom  they  are  as- 
signed, visit  the  homes  of  the  two  applicants  for  each 
license,  and  inquire  into  and  report  upon  the  existence 
in  the  family  of  the  ilndesiral)le  mental  and  physical 
conditions  which  the  law  seeks  to  eliminate  from  the 
race;  they  shall  build  up  an  index  to  the  occurrence  in 
the  population  of  those  traits  of  which  the  law  takes 
cognizance,  in  order  that,  the  facts  being  ascertained, 
the  families  concerned  may  be  saved  needless  in- 
convenience. Duplicates  of  such  index  should  be 
sent  to  the  office  of  the  State  Board  of  Eugenics,  and  a 
third  set  may  be  deposited  with  a  national  and  inter- 
national depository  of  eugenical  data,  like  the 
Eugenics  Record  Office. 

The  work  of  the  State  Eugenics  Bureau  and  its 
officers  nray  be  illustrated  by  an  example.  A  young 
man  and  a  young  woman  present  themselves  (with 
an  application  for  a  marriage  license)  to  a  State 
physician.  If  the  law  recjuires  a  medical  certificate, 
he  examines  the  young  man  and  requires  from  the 
young  woman  a  report  of  examination  by  a  reputable 
woman  physician.  He  examines  his  files  for  data 
concerning  the  family  histories  of  the  applicants,  so 
far  as  they  bear  on  the  traits  of  which  the  law  takes 
cognizance.  If  he  finds  insufficient  data  he  calls  for 
a  report  from  the  field  worker  within  three  days.  If 
personal  and  family  histories  are  satisfactory,  he 
issues  the  license  forthwith  to  the  applicants.  If,  on 
the  contrary,  the  young  man  be  found  to  be  suffering 
from  gonorrhea,  the  application  is  forthwith  denied. 
If  the  field  worker  reports  that  the  father  of  the  young 
man  and  the  mother  of  the  ^-oung  woman  were 
brother  and  sister,  and  both  were  victims  of  manic- 
depressive  insanity  in  a  bad  form,  the  application  is 
likewise  denied,  with  a  full  explanation  of  the  reasons 
therefore.  But  if  the  3-oung  man  have  an  epileptic 
brother  or  sister  and  no  neurosis  appear  in  the  young 
woman,  who  is  a  second  cousin  of  the  young  man,  and 
if  the  family  history  is  otherwise  such  that  the  physi- 
cian is  doubtful  as  to  the  the  decision  he  should  render, 
the  matter  is  referred  by  him  to  the  State  Board,  who, 
after  examining  all  the  papers  in  the  case  and  by  the 
use  of  its  own  index  to  families  of  the  State,  renders  a 
decision  with  the  least  possible  delay. 

For  those  persons  who,  despite  a  denial  of  marriage 
by  the  State,  cohabit  and  have  a  child,  the  penalty 
should  be  sterilization  of  the  male.  And  the  father 
should  be  oWiged  to  support  the  mother  and  child 
during  their  periods  of  dependency.  An  official 
physician,  who  has  not  exercised  reasonable  judgment 
in  issuing  licenses,  is  to  be  deprived  of  his  office  and 
rendered  unable  thereafter  to  hold  public  office. 

With  the  Eugenics  Board  should  be  left  the  execu- 
tion of  all  laws  limiting  procreation,  both  inside  the 
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marital  relation  and  outside.  It  is  probaWe  that 
the  expenses  of  the  Board,  physicians,  and  field 
workers  could  he  met  by  the  license  fee  of  an  amount 
that  would  not  be  prohibitive.  Thus  a  fee  of  ten 
dollars  would  bring  an  income  of  SI, 000, 000  to  the 
State  of  New  York,  and  this  would  probably  meet 
a  large  share  of  the  expenses  of  the  undertaking. 

Iinmigralion. — While  efforts  arc  being  made  to 
secure  the  reproduction  of  sound  children  we  must  not 
forget  that  hardly  less  than  one-third  of  the  addition.s 
to  our  population  in  any  year  is  by  immigration; 
two-thirds  only  by  reproduction.  Moreover,  since 
the  recent  immigrants  are  more  fecund  than  the 
older  stock,  it  is  probable  that  half  of  the  increment 
to  our  population  each  year  is  from  immigrants  and 
the  progeny  of  persons  who  were  married  before  they 
came  to  this  country',  and,  hence,  have  been  outside 
the  jurisdiction  of  our  laws  in  their  mating.  It  is 
clear  that  the  purpose  of  the  State  Eugenic  laws 
cannot  be  fulfilled  imless  some  adequate  selection 
be  made  of  immigrants. 

Selection,  as  it  is  at  present  exercised  at  a  port  of 
entry,  is  entirely  inadequate,  since  from  the  eugeiuc 
standpoint  we  want  to  know  about  qualities  of  the 
germ-plasm  rather  than  merely  qualities  of  the  soma, 
which  is  all  the  inspection  at  the  port  considers. 
We  want  to  know  more  about  our  immigrants  than 
that  they  will  make  good  '"hands."  We  want  to 
be  assured  that  they  will  beget  sotmd  progeny. 
And  the  only  way  to  judge  of  this  point  is  to  inves- 
tigate their  family  history,  abroad.  We  admit  a 
Czolgosz,  a  Schrank,  and  a  Schmidt  or  their  parents 
and  the  ■whijle  nation  suffers  from  their  crimes  and 
then  we  look  into  their  family  history-  abroad  and  find 
it  so  bad  that,  illogically  enough,  we  may  not  cut  them 
off,  but  continue  to  protect  and  feed  them  for  the  rest 
of  their  lives.  At  little  more  tlian  the  cost  of  the 
head-tax  now  collected  from  immigrants  we  could 
have  in  hand  his  family  history  before  the  immigrant 
is  allowed  to  land,  determined  b}- investigations  made 
while  the  immigrant  was  on  the  sea,  the  results  being 
cabled  over. 

Physicians  as  Euqenicists. — Physicians  because  of 
their  intimate  relations  with  families  are  frequently 
consulted  on  matters  of  marriage.  It  is  then  clear 
that  it  is  their  privilege  and  duty  to  inform  themselves 
of  the  progress  of  studies  in  heredity  and  eugenics; 
and  to  keep  in  touch  with  those  who  are  making 
special  studies  on  these  subjects  so  that  they  can 
direct  their  families  to  them  for  special  advice.  The 
day  is  coming  when  the  duty  of  the  profession  of 
medicine  will  be  conceived  more  largely  than  that  of 
curing  the  sick.  The  sanitary  official  enforces  the 
laws  of  public  hygiene,  but  the  physician  has  as  his 
special  care  race  hygiene.  The  physician,  by  good 
advice  as  to  marriage  matings,  may  help  to  keep  down 
the  reproduction  of  defectives.  By  urging  those  of 
our  best  stock  who  are  well  mated  to  have  large  fami- 
lies so  that  the  good  qualities  of  that  stock  may  bo 
passed  on  to  the  next  generation,  he  will  help  a.s 
effectively  as  a  general  to  preserve  the  nation. 

Segregation  and  Sterilization. — The  eugenic  treat- 
ment of  mentally  defective  or  mentalh-  diseased  per- 
sons and  of  those  who  are  morally  uncontrolled  is 
coming  to  be  more  and  more  a  matter  of  State  con- 
cern. Useful  as  it  is  to  confine  such  persons  for  a 
period  it  is  much  more  important  to  segregate  them 
throughout  the  reproductive  period.  Recently  twelve 
states  have  placed  on  their  statute  books  laws  for 
the  prevention  of  procreation  of  certain  classes  of 
persons-chiefly  for  eugenic  reasons.  These  states 
with  the  date  of  the  laws  are  Indiana  (1907),  Wash- 
ington (1909),  California  (1909).  Connecticut  (1909), 
Nevada  (1911),  Iowa  (1911),  New  Jer.sev  (1911), 
New  York  (1912),  Kansas  (1913),  Wisconsin  (191.3), 
Michigan  (1913),  North  Dakota  (1913).  The  Oregon 
legislature  passed  the  law  but  it  was  defeated  in 
referendum,  by  a  small  majority.     Evidently  there 
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IS  a  largo  .social  support  for  these  Kterilizntion  meaurcs. 
They  appeal  partly  becau.se,  it  is  thoiiRht,  ih<-v 
may  reach  the  desired  result  of  purification  r,f  ■  •.. 
race  in  a  more  rapid  and  less  expensive  fashion  t!,:,i, 
segregation. 

The  Eugenics  Record  Office. — This  office,  established 
in  1910  by  Mrs.  E.  H.  Ilarrinian,  .s<!eks  to  realize 
the  ideal  of  a  clearing  house  for  cugenicul  facts  and 
data.  Here,  at  Cold  Sjiring  Harbor,  Liing  I-land, 
New  York,  data  are  being  accumulated  and  htudii-d] 
and  the  results  of  the  studies  published.  Lr>on 
presentation  of  full  data  an.swers  are  given,  a*  far 
as  possil)le,  to  intiuiries  about  specific  matings. 
The  Eugenics  Record  Office  cooperates  with  sufjer- 
intendcnts  of  Stale  institutions  who  wish  to  secure 
family  histories  of  patients.  It  trains  eugenic  field 
workers  and  annually  supplies  a  limited  number  of 
them  to  iState  Institutions  paying  salaries,  but  not 
expenses.  It  reciuires  data  for  its  investigations 
and  it  seeks  the  cooperation  of  phvsicians  in  funii-h- 
ing  them,  with  the  assurance  that  they  will  bo  hold  in 
strictest  confidence  and  used  merely  "for  purpoM-s  of 
statistical  study.  Thus  it  subserves  both  a  scien- 
tific and  a  social  functicjn.  The  .scientific  work  of 
the  Eugenics  Record  Office  is  directed  bv  a  Board 
composed  of:  .\lexander  Graham  Bell,  'chairman, 
William  H.  Welch,  vice  chairman,  Lowellvs  F.  Barker, 
Irving  Fisher,  E.  E.  Southard,  Charles  B'.  Davenport, 
secretary  and  resident  director.  Its  suporintondoi;! 
is  H.  H.  Laughlin.  It  has  alreadv  (February,  1!)H) 
published  12  Bulletins,  2  Memoirs^  and  a  Re|)ort. 
Charles  B.  D.ux.npoht. 

Eugenol. — See  Caruopl.ijUus. 

Eugenol-acetamide.  (CoH3.C,H,.OCH,,()CH..- 
CONH2)  is  obtainerl  Ijy  the  action  of  monochloracetic 
acid  on  eugenol  sodium,  with  sub.sequent  heating 
in  the  presence  of  ammonia.  Its  chief  or  only  em- 
ployment has  been  as  a  local  anesthetic  in  denti!strv. 

R.  J.  E.  .Scott. 

Eugenol  Iodide. — lodo-eugenol  (CuIIiI.CjHj.- 
OCH3.OH).  This  a  is  yellowish  powder,  insoluble 
in  water,  and  odorless,  obtained  by  the  action  of 
iodine  on  eugenol  sodium.  It  is  used  as  a  substitute 
for. iodoform.  R.  J.  E.  Stott. 


Euglenoidea. — .\n  order  of  flagellate  protozoans, 
which  are  usually  non-i)ara.sitic  and  often  contain 
chloropla.sts.     See  Protozoa.  .\.  S.  P. 


Eugregarina. — .\  suborder  of  the  Tiloapnriila.  in 
the  Sporozoa.  Reproduction  is  usually  by  sjiorogeny ; 
schizonv  is  verv  rare.     See  Protozoa.  \.  S.  V. 


Eunatrol  is  a  proprietary  preparation  said  to 
consist  of  seventy  per  cent,  of  .sodium  oleate  and 
thirty  i)er  cent,  of  oleic  acid.  Cholagogue  properties 
are  claimed  for  it.  Dose,  one  gram  (gr.  xv.)  three 
times  a  dav.  R.  J.  E.  S«x)tt. 


Euonymus. — Wahoo.  Spindletree,  Burning  bush, 
etc.  The  dried  bark  of  the  root  of  Euonymus  atro- 
purpureus  .laccj.  (fam.  Cela.'^traccar). 

This  plant  is  a  graceful  shrub  or  small  tree  of  the 
Eastern  and  Central  States,  and  is  freiiuently  culti- 
vated for  its  beauty.  It  is  usually  about  eight  to 
twelve  feet  high,  with  opposite,  oval-oblong,  pointed, 
serrate  leaves,  and  small  regular,  dark  purj'le  flowers 
in  axillarv  cvmes.  Sepals,  petJils,  and  stamens  usu- 
ally four;'  the  latter  inserted  on  a  disc  which  extends 
over  the  ovarv;  jiistil  one;  ovary  three-  to  five-lobed 
and  three-  to  "five-celled,  with  several  ovules  in  each 

155 


Eunnynius 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


cell;  pods  deeply  lobed,  smooth,  bright  crimson, 
drooping  on  long  slender  peduncles. 

The  bark  occurs  in  quilled  strips  or  pieces  of  very 
irregular  size,  usually  with  a  few  fine  hair-like  roots 
adhering;  bark  one  to  five  millimeters  (one-twenty- 
fifth  to  one-fifth  inch)  thick;  outer  surface  ashy  or 
pale  brownish-gray,  usually  with  some  small  dark 
patches,  shallowly  fissured  "and  ridged,  with  a  some- 
what scaly  and  soft,  friable  cork;  inner  surface  whitish 
or  slightly  tawny,  indistinctly  short  striate;  fracture 
short,  whitish,  or  the  inner  layer  pale  brownish  in 
bark  whicli  has  been  long  kept;  when  it  is  slowly 
broken,  the  fractured  ends  are  held  together  by  fine, 
somewhat  elastic  fibers;  odor  distinct  and  character- 
istic, more  or  less  saponaceous;  somewhat  gummy  in 
the  mouth,  the  taste  sweetish,  bitter,  slightly  acrid. 

The  stem  bark,  which  is  in  long,  tough  strips,  with  a 
dark  gray  or  blackish  cork,  should  be  rejected. 

The  constituents  of  wahoo  are  not  very  well 
made  out.  Several  resins,  oil,  wax,  and  numerous 
more  ordinary  substances  have  been  obtained  from  it, 
as  well  as  a  glucoside  named  euonymin;  indeed,  several 
"euonymins,"  of  somewhat  different  characters, 
have  been  separated  by  as  many  chemists.  From  all 
of  these,  again,  is  to  be  distinguished  the  resinoid 
"euonymin"  obtained  by  precipitating  the  tincture. 
Of  the  latter  there  are  two  forms:  the  "brown," 
made  from  the  oHicial  bark,  and  the  green,  made  from 
the  stem  bark,  the  latter  being  inferior. 

Uses. — Wahoo  is  a  not  very  certain,  usually  gentle, 
but  sometimes  griping  laxative,  with  a  reputation  as 
a  cholagogue.  It  may  be  given  in  chronic  constipa- 
tion, or  perhaps  better  in  occasional  attacks  of  con- 
stipation with  dyspepsia,  heaviness,  and  symptoms  of 
diminished  hepatic  action. 

Dose  of  the  extract  (Exlrnclum  Eiwnijmi,  U.  S.  P.), 
gr.  i.-iij.  (0.06-0.12)  in  pill  form  once  or  twice  a  daj'. 

Henky  H.   Rusby. 


Eupatorium. — Thoroughwort.  Boneset.  The 
dried  leaves  and  flowering  tops  of  Eupatorium  per- 
jolialum  L.  (fam.  Composita-).  This  is  a  widely  dis- 
tributed species,  growing  in  the  greatest  abundance 
about  the  borders  of  ponds  and  brooks,  and  in  wet 
places  generally,  from  Canada  to  Florida,  and  from 
the  eastern  to  the  western  side  of  this  country.  It 
is  a  handsome,  large,  perennial  herb,  with  a  hairy, 
rather  simple  stem,  growing  from  two  to  four  or  more 
feet  high,  large,  dark  green  and  completely  connate 
pairs  of  rough  hairy  leaves,  and  flattened,  complex, 
cymose  clusters  of  small  heads  of  minute  creamy- 
white  flowers. 

DEscRIPTIO^f  OF  Drug. — Leaves  opposite,  the  two 
united  by  their  broad  bases,  the  uppermost  often 
distinct,  those  of  the  inflorescence  mostly  alternate 
and  greatly  reduced;  eight  to  fifteen  centimeters  (three 
to  six  inches)  long  and  one  and  one-half  to  five  centi- 
meters (three-fourth  to  two  inches)  broad,  tapering 
regularly  from  near  the  base  to  an  acute  apex,  crenate- 
serrate,  above  bright  green  or  somewhat  yellowish- 
green,  rugose  and  finely  bullate:  underneath  yellow- 
ish-gray-green, densely  short  hairy  and  resinous 
dotted,  the  prominent,  rounded,  crooked,  fine  veins 
conspicuously  reticulated;  flower-heads  very  numer- 
ous, in  broad  corymbs,  the  branches  rough  hairj-;  ma- 
ture involucre  campanulate,  the  imbricated  scales 
lanceoblong,  obtusish,  green,  hairy,  the  inner  longer 
and  with  whitish  tijis  and  margins;  flowers  of  the  head 
about  ten  to  sb;teen,  tubular,  yellowish-white,  the 
pappus  in  a  single  row,  white,  bristly;  odor  weak, 
aromatic;  taste  bitter,  astringent,  aromatic. 

The  constituents  of  thoroughwort  are  chiefly  the 
bitter  glucoside  eupatorin,  which  is  sohible  both  in 
alcohol  and  in  boiling  water,  a  very  small  amount  of 
volatile  oil,  a  glucosidal  tannin,  which  constitutes  the 
coloring  matter,  and  another  tannin.     There  are  also 
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gvnn,  resin,  and  ordinary  plant  constituents.  The 
I)resence  of  an  alkaloid  has  been  reported,  but  this 
subject  requires  further  investigation. 

Use. — Boneset  has  been  long  used  in  the  United 
States  as  a  tonic  and  antipcriudic,  and  even  as  an 
emetic,  but  always  more  of  a  family  medicine  than  one 
prescribed  by  physicians.  In  small  doses  thorough- 
wort is  a  mild  bitter  tonic,  like  the  chamomiles  and 
others  in  the  same  family,  but  with  less  aromatic 
character  than  most  of  them.  It  is  also  a  good  deal 
like  horehound  in  the  Labiatw.  In  larger  doses,  espe- 
cially in  hot  infusion,  it  is  diaphoretic,  possibly  diuretic, 
and  is  still  occasionally  used,  followed  by  a  sweat 
under  blankets,  to  abort  colds,  and  in  the  beginning 
of  most  acute  diseases.  In  very  large  doses  (an  in- 
fusion of  an  ounce  or  so)  it  is  a  nauseating  emetic. 
Doses  as  large  as  can  be  borne  by  the  stomach,  re- 
peated for  some  days,  formerly  had  a  considerable 
reputation  in  the  coimtrj-  in  the  treatment  of  inter- 
m.ittent  fever  and  other  malarial  manifestations. 

In  domestic  practice  thoroughwort  is  usually  given 
in  the  form  of  a  decoction,  esiiecially  when  its  di- 
aphoretic, antirheumatic,  or  antiperiodic  action  is 
desired.  Physicians  also  often  prescrifje  it  in  that 
way,  though  more  often  at  the  present  time  in  the  form 
of  the  fluid  extract.  The  dose  of  the  latter,  of  which 
1  c.c.  is  the  etiuivalent  of  one  gram  of  the  drug,  is 
m  X.  to  XV.  (0.0-1.0)  as  a  tonic,  Xi[  xv.  to  5i.  (1.0-4.0) 
as  a  diaphoretic  and  antiperiodic,  and  two  or  three 
times  as  much  as  an  emetic. 

Allied  Species. — The  genus  Eupalorium  comprises 
many  hundreds  of  species,  a  large  number  of  which, 
in  various  countries,  are  employed  similarly  to  the 
above.  Numerous  plants  belonging  to  related  gen- 
era have  similar  properties.     (See  Compositce.) 

Henhy  H.  Rusby. 


Euphorbiacese. —  (The  Spurge  Fajnily.)  One  of 
the  most  important  medicinal  families  of  plants,  if 
we  consider  its  domestic  as  well  as  its  professional  uses. 
It  contains  more  than  200  genera  and  3,000  species, 
distributed  o\ev  almost  the  entire  earth,  most  abun- 
dant in  the  tropics,  gradually  decreasing  with  the  tem- 
perature, and  wanting  in  very  cold  regions.  Their 
most  notable  property  is  their  great  power  of  adajjta^ 
tion  to  environment,  so  that  some  of  them  thrive 
equally  well  in  the  most  arid  deserts,  and  amid 
luxuriant  floras.  Their  economic  value  is  great  in 
other  than  medicinal  directions.  Two  of  our  best 
rubliers  are  yielded  respectively'  by  the  manihot  and 
the  heveas.  Other  manihots  yield  the  highly  im- 
portant food  cassava  and  its  starch,  tapioca.  Some 
of  the  fruits  are  edible,  and  some  of  the  timbers  have 
special  uses.  Numerous  species  yield  useful  fixed 
oils,  and  several  dye-stuffs  are  obtained.  Medi- 
cinally, the  properties  depend  almost  entirely  upon 
local  stunulation  or  irritation,  even  the  "alterative" 
efi'ects  probably  depending  ultimately  upon  some  such 
depurative  action.  This  irritating  action  increases 
in  many  species  to  the  ]5oint  of  rendering  them  violent 
poisons,  either  externallj'  or  internally,  or  both. 
These  irritatmg  principles  exist  commonly  in  the 
milky  juices  with  which  the  tissues  abound,  these 
being  frequently  highly  caustic  to  the  skin  or  other 
tissues.  Even  such  violently  acting  juices  have  often 
been  utilized  as  escharotics  or  epispastics.  Among 
such  juices  we  may  mention  those  of  Hura,  Eupliorbm 
helerodoxa  Muell  (.\lvelos),  and  other  species  of  this 
genus,  Hipponiane,  Toxicodcndrnn,  Ophthnlinnblapton, 
and  Exccecaria.  The  latter  acts  violently  even  by 
access  of  its  smoke,  and  smoking  the  body  with  it  is, 
among  the  Fiji,  a  heroic  treatment  for  leprosy. 
Juices,  mostly  milder  in  their  action,  are  used  inter- 
nally as  irritant  purges,  but  many  of  them  in  overdoses 
may  prove  cmetico-cathartic  poisons.  Rarely  do 
these  purgatives  consist  of  the  extracted  juice,  as  in 
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euphorhiuiii,  but  usually  of  the  tissues  containing  the 
latex,  fresh  or  dried,  or  medicinal  preparations  of 
them.  Among  such  may  be  mentioned  the  root  of 
Jatropha  7>iacrorhiza  Benth.,  ol  SliUinc/ia,  oi  Euphorhia 
IpecacuanluF  L.,  E.  Lathyrif:  L.,  E.  murf/inata  Pursh,, 
E.  corollata  L.,  E.  Cyparissias  L.,  and  other  species  of 
this  genus,  the  spurges,  the  herbage  of  Mercurialis, 
Tragia  sps.,  and  Joanncsia,  and  various  parts  of  many 
species  of  Croton  and  Phyllanlhus.  Man.v  of  the  latter 
are  also  used  as  fish  poisons.  In  other  cases,  the  pur- 
gative constituent  is,  or  resides  in,  a  fixed  oil,  usually 
of  the  seeds,  as  in  croton,  castor,  and  curcas  oUs. 
Pov.-erful  albuminous  poisons  usually  also  reside  in 
these  seeds.  A  number  of  special  or  exceptional  drugs, 
like  kamala  and  cascarilla,  will  be  found  discussed 
in  their  proper  alphabetical  order.  A  complete 
enumeration  of  the  medicinal  species  of  the  family 
would  fill  several  of  these  pages. 

Henbt  H.  RrsBY. 


Euphorbium. — An  irritating  and  drastic  gum 
resin,  obtained  from  Euphorhia  resinifera  Berg  (fam. 
EuphorbiaceiF).  This  is  a  large,  leafless,  cactus-like 
perennial,  growing  from  four  to  sLx  feet  high,  having 
a  thick,  gray,  woody  stem,  and  numerous  very  fleshy, 
quadrangular,  spiny  green  liranches.  The  plant  is 
laden  with  a  milky  juice,  which  exudes  when  it  is 
wounded,  and  dries  readily  in  tears  upon  the  surface 
or  entangled  among  the  spines.  It  is  a  native  of  the 
interior  of  Morocco. 

The  resin  is  reported  from  Mogador.  It  has  been 
known  in  European  commerce  from  a  very  remote  pe- 
riod, is  mentioned  by  numerous  older  medical  writers, 
and  had  its  place  in  most  pharmacopoeias,  but  its  use 
is  now  nearly  obsolete,  except  in  veterinary  practice. 
It  is  collected  by  incising  the  stems  early  in  the  season, 
and  collecting  the  hardened  tears  some  weeks  later. 
These  are  usually  irregular,  from  the  size  of  a  hickory 
nut  down,  yellow,  translucent,  with  a  dull,  waxy 
surface,  and  a  lirittle  fracture.  They  often  enclose 
or  fasten  spines  or  other  portions  of  the  plant.  Fre- 
quently they  are  perforated.  The  odor  is  slight, 
unless  heated,  but  the  dust  raised  by  gathering,  sort- 
ing, or  powdering  it  is  exceedingly  irritating  to  face 
and  nose,  so  that  those  handling  it  should  wear  veils, 
or  take  means  to  avoid  the  dust.  Fltickiger's  analysis 
of  euphorbium  gives  it  the  following  comiiosition: 
amorphous  resin,  38;  cupJiorhnii,  22;  mucilage,  IS; 
malates,  12;  inorganic  ingredients,  10.  Of  these,  the 
irritating  and  active  principle  is  the  amorphous  resin. 
It  is  soluble  in  alcohol. 

Action'  and  Use. — Euphorbium  is  a  violent  irri- 
tant, like  cashew  nuts,  chrysarobin,  croton  oil,  etc.; 
it  is  also,  like  the  latter,  an  irritant  drastic.  Formerlj- 
it  was  used  internally  for  this  quality,  but  is  now  never 
so  given.  For  external  use  as  an  irritant,  or,  more 
generally,  diluted  with  other  things,  as  a  ruliefacient 
(ointments,  plasters,  etc.),  it  is  occasionally  called 
for,  and  in  the  more  obstinate  chronic  skin  affections 
has  some  value;  but  the  necessity  which  cannot  better 
be  met  with  other  medicines  must  be  rare. 

W.    P.    BOLLES. 


Euphthalmin  is  the  hydrochloride  of  the  mandelic 
acid  derivative  of  beta-eucaine.  It  is  soluble  in 
water  and  in  alcohol,  can  readily  be  sterilized,  and 
has  been  employed  as  a  mydriatic,  in  five  per  ceiit. 
solutions.  "  R.  J.  E.  Scott. 


Eupopoidea. — One  of  the  subdivisions  of  the  ticks 
3f  the  suborder  Prostigmala.  The  prostigmata  have 
simple  palpi  in  which  the  last  joint  is  not  bent  down- 
ward. The  body  may  possess  a  few  hairs.  The  gen- 
era Tydeus  and  Pediculoides  are  parasitic  on  man. 
See  Arachnida.  A.  S.  P. 


Kurek*  hprln(i 

.  Euproctis.— A  genus  of  moths.  E.  'chnjMorrhea 
IS  the  brown  tail  moth  of  the  Ea.'rtcm  United  Stat.-« 
1  he  hairs  on  the  eaten>illar  often  cause  seriouK  skiu 
trouble,     bee  Insecln,  poisonous.  A.  S.  P. 


Eiipyrin  is  a  compound  of  plicnetidin  and  vanillin- 
ethyl  carbonate.  It  is  soluble  in  alcohol  or  ether  but 
not  m  water,  and  has  some  slight  value  as  an  anti- 
pyretic but  is  of  no  use  as  an  antineuralgic. 

R.  J.  E.  Scott. 


Euquinine  is  the  ethyl  carbonate  of  quinine,  and 
IS  jjrepared  l)y  the  action  of  quinine  on  ethvl  chlorf>- 
formate.  It  is  soluble  in  alcohol  or  ether  but  not  in 
water.  Like  quinine,  it  gives  the  thalleioquin  reaction; 
but  unlike  ciuinine,  it  does  not  give  the  Herapath 
reaction.  It  is  almost  tasteless  and  Ls  also  free  from 
a  bitter  after-taste.  It  contains  about  eiglitv  per 
cent,  of  quinine,  and  is  said  not  to  be  decomposed  in 
the  stomach,  or  to  cause  headache  or  tinmfus.  It 
is  u.sed  as  an  antipyretic,  also  in  malaria  and  whoop- 
ing-cough; and  it  may  be  considered  as  a  .substitute 
for  quinine  suli)hate.  Dose,  one  to  ten  grains  (O.OG 
to  0.6)  in  cachet  or  capsule.  R.  J.  E.  Scott. 


Eureka    Springs. — Carroll    County,    .\rkansas. 

Post  Office. — Eureka  Springs.  Hotels:  Crescent, 
Basin    Park,    AUred,    Palace,    and    numerous    other 

houses. 

Access. — Via  Missouri  and  North  Arkansas  Rail- 
road from  the  south  and  southea-st.  From  points 
about  and  to  the  north  and  west  of  Kansas  City,  the 
choice  of  two  routes  is  offered  to  the  traveler;  one 
over  the  Frisco  via  Monett  and  Seligman,  Mis,souri; 
tlie  other  over  the  Kansas  City  Southern  via  Neosho. 

Where  a  few  years  ago  was  an  uninhabited  sterile 
mountain  glen,  on  the  summit  of  the  Ozarks,  now 
nestles  a  bright  little  city  of  some  5,000  inhabi- 
tants, which  number  is  greatly  increased  by  the  large 
floating  popuLation  of  ^•isitors,  tourists,  business  men, 
and  invalids  constantly  coming  and  going.  The  city 
is  lighted  by  electricity,  contains  an  electric  rjiilway 
sy.stem,  and  excellent  schools,  and  hotels.  The 
Interstate  Summer  Normal  and  Educational  .\s.«cni- 
blj-  have  erected  a  building  with  a  seating  capacity  of 
five  thousand  persons,  in  which  annual  sununer 
sessions  are  held  aiid  attended  by  visitors  from  all 
parts  of  the  Union.  Crescent  College  and  Conserva- 
tor}- is  also  located  here.  Within  the  corj'orato 
City  limits  are  fifty  springs,  the  best  known  being  as 
follows:  The  "Crescent."  "  Dairv,"  '"Basin."  "Mag- 
netic," "Harding,"  "Little  Eureka,"  "Sweet," 
"Grotto,"  "Mystic,"  "Oil,"  "Arsenic,"  "Csye," 
and  "Cold"  springs.  The  waters  contain  mainly 
carbonates  of  calcium  and  magnesium,  vrith  a  small 
proportion  of  suljjhates  and  chlorides.  They  are 
not  strongly  mineralized,  and  differ  but  slightly  from 
each  other. 

The  following  is  the  analysis  of  Basin  Sjjring  water: 

One  United  States  G.illo.n-  Contains: 

Solida.  GrniM. 

.Sodium  chloride 0.  19 

Sodium  sulphate 0.09 

Sodium  bicarbonate.  .  '1.  IS 

Potassium  sulphate.  '^  13 

Calcium  bicarbonate  4.43 

Magnesium  bicarbonat.'  0.47 

Iron  and  alumina.  .  0.08 

Silica "SI 

Total ■"'  *j 

.\lbuminoid  ammonia  ''  •''  ;     ,„,  ,„  million. 

Free  ammonia 0.  U  j 
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It  has  been  estimated  that  there  is  in  each  gallon  of 
Eureka  Springs  water  2S.52  cubic  inches  of  gaseous 
contents.  The  fact  that  there  is  a  Uirge  proportion  of 
nitrogen  present  makes  the  gaseo\is  contents  remark- 
able. A  large  proportion  of  nitrogen  means  a  pro- 
portionately large  amount  of  oxygen. 

The  waters  of  Eureka  Springs  are  radioactive — 
some  to  a  marked  degree. 

R.^Dio.\CTmTy  op  Three  Springs  Tested: 
Uranium  {grams  x.  10-4);  as  tiic  stand.ird. 

Basin  spring,  cold 65.  S.  Miller,  observer. 

Sweet  spring,  cold 4.2.  Miller,  observer. 

Magnetic  spring,  cold 0.013.     Miller,  observer. 

Since  the  water  loses  its  radioactivity  soon  after  it  is 
taken  from  the  spring,  it  should  be  used  when  fresh. 

The  following  table,  shows  some  of  the  climatic 
advantages  of  the  resort: 

Altitude  above  sea  level 2.000  ft. 

Annual  average;  precipitation 32.79  in. 

(Spring 60.85° 

Summer 74 .  79° 

Autumn 43.01° 

Winter 42.08° 

Annual  average 56.43° 

Relative  humidity  (per  cent.) 5S.93 

Average     number     of    f  Clear  weather. ..  .  200 

days  per  annum. .  ■  .  ]  Fair  weather 90 

L  Cloudy  weather. .  66 

The  city  is  picturesquely  located  at  the  head- 
waters of  the  White  River  in  the  Ozark  Mountains. 
A  sojourn  at  Eureka  Springs  and  the  free  use  of  its 
waters  are  stated  to  be  beneficial  in  a  wide  range  of 
affections,  including  rheumatism,  gout,  gastric  catarrh, 
dyspepsia,  skin,  nervous,  renal,  liver,  and  bladder 
disorders,  diseases  of  women,  hay  fever,  general  de- 
bility, and  even  some  forms  of  paralysis. 

E.MMA   E.    W.\LKER. 


Euresol,  or  resorcin  monoacetate,  C6H3(OH)2.CH3- 
CO,  is  a  yellow,  oily  liquid,  soluble  in  acetone.  It 
has  been  used  in  various  skin  diseases  as  a  substitute 
for  resorcin;  and  is  employed  either  as  an  ointment,  or 
(in  acetone-solution  I  as  a  varnish. 

R.   J.    E.   .''COTT. 


Eurhipicephalus. — A  genus  of  ticks  in  which 
there  are  distinct  eyes.  The  base  of  the  cajntuhnn  is 
broader  than  long  and  is  hexagonal  or  the  dorsal 
surface  forms  a  projecting  angle  on  each  side;  palpi 
short  and  broad;  first  coxa  with  two  large  teeth.  E. 
appeitdiciilalus  spreads  Babesia  parva  among  cattle, 
causing  "coast  fever"  in  Africa.  E.  bursa  is  wide- 
spread in  Southern  Europe  on  sheep,  horse,  dogs,  and 
cattle;  E.  songui)teiis  is  common  and  spreads  diseases 
among  dogs;  other  .species  are  of  less  importance. 
See  Arachnida.  A.  S.  P. 


Eurobin,  or  chrysarobin  triacetate,  is  used  in 
various  skin  diseases  in  the  same  way  that  chrysaro- 
bin is.  R.  J.  E.  Scott. 


Europhen. — This  is  one  of  the  many  compounds 
containing  iodine  and  devoid  of  any  disagreeable 
odor,  that  have  been  introduced  as  substitutes  for 
iodoform.  Its  relation  to  cresol  and  iodine  is  much 
the  same  as  that  of  aristol  to  thATiiol  and  iodine. 

It  is  an  extremely  light  amorphous  yellow  powder, 
being  about  five  times  as  bulky  as  iodoform,  with  an 
aromatic  odor  resembling  saffron.  It  contains  27.6 
per  cent,  of  iodine.  The  use  of  europhen  is  indicated 
in  all  cases  in  which  iodoform  is  employed. 

BEAtJMONT  Small. 
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Eustachius,  Bartolommeus. — Eustachio,  orasthe 
name  is  more  commonly  written  Eustachius,  was  born 
in  San  Severino,  Italy,  about  the  year  1500.  He 
studied  medicine  in  Rome,  and  became  distinguished, 
even  at  that  early  stage  of  his  career,  as  a  man  of 
superior  intelligence  and  great  industry.  He  soon 
manifested  a  pronounced  taste  for  the  study  of  anat- 
omy, and,  shortly  after  he  received  the  degree  of 
Doctor  of  Medicine,  the  Universitj-  made  him  Pro- 
fessor of  Anatomy.  His  death  occurred  in  August, 
1574. 

One  of  Eustachius's  most  important  works  is  that 
entitled:  "Opuscula  anatomica,  etc."  Venice,  1564, 
and  Leyden,  1707.  In  tliis  book  he  gives  perfectly- 
correct  descriptions  of  the  following  parts  of  the  organ 
of  hearing:  the  internal  and  the  anterior  muscles  of 
the  malleus;  the  stapedius  muscle;  the  tubes  which 
still  bear  his  name,  and  the  original  discovery  of  which 
he  attributes  to  Alcmaon;  the  cavity  of  the  cochlea; 
and  the  stapes,  the  credit  for  discovering  which  he 
claims  for  himself.  (Ingrassias  and  Colombo  both 
made  the  same  claim.)  He  also  described  more 
accurately  than  his  predecessors  had  done,  the  vesti- 
bule of  the  labyrinth  and  the  chorda  tympani  nerve. 
Another  work,  which  unfortunately  is  incomplete, 
owing  to  the  loss  of  the  accompanying  text,  is 
entitled  "Tabulae  anatomicae  etc."  Rome,  1714, 
and  Levden,  1744  and  17G2. 

A.   11.  B. 


Eustrongylus. — A  synonym  for  Dioclophyme. 
This  genus  of  round  worms  includes  very  large 
Strongylidcp  with  a  collar-like  bursa,  six  oral  papillje, 
and  one  spicule.  The  female  has  one  ovary;  ulvula 
in  the  anterior  half  of  the  body.  D.  renale  usually 
lives  in  the  kidney  in  the  dog,  seal,  otter,  and  wolf.  It 
has  also  been  recorded  from  man.     See  Xematoda. 

A.  S.  P. 


Euthanasia. — According  to  Stedman's  Dictionary, 
euthanasia  is  "a  popular  term  for  the  alleged  practice 
of  putting  an  end  to  life  by  artificial  means  in  cases  of 
incurable  and  painful  disease."  Obviously  few 
physicians  are  in  practice  self-reliant  and  strong- 
minded  enough  to  imdertake  any  cjuasi-responsibility 
by  the  performance  of  this  action. 

And  yet  it  has  undoubtedly  at  rare  times  adequate 
sanction  in  the  philosophy  of  human  personality 
whether  we  call  this  ethics,  biology,  or  what  not. 
The  theoretical  considerations  go  deeply  into  the 
principles  of  things  and  as  all  sapient  men  know 
such  "principles"  and  such  considerations  are  matters 
of  individual  temperament  and  even  of  temper,  just 
as  physiologically  sometimes  one  man's  meat  surely  is 
another  man's  poison,  and  for  the  same  rea.son,  that 
every  individual  is  unique  in  every  fiber,  material  and 
psychical,  of  his  being. 

The  euthanastic  problem  clearly  is  somewhat  one 
with  that  of  suicide,  and  both  in  the  ultimate  analysis 
of  relations  come  back  to  one's  personal  attitude 
toward  fundamental  truths,  especially  as  to  whether 
he  be  an  individualist,  or  an  utilitarian  of  the  Mill 
brand  and  on  a  biologic  basis.  Even  in  the  latter 
case  there  is  little  opposition  so  far  as  euthanasia  is' 
concerned,  for  it  is  not  at  all  obvious  how  "the  greatest 
good  of  the  greatest  numljer"  is  served  by  the  suffering 
of  a  dying  individual,  even  granting  the  remote 
possibility  that  a  natural  or  scientific  miracle  might 
at  length  restore  him,  one  in  a  thousand,  to  life. 

The  whole  living  world  acts  in  the  last  analysis  on 
the  doctrine  of  probabilities  and  there  is  no  reason  why 
it  should  not  dominate  behavior  here  as  universally 
eksewhere,  and  the  physician  only  undertakes  some- 
what more  than  ordinary  responsibility  in  estimating 
to  his  best  ability  the  chances  of  recovery. 

In  practice  these  chances,  it  would  seem,  must  be 
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near  the  zero  in  order  to  justify  the  act,  and  the  sane 
desire  or  consent  of  the  patient  must  be  certain  either 
directly  or  by  indirect  presumption  so  strong  that  it 
amoimts  to  practical  certainty.  If  a  patient  be 
unconscious,  obviously  the  enthanastic  problem  does 
not  exist,  because  there  is  no  agony,  and  psychological 
observation  shows  how  frequently  bodily  reactions  ap- 
parently  painful  to  the  individual  are  in  conscious  ex- 
perience not  so  at  all.  The  problem,  too,  could  ajiply 
seldom  to  children,  partly  because  their  individual 
wills  and  self-knowledge  are  not  yet  fully  developed 
and  partly  because  of  their  relatively  great  powers 
of  recuperation  and  repair. 

As  a  problem  of  pure  casuistry  from  the  patient's 
point  of  view,  on  tlie  other  hand,  euthanasia  on  rare 
occasions  seems  to  be  on  a  basis  of  absolute  equity 
as  well  as  of  expediency.  Not  only  because  every 
mortal  born  is  forced  into  the  conditions  of  life,  often 
wearisome,  troublesome,  worrisome,  and  painful, 
without  his  consent,  but  purely  as  a  matter  of  ex- 
pediency when  all  other  "laws"  fail  because  in  dis- 
pute, tlie  sane  adult  human  would  seem  to  be  chief 
arbiter  of  his  mortal  hours  so  long  as  fand  this  clearly 
is  the  case  here)  no  other  person's  rights  are  wronged. 
Whether  hedonist  or  stoic,  there  are  limits  of  painful 
experience  which  no  rational  being  mortally  ill  or 
mortally  woimded  would  care  to  continue.  No  man  in 
matters  of  life  and  death  can  afford  to  be  too  dogmatic 
or  to  cling  too  closely  to  rules  of  conduct  based  on 
opinion,  for  expediency  has  a  pragmatic  sanction  of 
its  own.  It  is  obvious,  moreover,  that  somewhat  in 
proportion  to  an  individual's  assumption  of  and  belief 
in  the  continuity  of  life  beyond  "death,"  the  im- 
portance of  a  few  minutes  or  hovirs  or  days  of  painful 
moftal  life  les.scns  into  insignificance. 

The  usual  attitude  of  contemporary  moral  phi- 
losophers on  this  general  question  of  life-preservation 
at  any  cost  (concerning  suicide,  then,  and  general  care 
of  one's  self,  as  well  as  euthanasia)  may  be,  I  think, 
fairly  indicated  by  the  following  paragraph  from  a 
standard  text-book,  Henry  Sidgwick's  "Methods  of 
Ethics'':  "It  is  true  that  among  what  are  commonly 
called  'duties  to  self  we  find  the  duty  of  self-pres- 
ervation prescribed  with  apparent  absoluteness, 
at  least  so  far  as  the  sacrifice  of  one's  life  is  not 
imperatively  required  for  the  preservation  of  the  lives 
of  others,  or  for  the  attainment  of  some  result  con- 
ceived to  be  very  important  to  society.  I  think, 
however,  that  when  confronted  with  the  question  of 
preserving  a  life  which  we  can  foresee  will  be  both 
miserable  and  brudensome  to  others — e.g.  the  life  of 
a  man  stricken  with  a  fatal  disease  which  precludes 
the  possiljility  of  work  of  any  kind,  during  the  weeks 
or  months  of  agony  that  remain  to  him — though 
Common  Sense  would  still  deny  the  legitimacy  of 
suicide,  even  imder  these  conditions,  it  would  also 
admit  the  necessity  of  finding  reasons  for  the  denial. 
This  admission  would  imply  that  the  universal 
wrongness  of  .suicide  is  at  any  rate  not  self-evident. 
And  the  rea.sons  that  would  be  found — so  far  as 
they  did  not  ultimately  depend  iipon  premises  drawn 
from  Revelational  Theology — would,  I  think,  turn 
out  to  be  utilitarian  in  a  broad  sense  of  the  term: 
it  would  be  urged  that  if  any  exceptions  to  the  rule 
prohibiting  suicide  were  allowed,  dangerous  en- 
couragement woidd  Vie  given  to  the  suicidal  impulse 
in  other  cases  in  which  suicide  would  really  be  a 
weak  and  cowardly  dereliction  of  social  duty;  it 
would  also  protiably  be  urged  that  the  toleration  of 
suicide  would  facilitate  secret  murders.  In  short  the 
independent  axiom  of  which  we  are  in  search  [a 
"clear,  precise,  self-evident  first  principle''  as  a 
casuistric  guide  ]  seems  to  disappear  on  close  ex- 
amination in  this  case  no  less  than  in  the  others." 
If  such  be  the  ethical  conditions  in  regard  to  suicide, 
how  very  much  stronger  are  they  in  regard  to  eutha- 
nasia from  the  patient's  view-point!  For  this  modified 
form  has  certainly  within  it  the  logical  and  rational 


limits  of  the  professional  .sanctions  of  euicidc,  rince 
no  one  is  to  be  harmed,  while  the  l>eneficiarv  in  al- 
lowed one  of  the  inalienable  privileges  of  liu  por- 
sonality.  The  extent  to  which  the  phvsician's  Ix- 
havior  will  coincide  with  .such  an  attitude  on  the  part 
of  the  patient  is  a  matter  which  the  conscientiou.'" 
practitioner  will  decide  strictly  on  the  merits  of  each 
case  in  relation  to  his  own  individualitv. 

Geokge  V.  N'.  Dearborn. 


Euthenics. — The  term,  Euthenics,  wa.s  coined  by 
the  late  Ellen  H.  Richards  of  the  Ma.ssachu.setts 
Institute  of  Technology,  eminent  .sanitary  chemist 
and  pioneer  in  scientific  home-making  and  in  the 
education  of  women.  In  her  book  on  Euthenics, 
The  Science  of  Controllable  Environment  fHoston, 
1910),  she  defines  it  as  follows:  "The  betterment  of 
living  conditions,  through  conscious  endeavor,  for  the 
purpose  of  securing  efficient  human  beings,  is  what  the 
author  means  by  Euthenics."  The  word  comes  from 
the  Greek  tvOTjv^a  (to  be  vigorous  in  body — .Vristotlej 
or  (M-Qi'tta  (good  state  of  the  body:  prosperity,  goml 
fortune,  abundance — Herodotus).  It  "deal's  with 
race  improvement  through  environment"  and  is 
directly  contrasted  with  eugenics  which  "deals  with 
race  improvement  through  heredity." 

It  is  not  necessary  to  enter  here  into  the  relative 
importance  of  the  two  sets  of  forces,  eugenic  and 
euthenic,  which  together  control  the  course  of  human 
life.  Both  are  real.  With  a  uniform,  or  fairly  uni- 
form, environment,  the  difTcronces  between  men  arp 
due  to  their  inherited  germ  plasm  and  modern  biolog- 
ical research  more  an(l  more  tends  to  accentuate  the 
far-reaching  effect  of  such  hereditary  differences.  (Jn 
the  other  hand  with  a  given  inheritance  full  realiza- 
tion of  its  possibilities  depends  on  an  environment 
not  too  unfavorable.  Eugenic  factors  reach  over  and 
control  euthenic  conditions  as  the  power  of  man 
remoulds  the  environment;  and  conversely  when  an 
epidemic  or  a  conflagration  rages  future  eugenic 
possibilities  are  ruthlessly  cut  off.  It  is  probably 
true  that  on  the  whole  environments  do  not  differ 
among  themselves  nearly  so  much  as  do  germ  plasms, 
so  that  the  net  efficiency  of  men  and  of  nations  is 
governed  rather  by  the  latter  than  by  the  former. 
On  the  other  hand  euthenics  is  far  easier  than  eugenics 
to  control,  and  it  is  in  the  mastery  of  the  environment 
that  the  greatest  practical  triumphs  of  the  directive 
mind  of  man  have  so  far  been  attained. 

Right  living  conflitions,  which  form  the  essential 
basis  of  euthenics,  are  said  by  Mrs.  Richards  to  com- 
prise "pure  food  and  a  safe  water  supply,  a  clean  and 
disease-free  atmosphere  in  which  to  live  and  work, 
proper  shelter,  and  the  adjustment  of  work,  rest,  and 
amusement."  These  desiderata  may  be  amplified  to 
include  certain  other  fundamental  needs  and  reclassi- 
fied under  five  general  headings,  as  follows : 

1.  The  maintenance  of  proper  temiiernturc  and 
other  atmospheric  conditions  surrounding  the  body. 

2.  The  provision  of  an  adequate  and  balanceil  food 
supply. 

3.  The  preservation  of  the  health  of  the  organs  and 
tissues  by  exercise  and  their  restoration  when  fatigued 
by  rest  and  recreation. 

4.  Protection  against  injury  by  violence  of  n\an  or 
beast,  by  accidents,  fire,  and  the  like;  and 

5.  Protection  against  microbic  disease. 

1.  The  first  of  these  five  elements  in  a  healthy 
environment,  the  maintenance  of  proper  almngphrric 
coiidilions  involves  primarily  the  protection  of  the 
body  against  extremes  of  heat  and  cold  and  it  is 
attained  in  its  essentials  by  our  various  devices  for 
clothing  and  shelter.  So  far  as  low  temperature  is 
concerned,  our  efforts  have  been  successful  so  that  in 
civilized  communities  serious  sulferinc  from  cold  is  ,<» 
rare  and  accidental  occurrence.  With  the  summer 
heat  on   the  other  hand  we  have  dealt  much  less 
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cfTectively  and  our  conquest  of  winter  cold  by  the 
construction  of  more  or  less  tight,  artificially  warmed, 
buildings  has  been  frequently  carried  so  far  as  to 
overstep  a  happy  mean  and  produce  conditions  of 
overheating,  more  deadly  perhaps  than  the  unmiti- 
gated outdoor  temperature. 

The  symptoms  noted  among  persons  exposed  to  the 
effects  of  "bad  air"  in  a  confined  s|)ace  were  at  first 
attributed  to  changes  in  the  oxygen  or  carbon  dioxide 
of  the  air  or  to  the  presence  of  some  mysterious 
organic  crowd  poison,  and  ventilation  was  supposed  to 
be  necessary  primarily  for  the  removal  of  these  chem- 
ical impurities.  Thanks  to  the  studies  of  Fliigge  and 
his  successors  wc  now  know  that  the  chemical  clianges 
in  ordinary  breathed  air  have  no  physiological  signifi- 
cance and  that  the  effects  of  "bad  air"  are  due,  not  to 
its  carbon  dioxide  or  morbific  matter,  but,  chiefly,  to 
its  temjjcrature  and  humidity,  and  that  they  are 
exercised  not  upon  the  lungs  but  upon  the  surfaces 
of  the  skin.  When  the  temperature  passes  70°, 
particularly  if  there  be  much  moisture  present,  the 
heat  regulating  mechanism  of  the  body  is  hampered 
and  ultimately  overcome.  Currents  of  wind  furnish 
a  relief  by  breaking  up  the  zone  of  warm  air  immedi- 
ately about  the  body  but  the  real  remedy  is  a  supply 
of  cool  fresh  air;  and  such  a  process  of  maintaining  a 
cool  atmosphere  of  proper  humidity  about  the  body 
is  what  we  mean  by  ventilation.  The  problem  of 
clothing  is  closely  connected  with  that  of  air  condi- 
tioning but  it  is  clear  that  the  regulation  of  air  and 
clothing  in  such  relation  to  each  other  as  to  allow 
adequate  heat  loss  from  the  body  surfaces  without 
undue  chilling  or  local  draft.s  is  one  of  the  most  funda- 
mental problems  in  euthenics.  There  can  be  no 
doubt  that  in  our  overheated  schools  and  factories 
efficiency  is  constantly  lowered  and  health  pro- 
gressively undermined  by  the  dog-day  atmosphere 
maintained. 

The  control  of  excessive  summer  temperatures, 
too,  is  by  no  means  beyond  the  range  of  practical 
euthenics.  It  is  more  expensive  to  cool  air  than  to 
heat  it,  but  the  cost  is  by  no  means  prohibitive.  Two 
hotels  in  Chicago  and  one  of  the  leading  banking 
houses  in  New  York  are  artificially  cooled  in  summer 
with  the  most  satisfactory  results.  The  heavy  in- 
cidence of  diarrheal  disease  among  infants  is  due  to 
two  factors,  abnormal  diet  and  the  direct  effect  of 
heat,  and  may  be  prevented  by  breast  feeding  on  the 
one  hand  and  by  protection  from  high  temperatures 
on  the  other.  Our  tenement  laws  accomplish  per- 
haps their  most  important  health  function  when  they 
secure  at  least  the  possibility  of  a  circulation  of  air 
for  the  children  in  summer.  There  is  no  reason  why 
such  restrictive  legislation  should  not  be  supplemented 
by  the  provision  of  specially  cooled  rooms  for  in- 
fants in  congested  districts. 

Aside  from  the  general  atmospheric  effects  of  tem- 
perature and  humidity  the  elimination  of  dust  and 
fumes  comes  in  as  a  special  problem  in  the  case  of 
factory  air.  Grinders  and  granite  cutters  and  other 
operatives  exposed  to  mineral  and  metallic  dusts  pay 
a  toll  to  tuberculosis  two  or  three  times  as  heavy  as  do 
their  brothers  in  healthier  occupations  while  white 
lead  dust,  carbon  monoxide,  wood  alcohol,  and  a  wide 
variety  of  chemical  poisons  menace  the  workers  in 
other  industries.  The  organization  of  powerful  and 
intelligent  and  cooperative  bureaus  of  industrial 
hygiene  to  deal  with  these  questions  is  one  of  the 
needs  of  our  day,  a  need  that  at  last  seems  to  be  real- 
ized in  the  more  progressive  States  of  the  Union,  as  it 
has  long  been  realized  in  England  and  Ciermany. 

Housing  inspection,  like  factory  inspection,  has  as 
one  of  its  principal  motives,  the  maintenance  of  nor- 
mal atmospheric  conditions  about  the  body.  Fire 
protection,  cleanliness  and  other  factors  enter  in,  but 
cool  fresh  air  is  one  of  the  most  essential  desiderata  in 
each  case.  The  tenement  like  the  factory  must  be 
regulated   and  controlled   and  the  housing  problem 


under  the  conditions  of  modern  city  planning  is  more 
diificult  than  the  industrial  one.  Not  restrictive 
legislation  alone,  but  positive  measures  for  substitut- 
ing something  better  are  required,  which  implies  the 
erection  of  model  tenements  for  reasonable  rental  and 
a  constructive  campaign  of  city  ])lanning. 

2.  The  second  essential  for  healthy  living,  following 
close  on  the  need  for  favorable  surrounding  air  con- 
ditions is  the  requirement  of  an  adequnlc  suppli/  of 
food.  The  bodily  machine  requires  fuel,  organic 
matter  rich  in  potential  energy,  to  keep  it  going.  It 
requires  also  certain  substances,  in  rather  definite 
amounts,  to  serve  as  building  materials  for  the  re- 
placement of  the  tissue  which  is  constantly  broken 
down  by  the  katabolic  processes  of  the  body.  The 
energy  requirement  has  been  worked  out  with  reason- 
able exactness  and  there  is  substantial  agreement  in 
the  conclusion  that  a  daily  ration  should  sup])ly  energy 
equivalent  to  3,000  calories  for  a  man  of  average 
weight,  engaged  in  moderate  muscular  work,  to  be 
increased  for  very  active  exercise,  and  to  be  somewhat 
diminished  for  persons  of  sedentary  life.  This  energy 
may  be  obtained  from  any  of  the  organic  constituents 
of  the  food,  protein,  carbohydrate,  or  fat,  and  there  is 
still  some  difference  of  opinion  as  to  the  best  relative 
proportion  of  these  classes  of  food  stuffs.  The  older 
dietaries,  based  chiefly  on  records  of  actual  diets, 
derived  fifteen  or  sixteen  per  cent,  of  the  fuel  value  of 
the  food  from  protein  while  the  low-protein  diet  of 
Chittenden,  based  on  calorimeter  determinations  of 
actual  physiological  necessities,  allows  only  a  little 
more  than  half  this  proportion.  The  minimum  level 
of  adjustment  of  the  body  under  experimental  condi- 
tions seems  a  less  safe  guide  than  the  general  practice 
and  experience  of  the  race  and  it  will  probably  be  wjse 
for  normal  healthy  individuals  to  follow  so  far  as 
possible  the  general  instinct  which  points  toward  a 
somewhat  liberal  protein  allowance.  On  the  other 
hand  the  metabolism  of  protein  puts  a  much  greater 
strain  on  the  body  than  does  that  of  the  non-nitrog- 
enous food  stuffs  and  an  excess  of  protein  in  the  diet 
promotes  undesirable  bacterial  decompositions  in  the 
alimentary  tract.  For  those  who  are  troubled  with 
digestive  disturbances,  or  who  fail  to  do  well  on  an 
orclinary  diet,  the.  restriction  of  protein  may  often 
prove  of  advantage.  Furthermore,  protein  foods  are 
more  costly  than  the  non-nitrogenous  foods  as  sources 
of  energy  and  where,  for  economic  reasons,  the  total 
diet  must  be  limited,  the  necessary  fuel  value  must  be 
obtained  to  a  larger  degree  from  carbohydrates  and 
fats. 

More  or  less  distinct  from  this  question  of  energy 
requirement  is  that  of  the  need  of  the  body  for  par- 
ticular building  substances.  The  elements,  carbon, 
hydrogen,  oxygen,  nitrogen,  sulphur,  phosphorus, 
chlorine,  sodium,  potassium,  calcium,  magnesium, 
and  iron  are  all  essential  in  appreciable  amounts. 
Recent  studies  have  shown  that  many  actual  dietaries 
are  deficient  in  some  of  these  substances  and  that,  in 
particular,  a  faulty  relation  between  the  acid  and 
basic  elements  may  be  the  cause  of  serious  phj-siolog- 
ical  derangements.  Furthermore,  it  is  by  no  means 
only  the  elementary  substances  which  are  imi)ortant- 
but  the  form  of  combination  in  which  they  occur.  The 
iron  in  meat  for  example  is  in  a  less  available  nutritive 
form  than  that  in  milk  or  eggs.  It  has  been  demon- 
strated that  particular  amino  acids  and  even  particu- 
lar fats  perform  a  function  so  ])eculiar  that  they  are 
not  mutually  replaceable.  The  selection  of  foods  is, 
therefore,  seen  to  be  a  problem  of  complexity  and  of 
large  importance. 

The  rational  consideration  of  these  problems  has 
been  somewhat  confused  by  the  popular  campaign  for 
"pure  foods,"  in  which  sensational  appeals  to  preju- 
dice have  been  more  prominent  than  a  knowledge 
of  the  principles  of  nutrition,  sanitation,  or  economics. 
Honest  labelling  of  foods,  as  of  all  other  forms  of 
merchandise,  is  eminently  desirable  and  there  is  no 
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difference  of  opinion  on  this  point.  The  clangers  to 
health  from  adulterated  foods  have,  however,  been 
grossly  exaggerated,  so  as  to  divert  attention  from 
matters  of  much  more  serious  moment  and  to  lead  to 
demands  for  legislation  which  would  work  real  harm 
by  restricting  the  use  of  safe  and  economical  food-sub- 
stances. The  ordinary  adulterants  and  preservatives 
are  not  poisons  and  their  use  sometimes  makes  it 
possible  to  furnish  nutritious  and  palatable  foods  at 
distinctly  lower  cost.  In  such  cases  they  may  be 
regarded  as  representing  advances  in  the  art  of  food 
preparation  and  conservation,  provided  always  that 
no  deception  or  fraudulent  charge  based  on  a  different 
product  is  permitted. 

Far  more  important  than  "pure  food"  is  the  ques- 
tion of  clean  food.  Polluted  water  and  milk  and 
shellfish  and  food  that  has  been  handled  by  persons 
infected  with  specific  maladies  like  typhoid  fever  have 
again  and  again  been  the  cause  of  widespread  out- 
breaks of  disease  and  the  protection  of  food  products 
against  such  dangers  cannot  receive  too  much  atten- 
tion. This  subject  will  be  referred  to  again  in  con- 
nection with  the  general  question  of  the  control  of 
communicable  disease. 

The  whole  problem  of  food  supply  deserves  a  more 
detailed  and  comprehensive  and  systematic  study 
than  it  has  so  far  received.  There  are  many  signs 
that  the  old  doctrines  of  Malthus  have  a  serious 
application  to  the  life  of  the  present  day,  although  in 
somewhat  modified  forms.  The  progress  of  civili- 
zation intimately  depends  on  the  conservation  and 
utilization  of  food  supplies.  We  must  do  far  more 
than  we  have  yet  done  in  intensive  agriculture,  in 
plant  and  animal  breeding,  in  pisciculture  and  regu- 
lation of  fisheries,  and  the  like.  We  must  improve  the 
methods  of  food  preservation  and  organize  the  proc- 
ess of  dist-ibution  which  is  still  In  a  primitive  state. 
Above  all  the  individual  housewife  must  be  educated 
in  the  principles  of  dietetics  and  intelligent  buying 
for  here  as  elsewhere  ignorance  is  the  cause  of  most  of 
the  evils  which  beset  the  human  race. 

3.  In  addition  to  suitable  atmospheric  conditions 
and  an  adequate  food  supply,  the  health  of  the  indi- 
vidual depends  on  such  a  use  of  the  bodily  machine  as 
shall  keep  the  organs  and  tissues  in  normal  tone,  and  yet 
free  from  the  harmful  effects  of  overuse.  Air,  food, 
exercise,  and  rest  are  the  four  pillars  of  the  temple  of 
Hygeia. 

The  physical  frame  of  man  is  essentially  a  muscular 
machine.  It  was  developed  in  relation  to  a  vigorous 
animal  life  and  the  voluntary  muscles,  which  make  up 
more  than  half  the  substance  of  the  body,  are  closely 
correlated  in  their  function  with  many  of  its  other 
organs.  Only  by  active  exercise  can  these  muscles  be 
supplied  with  the  blood  which  they  need  for  nourish- 
ment and  only  by  active  exercise  can  the  poisonous 
waste  products  of  their  metabolism  be  swept  away. 
The  heart,  blood-vessels,  and  lymphatics,  the  respira- 
tion, the  nervous  system,  and  the  heat-regulating 
mechanism  are  all  brought  into  active  exertion  and 
directly  benefited  by  the  exercise  of  the  voluntary 
muscles.  The  active  metabolism  created  stimulates 
appetite,  digestion,  and  excretion  and  there  is  scarcely 
a  part  of  the  bodily  frame  which  does  not  benefit  in 
direct  or  indirect  fashion. 

For  most  of  us,  in  the  differentiated  and  largely 
sedentary  life  of  the  modern  city  dweller,  the  ojjpor- 
tunity  for  vigorous  physical  exercise  does  not  come 
naturally  but  must  be  definitely  planned  for  as  a 
means  toward  the  highest  health  and  efficiency.  The 
form  it  may  take  must  be  determined  by  the  time  and 
place  limitations  of  the  individual.  Exercise  should 
be,  so  far  as  possible,  of  a  kind  to  develop  a  wide 
variety  of  muscles  in  various  parts  of  the  body  and  not 
those  of  the  limbs  alone.  It  should  be  moderate  and 
rational  and  guarded  against  overstrain  and,  in  the  case 
of  individuals  with  some  constitutional  defect,  should 
be  planned  under  expert  medical  advice.     Exercise  in 
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the  outer  air  is  of  course  to  be  preferrcrl  to  any  other, 
and  exercl.se  in  the  form  of  games  whi-'  '■  —  '•fe  the 
interest  is  likely  to  be  far  ni<irc  ]ir<r  u  uny 

routine  of  individual  cali.-ithcnics.      li  ,rm  or 

other,  however,  it  is  essential  to  true  health  and  vigor 
that  jjrovision  should  be  made  for  the  normal  func- 
tioning of  the  voluntary  mu.sculature. 

Quite  as  essential  as  cxerci.se  is  the  complementary 
need  of  re.st.  Every  cell  of  the  body  in  its  normal 
activities  breaks  down  its  own  substance  and  pr<>durc-»i 
waste  products  of  metabolism.  Ilie  waste  munt  tie 
removed  and  the  tissue  repaired  before  the  work  of 
living  can  go  on.  Fatigue  of  the  gland  and  m\isclc 
cells  is  made  good  during  sleep  and,  if  the  period  of 
restoration  be  not  adequate,  the  accumulation  of 
fatigue  from  day  to  day  may  lead  to  the  most  serious 
results.  The  nervous  system  in  particular  is  in  our 
rapid  and  complex  civilization,  subjected  to  severe 
and  taxing  effort  and  the  result  is  too  often  a  nervous 
breakdown  which  may  be  prolonged  in  its  effect.-i. 

Aside  from  sleep,  which  is  the  only  complete  and 
absolute  restorative,  other  more  partial  forms  of  re.st 
and  recreation  help  to  make  good  the  wasting  effects 
of  vital  processes.  Like  exerci.se,  rest  varies  witlely 
for  the  individual  according  to  his  physiological  needs 
and  the  conditions  of  his  life  and  occujiation.  For 
some,  the  only  rest  comes  through  inactivity,  p'or 
others,  more  or  less  strenuous  amusement  or  even  a 
change  of  work  may  serve  to  restore  the  tired  energies, 
one  part  of  the  machine  resting  while  others  are  in 
active  operation.  Monotony,  prolonged  attention 
and  anxietj'  are  far  more  serious  factors  in  harmful 
fatigue  than  mere  hard  work.  So  far  as  the  former 
two  are  concerned,  the  mitigation  of  the  evils  attendant 
on  the  specialized  labor  of  modern  industrialism  de- 
serves the  serious  attention  of  the  euthenist.  It  has 
been  clearly  shown  that  shorter  hours  may  produce  a 
larger  product  in  many  cases  and  beyond  the  more 
obvious  regulation  of  child  labor  and  the  labor  of 
women,  it  would  often  be  well  for  the  manufacturer  to 
minimize  overstrain  as  a  measure  for  the  direct  pro- 
motion of  efficiency. 

Aside  from  the  establishment  of  legal  standards 
for  factory  labor,  exercise  and  rest  are  largely,  but  by 
no  means  wholly,  individual  matters.  In  order  that 
exercise  may  be  possible  for  the  children  of  the  crowded 
city,  parks  and  playgrounds  and  recreation  centers  nt 
considerable  variety  must  be  provided.  Hand  in 
hand  with  the  material  facilities  must  go  definite 
instruction  as  to  their  proper  use  and  all  through  the 
public  school  system  and  in  the  ramifications  of  extra- 
mural extension  work  of  various  sorts,  the  principles 
of  exercise  and  rest  should  receive  their  due  share  of 
attention.  The  remarkable  work  of  the  Camp-fire 
Girls  is  an  example  of  what  may  be  done  by  a  private 
organization  in  the  promotion  of  a  healthy  body  and  a 
healthy  mind. 

4.  Air,  food,  exercise,  and  rest  are  the  chief  positive 
factors  essential  to  hygienic  living.  Euthenics  is 
concerned,  however,  not  only  with  securing  these 
favorable  conditions  but  also  with  the  [irotiction  of 
the  i7idiridual  against  other  forces,  aclirely  inimicnl  to 
his  existence.  With  primitive  man  the  provision  of 
shelter  against  the  elements  and  the  search  for  food 
must  be  supplemented  by  a  constant  struggle  against 
wild  beasts  and  against  the  wild  men  of  other  trilx-s. 

Wild  beasts  do  not  constitute  an  important  factor 
in  the  life  of  civilized  man  although  in  India  the  tiger 
and  the  seriient  still  take  their  toll.  The  jiassions  of 
men,  however,  are  still  evidenced  by  the  considerable 
part  plaved  bv  homicide  in  the  general  death  rate. 
.\  wise  and  sympathetic  but  vigorous  and  impartial 
and,  above  all',  prompt  inforcement  of  the  law  must  bo 
supplemented  bv  a  serious  study  of  causative  factors, 
environmental  and  hereditary,  if  personal  violence  \a 
to  be  controlled.  .      .     • 

The  settlement  of  private  quarrels  by  ph>-sical 
force  is,  however,  after  all  an  exceptional  phenomenon. 
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In  international  affairs,  however,  the  stupid  brutahty 
of  the  savage  too  often  reigns  and  serious  and  high- 
miniied  men  argue  that  sui-h  must  always  be  the  case 
and  that  the  only  remedy  for  war  is  the  arming  to 
the  teeth  of  their  partieuhir  nation,  with  the  under- 
standing that  its  forces  will  be  always  used  in  the 
interests  of  peace  and  justice.  In  the  past  it  has  been 
comparatively  rare  for  a  nation  to  go  to  war  in  the 
complete  and  satisfying  belief  that  it  was  doing 
something  unjust  and  wicked,  so  that  the  competition 
in  armaments  on  which  Europe  and  the  United  States 
have  been  embarking  as  "insurance  against  war" 
does  not  excite  very  livel_v  hopes  of  its  success.  On 
the  other  hand  there  is  in  all  nations  an  encouraging 
growth  of  a  more  courageous  and  constructive  spirit 
which  holds  that  the  way  to  have  peace  is  to  prepare 
for  peace  rather  than  for  war.  Disarmament  and 
the  elaboration  of  ])lans  for  the  judicial  settlement  of 
international  disputes  can  be  easily  accomplished  so 
soon  as  the  political  leaders  of  a  few  great  nations 
seriously  desire  that  they  come  to  pass. 

It  is  iiot  only  with  other  living  things  but  with  the 
forces  of  nature  and  the  inanimate  machinery  of 
civilization  that  the  euthenist  must  cope.  The  losses 
of  life  from  fire,  particularly  in  the  United  States,  call 
for  vigorous  preventive  measures  in  the  line  of  building 
construction  and  the  regulation  of  the  use  of  factories 
and  public  buildings.  Our  railroads  kill  10,000  people 
a  year  and  maim  nearly  ten  times  that  number. 
Several  thousand  men  die  each  year  in  our  coal  mines 
and  many  thousands  in  our  factories  and  other 
industrial  plants.  An  examination  of  the  statistics 
of  Euro])ean  countries  shows  that  in  all  these  re- 
spects the  United  States  occupies  an  unenviable 
pre-eminence. 

The  responsibility  for  these  conditions  seems  in  all 
cases  to  be  a  double  one.  On  the  railroads  it  is  quite 
clear  that  archaic  and  dangerous  systems  of  train 
despatching  often  prevail,  but  it  is  also  clear  that  such 
rules  as  do  exist  are  as  often  habitually  disregarded  by 
the  employee.  So  in  the  Pittsburgh  Survey  it  was 
ap))arent  that  the  carelessness  of  the  worker  and  the 
neglect  of  the  employer  were  etiuall.y  important  ele- 
ments in  the  production  of  over  .500  fatal  work  acci- 
dents in  a  single  county  in  a  single  year.  The  con- 
trol of  this  problem  of  industrial  accidents  demands  on 
one  hand  the  provision  of  safe  working  conditions, 
the  installation  of  approved  block  signals  on  railroads, 
the  proper  timbering  and  fire  protection  of  mines, 
the  safeguarding  of  machinery  in  factories,  and  atten- 
tion to  a  thousand  minor  details  like  yard  railroad 
crossings,  slippery  floors,  unrailed  runways,  unfenced 
excavations,  and  the  condition  of  cranes,  tackles,  and 
hoists.  On  the  other  hand  it  is  ecjuaUy  essential  that 
the  workman  should  be  educated  and  drilled  in  the 
principle  of  "Safety  First"  for  the  root  of  our  spe- 
cial trouble  in  America  lies  below  the  question  of  em- 
ployer and  employee  in  a  heedlessness  and  readi- 
ness to  "take  chances"  which  is  almost  a  national 
characteristic. 

5.  There  are  other  dangers  which  threaten  civilized 
man,  far  more  subtle  and  far  more  serious,  than  the 
menace  to  life  and  limb  on  the  railroad  and  in  the 
workshop.  These  are  the  microbes  of  disease,  the 
invisible  parasitic  enemies  whose  activities  were  so 
mysterious  to  our  forefathers.  "The  pestilence  that 
walketh  in  darkness"  was  a  synonym  for  an  unfathom- 
able infliction  of  Divine  wrath.  Even  to-day,  the 
mass  of  people  scarcely  realize  how  fully  these  mala- 
dies are  under  our  mastery.  Perhaps,  as  Mrs. 
Richards  says,  "it  is  too  much  to  expect  that  a  sturdy 
plant  of  belief  should  have  grown  since  the  days  of 
Edwin  Chadwick  and  Benjamin  Ward  Richardson 
(1830-50)  less  than  a  century  ago,  when  there  were 
perhaps  not  a  dozen  men  and  women  who  believed 
that  man  had  any  appreciable  control  over  his  own 
health." 

We   have   clearly   learned   within   the   last  twenty 
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years  that  the  germs  of  commvmicable  disease  are 
microscopic  animals  and  plants  which  differ  from 
other  microbes  in  their  habit  of  life  in  the  tissues  or 
on  the  surfaces  of  the  human  or  animal  body. 

Like  other  parasites  they  have  acquired  a  peculiar 
and  definite  adaptation  to  the  conditions  which  exist 
in  the  bodies  of  their  hosts  and  in  a  corresponding 
degree  they  have  lost  the  power  to  shift  for  them- 
selves in  the  world  outside.  The  source  of  the  disease 
germ  is  always  the  body  of  man  or,  in  certain  cases,  of 
some  other  higher  animal.  The  infected  individual 
may  be  a  sick  person  or  only  a  "carrier,"  a  well 
person  who  is  breeding  in  his  body  the  germs  of 
disease.  In  e'ach  case,  however,  the  infection 
consists  in  the  more  or  less  direct  transfer  from  one 
individual  to  another  of  a  living  virus,  usiuxUy  in  one 
of  the  excretions  or  dejecta  of  the  body.  Further- 
more, we  have  learned  that,  in  the  environment 
outside,  the  life  of  the  disease  germ  is  a  brief  and 
precarious  one.  A  thousand  typhoid  germs  in  a 
lake  behave  as  a  thousand  men  would  under  the  same 
conditions.  A  few  cling  for  a  while  to  bits  of  planks, 
a  few  may  be  strong  swimmers,  and  survive  for  a 
time,  but  most  of  the  men  perish  cpiickly  and  all  go 
under  if  their  exposure  is  prolonged.  The  tyjjhoid 
germs  do  not  drown,  but  in  a  few  weeks  all  will  have 
died  out,  as  the  men  will  in  a  few  hours,  and  through- 
out the  field  of  epidemiologj'  we  find  that  the  danger 
varies  directly  with  the  immediacy  of  excretal 
transfer. 

This  view,  that  the  passage  of  fresh  germs  from 
person  to  person  is  the  underlying  phenomenon  in 
communicable  disease,  has  exorcised  many  of  the 
specters  of  the  older  sanitation.  We  know  for  ex- 
am]5le  that  the  air  is  not  to  any  appreciable  degree  a 
bearer  of  infection  unless  polluted  by  mouth  spray  in 
the  immediate  vicinity  of  a  coughing  patient  or  the 
like.  Contagious  diseases  are  treated  in  ojjcn  wards 
in  some  of  the  most  modern  hospitals,  with  entire 
sviccess  so  long  as  personal  contact  is  strictly  guarded 
against.  Even  sewer  air  has  been  shown  to  be  so 
free  from  excretal  bacteria  that  it  could  be  breathed 
with  impunity  except  where  gross  splashing  is 
actually  going  on.  Fomites  too,  or  objects  which 
have  been  handled  by  the  sick,  are  dangerous  only 
when  recently  infected,  since  the  disease  germs  on 
such  materials  quickly  dry  and  perish.  The  old 
stories  of  toys  taken  from  storage  after  weeks  or 
months  and  still  retaining  power  of  infection  are 
apocryphal  and  even  terminal  disinfection  after  the 
recovery  of  a  case  of  communicable  disease  is  re- 
garded by  the  modern  sanitarian  as  a  matter  of  small 
moment. 

There  are  on  the  other  hand  three  important  ways 
in  which  fresh  virulent  material  is  spread  from  person 
to  person;  and  these  modes  or  vehicles  of  disease  are 
food,  insects,  and  direct  contact.  All  these  are  of 
vital  significance  and  deserve  a  brief  consideration. 

In  order  that  a  given  article  of  food  may  transmit 
disease  it  must  be  exposed  to  excretal  pollution,  it 
must  be  consumed  promptly  so  that  the  infection 
m.ay  not  die  out,  and  it  must  be  eaten  raw.  In  only 
a  few  cases  are  all  these  reciuirements  realized.  Many 
foods,  like  eggs,  fruits,  and  vegetables  peeled  before 
eating,  are  protected  against  infection  from  the  start. 
Others,  like  ice,  are  purified  by  storage,  while  the 
great  majority  of  foods  are  rendered  safe  by  cookery 
which  destroys  the  ordinary  disease  germs  and  their 
toxins.  Water,  milk,  and  shellfish  are  the  principal 
foods  which  are  liable  to  pollution  antl  are  freciuently 
consumed  fresh  and  uncooked  and  it  is  these  three 
which  have  been  chiefly  implicated  in  widespread 
outbreaks  of  disease.  The  epidemics  of  typhoid  fever 
and  cholera  which  have  followed  the  use  of  sewage 
polluted  water  supplies  are  among  the  most  severe  in 
sanitary  history.  We  have  simple  and  efficient  and 
economical  methods  of  forestalling  tiiese  dangers  in 
the    form    of    purification    by    storage,    filtration,  or 
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disinfection.  So  with  milk,  which  not  only  carries 
the  germs  of  typhoid  fever,  scarlet  fever,  dijihthcria, 
and  sore  throat  from  man  to  man,  but  transmits 
tuberculosis  from  the  cow  and  causes  the  terrible 
waste  of  human  life  from  summer  diarrhea.  Here 
the  remedy  is  pasteurization,  or  the  heating  of  the 
milk  to  l40°-1.5.5°F.  for  twenty  minutes,  a  procedure 
which  when  properly  carried  out  makes  milk  an  ab- 
solutely safe  food  without  in  any  way  impairing  its 
flavor  or  digestibility.  The  danger  from  other 
substances  is  proportionately  much  less  than  from 
water  or  milk.  It  must  be  remembered,  however, 
that  any  food  may  be  infected  in  the  kitchen  or  the 
pantry,  just  before  it  comes  to  the  table,  and  that 
many  foods  may  be  sufcjected,  by  holding  them  under 
improper  conditions,  to  more  or  less  objectionable  de- 
compositions. Cleanliness  and  intelligence  in  handl- 
ing and  the  exclusion,  so  far  as  possible,  of  carriers 
from  culinary  processes  are  always  and  everywhere  of 
sanitary  importance. 

The  second  common  mode  of  transfer  of  disease 
germs  is  by  means  of  insects  which  have  picked  up  the 
germs  of  disease  on  their  feet  or  bodies  or  have 
ingested  the  blood  of  infected  persons.  The  house 
fly  may  be  an  incidental  carrier  of  typhoid  fever  and 
other  diseases  in  the  former  fashion  and  in  un- 
sewered  districts,  particularly  in  the  south,  this  is  a 
serious  sanitary  problem.  Other  diseases,  like 
malaria  and  yellow  fever  and  a  wide  variety  of  tropical 
diseases,  are  spread  always  and  only  by  certain  mos- 
quitos  and  biting  flies,  the  parasite  passing  through 
definite  stages  of  its  life  history  in  the  body  of  the 
insect.  In  all  these  cases  the  disease  may  be  con- 
trolled by  measures  directed  against  the  insect 
hosts.  It  was  the  discovery  of  the  insect  trans- 
mission of  yellow  fever  by  Reed,  Carroll,  and  Agra- 
monte  which  not  only  led  to  the  concjuest  of  yellow 
fever  in  Cuba,  but  made  possible  the  successful 
completion  of  the  Panama  Canal  and  has  opened  up 
undreamed  of  possibilities  in  the  development  of 
tropical  regions  all  over  the  world. 

The  movement  for  municipal  cleanliness  which 
began  when  decomposing  filth  was  supposed  to 
originate  dc  novo  the  mysterious  miasms  of  disease 
has  acquired  a  new  and  definite  purpose  through  these 
discoveries.  The  proper  disposal  of  sewage  is  recog- 
nized as  of  large  importance  when  water  supplies  or 
shellfish  layings  may  be  menaced  by  its  presence. 
The  unscreened  privy  vault  has  been  shown  to  be  a 
serious  danger  to  health,  since  by  flies  and  in  many 
other  ways  disease  germs  may  find  their  way  from  its 
contents  to  various  food  supplies.  The  removal  of 
accumulations  of  stagnant  water  which  may  breed 
mosquitos  is  a  public  health  measure  of  serious 
consequence.  On  the  other  hand,  there  are  many 
forms  of  rubbish  and  many  odoriferous  nuisances 
which  are  of  moment  only  from  the  standpoint  of 
civic  cleanliness  and  decency  and  have  no  ajspreciable 
bearing  upon  the  public  health. 

The  most  important  cause  of  communicable 
disease  in  temperate  climates  is  the  transfer  of 
infectious  material  from  person  to  person  by  more  or 
less  direct  contact.  jMan  is  by  nature  an  uncleanly 
animal  and  the  saliva  is  pretty  constantly  smeared 
upon  the  fingers,  while  the  presence  of  intestinal 
bacteria  in  a  fair  proportion  of  cases,  as  well  as  the 
spread  of  diseases  like  typhoid  fever  to  nurses  and 
attendants,  shows  that  even  bowel  discharges  are 
sufficiently  abundant  to  constitute  a  serious  danger. 
The  attention  of  sanitarians,  once  devoted  to  the 
vague  and  my.sterious  possibilities  of  general  environ- 
mental infection,  are  now  focused  more  and  more 
closely  upon  the  infected  individual,  the  original 
source  of  all  danger.  The  detection  of  these  foci  of 
infection  and  the  establishment  of  such  a  state  of 
isolation  as  shall  prevent  the  dissemination  of  disease 
germs  in  their  excreta  is  one  of  the  supremely  im- 
portant duties  of  the  health  department.     In  .some 


cases,  as  in  diphtheria  and  typhoid  fever,  it  in  |)f)HHihlP 
to  detect  by  bacteriological  method.s  even  tl,.    ' 
carrier  and  many  outbreaks  are  now  cut  sh'. 

procedure.     Often,     however,     it     in     imp.,     ;., 

locate  these  unsuspected  carriers  until  after  ttie  harm 
has  been  done  and  in  many  diseases  wc  have  nf)  way  of 
identifying  them  at  all.  An  approximately  complete 
control  of  communicable  di.sca.se  can  be  hoped  foronlv 
through  the  cultivation  in  the  community  at  large  of 
an  instinct  of  personal  cleanliness,  an  aseptic  sonw, 
which  shall  automatically  keep  from  the  mouth! 
fingers,  utensils,  and  everything  which  is  not  Ymr- 
teriologically  clean;  for  the  mouth  is  in  mo.st  diseajica 
the  one  portal  by  which  infection  finds  its  entrance. 

In  addition  to  the  sanitary  measures  which  may  be 
taken  to  keep  the  germs  of  disea.se  from  the  body 
entirely  it  is  possible  to  arm  the  body  cells  specifically 
against  certain  invading  microbes,  so  that  those 
which  do  enter  will  be  <iuickly  and  easilv  overcome. 
Vaccination  against  smallpox,  introduced  by  Jenner 
at  the  beginning  of  the  nineteenth  century,' was  the 
first  of  these  achievements  of  preventive  medicine 
and  its  result  has  been  the  reduction  of  the  greatest 
pestilence  to  which  the  human  race  has  ever  been 
subject  to  the  status  of  a  medical  curiosity.  Pa.steur 
placed  the  artificial  control  of  immunity  iipon  a  firm 
scientific  basis  and  to-<lay  we  know  that  in  a  wide 
variety  of  diseases  a  vaccine  may  be  prepared,  by 
killing  the  germs  or  by  weakening  their  virulence  in 
some  way,  which,  when  injected  into  the  bodv, 
stimulates  its  defensive  mechanisms  so  as  to  produce  a 
more  or  less  complete  immunity  against  the  particular 
parasite  used.  The  most  brilliant  successes  along 
this  line  have  been  achieved  in  rabies  and  typhoid 
fever  but  in  many  other  diseases,  .vaccines  may  be 
used  with  more  or  less  advantage  for  preventive 
purposes  and  they  are  sometimes  helpful  in  raising 
the  resistance  of  the  body  toward  disease  processes 
already  under  way.  In  diseases  like  diphtheria  and 
tetanus  where  a  powerful  soluble  toxin  is  produced  by 
the  parasite  a  high  active  immunity  may  be  produced 
in  an  animal  and  the  blood  .serum  of  the  animal 
containing  a  specific  neutralizing  antitoxin  may  be 
injected  directly  into  the  patient  so  as  to  check  tlio 
disease  process  at  its  height. 

One  of  the  euthenic  procedures  which  has  proved 
of  most  value  in  the  detection  of  incipient  cases  of 
communicable  disease  and  the  prevention  of  their 
further  dissemination  is  the  organized  inspection  of 
school  children  by  physicians  and  nurses.  This 
original  function  of  school  inspection  has,  however, 
come  to  be  overshadowed  by  the  opportunities  which 
have  been  revealed  in  recent  years  for  the  discovcrj- 
of  minor  but  more  prevalent  communicable  diseases  of 
eye,  skin,  and  scalp  and  particularly  of  non-contagious 
defects  in  eyesight,  hearing,  teeth,  respiratory  mem- 
branes, and  the  like.  The  good  that  comes  to  the 
community  from  the  timely  detection  and  treatment 
of  these  constitutional  defects  is  not  easily  estimated, 
but  is  surely  fraught  with  rich  possibilities  in  the 
individual  soundness  of  the  men  and  women  of  the 
future 

Certain  diseases  to  which  mankind  is  subject  take 
such  a  heavy  toll,  and  require  such  special  measures 
for  their  control,  that  particular  organizations  have 
been  developed  to  deal  with  them  more  efficiently. 
A  systematic  campaign  of  this  kind  was  first  worked 
out  for  tuberculosis,  which  has  as  its  direct  aims  the 
provision  of  sanatoria  for  treatment  and  hospitals 
for  the  isolation  of  advanced  cases  and  the  education 
of  the  people  in  the  princii)lcs  of  hygienic  living,  which, 
by  building  up  vital  resistance,  is  the  most  effective 
of  all  measures  in  combating  this  disease.  In  the 
future  it  is  probable  that  the  movement  will  extend 
bevond  the  individual  to  the  sanitary  improvement  of 
tenements  and  work  places,  which  tiwlay  so  often 
make  hygienic  living  an  impossibility.  Next  in 
importance  to  the  war  against  the  great  white  plague 
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is  that  which  is  beins  waged  on  infant  mortality. 
The  terrible  death  rate  of  infants  which  carries  off 
ten  to  twenty  per  cent,  of  the  children  born  before 
they  reach  the  age  of  one  year,  is  due,  as  Dr.  Holt  has 
pointed  out,  to  the  twin  causes  of  ignorance  and 
poverty,  and  the  systematic  campaigns  carried  out  in 
Cleveland,  New  York,  and  other  cities,  for  the 
education  of  mothers  in  the  principles  of  infant 
feeding  and  clothing  and  care  have  borne  fruits  as 
remarkable  as  any  achieved  by  modern  sanitary 
science.  The  social  evils  of  alcohol  and  the  sex 
diseases  are  problems  of  greater  complexity;  but  these 
too  are  at  least  being  attacked  in  systematic  and 
scientific  fashion. 

The  results  of  the  comparatively  new  art  of  sanita- 
tion have  already  been  so  notable  as  to  constitute 
almost  a  revolution  in  the  conditions  of  human  life. 
There  are  now  200  death  beds  every  day  in  the  city  of 
New  York  and  if  the  death  rate  were  as  high  as  it  was 
twenty  years  ago,  there  would  be  130  more.  Over 
one-third  of  the  suffering  and  death  of  the  last  genera- 
tion has  been  wiped  out  by  sanitary  science  and  there 
are  new  fields  of  possible  achievement  opening  to  us 
every  day. 

The  application  of  euthenics  in  the  diverse  fields 
which  have  been  considered  requires  vigorous  and 
enlightened  community  action  along  many  different 
lines.  On  an  isolated  farm  the  family  is  a  more  or  less 
independent  unit,  with  its  own  well,  its  own  cow, 
and  its  own  vegetable  patch.  In  the  city,  the 
individual  depends  for  his  existence  on  a  great  complex 
of  interrelated  forces  far  beyond  his  own  control. 
He  must  rely  on  public  authority  for  securing  the 
essential  things  which  his  more  primitive  forbears 
could  secure  by  their  own  initiative.  The  art  of 
government  becomes  far  more  than  a  mere  mechanism 
for  maintaining  peace  and  order  and  comes  to  be  a 
great  organization  for  social  and  industrial  engineering. 

It  is  essential  in  a  civilized  community  which  aims 
seriously  to  develop  the  maximum  possibilities  of  its 
citizens  that  a  diverse  variety  of  public  services 
should  be  efTectively  organized  to  provide  the  most 
favorable  environmental  conditions.  Healthy  sur- 
roundings for  the  body  (which  means  clean,  cool, 
moving  air  and  adequate  light)  must  be  provided  in 
the  home  and  in  the  workroom  by  tenement  and 
factory  inspection  and  in  the  street  by  building 
regulations,  good  paving,  and  the  suppression  of 
offensive  nuisances.  Safe  water  supplies  must  be 
provided  by  the  municipality  and  safe  milk  supplies 
guaranteed  by  the  enforcement  of  efficient  pasteuriza- 
tion. All  foods,  and  the  places  in  which  they  are 
prepared  and  handled,  must  be  inspected  to  maintain 
a  reasonable  standard  of  cleanness.  The  whole 
business  of  food  production  and  food  distribution 
must  be  supervised  to  ensure  a  maximum  of  efficiency 
and  economy.  Excessive  industrial  strain  must  be 
regulated  by  wise  factory  laws  and  park  and  play- 
ground facilities  provided  for  needed  exercise  and 
recreation.  Communicable  disease  must  be  detected 
and  stamped  out  by  isolation  at  its  source.  Sewage 
and  other  wastes  must  be  so  disposed  of  as  not  to 
menace  health  and  the  insect  carriers  of  disease 
must  be  eliminated  by  destroying  their  breeding 
places.  Vaccines  and  sera  must  be  porvided  and  their 
use  required,  wherever  they,  have  been  proved  to  be 
effective  in  the  prevention  or  the  cure  of  specific 
disease. 

All  these  things  and  many  more  may  be  done  by  the 
public  officials  who  act  as  the  expert  directors  of  the 
community  in  the  diverse  technical  problems  which 
make  up  our  common  life.  There  are  many  more 
things,  and  much  more  important  things,  which 
must  of  neces.sity  be  worked  out  by  the  individual 
citizen  in  the  home  or  the  factory.  The  maintenance 
of  good  air  conditions,  the  selection  of  a  rational  diet, 
the  hygienic  conduct  of  life  in  regard  to  exercise  and 
rest,    the    habits    of    cleanliness   which   prevent   the 


spread  of  communicable  diseases — these  are  not  things 
within  the  direct  power  of  a  health  commissioner. 
It  is  only  by  educational  leadership  that  he  can 
diffuse  these  practices  among  the  citizens  and  it  is 
more  b.v  the  extent  to  which  this  is  accomplished  that 
his  success  should  be  measured  than  by  any  purely 
administrative  act.  As  Mrs.  Richards  says  in  her 
book  which  admirably  emphasizes  the  educational 
aspect  of  euthenics,  "In  America,  we  have  learned 
to  use  the  phrase,  'Big  Stick  '  Authority  is  exactly 
that;  it  is  coercion  from  without.  It  has  partial 
result  in  good;  the  law  may  be  fulfilled  because  the 
individual  knows  he  must  obey  when  within  the 
jurisdiction  of  that  law;  but  if  the  result  is  simply 
obedience  to  authority  and  not  to  the  underlying 
principle,  it  will  not  be  a  force  in  his  life  or  be  con- 
tinued if  by  chance  he  can  escape  it."  In  another 
place  she  says,  "The  leaders  must  show  convincingly 
that  the  laws  which  they  have  discovered  may  be 
applied  to  daily  life,  but  the  individual  himself  must 
adopt  them.  When  he  has  been  saturated  with 
knowledge,  his  inertia  will  break  down,  his  hopeless- 
ness give  way  to  its  very  antithesis,  a  strong  hope  for  a 
better  future.  Every  known  method  mu.st  be  used 
by  the  laboratory  to  develop  this  hope  into  a  belief 
wide  enough  to  reach  all  members  of  every  section  of 
the  community  and  deep  enough  to  become  a  vital 
working  principle.  Only  through  a  belief  strong 
enough  to  ride  over  unbelief  and  inertia,  a  belief  in 
the  value  of  science  for  personal  life  .strong  enough  to 
make  a  wise  choice  possible,  can  the  will  to  obtain  a 
better  environment  be  developed." 

Education,  widespread  and  persistent  and  effective 
education,  is  the  great  task  of  euthenics  to-day. 
The  human  race  has  accumulated  a  great  mass  of 
scientific  knowledge  as  to  the  physical  conduct  of 
life  but  the  dissemination  of  this  knowledge  by 
instruction  of  the  child  in  personal  hygiene,  of  the 
housewife  in  domestic  hygiene,  of  the  employer  and 
the  employee  in  industrial  hygiene,  of  the  citizen  in 
municipal  hygiene,  is  essential  if  it  is  to  bear  fruit. 

With  all  the  technical  knowledge  too  must  go  a 
diffusion  of  a  .social  and  spiritual  impulse  to  make  it 
widely  effective.  H.  G.  Wells  says  in  First  and  Last 
Things:  "The  essential  fact  in  man's  history  to  my 
sense  is  the  slow  unfolding  of  a  sense  of  community 
with  his  kind,  of  the  possibilities  of  cooperation  lead- 
ing to  scarce-dreamt-of  collective  powers,  of  a  synthe- 
sis of  the  species,  of  the  development  of  a  common 
general  idea,  a  common  general  purpose  out  of  a 
present  confusion."  The  betterment  of  living  con- 
ditions is  an  end  toward  which  advanced  men  in  all 
ages  and  in  all  climes  have  been  blindly  and  vaguely 
struggling.  To-day  the  nature  of  the  task  has  in 
many  of  its  aspects  become  so  clear  as  to  be  concretely 
and  scientifically  realizable.  We  propose  to  make 
progress  toward  this  end  conscious  and  purposeful  and 
universal  among  mankind.     This  is  euthenics. 

C.  E.  A.  WiNSLOW. 


Eve,  Paul  Fitzsimmons. — Born  near  Augusta, 
Georgia,  June  27,  1806.  He  received  the  degree  of 
Doctor  of  Medicine  from  the  Medical  Department  of 
the  University  of  Pennsylvania,  in  the  spring  of  1828. 
From  1829  to  18.31  he  prosecuted  his  professional  stud- 
ies in  Europe,  part  of  the  time  in  London,  under 
Abernethy  and  Johnson,  and  Sir  Ashley  Cooper,  and 
the  remainder  of  the  time  in  Paris,  under  Du])uytren, 
Larrey,  Roux,  Velpeau,  and  others.  In  November, 
18.31,  he  returned  to  this  country,  and  soon  afterward 
organized  the  Medical  College  of  Georgia,  he  Iiimself 
taking  the  chair  of  surgery.  He  held  this  position  up 
to  the  year  18.50,  when  he  was  made  Professor  of 
Surgery"  in  the  University  of  Louisville.  During  the 
following  twenty-five  years  he  occupied  the  same  chair 
in  the  following  institutions  successively:  University 
of  Nashville,  Missouri  Medical  College,  and  Nashville 
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Medical  College  (afterward  the  Medical  Department 
of  the  Universit}'  of  TeimesseeJ.  His  death  occurred 
on  November  3,  1877. 

Stone,  in  his  Biography  of  Eminent  American  Phy- 
sicians and  Surgeons,  says  of  Dr.  Eve  that  he  was 
the  first  American  surgeon  to  perform  a  successful 
hysterectomy  and  the  first  to  remove  the  crista  galli, 
and  that  he  had  remarkable  success  as  a  lithotomist. 

He  trephined  the  lateral   sinus   of    ttie 

brain,  and  by  tracheotomy  and  with  forceps  he  suc- 
cessfuly  removed  a  nail  from  the  left  bronchus;  he 
introduced  a  simple  cannula  needle  for  applying  liga- 
tures and  sutures.  His  contributions  to  medical 
literature  were  very  numerous.  "No  surgeon  in 
the  South  held  a  higher  position  or  did  a  larger  prac- 
tice of  surgerv  than  Dr.  Eve." 

A.  H.  B. 

Evolution. —  (L.  tvolulio,  an  unrolling,  from  ei'olrere, 
to  unroll  or  unfold.)  The  term  evotutioii,  has  been 
employed  with  various  meanings: 

1.  It  was  used  at  first  in  its  true  etymological 
meaning  of  unrolling  or  unfolding  to  describe  a  sup- 
posed method  of  the  individual  development  of 
organisms. 

2.  Later  it  was  applied  in  a  metaphorical  sense  to 
the  origin  of  species,  where  it  means  simply  con- 
tinuous descent  with  modification,  or  the  origin  of 
species  by  the  alteration  of  pre-existing  species. 

3.  Finally,  we  have  the  metaphysical  meanings  of 
the  word  when  used  to  designate  systems  of  philosophy 
that  attempt  to  explain  the  origin  of  all  things  by 
continuous  change.  The  great  exponent  of  the  evo- 
lutionary philosophy  is  Herbert  Spencer.  The  cen- 
tral points  in  his  philosophy  are  the  laws  of  the  in- 
destructibility of  matter  and  the  conservation  of 
energy.  According  to  Spencer,  the  result  of  these 
laws  is  rhythmic  motion,  manifested  everywhere  from 
the  dance  of  molecules  to  the  gyrations  of  planets, 
and  this  produces  an  alternation  of  evolution  and 
dissolution  throughout  the  universe.  S])encer  de- 
fines this  evolution  as  "an  integration  of  matter  and 
concomitant  dissipation  of  motion;  during  which  the 
matter  passes  from  an  indefinite,  incoherent  homo- 
geneity to  a  definite,  coherent  heterogeneity;  and 
during  which  the  retained  motion  undergoes  a  parallel 
transformation." 

Evolution  is  included  also  in  the  philosophy  of 
Bergson  (1911).  He  covers  a  smaller  field  and  his 
view  of  evolution  differs  radically  from  Spencer's. 
Spencer  is  mechanistic,  Bergson  is  vitalistic.  Bergson 
tries  to  establish  a  distinction  between  mathematical 
time  as  a  succession  of  events  and  absolute  time  that 
is  duration.  "Like  the  Universe  as  a  whole,  like 
each  conscious  being  taken  separately,  the  organism 
which  lives  in  a  thing  that  endures."  Bergson's 
habit  of  avoiding  concise  definitions  makes  it  difficult 
to  state  the  substance  of  his  views  in  a  few  words. 
But  perhaps  the  keynote  of  his  philosophy  of  "Crea- 
tive Evolution"  may  be  found  in  the  statement  that, 
"Organic  evolution  resembles  the  evolution  of  con- 
sciousness, in  which  the  past  presses  against  the 
present  and  causes  the  upspring  of  a  new  form  of  c<m- 
sciousness,  incommensurable  with  its  antecedents"; 
and  in  the  further  statement  that,  "It  might  be  said 
of  Ufe,  as  of  consciousness,  that  at  every  moment  it  is 
creating  something."  He  rejects  the  idea  that  life 
is  dependent  on  chemical  and  physical  phenomena, 
while  admitting  that  they  are  related.  "Vitality," 
he  says,  "is  tangent  at  any  and  everv'  point  to 
physical  and  chemical  forces,"  but  "in  reality  life  is 
no  more  made  up  of  physico-chemical  elements  than 
a  curve  is  composed  of  straight  lines." 

The  lack  of  scientific  foundation  for  Bergson|s 
philosophy  and  the  false  analogies  upon  which  it  is 
based  have  been  forcefully  exposed  bv  H.  S.  R. 
Elliot  (1912). 

Metaphysics  being  beyond  the  scope  of  the  present 


work,  we  will  confine  our  attention  to  the  two  bio- 
logical meanings  of  evolution. 

Evolution    in    Ontoceny.— Modern    embnoKjgv 

may  be  said  to  have  begun  with  the  work  on  the  de- 
velopment of  the  chick  which  Harvey  dcMcribcd  in  liia 
"Treatise  on  (ienerati(m"  in  10.51.  iJv  ineuiM  uf  a 
hand  lens  he  was  able  to  trace  the  dcvelopnic-nt  of  the 
chick  in  a  general  way  back  to  the  beginning  of  the 
second  day.  Ho  found  that  the  enibrvo  iiri.>*C)i  from 
the  light-colored  spot  in  the  yolk,  called  by  Fabricius 
the  cicatricula.  Harvey  saw"  this  dilate  and  become 
divided  into  circles,  forming  what  we  now  call  the 
area  cmbri/onalis,  and  this  he  coini)arefi  to  the  iria  of 
the  eye  and  called  the  oculum  oin.  At  the  end  of  tlic 
third  day  he  discovered  a  fine  Hne  of  red  around  the 
edge  of  the  spot,  "and  nearly  in  its  center  there 
appears,"  he  says,  "a  leaping  point  of  the  color  of 
blood  so  small  that  when  it  contracts  it  almost  en- 
tirely escapes  the  eye,  when  it  dilates  it  .Hhow.H  like 
the  smallest  .spark  of  fire.  Such  is  the  outset  of  aniniul 
life  which  the  plastic  force  of  nature  puts  in  motion 
from  the  mo.st  insignificant  beginnings."  lie  wua 
unable  to  distinguLsh  any  other  parts  of  the  enibrjo 
until  the  fifth  day,  and  he  describes  in  a  very  intert-it- 
ing  way  the  gradual  appearance  of  the  various  organs 
of  the  embryo  as  he  saw  them  from  that  time  until 
the  perfect  chick  Ls  formed. 

One  of  the  great  generalizations  that  Harvey  made 
as  a  result  of  his  observations  Ls  known  as  the  theory- 
of  epigenesis.  This  Ls,  briefly,  that  the  embryo  ta 
built  up  gradually  from  a  siiiiple  beginning  by  the 
addition  of  part  to  part  in  a  definite  order.  Harvey 
regarded  the  blood  as  "the  first  engendered  part  .  . 
the  source  and  origin  of  all  other  parts  .  .  .  which 
thence  obtain  their  vital  heat  and  become  subservient 
to  it  in  its  duties." 

It  was  in  opposition  to  this  theorj-  of  epigenesis 
that  the  theory  of  evolution  arose. 

Malpighi,  working  a  little  later  than  Harvey,  and 
probably  having  a  better  microscope,  found  that  the 
blood  is  not  the  "first  engendered  part,"  for  he  could 
see  an  outline  of  the  embryo  before  the  appearance 
of  the  "  punctum  sanquineum."  This  small  detail  of 
observation  led  Malpighi  to  reject  Harvey's  whole 
theory  of  epigenesis.  He  a.sserted,  instead,  that  the 
embryo  as  a  whole  is  jiresent  in  the  egg  before  incu- 
bation, that  it  Ls  preihtinealed.  This  led  to  a  great 
discussion  which  lasted  for  more  than  a  hundred  vears. 
Of  course,  if  the  whole  embryo  is  predelineated  in  the 
egg,  epigenesis  is  an  impossibility:  and  development 
must  be  a  process  of  evolulinn,  an  unfolding  of  the 
pre-existing  embryo.  The  chief  exponent  of  this 
theory  was  Bonnet,  who  carried  it  out  to  its  logical 
conclusion  (1762),  and  asserted  that  development  is 
not  only  a  process  of  evolution,  but  also  that  all  germs 
have  existed  since  the  day  of  creation,  and  that  each 
embryo  contains  in  similar  form  the  germs  of  all 
subsequent  generations. 

The  theory  of  evolution  seems,  on  the  whole,  to  have 
prevailed  as  the  generally  accepted  explanation  of 
development  until  1S12.  when  Meckel  called  atten- 
tion to  a  Latin  treatise,  "Theoria  Generationis," 
published  in  17.59  by  Caspar  Frederick  Wolff,  as  the 
dissertation  for  his"  doctor's  degree.  In  this  paper 
Wolff  had  traced  the  development  of  both  the  chick 
and  certain  flowering  plants  back  to  very  simple  be- 
ginnings, and  he  showed  that  the  development  Ls 
reallv  an  epigenesis  and  not  an  evolution.  This  view 
has  "been  fullv  confirmed  by  the  vast  amount  of  re- 
search in  embrvolog\-  that  has  been  carriwl  out 
during  the  latter  half  of  the  nineteenth  century. 

The  almost  medieval  theory  of  evolution  of  Bonnet 
and  his  friends  seems  so  absurd  to-day  that  it  would 
hardlv  be  worth  mentioning  if  it  were  not  for  the  fact 
that  the  theory  has  been  revived  recently  in  a  more 
subtle  form. 

To  be  sure  the  individual  develoi)ment  of  organ- 
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isms,  so  far  as  we  can  see  with  the  eye  or  with  the 
most  powerful  microscopes,  is  clearly  a  process  of 
epigenosis.  But,  after  all,  there  is  much  that  still 
remains  invisible,  and  the  utmost  limits  of  our  vision 
include  only  superficial  manifestations  of  forces  work- 
ing within  the  protoplasm.  May  it  not,  then,  be 
true  that  the  embryo  Ls  really  preformed  in  invisible 
particles  within  the  germ-plai^m?  _  May  not  differen- 
tiation be  in  essence  merely  the  visualization  of  pre- 
existing invisible  potentialities?  If  we  answer  these 
questions  in  the  affirmative,  our  explanation  of  onto- 
geny is  as  much  evolution  as  was  Bonnet's.  There 
has"  been  much  discussion  of  this  subject  within  the 
past  ten  years,  but  it  is  so  intimately  connected  with 
the  theories  of  heredity  that  it  will  be  more  con- 
veniently reviewed  in  connection  with  that  subject 
(see  Heredity). 

0rg.\nic  Evolution. — Usually  when  one  speaks  of 
evolution  one  means  what  has  been  called  organic 
evolution,  the  origin  of  diversity  in  the  organic  world 
by  means  of  natural  processes. 

The  opposing  theory  is  that  of  special  creation. 
According  to  this  latter  view,  each  species  was  estab- 
lished in  the  beginning  by  a  miraculous  act  of  crea- 
tion. Each  species  is,  then,  a  distinct  and  concrete 
phenomenon  of  nature.  There  is  but  one  true  classi- 
fication which  is  to  be  discovered,  not  invented,  by 
naturalists. 

From  the  point  of  view  of  evolution,  on  the  other 
hand,  the  great  fact  of  nature  is  the  diversity  of 
organic  forms,  and  no  sharp  line  can  be  drawn  be- 
tween varieties,  species,  genera,  and  families.  A  class- 
ification is  merely  a  convenient  invention  of  the 
human  mind  to  summarize  the  present  state  of  knowl- 
edge in  regard  to  the  structure  of  organisms,  and  must 
change  from  time  to  time  as  such  knowledge  increases. 
The  idea  of  miraculous  intervention  is  rejected,  and 
the  effort  is  to  discover  in  the  organic  world  the  same 
orderly  working  of  the  laws  of  nature  that  has  been 
found  to  obtain  in  the  inorganic  world. 

In  regard  to  evolution,  it  must  be  borne  in  mind 
that  two  questions  are  involved:  T"irst,  does  the 
theory  of  evolution,  as  a  whole,  furnish  a  better  sum- 
mary of  our  knowledge  of  organisms  than  the  theory 
of  special  creation?  In  other  words,  is  evolution  to  be 
regarded  as  an  historical  fact?  Second,  what  are  the 
factors  into  which  the  theory  of  evolution  may  be  re- 
solved, or,  how  may  the  fact  of  evolution  be  explained 
as  a  process? 

While  there  is  much  difference  of  opinion  among 
naturalists  in  regard  to  the  second  question,  the  first 
is  to-day  answered  by  almost  every  man  of  science 
in  the  affirmative.  On  the  other  hand,  there  are 
many  persons  who  have  not  paid  especial  attention 
to  natural  history  and  who  still  hold  to  the  doctrine 
of  special  creation.  Therefore,  it  may  be  well  to 
give  a  brief  summary  of  the  evidence  on  which  men 
of  science  base  their  belief  in  evolution  as  a  fact. 

The  Eridence  of  Evolution. — 1.  In  the  first  place,  we 
have  the  analogy  of  the  other  sciences.  For  the  ancients 
the  sun,  the  moon,  and  the  planets  were  controlled 
in  their  movements  by  attendant  spirits.  Until 
well  into  the  nineteenth  century  the  structure  of  the 
earth  was  explained  as  the  result  of  a  series  of  catas- 
trophes accompanied  by  changes  in  the  order  of 
nature.  But  Newton  showed  that  the  movements 
of  the  planets  could  be  described  by  the  same  formula 
that  describes  the  falling  of  a  stone,  and  the  result 
of  the  labors  of  Hutton,  Lyell,  and  their  successors, 
has  been  to  show  that  the  structure  of  the  earth  may 
be  explained  as  the  gradual  effect  of  forces  now  to  be 
observed  at  work  upon  the  earth's  surface.  In  a 
similar  way,  in  physics  and  chemistry  the  supernatural 
has  been  replaced  by  the  natural,  until  the  doctrine 
of  special  creation,  if  accepted,  would  remain  the  only 
exception  to  the  general  rule  that  all  phenomena  of 
nature  are  to  be  explained  by  natural  laws. 


When  we  say  "explained"  it  must  be  borne  in 
mind  that,  in  reaUty,  science  explains  nothing.  What 
science  really  does  is  to  describe  phenomena  by  means 
of  brief  formulae  that  summarize  the  greatest  possible 
amount  of  knowledge.  A  "natural  law"  is  not  an 
object  of  nature,  it  can  do  nothing.  It  is  merely  a 
human  invention  to  summarize  man's  experience  of 
the  past  and  his  belief  as  to  the  future.  When  we 
say  that  a  stone  falls  with  the  velocity,  v  =gt,  we  mean 
that,  whenever  the  experiment  has  been  tried  under 
proper  conditions,  this  formula  has  been  found  to 
describe  truly  the  result,  and  we  have  no  reason  to 
believe  that  it  will  not  always  be  found  to  be  true  in 
the  future.  And  this  is  all  we  mean  when  we  say 
that  the  stone  falls  because  of  the  law  of  gravitation. 
In  ordinary  language  we  are  said  to  have  explained  the 
fall  of  the  stone,  but,  in  fact,  we  do  not  know  what 
gravitation  is,  and  we  know  no  more  why  the  stone 
falls  than  we  did  before.  The  common  error  of  deify- 
ing natural  law  may  be  avoided  if  we  remember  that 
a  natural  law  is  a  description  of  a  sequence  of  events 
that  may  be  expected  to  occur  always  in  the  same 
order  under  the  same  conditions,  and  an  event  is 
explained,  or  "made  plain,"  when  referred  to  its 
proper  place  in  this  sequence. 

Now  the  question  before  the  naturalist  is.  Shall  the 
factor  of  special  creation  be  included  in  the  formula 
descriptive  of  the  diversity  of  form  in  the  organic 
world?  We  have  seen  that  in  all  the  other  sciences 
the  supernatural  factors  have  been  rejected  as  super- 
fluous, therefore  from  analogy  it  is  a  priori  probable 
this  factor  should  be  rejected  in  biological  theory, 
including  the  theory  of  the  origin  of  species. 

2.  Turning  now  to  the  results  of  observation,  it  is 
evident  that  from  the  doctrine  of  special  creation  it 
would  be  impossible  to  predict  anything  in  regard  to 
the  classification  of  animals  and  plants,  except  that 
it  might  be  supposed  that  species  would  be  fairly 
distinct.  From  the  theory  of  evolution,  on  the  con- 
trary, it  might  be  expected  that  it  would  be  difficult 
in  many  cases  to  distinguish  between  varieties  and 
species  on  the  one  hand,  and  between  species  and 
genera  on  the  other.  Moreover,  it  would  be  expected 
that,  to  show  their  true  affinities,  in  the  classification 
the  species  would  have  to  be  arranged  like  the  buds 
on  a  tree,  in  which  the  buds  are  the  species,  while 
the  twigs,  the  branches,  and  the  stem  would  represent 
their  hypothetical  lines  of  descent.  These  two  predic- 
tions are  verified  in  practice,  and  the  theory  is  to  that 
extent  confirmed. 

3.  The  classification  of  species  leads  directly  to  the 
study  of  their  geographical  distribution.  The  theory 
of  evolution  assumes  that  each  species  began  with 
relatively  few  individuals  in  a  restricted  locality,  from 
which  it  spread  as  the  number  of  individuals  increased 
until  it  reached  its  maximum  extension.  Thus  far 
the  theory  of  special  creation  might  agree.  But  it 
would  deny  the  further  assumption,  that  each  genus 
was  at  first  a  single  species  which,  as  it  gradually 
extended  its  area  of  distribution,  became  exposed 
to  different  conditions  in  different  parts  of  this  area, 
and  that,  as  a  result  of  the  operation  of  natural  laws, 
the  individuals  in  these  different  sections  became 
changed  in  the  course  of  generations  so  as  to  constitute 
distinct  varieties  and  later  species. 

As  a  corollar>'  to  this  theorem  of  evolution,  we 
should  expect  that  the  more  inclusive  a  group,  the 
wider  would  be  its  range.  The  length  of  time  re- 
quired for  the  evolution  of  an  order  would  probably 
be  greater  than  for  that  of  a  genus,  hence  there  would 
be  more  time  for  migration  and,  consequently,  a  wider 
range. 

.Another  corollary  is  that  there  should  be  a  close 
relation  between  the  affinities  of  the  organisms  in 
any  area  and  the  physical  barriers  separating  it  from 
other  areas. 

The  study  of  geographical  distribution  confirms 
I   these    predictions.     It    is    found    that,    while    some 
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species  have  a  cosmopolitan  range,  most  species  have 
more  restricted  ranges  than  the  genera  to  which  they 
belong,  and  the  genera  in  turn  have  smaller  ranges 
than  their  famiUes  and  orders. 

The  affinities  of  species  in  anj'  region  are  found,  in 
fact,  to  depend  more  upon  the  position  of  barriers 
than  upon  the  chmate  or  other  conditions.  This  is 
shown  by  a  comparison  of  the  productions  of  the 
Northern  hemisphere  with  those  of  the  more  isolated 
areas  of  the  Southern  hemisphere.  Oceanic  islands, 
as  compared  to  continental  islands,  furnish  also  im- 
portant evidence  on  this  point. 

It  must  not  be  forgotten,  however,  that  the  facts 
of  geographical  distribution  present  some  difficulties 
for  the  theory  of  evolution.  But,  whUe  some  of  these 
still  remain  to  be  solved,  most  of  them  have  been 
cleared  up  by  a  study  of  the  past  history  of  the  earth 
and  the  geological  sequence  and  distribution  of 
organisms. 

4.  It  might  be  expected  that  a  study  of  paleontology 
would  furnish  the  very  best  evidence  of  evolution,  if 
it  were  not  for  the  fact  that  the  preservation  of  or- 
ganisms as  fossils  depends  on  so  many  factors  of 
chance  that  the  odds  against  the  preservation  of  any 
individual,  or  even  any  species,  are  very  high,  and 
the  odds  against  its  being  both  preserved  and  dis- 
covered b}-  paleontologLsts  are  still  higher.  Never- 
theless, paleontology  has  furnished  much  evidence, 
and,  so  far  as  it  goes,  it  all  supports  the  theorj-. 

In  the  first  place,  the  evidence  from  paleontology 
supplements  that  from  the  present  geographical  dis- 
tribution by  showing  the  geographical  distribution 
in  previous  geological  periods,  and  thus  making  it 
possible  to  trace  the  migrations  of  forms  and  to  ex- 
plain their  present  distribution.  In  some  areas  there 
is  a  marked  similarity  between  species  now  living  on 
the  surface  and  the  fossils  found  in  the  underlying 
deposits.  In  cases  in  which  the  present  distribution 
is  discontinuous  to  a  marked  degree,  as  in  the  mar- 
supials, tapirs,  and  camels,  it  has  been  found  that  dur- 
ing earlier  periods  they  occupied  intermediate  areas. 

Direct  evidence  is  furnished  by  the  study  of  the 
succession  of  forms  in  geological  time.  In  general  it 
may  be  said  that,  the  farther  back  we  go  in  time,  the 
less  differentiated  the  forms  appear.  And  in  a  few- 
series,  such  as  the  camels,  the  horses  and  the  ele- 
phants, it  has  been  possible  to  trace  very  completely 
the  line  of  descent  from  a  very  generalized  tj-pe  to 
the  highly  differentiated  forms  now  living.  The 
study  of  such  a  series  leaves  one  with  very  little 
doubt   as  to  the  fact  of  evolution. 

5.  But  the  fossils  are  not  the  only  source  of  in- 
formation in  regard  to  the  past  history  of  species. 
Each  individual  may  give  in  the  course  of  its  develop- 
ment an  abbreviated  and  simplified  picture  of  the 
history  of  its  race.  At  least,  such  is  the  inference 
drawn  from  a  large  body  of  fact  furnished  by  the 
study  of  embryology.  It  has  been  found,  as  a  general 
rule,  that  the  earlier  stages  in  the  development  of  any 
form  correspond  to  the  more  generalized,  lower,  types 
of  the  same  group.  And  in  some  cases,  for  example, 
the  fishes,  it  has  been  shown  that  the  succession  of 
these  stages  of  gradually  increasing  differentiation 
correspond  with  the  succession  of  forms  in  geological 
time.  This  is  exactly  what  would  be  expected  on  the 
theory  of  evolution.  On  the  theory  of  special  crea- 
tion one  would  expect  the  development  of  the  indi- 
vidual to  take  place  in  as  direct  a  manner  as  possible, 
unless  there  is  some  physical  necessity  for  the  in- 
direct methods  which  give'  the  apjjcarance  of  reca- 
pitulation of  ancestral  history.  That  there  is  no  such 
necessity  is  shown  by  the  absence  of  these  ancestral 
stages  in  the  development  of  many  species,  while  they 
are  present  in  related  forms,  and  by  the  fact  that  two 
individuals  may  reach  a  practically  identical  adult 
structure  by  entirely  different  modes  of  development, 
as,  for  example,  individuals  developed  from  buds  and 
from  eggs  of  the  same  species  (see  article  Budding). 


6.  Further  evidence  of  the  past  hijitory  of  a  upeciwi 
IS  furnished  by  the  presence  of  venligiiU  organt,  ofKaiul 
that  arc  arrested  in  development  and  are  apparently 
of  no  use  to  the  species  in  which  they  occur,  but  which 
are  homologous  with  fully  developed  functional 
organs  in  other,  usually  lower,  .species  of  the  Name  or 
related  groups.  The  human  body  contains  a  great 
number  of  such  vestiges.  They  are  perfectiv  unin- 
telligible on  the  theory  of  special  creation,  and 
perfectly  in  harmony  with  the  theory  of  evolution. 

7.  The  study  of  comparative  anatomy  affords  aUo 
another  line  of  evidence  concerning  evolution.  Thi.i 
is  found  in  the  distribution  of  homologous  organs.  If 
each  species  has  been  created  separately  there  Ls  no  na- 
son  why  organs  constructed  on  the  same  fundamental 
plan,  th,at  is  homologous  organs,  should  not  be  found 
in  any  number  of  species.  But  if,  on  the  contrary, 
the  numerous  species  in  anj'  great  group  have  arisen 
by  the  diversification  of  a  relatively  simple  untlif- 
ferentiated  type,  then  we  would  expect  the  species  in 
one  group  to  show  their  common  origin  in  similarity 
of  plan  of  structure,  and  we  would  expect  them  to 
differ  in  plan  of  structure  from  s])ecie.s  of  another 
group  having  a  different  origin,  although  their  organs 
might  be  called  upon  to  perform  similar  functions. 

Now  this  Is  just  what  we  do  find  to  be  the  case. 
An  internal  digestive  tract  is  a  fundamental  charac- 
teristic of  all  animals  above  the  Protozoa,  and  we  can 
regard  it  as  probably  more  or  less  homologous  in  all 
species.  But  when  we  come  to  less  fundamental 
structures,  such  as  legs,  wings,  and  eyes,  it  Is  founil 
that  the  homologies  between  species  are  confined  to 
their  own  great  groups.  For  example,  although  the 
wing  of  an  insect  and  the  wing  of  a  bird  have  exactly 
analogous  functions,  they  are  not  in  any  degree  hi>- 
mologous.  On  the  other  hand,  the  wing  of  a  bird  and 
the  wing  of  a  bat,  while  differing  in  detail,  have  the 
same  architectural  plan,  which  is  also  the  same  as 
that  of  the  arm  of  man  and  the  foreleg  of  a  horse. 
Thus  the  fore-hmb  throughout  the  vertebrate  series 
is  homologous,  although  differing  greatly  in  function. 
This  is  but  one  of  a  great  many  similar  facts,  all  of 
which  go  to  show  that  the  vertebrates  are  derived 
from  a  common  ancestral  type.  In  the  same  w.iv  the 
eyes  are  homologous  in  all  vertebrates,  and  are  not 
homologous  with  those  of  any  other  group.  Mivart 
thought  he  had  found  an  homology  in  the  eye  of  the 
squid.  In  its  optical  i)rinciples  and  general  form  this 
eye  resembles  that  of  a  vertebrate  very  closely.  But 
a  careful  examination  of  its  mode  of  development 
and  minute  structure  shows  that  it  is  formed  upon  an 
entirely  different  plan.  In  another  connection  Berg- 
son  cites  a  similar  resemblance  between  the  eyes  of 
the  scallop,  Pecten,  and  the  eyes  of  vertebrates.  But 
in  this  case  also  the  similarity  is  only  functional; 
anatomically  they  are  very  different. 

Looking  back  "over  these  seven  lines  of  evidence, 
we  find  that,  while  they  jiresent  some  difficulties, 
these  are  all  capable  of  explanation  from  the  point 
of  view  of  evolution;  and  these  lines  of  evidence 
support  and  supplement  one  another  so  completely 
that  the  man  of  science  appears  to  be  justifie<l  in 
accepting  evolution  as  a  fact,  provided  he  can  con- 
struct a  valid  theory  to  explain  or  describe  the 
method  of  evolution. 

Uixlory  of  Ihe  Tlicories  of  Eiolulion. — The  idea  of 
evolution  ajipears  in  the  speculations  of  the  •' nature 
philosophers"  of  the  last  decade  of  the  eighteenth 
centurv  and  the  first  decade  of  the  nineteenth. 
.According  to  Osborn,  this  is  largely  due  to  the  in- 
ffuence  of  the  Greek  philosophers.  .\t  any  rate, 
the  idea  seems  to  have  been  in  the  air  at  this  time, 
for  several  of  these  men  suggested  more  or  less  in- 
dependentlv  of  ane  another  that  species  are  not  fixeil 
things,  but  are  subject  to  ch.inge,  and  that  their 
present  form  is  the  result  of  such  change.  In  each 
case,  however,  it  was  more  the  groping  after  a  theory 
than  the  formation  of  one,  and  what  was  of  scientific 
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value  was  often  hidden  by  the  fanciful  and  absurd. 
The  question  was  chiefly  as  to  evolution  as  a  fact,  and 
little  attempt  was  made  to  answer  the  question  as 
to  method,  as  to  how  evolution  could  be  brought 
about. 

The  first  consistent  attempt  to  answer  this  question 
of  method  was  made  by  Lamarck  in  the  year  1S09 
in  his  "  Philosophic  ZociloKique."  According  to  La- 
marck, "the  systematic  divisions  of  classes,^  orders, 
families,  genera,  and  species,  as  well  as  their  desig- 
nations, are  the  arbitrary  and  artificial  productions 
of  man.  The  kinds  or  species  of  organisms  are  of 
unequal  age,  developed  one  after  the  other,  and 
show  only  a  relative  and  temporary  persistence; 
species  arise  out  of  varieties.  The  difference  in  the 
conditions  of  life  have  a  modifying  influence  on  the 
organization,  the  general  form,  and  tlie  parts  of  ani- 
mals, and  so  have  the  use  and  disuse  of  organs.  In 
the  beginning  only  the  very  simplest  and  lowest  ani- 
mals and  plants  come  into  existence;  those  of  a  more 
complex  organization  only  at  a  later  period.  The  course 
of  the  earth's  development  and  that  of  its  organic  in- 
habitants was  continuous,  not  interrupted  by  violent 
revolutions."  He  not  only  asserted  as  others  had  done 
that  .species  have  developed,  but  he  gave  an  answer  to 
the  question.  How?  It  is  a  well-known  fact  that  mus- 
cles and  other  parts  that  are  much  used  grow  stronger, 
become  harder,  or  are  modified  in  some  way  that  is 
usually  of  advantage,  while  parts  that  are  not  used 
tend  to  dwindle.  Lamarck  believed  that  species  are 
subject  to  a  continued  transformation  by  the  inher- 
itance of  the  results  of  use  and  disuse.  As  the  use 
and  disuse  of  organs  is  determined  by  the  habits  of 
the  individual,  Lamarck  regarded  habit  as  the  chief 
cause  of  evolution.  An  animal's  wish  to  do  a  certain 
sort  of  thing  and  his  constant  striving  to  do  it  resulted 
in  a  change  of  structure  in  his  descendants  that  would 
render  them  better  able  to  do  this  thing.  On  the 
face  of  it,  it  seems  reasonable  enough  to  suppose  that 
the  well-known  effects  of  use  and  di.suse  are  inherited, 
and  that  varieties  and  finally  whole  species  have  arisen 
or  have  suffered  change  in  that  manner.  But,  when 
Lamarck  attempted  to  carry  out  this  theory  in  detail, 
he  ran  into  manifest  absurdities,  as,  for  instance, 
when  he  attributes  the  long  neck  of  the  giraffe  to 
its  habit  of  striving  to  reach  the  leaves  of  trees.  It 
was  perhaps  as  much  on  account  of  the  number  of 
such  absurdities,  as  on  account  of  the  advance  beyond 
its  age,  that  this  work  of  Lamarck's  remained  for  a 
long  time  in  obscuritj',  and  was  not  even  mentioned 
by  such  men  as  Goethe  and  Cuvier,  although  Lamarck 
held  a  high  rank  by  reason  of  his  other  works,  espe- 
cially his  "  Histoire  Naturelle  des  Animaux  sans 
Vertebres,"  published  in  1815-22. 

Another  Frenchman,  Etienne  GeofTroy  St.  Hilaire, 
arrived  at  a  similar  theory  of  evolution  at  about  the 
same  time  Lamarck  did,  but  he  did  not  publish  until 
1828  and  1830.  His  theory  was  the  same  as  Lamarck's, 
except  that  he  laid  less  stress  on  habit  and  the  in- 
herited effects  of  use  and  disuse  and  more  on  changes 
in  external  conditions.  His  most  important  contri- 
bution is  the  idea  of  permanence  of  sports  giving  rise 
to  new  varieties  and  species.  He  attacked  Cuvier's 
theory  that  the  animal  kingdom  presents  four  great 
independent  types  of  structure — radiate,  articulate, 
molluscan,  and  vertebrate — and  attempted  to  prove 
that  the  whole  animal  kingdom  is  formed  upon  a 
single  structural  plan.  Ihis  gave  rise  to  a  dispute 
which  culminated  in  the  famous  debates  of  February 
22  and  July  19,  1830,  in  which  Cuvier,  with  his 
superior  knowledge  of  comparative  anatomy,  came 
off  the  victor. 

From  this  time  on  for  nearly  thirty  years  the  be- 
lievers in  special  creation  and  the  permanence  of 
species  rested  assured  of  their  position,  relying  on  the 
wide  knowledge  and  high  authority  of  Cuvier.  They 
little  dreamed  of  the  volcano  beneath  their  feet.  For 
the  echoes  of  the  famous  debate  of  1830  had  hardly 


died  away  when  Charles  Darwin  started  on  a  voyage 
that  was  to  have  for  its  chief  result  the  greatest  revo- 
lution in  thought  of  modern  times. 

When  Darwin  started  on  his  voyage  in  the  Beagle 
in  1831,  he  took  with  him  a  copy  of  Lyell's  "  Principles 
of  Geology,"  and  he  was  thus  predisposed  to  regard 
the  phenomena  of  nature  as  occurring  in  an  orderly 
and  uninterrupted  setjuence;  moreover,  there  was 
in  this  book  a  discussion  of  Lamarck's  theor.v,  so 
that  this  must  also  have  been  fresh  in  his  mind.  From 
his  autobiography  (p.  82)  we  learn  that  he  had  been 
"deeply  impressed  by  discovering  in  the  Pani])ean 
formation  great  fossil  animals  covered  with  armor 
like  that  on  existing  armadillos;  secondly,  by  the 
manner  in  which  closely  allied  animals  replace  one 
another  in  proceeding  southward  on  the  continent; 
and  thirdly,  by  the  South  American  character  of  most 
of  the  productions  of  the  Galapagos  Archipelago, 
and  more  especially  by  the  manner  in  which  they  differ 
slightly  on  each  island  of  the  group;  none  of  the 
islands  appearing  to  be  very  ancient  in  a  geological 
sense."  It  seemed  to  him  that  such  facts,  as  well 
as  many  others,  could  be  explained  only  by  the  sup- 
position that  species  gradually  become  modified.  But 
it  seemed  to  him  equally  evident  that  neither  the 
action  of  the  surrounding  conrlition,  as  Geoffrey 
St.  Hilaire  thought,  nor  the  will  of  the  organisms, 
as  Lamarck  supposed,  could  acccount  for  the  in- 
numerable cases  in  which  organisms  of  every  kind  are 
beautifully  adapted  to  their  habits  of  life.  In  1837 
Darwin  began  to  collect  evidence,  in  the  hope  of  ob- 
taining some  light  on  the  subject.  So  far  he  had  gone 
no  farther  than  his  predecessors.  He  had  found 
much  evidence  for  a  theory  of  descent,  but  the  ques- 
tion. How?  still  remained  unanswered.  In  collecting 
facts  he  paid  special  attention  to  the  modifications  of 
domestic  species,  and  soon  came  to  the  conclusion 
that  in  these  cases  "selection  was  the  keystone  of 
man's  success  in  making  useful  races  of  animals  and 
plants.  But  how  selection  could  be  applied  to 
organisms  living  in  a  state  of  nature  remained  for 
some  time  a  mystery." 

In  October,  1S38,  Darwin  happened  to  read  for 
amusement  Thomas  Robert  Malthus's  "Essaj'  on 
the  Principle  of  Population"  (1803),  and  then  the 
solution  of  the  problem  flashed  upon  him.  Malthus 
quotes  from  Benjamin  Franklin's  "Observations  Con- 
cerning the  Increase  of  Mankind"  (1751)  the  remark 
that  "there  is  no  bound  to  the  prolific  nature  of  plants 
or  animals  but  what  is  made  by  their  crowding  and 
interfering  with  each  other's  means  of  subsistence." 
He  applies  this,  as  Franklin  did,  to  mankind,  and  he 
shows,  moreover,  that  man  tends  to  increase  in  a 
geometrical  progression,  and  that  if  it  were  not  for 
checks  on  population,  the  number  of  human  beings 
on  the  earth  would  be  doubled  at  least  once  in  every 
twenty-five  years.  And,  further,  while  population 
tends  to  increase  in  geometrical  ratio  the  food  supply, 
according  to  Malthus,  can  be  increased  only  at  most 
in  an  arithmetical  ratio.  As  population  tends  to 
increase  faster  than  the  food  supplj',  the  lack  of  food 
soon  becomes  the  principal  check  to  further  increase. 
Darwin,  from  his  long-continued  observation  of  the 
habits  of  animals  and  plants,  was  well  prepared  to 
appreciate  the  struggle  for  existence  which  goes  on 
everywhere  as  the  result  of  this  law  of  increase,  and 
it  struck  him  at  once  "that  under  these  circumstances 
favorable  variations  would  tend  to  be  preserved 
and  unfavorable  ones  to  be  destroyed.  The  result  of 
this  would  be  the  formation  of  new  species."  Darwin 
called  this  the  process  of  natural  selection.  With 
characteristic  caution,  he  did  not  even  permit  him- 
self to  write  out  his  theory  for  a  long  time,  but  con- 
tinued searching  for  evidence  for  and  against  it. 

In  the  meantime,  Alfred  Russell  W'allace  made  a 
journey  to  the  Malay  Archipelago.  Like  Darwin, 
he  was  much  impressed  by  the  evidences  that  he  found 
for   the   evolution    of   species.     W'hile   in    Borneo   in 
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February,  1S55,  he  wTote  a  paper  on  lliis  subject  that 
was  pubUshed  in  the  AnnaU  and  Mayaziiw  of  Nalitral 
History  iii  the  following  September.  In  this  paper 
he  stated  the  law  that,  "Every  species  has  come 
into  existence  coincident,  both  in  space  and  time,  with 
a  pre-existing,  closely  allied  species."  This  is  the 
next  thing  to  saying  that  every  species  has  been 
evolved  from  a  pre-existing,  closely  allied  species. 
Wallace  evidently  hesitated  to  state  the  law  in  this 
form  because  he  had  no  theory  to  offer  as  to  the 
manner  in  which  evolution  is  brought  about.  He 
brought  forward  the  evidence  from  classification, 
from  geographical  distribution,  paleontology,  aiul 
vestigial  organs;  and  the  law  that  has  been  quoted 
was  the  final  result  of  this  paper.  The  question, 
"How?"  still  haunted  him,  however.  Three  years 
later,  Mr.  Wallace  was  at  Ternate  in  the  Moluccas 
and,  while  confined  to  his  bed  bj'  fever,  he  was  medi- 
tating on  this  problem. _  The  "positive  checks"  oc- 
curred to  him — war,  disease,  famine,  and  the  like — 
described  by  Malthus  in  his  "Essay  on  Population." 
He  saw  that  these  must  apply  to  the  animals  as  well 
as  to  man,  and  he  thought  of  the  much  more  rapid 
multiplication  of  animals,  and  then  there  suddenly 
flashed  upon  him  the  idea  of  the  survival  of  the  fittest, 
"that  the  individuals  removed  by  these  checks  must 
be  on  the  whole  inferior  to  those  that  survive."  Three 
days  later  a  paper  embodying  this  theory  was  written 
and  on  its  way  to  England,  addressed,  strange  to 
say,  to  Mr.  Darwin,  who  had  been  working  on  this 
same  theory  for  years.  The  immediate  result  was 
that  Darwin  was  reluctantly  persuaded  to  publish  an 
abstract  of  his  work,  together  with  Wallace's  paper, 
and  the  two  appeared  in  the  Journal  of  the  Proceedings 
of  the  Linnean  Society  for  1858  ("Zool.,"  vol.  iii., 
1858,  p.  45).  In  1859the"Originof  Species"  was  given 
to  the  world  and  gave  the  impetus  to  that  great  revolu- 
tion in  thought  to  which  we  have  already  referred. 

We  certainly  cannot  honor  too  highly  the  pure  love 
of  truth  and  devotion  to  science,  uncontaminated 
by  ambition  for  fame,  which  we  see  in  these  two 
men,  and  we  are  especially  called  upon  to  admire 
the  loyal  and  ungrudging  way  in  which  Wallace  at- 
tributes all  the  honor  of  the  great  discovery  to  Dar- 
win. It  is  of  intere.st  to  us  Americans  to  note  that 
the  man  who  furnished  the  necessary  cue  to  both 
Darwin  and  Wallace,  Thomas  Robert  Malthus,  re- 
ceived it  in  turn  from  our  fellow-countryman,  Ben- 
jamin Franklin. 

We  are  indebted  to  Darwin  for  the  first  presenta- 
tion of  a  theory  of  evolution  that  carried  with  it  con- 
viction to  the  scientific  mind.  Because  it  did  carry 
conviction  it  was  attacked  with  great  vigor  on  all 
sides,  scientific  and  unscientific  alike.  The  younger 
generation  of  to-day  can  hardly  apjjreciate  the  bitter- 
ness of  the  struggle  between  the  advocates  of  tradition 
and  those  of  the  new  idea. 

As  men  of  science  gradually  became  convinced  of 
the  fact  of  evolution,  there  arose  a  calmer  discussion 
as  to  the  method.  Some  have  held  th.at  natural 
selection  is  the  sole  factor;  others,  that  it  is  the  prime 
factor,  but  that  it  is  supplemented  by  other  factors; 
then  there  are  the  "neo-Lamarckians,"  who  hold  that, 
while  natural  selection  is  a  factor,  it  is  one  of  minor 
Importance  compared  to  the  inheritance  of  acquired 
modifications.  We  will  turn  now  to  a  very  brief 
consideration  of  each  of  these  factors. 

Factors  of  Organic  Evolution.  1.  Variation. — Varia- 
tion may  be  defined  as  deviation  from  the  type  of  the 
species,  race,  or  family,  or  from  whatever  may  be 
taken  as  the  standard.  Without  variation  there 
could  be  no  change  of  type,  and  variation  must,  there- 
fore, be  at  the  basis  of  every  theory  of  evolution. 

So  long  as  species  were  regarded  as  fixed,  immutable 
objects  of  nature  variations  were  generally  disre- 
garded. Thus,  when  Darwin  began  to  collect  data 
on  the  subject  he  found  few  recorded  observations. 
While  he  succeeded  in  finding  much  evidence  of  varia- 


bility in  domestic  races,  he  suppoHed  varintionn  of 
wild  races  to  be  relatively  infreciuont  and  hIikIiI  iu 
amount.  Wallace  wa.s  the  first  to  point  out  that 
wild  species  are  frequently  highly  variable.  H<>(.'in- 
ning  with  the  work  of  Galton  (IHH'.))  and  of  W.-ld..ii 
and  greatly  aided  and  Htimulated  l)y  the  M-rii-  .,f 
Mathematical  (.'ontribution.s  to  the  Theory  of  I-,-.  .1..- 
tion  which  Pearson  began  to  publish  in  l^'i,', 
naturalists  have  paid  a  great  deal  of  attcntioii 
to  variation,  and  a  considerable  amount  of  literature 
has  accumulated  (m  the  subject. 

It  has  been  found  that  all  characterl.stics  of  organ- 
isms are  subject  to  variation.  Some  variations  are 
congenital,  that  is  ajjparently  independent  of  the  en 
vironment;  while  others  are  act/iiind  modit'irntionit 
due  to  a  reaction  of  the  organism  to  a  definite  factor 
in  the  environment. 

Variations  may  be  ahnoTmal,  that  is  wide  and  in- 
frequent departures  from  the  type,  such  a.s  the  horti- 
culturists call  sports;  or  they  "may  be  normal,  occur- 
ring in  varying  degrees  in  a  majority  of  the  individuals 
of  the  species,  as,  for  example,  variations  of  stature  in 
man.  For  the  fir.st  kind  De  Vries  (lOOo)  u.ses  the 
term  mutation,  the  second  kind  he  calls  fluctualionit. 
_  The  first  data  for  the  quantitative  study  of  varia- 
tion were  obtained  from  measurements  of  soldiers, 
and  Quctelet  (184f))  first  applied  statistical  methods 
for  the  analysis  of  such  data  and  showed  theirrelation 
to  the  theory  of  probability.  _  The  first  quantitative 
measurements  of  variation  in  wild  animals  were 
niade  by  J.  A.  Allen  in  1871.  Galton  a  little  later 
introduced  the  statistical  treatment  of  variations, 
and  Pearson  has  shown  how  they  may  be  subjected 
to  accurate  mathematical  analysis.  The  subject  will 
be  treated  here  only  as  far  as  may  be  necessary  for 
the  understanding  of  natural  selection.  (For  more 
e.xtended  treatment,  see  article  Variation.) 

Most  persons  regard  "chance"  as  something  entire- 
ly apart  from  law — something  which  cannot  be  pre- 
dicted. But  the  mathematicians  have  shown  long 
ago  that  chance  is  suliject  to  strict  mathematical 
laws.  Single  events  cannot  be  predicted,  it  is  true, 
but  the  general  result  can  be  predicted  with  certainty. 
For  example,  Weldon  has  published  the  results  of  four 
series  of  experiments  in  throwing  dice.  In  each  series 
there  were  4,096  throws  of  twelve  dice,  and  at  each 
throw  the  number  of  dice  having  more  than  three 
points  on  the  ujijier  side  were  counted  and  recorded. 
The  frequency  with  which  1.  2,  .3,  etc.,  dice  showed  more 
than  three  points  was  tabulated — and  the  results, 
when  plotted,  were  found  to  follow  very  clo.scly  the 
theoretical  curve  of  chance,  which  is  described  by  an 
exact  mathematical  formula.  Now  it  is  found  in  a 
large  number  of  cases  that  the  variations  in  the 
characters  of  organisms  which  can  be  determined  ac- 
curately— by  counting,  as  the  number  of  ray  llower.s 
in  the  dai.sy;  or  by  measurement,  as  the  length  of  a 
man's  head — when  tabulated  and  plotted  occur  with 
the  frequencies  predicted  by  the  law  of  chance.  So 
we  may  say  that  normal  variations  occur,  as  a  rule, 
by  chance. 

This  is  best  illustrated  by  an  example.  In  the 
course  of  investigations  carried  on'under  the  direction 
of  the  writer,  measurements  were  made  of  the  width 
of  the  angle  at  the  apex  of  the  shell  in  ninetv-soven 
specimens  of  Purpura  tapillus,  a  marine  snail  com- 
mon on  the  New  England  coast.  The  results  were 
tabulated  as  follows: 

Classos. 
Width  of  angle  in  degrees. .    (iO-«5     6.i-70     70-75     75-fiO     SO-M 

Frequency 3  21  -li  2*  * 

These  results  mav  be  represented  graphic.iUy  by 
the  five  rectangles  in  Fig.  2157,  where  the  limits  of 
the  class  are  represented  by  the  width  of  the  rectangle, 
and  the  height  reiiresents  the  number  of  individuals 
included,  or  its  frecpiencv.  It  will  be  notioM  that  the 
miildle  rectangle  is  the  highest  and.  therefore,  repre- 
sents the  most  frequent  class.     This  has  been  calUxl 
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the  nioilal  class,  and  may  be  taken  as  representing 
the  type  of  apical  allele  for  the  species.  The  abscissa 
of  the  higliost  jxjint  in  the  tlieoretical  curve  is  known 
as  the  mode.  It  will  l)o  noticed  also  that  the  classes 
having  the  least  frequency  are  those  farthest  removed 
from  the  mode.  By  some  easy  mathematics  one  may 
readily  obtain  the  general  average,  or  arithmetical 
mean,  of  all  the  measurements,  which  in  this  case  is 
73.26°,  and  on  the  diagram  (Fig.  21.57)  is  represented 
by  the  position  of  the  line  Mx^.  The  mean  of  any 
character  may  be  taken  also  as  the  iiji)e  for  the  species, 
and  this  is  used  much  more  frequently  than  the  mode 
as  the  standard  from  whicli  to  measure  variations. 
We  may  obtain  a  rough  idea  of  the  variability  of  a 
character  by  observing  the  extreme  range  of  variation 
from  the  lowest  to  the  highest  value.  But  this 
cannot  be  done  very  accurately  and  conveys  no 
information  as  to  the  relative  frequency  of  the  inter- 
mediate values.  A  better  idea  maj'  be  obtained 
by   calculating  what  is   called  the  standard  deviation 

this  has  the  value  of  4.36°,  and  is  represented  at  <r  in 
the  diagram.  Knowing  the  total  number  of  indi- 
viduals measured,  the  mean,  and  the  standard  devia- 
tion, it  is  possible  b.v  the  use  of  ap])ro])riate  formulae 
and  tables  (Davenport,  "Statistical  iVIethods")  to 
calculate  and  plot  the  corresponding  theoretical 
normal  curve  of  chance.  This  is  represented  in  the 
diagram  by  the  heavy  broken  line.  This  means  that 
if,  instead  of  taking  ninety-seven  individuals  and  di- 
viding them  into  five  classes,  we  had  taken  a  very 
large  number  of  individuals,  several  thousand  at 
least,  and  divided  them  into  very  many  classes, 
we  should  expect  to  obtain  a  series  of  rectangles,  the 
tops  of  which  would  follow  the  broken  hne;  and  in 
our  diagram  it  will  be  noticed  that  the  straight  lines 
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see  article  Variation).     In  our  example 


60°  65°  70°  75°  80°  85° 

Fig.  2157. — Graphic  Representation  of  a  .Series  of  Variations 

Variation  in  the  width  of  the  angle  at  the  apex  of  the  shell  in 
Purpura  lapiUus. 

connecting  the  middle  points  in  the  tops  of  the  rec- 
tangles follow  pretty  closely  the  theoretical  curve. 
Thus,  although  only  ninety-seven  specimens  were 
taken,  much  too  few  for  accurate  results,  it  is  evident 
that  the  different  variations  in  the  acuteness  of  the 
apex  in  Purpura  occur  approximately  with  the  fre- 
quency- predicted  by  the  law  of  chance.  In  calculat- 
ing this  curve  it  has  been  assumed  that  the  mode  and 
the  mean  coincide  and  that  variations  less  than  the 
mean  and  those  greater  than  the  mean  occur  normally 
with  equal  frequency,  so  that  the  curve  is  perfectly 
symmetrical.    In  many  cases,  however,  it  has  been   | 
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found  that  the  frequency  of  variations  is  best  repre- 
sented by  a  curve  where  the  mean  and  the  mode  do 
not  coincide.  In  such  cases  the  curve  is  asymmetrical, 
and  is  called  a  skew  curve. 

In  other  cases  it  has  been  found  that  there  are  two 
or  more  classes  containing  a  large  number  of  indi- 
viduals with  intermediate  classes  containing  few. 
The  curve  plotted  from  such  a  series  of  observations 
would  present  two  or  more  modes  as  the  case  might 
be,  and  would  be  what  is  called  a  multimodal  curve. 
An  example  of  such  a  curve  is  shown  in  Fig.  21.58, 
which  represents  the  distribution  of  variations  in  the 
No.  of  Cases. 
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10       12        U       IG 
W'idth  in  Millimetres. 
FiQ.  2158. — E.xample  of  a  Multimodal  Curve.     Variation  in  the 
width  of  the  leaf  of  the  cat-tail,  Typka  laii/olia  and  T.  angustifolia. 
(.After  Blankinship.) 

width  of  the  leaf  of  the  cat-tail.  The  data  from  which 
the  curve  is  plotted  are  obtained  from  measurements 
of  the  widest  part  of  the  widest  leaf  in  250  specimens, 
and  are  as  follows: 

Classes. 
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Number 
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After  allowing  for  minor  irregularities,  due  probably 
to  the  small  number  of  observations,  there  are  evi- 
dently two  modes,  one  near  six  millimeters  and  the 
other  near  fifteen. 

This  illustrates  the  distinction  between  individual 
variation  and  racial  variation.  So  long  as  the  varia- 
tions are  distributed  about  a  single  type  we  have  what 
is  called  individual  variation,  and  the  v.ariability  of  the 
species  in  respect  to  the  character  in  question  is 
measured  by  its  standard  deviation.  But  where  there 
are  several  mode.s — several  types  about  which  varia- 
tions are  distributed — we  have  what  may  be  called 
racial  variation,  and  this  kind  of  variability  is  measured 
by  the  number  of  modes  and  their  distance  apart. 
Racial  variability  tends  to  divide  the  species  into 
races,  or  subspecies.  In  fact,  botanists  divide  the 
cat-tails  into  two  distinct  species,  Typha  latifolia  L. 
and  T.  angustifolia  L.  But  Blankinship  has  shown 
that  these  two  groups  grade  into  one  another  in  all 
their  characters,  anci  this  is  a  good  example  of  the 
difficulty,  often  met  with,  of  drawing  a  sharp  line 
between  species. 
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So  far  single  variations  have  been  treated  as  if  they 
were  isolated  objects.  As  a  matter  of  fact,  they  never 
occur  as  such  in  nature,  for  every  individual  is  made  up 
of  a  great  many  characters;  and  the  question  arises, 
Is  there  any  relation  between  the  deviation  of  one 
character  and  the  deviations  of  other  characters  in 
the  same  individual?  Such  a  relation  is  called  the 
correlation  of  variaiions,  and  Darwin  gave  many 
interesting  examples  of  it.  Since  then  Gallon  has 
pointed  out  a  method  hy  which  correlation  may  be 
studied  very  exactly,  and  the  degree  of  correlation  may 
be  given  mathematical  expression.  If  in  a  number  of 
individuals  character  A  deviates  from  its  mean 
Ma  by  the  amount  Xa,  it  is  possible  to  determine 
what  will  be  the  average  deviation  A'tof  the  character 
B  from  its  mean  Mb  (see  article  Variation). 

While  much  work  is  still  to  be  done  in  this  line, 
enough  has  been  accomplished  to  show  that  correla- 
tions of  this  kind  are  common  among  normal  varia- 
tions; and  this  is  a  fact  of  the  highest  importance  for 
the  theorj-  of  evolution. 

Heredity. — Heredity  is  a  special  case  of  correlation. 
It  is  the  correlation  between  the  variations  of  ho- 
mologous organs  in  individuals  related  by  birth,  espe- 
cially those  in  the  relation  of  parent  and  offspring. 
The  facts  of  heredity  are  of  equal  importance  with 
the  facts  of  variation.  For  if  this  correlation  did  not 
exist,  or,  to  use  the  common  metaphor,  if  there  were  no 
inheritance  of  variations,  progressive  change  of  type, 
evolution,  would  be  as  impossible  as  if  there  were  no 
variation  at  all. 

The  facts  and  theories  of  inheritance  will  be 
discussed  more  fully  elsewhere  (see  article  Heredity). 
Attention  here  will  be  confined  to  a  few  facts  of  espe- 
cial importance  in  connection  with  the  subject  of  the 
present  article. 

Heredity  may  be  studied  in  two  ways — one  is 
statistical,  the  other  physiological.  The  statistical 
method,  initiated  by  the  late  Sir  Francis  Galton,  has 
been  carried  to  a  high  degree  of  perfection  by  Karl 
Pearson.  The  modern  physiological  method  was 
discovered  by  Gregor  Mendel,  but  remained  practically 
unknown  until  his  results,  first  published  in  1S66, 
were  brought  to  light  by  Dr.  Vries  in  1900.  This  led 
to  great  activity  in  breeding  experiments  by  Batcson. 
Castle,  and  many  others;  and  the  method  has  been 
fruitful  of  important  results.  It  has  been  found  to  be 
a  powerful  instrument  for  the  analysis  of  hereditary 
characteristics,  and  by  its  use  a  flood  of  light  has  been 
thrown  upon  the  phenomena  of  organic  inheritance. 

Galton  recognized  three  chief  forms  of  inheritance: 
(1)  Blended  inheritance  where  the  character  in  the 
offspring  partakes  of  the  qualities  of  both  parents, 
as  in  stature;  (2)  exclusive  inheritance,  where  the  char- 
acter in  the  child  is  like  that  in  one  parent,  but  not  like 
the  other,  if  it  differ  from  the  first,  as  in  the  color  of 
the  eye;  (.3)  particulate  inheritance,  where  the 
child  resembles  one  parent  in  one  character  and  the 
other  in  another  character.  For  example,  a  child  may 
have  its  mother's  eyes  and  its  father's  nose. 

From  statistical  study  of  these  forms  of  heredity, 
especially  the  first,  Galton  has  derived  a  law  of 
heredity^  which  Pearson  states  in  the  following  words: 

"Each  parent  contributes  on  an  average  one- 
quarter,  or  (\)-,  each  grandparent  one-sixteenth,  or 
(5)'.  and  so  on,  and  that  generally  the  occupier  of  each 
ancestral  place  in  the  nth  degree,  whatever  the  value 
of  n,  contributes    (5)-°  of  the  heritage." 

Mathematicallv  this  would  be, 

;!=^  H,"-!-}  H:  +  |  H3-f  .  ...  etc., 
a  geometrical  progression  approaching  a  limit  =  1, 
when  k  =  the  average  deviation  of  the  offspring,  and 
H,,  H2,  H,,  etc.,  =  the  deviation  in  the  mid-parent, 
mid-grandparent,  mid-great-grandparent,  etc.  This 
is  the  "Law  of  .\ncestral  Heredity,"  which  Pearson  has 
expressed  in  a  more  generalized  and  more  exact 
formula  (for  which  see  article  Heredity). 

As   to    the    importance    of    the    law    of    ancestral 


heredity,  Pearson  says:  "If  Darwinisin  be  the  true 
view  of  evolution,  i.e.  if  we  are  to  dc-r-ribp  evolution 
by  natural  .selection  Cfjmbined  with  !.■  ••  11  tin- 

law  which  gives  us  definitely  and  en  .(K-uf 

the  offspring  in  terms  of  ancestral  p,  .   ..  ,f 

once  the  foundation  stone  of  biology  anfi  th'  i, 

which  heredity  becomes  an  exact  branch  01 

The  iJhysiologlcal  method  of  experimental  brecdiriK 
has  given  us  the  Mendelian  theory  of  hereditv,  which  u 
applicable  primarily  to  Galton's  exdu.sive"  and  par- 
ticulate forms  of  inheritance.  Tliin  theorv  includoj 
three  principles,  which,  a-s  stated  by  Castle  "(1911;,  are 
"(IJ  The  existence  of  unit  chnrncirrx,  (2)  dominance, 
in  cases  where  the  parents  differ  in  unit  chuructem, 
and  (3)  segregation  of  the  units  contributed  bv  the 
re.spective  parents,  thus  segregatidn  being  found 
among  the  gametes  formed  by  the  o(T.sprinK. 

The  meaning  of  this  can  be  understood  bv  consider- 
ing an  actual  ca.se.  If  a  black  guinea-pig  of  pure 
race  be  mated  with  a  white  one,  all  the  offspring 
will  be  black,  a.  Fig.  21.59.  Black  Ls  thus  seen  to  l)e  a 
dominant  character,  while  white  is  recemtiie.  The  two 
characters,  black  and  white,  are  said  to  be  alternative 
characters,  or  alklomorphs.  The  first  generation  of 
offspring  is  indicated  by  the  symbol  F,,  and  sub^e- 
quent  generations  by  F2,  Faetc.  If  the  F,  generation 
be  bred  together,  the  F.  generation  will  contain  both 
black  and  white  individuals  in  the  proportion  of  three 
black  to  one  white,  6,  Fig.  21.')9.  If  the  white  ones  are 
mated  together  all  their  young  will  be  white;  but  when 
the  blacks  in  F2  are  mated  together,  some  jiairs  will 
have  all  black  offspring,  while  others  will  have  both 
kinds  in  the  proportion  of  three  black  to  one  white. 


#« 


Fig.  2159. — Diagram  of  Mendelian  Inheritance.  The  Ismrr 
circles  indicate  individuals,  the  smaller  ones,  their  Korm-<N^II».  In 
each  square  the  lower  row  indicate  offsprinR.  the  upi>er  row  their 
parents,  which  are — a.  a  pure  dominant  and  a  rerp.v^ivr:  b.  two 
heterozygous  dominants:  c.  a  helerolvRous  and  a  homoiyitous 
dominant:  rf,  ft  heterosygoua  dominant  and  a  rrressive.  (.\(lrr 
Mnllison.) 

These  results  are  explained  by  supposing  black  and 
white  to  be  a  pair  of  alternative  i/hi7  characters  .ind 
that  in  the  Fi  generation  these  characters  are  segre- 
gated so  that  the  eggs  or  spermatozoa,  ganicle.^,  of 
each  individual  are  of  two  kinds  in  equal  numbers, 
half  bearing  a  /fir(or  for  white  and  half  for  black. 
This  being  the  case,  if  fertilization  is  at  random  the 
chances  are  that,  in  the  hmg  run,  in  one-fourth  of  the 
unions  both  gametes  will  be  dominant,  in  one-fourth 
both  will  be  recessive,  and  in  half  one  gamete  will  be 
recessive  and  one  dominant.  The  result  is  indicated 
graphicallv  at  h  in  Fig.  21.')9.  The  new  individual. 
zygote,  formed  bv  the  union  of  two  gametes  bo:iring 
like  factors  is  said  to  be  homozygous  for  the  character 
in  question;  if  the  factors  are  unlike,  it  is  heterozyg- 
ous. .Ml  of  the  Fi  generation  in  the  case  of  the 
guinea-pigs  will  be  heterozygous  because  the  unlike 
parents  are  pure  bred,  and  the  young  are  all  black 
because  black  is  dominant  over  white.  In  the  F: 
generation  all  the  white  individuals  are  homozygous 
recessives.  One-third  of  the  black  ones  arc  homoiyg- 
ous  dominants,  and  if  bred  together  wiU  breed  true, 
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while  two-ttiirds  of  them  are  lieterozygous  and  will 
have  some  white  ofTspriiiK.  The  truth  of  the  theory 
of  segregation  can  be  tested  b%-  \arying  the  ex- 
periments. If  two  blacks  of  the  F;  generation  one 
homozygous  and  one  heterozygous  be  mated  the  off- 
spring will  all  be  black;  but  when  these  are  bred 
together,  half  will  breed  true  and  half  wUl  not,  f, 
Fig.  21.59.  If  a  white  guinea-pig  be  mated  with  a 
heterozygous  black  instead  of  a  pure-bred  one,  the 
ofTspring  will  be  half  black  and  half  white,  but  the 
black  ones  will  not  breed  true,  d,  Fig.  21.59.  Domi- 
nance has  been  explained  very  simply  by  the  "  Presence 
and  Absence"  theory.  "On  this  theory  the  dominant 
character  of  an  alternative  |)air  owes  its  dominance  to 
the  presence  of  a  factor  which  is  absent  in  the  re- 
cessive" (Punnett,  1911).  A  fuller  treatment  of  the 
Mendelian  theory  will  be  given  elsewhere  (see 
Heredily).  We  need  to  note  at  this  point  only,  that 
the  theory  has  been  the  means  of  bringing  to  light 
many  facts  which  liave  important  bearings  upon  the 
theory  of  evolution. 

The  SlruggU-  for  Existence. — With  the  struggle  for 
existence  we  come  to  the  first  of  the  distinctively 
Darwinian  factors  of  evolution. 

Darwin's  definition  is  as  follows.  He  says:  "I 
should  premise  that  I  use  this  term  in  a  large  and 
metaphorical  sense,  including  dependence  of  one 
being  on  another,  and  including  not  only  the  life  of  the 
individual,  but  success  in  leaving  progeny.  T\vo 
canine  animals,  in  a  time  of  dearth,  may  be  truly  said 
to  struggle  with  each  other  which  shall  get  food  and 
live.  But  a  plant  on  the  edge  of  a  desert  is  said  to 
struggle  for  life  against  the  drought,  though  more 
properly  it  should  be  said  to  be  dejiendent  on  the 
moisture.  A  plant  which  annually  produces  a  thou- 
sand seeds,  of  which  only  one  of  an  average  comes  to 
maturity,  may  be  more  truly  said  to  struggle  with  the 
plants  of  the  same  and  other  kinds  which  already 
clothe  the  ground.  The  mistletoe  is  dependent  on  the 
apple  and  a  few  other  trees,  but  can  only  in  a  far- 
fetched sense  be  said  to  struggle  with  these  trees, 
for,  if  too  many  of  these  parasites  grow  on  the  same 
tree,  it  languishes  and  dies.  But  several  seedling 
mistletoes  growing  close  together  on  the  same 
branch  may  more  truly  be  said  to  struggle  with  each 
other.  As  the  mistletoe  is  disseminated  by  birds, 
its  existence  depends  on  them;  and  it  may  meta- 
phorically be  said  to  struggle  with  other  fruit-bearing 
plants,  in  tempting  the  birds  to  devour  and  thus 
disseminate  its  seeds.  In  these  several  senses,  which 
pass  into  each  other,  I  use  for  convenience's  sake  the 
general  term  struggle  for  existence"  ("Origin  of 
Species,"  6th  ed.  vol.  i.,  p.  78). 

Wallace  uses  the  term  without  giving  a  definition. 
In  his  essay  of  18.58  he  says:  "The  life  of  wild 
animals  is  a  struggle  for  existence.  The  full  exertion 
of  all  their  faculties  and  all  their  energies  is  required  to 
preserve  their  own  existence  and  provide  for  that  of 
their  infant  offspring.  The  pos.sibility  of  procuring 
food  during  the  least  favorable  seasons,  and  of  escaping 
the  attacks  of  their  most  dangerous  enemies,  are  the 
primary  conditions  which  determine  the  existence  both 
of  individuals  and  of  entire  species." 

This  term,  struggle  for  existence,  is  a  convenient 
one,  and  it  conveys  a  very  vivid  impression  as  to  what 
takes  place.  But  it  may  convey  a  false  idea  unless 
we  are  careful  to  bear  in  mind  the  metaphorical  char- 
acter of  the  expression.  It  may  help  us  to  do  this  if 
we  can  find  for  this  term  a  definition  which  in  itself 
shall  be  free  from  metaphors. 

Spencer  has  defined  life  as  "the  continuous  adjust- 
ment of  internal  relations  to  external  relations" 
("Principles  of  Biology,"  2d  ed.,  vol.  i.,  p.  99).  So 
long  as  tile  external  relations  are  favorable,  this  adjust- 
ment is  made  easily.  When  they  become  unfavorable 
it  is  made  with  difficulty,  and  when  it  becomes  im- 
possible the  organism  dies.  Therefore  %ve  may  define 
the  struggle  for  existence  as  the  tendency  of  organisms 
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to    preserve    a    continuous    adjustment    of    internal 
relations  to  unfavorable  external  relations. 

The  meaning  of  this  will  be  more  clear  when  we  con- 
sider what  are  these  unfavorable  external  relations 
in  which  life  becomes  a  struggle  for  existence.  They 
may  be  classified  under  three  divisions:  (ii)  adverse 
physical  conditions,  (h)  enemies,  and  (c)   competition. 

a.  The  Struggle  against  Aitrerse  Physical  Condi- 
lions. — Conditions  that  are  adverse  for  one  species 
may  be  favorable  for  another.  Thus  the  polar  bear 
is  unable  to  live  on  the  hot  sands  of  the  Sahara,  and 
the  polar  ice  fields  would  be  equally  fatal  to  the  lion. 
A  fish  cannot  live  in  the  air,  nor  a  bird  under  water. 
So  what  constitutes  an  unfavorable  physical  condition 
depends  largely  upon  the  constitution  of  the  organism 
that  meets  it. 

There  are  doubtless  large  numbers  of  individuals 
and  species  which,  so  long  as  they  remain  in  their 
native  habitat,  never  have  to  contend  with  adverse 
physical  conditions.  Such  is  true,  for  example,  of 
the  majority  of  dwellers  in  the  .sea,  and  it  applies 
equally  well  to  the  inhabitants  of  many  trojiical  lands. 
The  islands  of  the  Antilles  with  their  abundant 
rains,  and  even,  warm  temperature,  are  as  favorable 
as  possible  for  life.  The  only  unfavorable  condition 
is  the  occasional  hurricane,  when  the  rivers  "come 
down,"  as  they  say,  in  irresistible  torrents  and  the  wind 
tears  huge  trees  up  by  the  roots,  while  the  seas  dash 
against  the  shores  with  appalling  fury.  Except  for 
these  infreciuent  catastrophes,  the  processes  of  life 
are  favored  continually  by  the  physical  conditions 
on  land  as  well  as  in  the  sea. 

It  is  in  our  own  temperate  region,  with  its  extremes 
of  heat  and  cold  and  sudden  changes  from  moisture 
to  dryness,  that  the  adjustment  of  internal  relations 
to  external  relations  is  attended  with  difficulty.  We 
see  this  adjustment  taking  place  annually  at  the  time 
of  the  falling  of  the  leaf,  when  the  trees  prepare  them- 
selves to  withstand  the  frosts  of  winter.  The  leaves 
are  cut  off  by  an  ingrowth  of  bark.  The  absorption 
of  water  is  suspended,  and  the  protoplasm  becomes 
concentrated  in  the  cells  already  heavily  laden  with 
starch.  The  embryonic  tissue  is  confined  to  a  thin 
layer  under  the  bark  and  to  small  areas  in  the  buds 
protected  by  thick  envelopes,  often  lined  with  down, 
and  varnished  on  the  outside;  and  the  cells  of  other 
parts  accjuire  a  thick  wall  of  cellulose  which  renders 
them  incapable  of  further  growth.  Thus  in  the  cool 
days  of  fall  the  trees  prepare  to  resist  the  freezing  of 
winter,  and  usually  this  is  successful.  But  sometimes 
it  fails. 

The  summer  of  1879  in  England  was  cool  and  damp 
so  that  the  new  wood  was  not  properly  matured. 
This  was  followed  by  an  unusually  severe  winter,  and 
all  over  the  country  thousands  of  perennial  plants  were 
killed  or  severely  injured  by  freezing.  In  one  lo- 
cality every  common  shrub  was  killed  to  the  ground 
(Heiislow,  "Frost  Report,"  1887).  In  this  country 
it  happens  frequently  that  warm  days  in  early  spring 
tempt  the  trees  to  throw  off  their  winter  protection, 
and  send  forth  the  young  shoots  and  flower-buds. 
Then  comes  a  late  frost,  and  all  the  growing  parts  are 
killed. 

But  extreme  cold  is  even  more  disastrous  to  ani- 
mals. Darwin  says:  "I  estimated  (chiefly  from  the 
greatly  reduced  numbers  of  nests  in  the  spring)  that 
the  winter  of  1854-55  destroyed  four-fifths  of  the 
birds  in  my  own  grounds."  After  the  great  storm 
of  February  1,  1898,  Professor  Bumpus  found  136 
sparrows  lying  helpless  upon  the  ground  in  Providence, 
of  which  sixty-four  were  dead  or  dying. 

The  effects  of  drought  upon  animals  as  well  as  plants 
are  so  well  known  that  they  need  not  be  described. 

b.  Enemies. — Darwin  regards  extremes  of  cold  and 
drought  as  probably  the  most  effective  of  all  checks  on 
population.  But  the  depredations  of  enemies  consti- 
tute a  check  which  is  even  of  more  universal  effect. 

Ernest  Thompson  Setonsays:     "  The  life  of  a  wild 
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animal  always  has  a  tragic  cud."  There  is  hardly  an 
animal  or  a  plant,  from  the  humblest  protophyte  to 
man  himself,  that  is  not  subject  to  the  attacks  of 
other  organisms.  Herbivorous  animals  feed  upon  the 
plants,  and  these  animals  in  their  turn  form  the  food 
of  carnivorous  species.  Those  that  escape  being 
devoured  in  this  way,  and  successfully  resist  the  effects 
of  climate  usually  at  last  fall  a  prey  to  the  inroads  of 
bacteria  or  other  parasites. 

Plants  are  particularly  subject  to  destruction  in  the 
early  stages  of  their  growth.  Darwin  dug  and  cleared 
a  piece  of  ground  three  feet  long  and  two  feet  wide, 
and  then  marked  all  the  seedlings  of  the  native  weeds 
as  they  came  up,  and  out  of  the  3.57  no  less  than  29.5 
were  destroyed,  chiefly  by  slugs  and  insects  ("Origin 
of  Species,"  vol.  i.,  p.  83). 

Judd  says:  "It  is  not  at  all  uncommon  for  a  crow 
or  blackbird  to  eat  from  30  to  50  seeds  of  smartweed 
or  bindweed,  or  a  field  sparrow  100  seeds  of  crab  grass, 
at  a  single  meal.  In  the  stomach  of  Xuttall's  sparrow 
were  found  300  seeds  of  amaranth,  and  in  another 
300  seeds  of  lamb's  quarters,  a  tree  sparrow  had  con- 
sumed 700  seeds  of  pigeon  grass,  while  a  snowflake 
from  Shrewsbury,  Mass.,  which  had  been  break- 
fasting in  a  garden  in  February,  had  picked  up  1,000 
seeds  of  pigweed"  ("Year  Book,  United  States  .Agri- 
cultural Department,"  1S9S,  p.  222).  Professor  Beal 
has  estimated  that  in  the  State  of  Iowa  the  tree 
sparrows  alone  destroy  annually  about  1,750,000 
pounds,  or  875  tons  of  weed  seeds  {I.e.,  p.  226). 

These  seed-eating  birds  are  in  turn  preyed  upon 
b}'  the  various  hawks  and  owls. 

In  the  sea,  plants  form  the  food  of  few  species 
except  the  most  minute  animals.  A  vast  majority 
of  marine  species  are  carnivorous,  and  the  destruc- 
tion is  enormous.  Brooks  gives  a  vivid  picture  of 
this  struggle  ("Foundations  of  Zoologj-,"  pp.  220-224 
and  231-233).  Speaking  of  the  inlets  among  coral 
islands  he  says,  "  Nothing  could  illustrate  the 
fierceness  of  the  struggle  for  food  among  the  animals 
on  a  crowded  sea-bottom  more  vividly  than  the  empti- 
ness of  the  water  in  coral  sounds  where  the  bottom  is 
practically  one  enormous  mouth." 

Equally,  if  not  more,  important  than  the  actively 
predaceous  enemies,  are  the  parasites.  Some  are 
directly  injurious,  producing  disease;  while  others, 
like  the  blood-sucking  insects,  may  cause  the  destruc- 
tion of  their  hosts  by  carrying  disease  germs  to  them. 

c.  Compelition. — The  tendency  of  organisms  to 
increase  in  geometrical  ratio,  if  not  held  in  check  by 
other  causes,  will  ultimately  cause  a  severe  competi- 
tion, and  this  constitutes  the  third  class  of  checks 
on  population. 

Competition  may  be  between  individuals  of  the 
same  species  (intraspccific)  or  between  different 
species  having  similar  habits  (interspecific).  It  is 
well  illustrated  in  the  forests,  where  each  tree  that 
reaches  its  full  growth  is,  according  to  Pinchot, 
"the  survivor  of  hundreds  (or  sometimes  even  of 
thou.sands)  of  seedlings." 

An  example  where  interspecific  competition  has 
had  a  marked  effect  on  the  flora  is  quoted  by  Wallace 
(pp.  20-22)  from  M.  Hansten-Blangsted,  who  gives 
an  account  of  the  struggle  between  the  trees  in  the 
forests  of  Denmark.  The  chief  combatants  are  the 
beech  and  the  birch,  the  beech  being  everywhere  suc- 
cessful in  its  invasions. 

But  we  need  not  go  to  Denmark  to  witness  a 
struggle  of  this  kind.  In  Virginia,  when  a  field  is 
abandoned,  trees  soon  spring  up  of  all  kinds,  but  the 
pines  by  virtue  of  their  more  rapid  growth  and  dense 
shade,  soon  acquire  the  ascendancy.  Many  "old 
fields"  are  to  be  seen  there  where  the  furrows  of  the 
last  crop  of  corn  are  still  visible,  and  the  ground  is 
covered  with  a  thick  growth  of  young  pines.  Many 
of  these  die  while  still  small,  and  among  them  may  be 
found  a  few  slender  oaks,  chestnuts,  and  tulip  trees. 
If  the  pines  are  cut,  or  if  they  are  allowed  to  grow  old 
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and  fall  down  with  decay,  their  plac  !«  taken  iit  once 
by  the  longer-lived  and  more  hardy  oaks  and  che«tnuU. 
So  that  it  IS  a  common  saying  in  Virginia  that  "oak» 
follow  pmes. 

Another  case  in  point  is  an  experiment  of  Darwin's. 
He  marked  out  a  little  plot  of  mown  turf,  thret  1  y 
four  feet,  and  allowed  the  plants  to  grow  up  frct-ly. 
The  result  was  that  out  of  twenty  specie.s  growiiii; 
there  nine  perished  ("Origin  of  Spec'les,    vol.  i.,  p.  K.J). 

Among  animals  the  birds  show  especially  the  effect 
of  competition.  In  some  spe<'ies  each  pair  requires  a 
certain  area  for  a  feeding  ground,  and  drives  off  all 
others.  The  English  sparrow  is  saifl  to  be  rexponxiblo 
to  a  considerable  extent  for  the  decrease  of  our  native 
birds,  and  according  to  a  writer  in  Nature  {.\lU-h\n 
January  19,  1899,  p.  271),  thi.s  same  sparrow  haii 
had  a  similar  effect  upon  the  swallows  and  niartioK 
in  England. 

The  black  rat,  ^fu.■<  rattus,  was  formerly  the  common 
house  rat  of  Europe  and  was  introduced  into  this 
country  by  the  early  settlers,  but  at  pre-sent  it  i.s  rare, 
having  been  nearly  exterminated  in  competition  with 
the  brown  wharf  rat,  .U.  norvegicux.  C,  S.  Brimley 
(1912)  states  that  up  to  1909  the  roof  rat  Mux  aUi. 
amlrinus, ^  was  the  common  species  in  Raleigh, 
N.  C.  That  year  the  first  wharf  rat  was  .seen.  In 
1911  this  species  suddenly  became  very  numerous, 
and  appears  to  have  driven  out  the  roof  rat. 

The  efficiency  of  competition  in  checking  increase 
is  shown  when  the  competition  is  les.sened  by  an  en- 
largement of  the  food  supply.  Most  of  the  waves 
of  life  that  are  mentioned  beh)w  are  due  to  such  an 
advantage  rather  than  to  protection  from  enemies. 

d.  Effect  of  the  Remoial  of  Checks. — The  enormous 
destruction  caused  by  these  checks  on  population  may 
be  realized  to  some  extent  if  we  consider  the  birth  rate. 

It  may  be  stated  as  a  general  rule  that  the  birth 
rate  in  existing  species  is  proportional  to  the  rate  of 
destruction.  Thus  the  petrel,  which  nests  on  in- 
accessible cliffs  and  has  few  enemies,  produces  but 
one  egg  at  a  time.  While  the  lobster,  whose  young 
are  exposed  to  the  attacks  of  innumerable  enemies 
from  the  time  they  are  hatched,  produces  from 
3,000  to  90,000  eggs.  (The  largest  number  found  by 
Herrick  was  97,440,  "The  Lobster,"  p.  51.)  A  single 
carrion  fly  is  said  to  produce  20,000  living  maggots. 
These  reach  full  size  in  five  days,  and  the  pupa  stage 
lasts  five  days.  It  has  been  estimated  that  a  single  fly 
could  produce  in  three  months  one  hundre<l  millions  of 
millions  of  millions  (Wallace,  "Darwinism,"  p.  2.5). 
The  common  mosquito  {Cidex  pungeux)  lays  from  200 
to  400  eggs  in  a  bunch.  These  hatch  in  sixteen  hours 
Under  favorable  conditions  the  larva- re;icli  the  pupa 
stage  in  seven  or  eight  days.  This  stage  lasts  two 
days.  Thus  one  pair  of  mosquitoes  may  produce  400 
adult  offspring  in  less  than  ten  days.  In  a  few  days 
more  these  are  ready  to  lay  eggs  in  their  turn. 

According  to  Merriam.  the  house  sparrow  produces 
annually  five  or  six  broods  of  four  to  six  each.  Assum- 
ing an  average  of  24  young  per  annum,  with  sexes 
equally  divided,  the  produce  of  a  sincle  pair  in  ten 
vears  will  be  275,7 l(j, 983,698  (". Agricultural  Report," 
1886). 

The  elephant  is  said  to  be  the  slowest  breeder  of  all 
animals.  Yet  Darwin  has  estimated  that  if  an  ele- 
I)hant  lives  100  years  and  produces  6  young  ones,  in 
750  vears  the  produce  of  one  pair  would  equal  19.000,- 
000  elephants.  Man  is  .ilso  an  extremely  slow-breed- 
ing animal,  yet  the  human  population  tends  to  double 
in  about  twentv-five  years. 

The  power  of  rapid  multiplication  is  well  illustrated 
bv  the  waves  of  life  that  sometimes  sweep  over  a 
country.  A  striking  example  of  this  phenomenon  is 
the  rapid  increase  and  enormous  migrations  of  the 
arctic  lemming,  so  vividiv  desorilied  by  Brehni. 
(Brehm,  "From  North  Pole  to  Equator,"  1S96,  pp. 
74-76).  .  ,     . 

Hudson  describes  a  similarly  rapid  increase  of  mice 
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on  the  Pampas  of  South  America,  which  was  finally 
brought  to  a  close  by  a  drought  and  the  increase  of 
enemies  ("Naturalist  in  La  Plata,"  p.  59,  et  scq.). 

This  country  is  subject  to  periodic  waves  of  locusts 
and  chinch-bugs,  which  swarm  at  such  times  in  hun- 
dreds of  thousands  and  do  enormous  damage  to  crops 
(Webster,  "The  Chinch-Bug,"  1898).  With  the  in- 
troduction of  irrigation  and  forage  plants  in  the  far 
West,  the  jack-rabbits  have  increased  rapidly  and  be- 
come a  ])cst.  In  California,  during  the  ten  years  from 
1888  to  1897,  49-l,(i:54  jack-rabbits  were  killed  in 
"drives,"  and  yet  the  total  number  living  was  not 
seriously  diminished  (Palmer,  "Jack-Rabbits,"  1897). 
The  jjower  of  rapid  multiijlication  is  also  well  illus- 
trated by  the  effect  of  introducing  animals  and  plants 
into  a  new  country.  If  the  climate  be  favorable,  the 
introduced  form,  freed  from  its  natural  enemies,  may 
often  increase  amazingly. 

I\Lany  of  our  common  weeds,  like  the  ox-eye  daisy 
and  the  so-called  Russian  thistle,  are  good  exaniples  of 
this.  Wallace  gives  a  number  of  cases  ("Darwinism,  " 
p.  28)  of  the  rapid  spread  of  European  plants  intro- 
duced into  South  America,  New  Zealand,  and  other 
places. 

The  common  European  rabbit  has  become  a  pest  in 
Australia  and  New  Zealand.  The  rabbits  were  first 
liberated  near  Melbourne  about  1864,  and  later  in 
Tasmania  and  New  Zealand.  They  multiplied  so 
rapidly  that  in  1879  the  legislature  of  South  Australia 
took  action  for  their  destruction,  and  the  matter  was 
taken  up  soon  after  in  New  South  Wales,  Queensland, 
New  Zealand,  and  Tasmania.  But  in  spite  of  all 
efforts  to  destroy  them,  they  continued  to  multiply. 
Between  1873  and  1898  New  Zealand  exported  two 
hundred  million  rabbit  skins. 

Another  example  of  the  rapid  increase  of  an  intro- 
duced animal  is  afforded  by  the  Indian  mongoose  in 
the  West  Indies.  But  at  our  very  doors  we  have  an 
equally  good  example  in  the  house  sparrow.  The  first 
successful  importation  was  made  into  Brooklyn  in  18.52. 
The  birds  were  introduced  into  Portland,  Me.,  in  1854, 
and  into  Providence,  R.  I.,  in  1858,  some  escaping  in 
Boston.  Between  1803  and  1870  they  were  imported 
into  eight  cities,  one  lot  of  one  thousand  being  sent  to 
Philadelphia.  Between  1870  and  1880  it  is  estimated 
that  the  range  of  this  species  had  been  extended  by 
16,000  square  miles  (Palmer,  1S98),  and  it  has  contin- 
ued to  spread.  Merriam  estimates  the  rate  of  spread- 
ing of  the  sparrow  as  follows  ("  Agri.  Rept.,"  1886,  p. 
238): 

Square  miles. 

1870-7S 500 

1875-80 15,640 

1880-85 500,760 

During  1886 516,500 

Yearly  average  United  States  and  Canada 69,000 

e.  Complexity  of  the  Slr^iggle. — In  order  to  under- 
stand the  results  of  these  factors  in  the  struggle  for 
existence,  it  must  be  remembered  that,  as  a  rule,  the 
relations  of  organisms  to  one  another  are  highly  com- 
plex; so  that  any  change  in  the  environment  of  one 
species  is  apt  to  affect  a  host  of  others.  Thus,  accord- 
ing to  Lintner,  the  English  sparrow  protects  the  tus- 
sock moth  (Orgyia  lincosiigma)  by  driving  away  its 
enemies,  the  robin,  oriole,  and  cuckoo,  the  only  birds 
that  can  feed  upon  the  hairy  caterpillars,  and  thus  the 
sparrow  indirectly  injures  the  elms  and  other  trees 
{"  Agric.  Rept.,"  1886).  The  classical  example  of  this 
is  Darwin's  one  of  the  relations  of  cats  to  the  crop 
of  clover  seed. 

Wallace  quotes  an  example  from  Sir  Charles  Lyell. 
He  says:  "If,  by  the  attacks  of  seals  or  other  marine 
foes,  salmon  are  reduced  in  number,  the  consequence 
will  be  that  otters  living  far  inland  will  be  deprived  of 
food  and  will  then  destroy  many  young  birds  or  quad- 
rupeds, so  that  the  increase  of  a  marine  animal  may 
cause  the  destruction  of  many  land  animals  hundreds 
of  miles  away."     Another  example  of  complexity  of 
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relations  between  organisms  is  given  by  Darwin  who 
shows  how  the  enclosure  of  several  hundred  acres  of 
barren  heath  and  the  planting  of  fir  there  had  changed 
the  entire  fauna  and  flora  of  the  enclosed  area. 

These  examples  are  enough  to  show  how  very  com- 
plex are  the  relations  of  organisms  to  one  another. 
We  see  how  a  change  in  the  environment  of  the  salmon 
produces  a  change  in  the  environment  of  land  animals 
far  away,  and  how  the  introduction  of  a  single  tree  and 
the  exclusion  of  cattle  profoundly  affect  a  host  of  other 
organisms.  This  gives  some  idea  of  the  complexity  of 
the  phenomena  to  be  considered  in  a  discussion  of  the 
origin  of  species. 

4.  N atural  Selection . — The  facts  of  variation,  inherit- 
ance, and  the  struggle  for  existence  lead,  as  Darwin 
and  Wallace  pointed  out,  to  the  a  priori  assumption  of 
the  theory  of  natural  selection.  If  individuals  differ 
in  their  characteristics,  and  if  there  is  a  struggle  for 
existence  in  which  many  perish,  then  there  may  be  a 
correlation  between  the  death  rate  and  certain  struc- 
tural or  physiological  peculiarities,  that  is,  we  shall 
have  a  survival  of  the  fittest,  or  better,  an  elimination 
of  the  least  fit.  But  in  order  that  new  species  may 
result,  not  only  must  the  favorable  peculiarities  of  the 
survivors  be  transmitted  to  future  generations  by 
inheritance,  but  other  conditions  must  be  fulfilled 
which  we  will  now  consider. 

In  the  first  place,  as  indicated  in  the  preceding  para- 
graph, it  by  no  means  follows  that  there  is  any  neces- 
sary relation  between  destruction  and  any  structural  or 
physiological  peculiarity.  A  flood,  a  tornado,  a  forest 
fire  may  destroy  all  in  its  path.  In  such  a  case  the 
destruction  is  purely  fortuitous,  or  non-selective.  On 
the  other  hand,  if  a  number  of  persons  are  exposed  to 
an  infection,  say  typhoid,  to  which  they  present  differ- 
ent degrees  of  susceptibility,  then  those  which  possess 
those  physiological  characteristics  that  give  suscepti- 
bility to  the  disease  in  the  greatest  degree  will  be  those 
that  die,  and  we  shall  have  then  a  selective  death  rale. 
It  may  be  noted  in  passing  that  a  death  rate  which  is 
selective  in  regard  to  one  character  may  be  fortuitous 
in  respect  to  another,  unless  the  variations  of  the  two 
characters  are  correlated. 


Frequency. 
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Magnitudes. 

Fig.  2100. — Fortuitous  Destruction  of  500  in  1,000,  Normal 

Curves.     /,  Birth  curve;  //,  survival  curve. 

Let  US  consider  now  what  the  effect  of  these  two 
kinds  of  destruction  would  be  upon  the  curve  of  varia- 
tion. Where  there  is  no  destruction,  and  all  that  are 
born  survive,  we  may  call  the  curve  the  birth  curve, 
and  its  mean  the  birth  mean.  While  the  curve  ob- 
tained after  destruction  had  taken  place  would  be  the 
survival  curve,  and  its  mean,  the  survival  mean. ,   Now 
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the  effect  of  purely  fortuitous  destruction  would  be  to 
give  a  survival  curve  that  would  be  exactlj-  like  the 
birth  curve  except  that  it  would  be  flatter,  and  the 
birth  mean  and  the  survival  mean  would  coincide. 
Such  a  case  is  illustrated  by  Fig.  2100,  where  the  upper 
line  (/)  may  be  taken  to  represent  the  birth  curve  of 
say  a  thousand  individuals  in  a  certain  locality,  and 
Frequency. 
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Magnitudes. 
Fig.  2161. — Selective  Death  Rate  of  500  in  1,000  when  the  Birth 
and  Survival  Means  Coincide,   Normal  Curves.     /,  Birth  curve; 
//.  survival  curve. 

the  lower  line  (77)  would  be  the  curve  after  a  fortui- 
tous destruction  of  half  the  number.  (If  percentages 
were  used  instead  of  absolute  numbers,  the  curves 
would  be  exactly  alike.) 

The  effect  of  a  selective  death  rate  upon  the  birth 
curve  would  depend  upon  whether  the  cause  of  death 
is  a  constant  factor  of  the  environment  or  a  new  one. 
If  it  be  a  constant  factor,  it  is  probable  that  the  species 
has  become  adjusted  to  it.     In  this  case  the  most 
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Magnitudes, 
Fig.  2162.— Selective  Death  Rated  500  in  1.000  where  the  Birth 
and  Survival  Mean  do  not  Coincide.     /,  Birth  curve,  normal;  //, 
survival  curve,  purely  imaginary. 

favorable  variation  of  any  character  affected  by  this 
condition  will  be  represented  by  the  mode,  and  prob- 
ably the  mean,  of  the  birth  curve.  Elimination  will 
cause  a  decrease  of  variability,  so  that  the  survival 
curve  will  be  steeper  on  the  sides  than  the  birth  curve 
(Fig.  21f>l).  But  the  position  of  the  mean  will  not  be 
changed,  and  there  will  be  no  evolution.     On  the  con- 


trary, the  effect  of  natural  selection  here  will  be,  if 
anything,  to  make  the  species  more  stable. 

It  is  only  when  the  species  a.s  a  whole  i.s  not  adjuHte<l 
to  the  cause  of  death  that  we  tiiav  ex|)ect  natiinil  seli-c- 
tion  to  produce  evolution.  Then  the  birth  mean  will 
not  coincide  with  the  most  favorable  variation,  and  the 
effect  of  elimination  will  be  to  decrease  the  variability 
to  a  greater  extent  upon  the  le.s.s  favorable  side  than  on 
the  other  and  thus  U>  shift  the  mean,  as  in  Fig.  21li2. 
This  is  a  purely  imaginary  example,  where  the  iiiokI 
favorable  value  of  the  character  measured  is  sunp«)«i-d 
to  be  9.  It  will  be  notic(!fl  that  the  effect  of  eliminii- 
tion  here  has  been  to  shift  the  mean  from  7  to  7  SH, 
that  is  toward  9,  and  the  variability  i.s  decreased  as 
shown  by  the  smaller  value  of  the  standard  deviation, 
(To,  which  is  1.40  instead  of  2.  The  survival  curve  is 
also  skew,  while  the  birth  curve  is  supposed  to  have 
been  symmetrical. 

So  far  we  have  dealt  with  the  effect  of  selection  upon 
the  first  generation  only.  Of  course,  fortuitous  de- 
struction will  have  no  effect  upon  the  type  or  variabil- 
ity of  the  next  generation,  for  the  type  and  variability 
of  the  parents  have  remained  unchanged.  A  selective 
death  rate  symmetrical  on  both  sides  of  the  birth  mean 
will  not  affect  the  type  .and  will  have  but  a  slight  effect 
upon  the  variability,  for  Pearson  has  shown  that  selec- 
tion for  an  indefinite  number  of  generations  cannr)t 
reduce  the  variability  more  than  eleven  per  cent.  But 
where  the  most  favorable  value  of  a  character  does  not 
coincide  with  the  birth  mean,  then  there  will  be  a  change 
of  type,  the  rapidity  of  change  depending  upon  the 
severity  of  the  selection.  From  the  law  of  ancestral 
heredity  Pearson  has  calculated  the  probable  effect  of 
perfectly  rigorous  artificial  selection.  His  results  are 
given  in  a  table,  from  which  it  is  possible  to  calculate 
the  curves  of  six  successive  generations  where  the 
parents  selected  h;ive  a  given  deviation  from  the 
original  mean  of  the  jjopulation.  Fig.  2103  illustrates 
such  a  case,  where  the  mean  of  the  population  is 
represented  by  M  =  0,  the  stjindard  deviation  is  a  =  1, 
and  the  parents  for  each  generation  are  suppo.se<l  to 
have  the  selected  character  of  the  value  II  =  +2,  or 
twice  the  standard  deviation.  Then  the  average  de- 
viation of  the  first,  second,  third,  etc.,  generations  of 
offspring  from  the  original  mean  of  the  population  will 
be  represented  by  the  distance  from  M  to  the  ordinates 
^1,  hi,  lis,  etc.  It  will  be  seen  that  the  regression  be- 
comes less  in  each  generation  until,  in  the  sixth,  ht 
almost  coincides  with  II.  In  other  words,  if  it  were 
possible  to  make  this  rigorous  selection,  we  might 
expect  at  the  end  of  the  sixth  generation  to  obtain  a 
new  race  that  would  breed  true  about  a  mean  differing 
very  little  from  the  selectetl  value. 

Turning  now  from  a  priori  considerations  to  ol> 
served  facts,  what  evidence  is  there  that  natural  selec- 
tion has  actually  been  a  factor  in  evolution? 

First,  there  is  the  obser\-ed  fact  of  a  selective  death 
rate.  To  say  that  where  the  death  rate  depends  upon 
individual  [jeculiaritics  the  fittest  will  survive  in  the 
struggle  for  existence,  is  a  truism,  for  our  only  means 
of  judging  of  fitness  is  the  ability  to  survive.  But 
first  we  must  have  evidence  that  tliere  is  some  relation 
between  survival  and  the  possession  of  some  charac- 
teristic, and,  second,  that  the  death  rate  as  a  whole  is 
selective.  In  order  to  be  of  value  this  evidence  must 
rest  on  quantitative  data  discussed  by  correct  statis- 
tical methods.  A  considerable  body  of  such  evidence 
has  now  accumulated. 

From  measurements  made  by  Thompson  and  him- 
self in  successive  years.  Professor  Wcldon  came  to  the 
conclusion  tliat  in  the  crabs,  Cnrcinnx  mirun.t.  in  Ply- 
mouth Harl)or,  England,  the  frontal  breadth  of  the 
caraijace  was  becoming  narrower  frtun  year  to  year. 
Seeking  a  cause  for  this  he  found  it  to  be  probably  the 
increase  of  sediment  in  the  harbor,  due  to  the  buildmg 
of  a  breakwater,  which  hinders  the  flow  of  the  tides. 
To  test  this  theory,  he  placeil  a  number  of  cral)s  in 
aquaria  with  a  considerable  quantity  of  china  clay, 
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like  the  silt  in  the  harbor,  suspended  in  the  water.  A 
number  of  crabs  died,  and  at  the  end  of  the  experi- 
ment the  dead  crabs  were  separated  from  the  living, 
and  all  were  measured.  It  was  found  that  the  sur- 
vivors had  distinctly  less  frontal  breadth  than  the 
dead  crabs. 

If  this  selective  destruction  is  continually  going  on 
in  the  harbor,  then  the  crabs  protected  from  the  action 
of  the  silt  during  a  portion  of  their  lives  should  show  a 
greater  average  frontal  breadth  than  the  wild  crabs  of 
the  same  age.  A  number  of  crabs  were  kept  in  aquaria 
with  clean  sea-water  until  they  moulted.  When  the 
shell  was  hard  they  were  killed  and  compared  with  wild 
crabs  of  the  same  age.  It  was  found,  as  expected, 
that  the  frontal  breadth  of  the  protected  crabs  was 
greater. 

The  great  storm  of  February,  1898,  enabled  Bum- 
pus  to  study  a  similar  case  among  the  house  sparrows 
(Passer  domesticus).  During  the  storm  in  Providence 
136  birds  were  picked  up  in  a  helpless  condition. 
When  brought  into  the  laboratory  72  of  these  revived 
and  64  died.  A  number  of  measurements  were  made 
upon  each  bird  of  the  two  lots,  and  it  was  found  that 
the  mean  of  surviving  birds  differed  perceptibly  in 
many  dimensions  from  the  corresponding  mean  of  the 
dead  ones.  Moreover,  the  dead  birds  showed  a  greater 
average  deviation  from  the  mean  than  the  surviving 
ones. 

Harris  (1914)  has  discovered  a  selective  death  rate 
in  the  common  garden  beans,  Phaseolus  vulgaris,  and 
the  garden  peas,  Pisum  sativum,  in  relation  to  the 
weight  of  the  seed*;.  In  his  first  study  he  came  to  the 
conclusion  that  this  selection  has  no  eflfect  on  the 
mean,  but  that  the  variability  is  decreased.  In  other 
words,  the  medium  seeds  of  each  generation  stand  a 
better  chance  of  developing  into  mature  plants  than 
do  either  the  very  light  or  the  very  heavy  ones.  This 
would  give  the  type  of  .selective  death  rate  illustrated 
in  Fig.  2101.  His  later  studies  show,  however,  a 
tendency  in  some  strains  toward  a  shifting  of  the 
mean.  In  some  the  seeds  that  survive  are  on  the 
average  heavier,  in  other  strains  lighter,  than  the  total 
average  of  the  seeds  planted.  In  those  cases  the 
results  would  be  illustrated  by  a  diagram  like  Fig. 
2162. 

W.  L.  Tower  (1906)  has  found  that  in  one  species 
of  beetle  probably  fifteen  per  cent,  of  the  population 
is  eliminated  during  the  process  of  molting,  ecdysis, 
largely  because  of  failure  to  rupture  the  integuments. 

In  these  cases  single  characters  were  studied  in 
relation  to  the  death  rate.  It  would  be  more  to  the 
point  if  we  could  correlate  the  sum  of  the  peculiaritien 
of  the  individual  as  a  whole  with  his  chances  of  death, 
for  natural  selection  acts  upon  whole  individuals,  not 
upon  single  characters.  Pearson  has  demonstrated 
a  very  ingenious  method  of  doing  this  for  man.  If 
there  were  no  natural  selection,  the  whole  death  rate 
would  be  non-selective,  fortuitous;  on  the  other  hand, 
natural  selection  would  reach  its  maximum  efficiency 
when  the  death  rate  becomes  wholly  selective.  In 
nature  the  death  ra,te  would  be  usually  partly  selective 
and  partly  non-selective,  and  the  problem  is  to  deter- 
mine what  proportion  of  the  total  death  rate  is  select- 
ive. In  Pearson's  method  "no  attempt  is  made  to 
select  any  particular  organ,  but  we  take  pairs  of  indi- 
viduals having  some  general  resemblance  in  their  whole 
complex  of  organs  and  characters,  and  correlate  their 
fitness  for  surviving  imder  practically  the  same  condi- 
tions of  life.  Now  pairs  of  relatives  or  members  of  the 
same  family  are  precisely  such  individuals.  If  there 
were  no  selective  death  rate  there  would  be  no  correla- 
tion between  the  ages  at  death  of,  say,  brothers.  On 
the  other  hand,  if  there  were  no  non-selective  death 
rate  we  might  reasonably  suppose  duration  of  life 
would  be  determined  by  the  law  of  ancestral  heredity,  " 
and  we  should  expect  the  correlation  between  the  dura- 
tions of  life  of  pairs  of  brothers  to  be  the  same  as  that 
observed  in  the  case  of  stature  and  other  characters. 
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From  a  study  of  one  thousand  pairs  of  brothers 
recorded  in  the  peerage  Pearson  found  that  of  the 
total  death  rate  eighty  per  cent,  was  selective.  Com- 
l^aring  fathers  and  sons,  the  result  was  sixty-five  per. 
cent.  A  number  of  later  studies  on  natural  selection 
in  man  are  summarized  by  Harris  (1914).  Among 
these  perhaps  the  mo.st  important  is  the  work  of  E.  C. 
Snow  (1911)  on  the  death  rate  of  children.  The  gen- 
eral result  is  to  leave  no  doubt  that  the  human  death 
rate  is  selective. 

The  second  line  of  evidence  is  one  that  especially 
meets  the  objections  of  the  advocates  of  the  theory  of 
special  creation.  This  is  that  it  is  impossible  to  find 
throughout  the  whole  range  of  the  animal  and  vege- 
table kingdoms  a  single  structure  or  function  devel- 
oped in  one  species  for  the  exclusive  benefit  of  another. 

Frequency. 


0  +1  +2 

Deviation  from  Mean  of  Original  Stock. 
Fio.  2163. — The  Effect  of  a  Rigorous  Artificial  Selection  during 
Six  Generations,  where  the  Selected  Parents  of  each  Generation 
Deviate  from  the  Mean  (M)  of  the  Original  Stock  by  Twice  its 
Standard  Deviation  {//).  The  broken  lines  hi  hi  hs  ,  ,  .  Ae  repre- 
sent the  position  of  the  means  of  the  first,  second,  .  .  .  and  sixth 
generations  of  offspring.  When  M  =  0  and  H  =  2,  h\  =  \.2,  As  =  1 .6, 
;i3  =  1.85,  A)  =1.90,  As  =1.94,  As  =1.97.  The  curves  of  frequency 
are  drawn  for  only  M,  h\  and  Ae,  and  their  standard  deviations  are 
ff=  1.0000,  <ri=0. 9055,  (76  =  0.8944.     (Data  from  Pearson.) 

Darwin  regarded  this  point  as  of  so  great  importance 
that  he  offered  to  give  up  his  whole  theory  if  it  could  be 
])roved  in  a  single  case  that  a  structure  or  instinct  is 
developed  in  one  species  for  the  exclusive  benefit  of 
another.  To  be  sure,  there  are  innumerable  cases  in 
which  the  characters  of  one  species  are  of  use  at  another, 
but  this  value  to  the  other  species  is  purely  secondary. 
For  example,  the  nectar  of  fiowers  forms  the  daily  food 
of  bees,  but  this  nectar  is  primarily  of  use  to  the  plant 
in  securing  the  visits  of  the  bees,  and  thus  providing  a 
means  for  the  transportation  of  the  pollen  and  cross 
fertilization.  As  the  result  of  thoughtful  search 
Romanes  was  able  to  discover  only  two  cases  that 
appear  to  be  exceptions  to  this  rule.  It  is  well  known 
that  the  aphides  (green  plant  lice)  secrete  a  sweet 
juice  that  is  much  sought  after  by  ants.  So  far  as  we 
know,  this  secretion  is  of  no  value  to  the  aphid.  But 
it  has  not  yet  been  investigated  sufficiently  to  .show 
that  it  is  of  no  use.  It  may  be  a  means  of  removing 
waste  products  of  metabolism.  Moreover,  it  seems 
to  be  rather  more  of  a  luxury  than  a  necessity  for  the 
ants.  The  other  case  is  still  more  remarkable.  It  is 
the  production  of  galls  upon  plants  as  the  result  of  the 
growth  of  an  insect  larva  within  the  tissues  of  the  [jlant. 
The  gall  forms  a  perfect  home  for  the  larva,  and  differs 
in  character,  not  only  in  different  plants,  but  it  differs 
also  according  as  it  is  produced  by  one  species  of  in- 
sect or  by  another,  each  species  of  insect  having  its 
own  peculiar  form  of  gall.  All  grades  are  found,  from 
simple  cysts,  hardly  worthy  to  be  called  galls,  to  strue- 
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tures  which  are  extremely  elaborate.  Here  we  have  a 
structure  developed  by  a  plant  apparently  for  the 
benefit  of  an  insect.  But,  as  pointed  out  by  "Romanes, 
the  gall  arises  as  a  reaction  on  the  part  of  tlie  plant  to  a 
poison  produced  by  the  insect,  and  its  first  ai)pearance 
was  probably  due  to  one  of  those  accidental  effects  of 
an  injurious  substance  upon  an  orsanisin,  such  as 
Herbst  discovered  when  he  treated  sea-urchin  larvie 
with  potassium  and  lithium  salts.  The  gall-forming 
property,  being  of  use  to  the  insect,  would  be  preserved 
and  modified  by  natural  selection  acting  directly  upon 
the  insect,  and  the  plant  would  be  affected  indirectly. 

The  third  line  of  evidence  is  that  which  first  at- 
tracted Darwin's  attention  to  the  principle  of  selec- 
tion. Darwin  found  that  in  the  production  of  domes- 
tic varieties  of  animals  and  plants  artificial  selection  is 
the  keynote  to  success.  All  of  our  domestic  produc- 
tions are  descendants  from  wild  species,  but  in  many 
cases  either  the  wild  parent  species  has  been  extermi- 
nated, or  else  the  domesticated  descendants  have  been 
so  greatly  modified  that  it  is  impossible  to  recognize 
the  ancestral  form.  The  differences  between  artifi- 
cial varieties  and  between  them  aTid  the  original  form, 
when  known,  are  often  as  great  as  the  differences  be- 
tween species,  or  even  between  genera,  of  animals  and 
plants  in  the  natural  state.  Compare  a  deer  hound 
with  a  King  Charles  spaniel,  a  Cochin  China  with  a 
game  cock,  a  pouter  pigeon,  a  fan-tail,  and  the  wild 
rock  dove,  from  which  Darwin  showed  the  pigeons  to 
be  descended.  Romanes  calls  special  attention  to  the 
well-marked  varieties  of  canary  birds,  and  regards  this 
as  a  case  of  unusual  interest  because  of  the  shortness 
of  time  during  which  the  evolution  has  taken  place, 
the  first  mention  of  these  birds  that  he  could  find  being 
by  Gesau  in  the  sixteenth  century.  Among  most  of 
our  domestic  animals  man  has  been  selecting  more  or 
less  unconsciously  the  individuals  which  best  serverl 
his  needs  or  answered  to  his  ideal  of  beauty;  and  this 
has  been  going  on  since  prehistoric  times.  In  later 
years  selection  has  been  practised  with  great  care  and 
with  reference  to  more  exact  ideals,  and  the  progress 
made  is  truly  wonderful. 

Darwin  regarded  evolution  as  an  extremely  slow  proc- 
ess, and  this  idea  prevailed  for  a  long  time,  but  recently 
several  cases  of  very  marked  change  in  domestic  forms 
have  come  to  light  where  the  change  has  been  compara- 
tively rapid.  The  American  trotting  horse  is  a  case 
in  point.  An  ordinary  horse  runs  when  he  wants  to 
move  rapidly,  but  the  trotting  horse  prefers  the  trot, 
and  will  keep  to  that  gait  until  he  attains  a  speed  far  be- 
yond that  at  which  other  horses  would  be  forced  to 
break  into  a  gallop.  The  lowest  limit  of  what  is  re- 
garded as  racing  speed  in  a  trotting  horse  is  a  mile  in 
two  minutes  and  thirty  seconds.  The  first  horse  to 
make  a  mile  within  2  :30  was  Lady  Suffolk,  a  great- 
granddaughter  (by  three  crosses)  of  Messenger,  a 
thoroughbred  race  horse  imported  from  England  in 
1788,  and  famous  as  the  ancestor  of  almost  all  .Ameri- 
can trotting  horses.  Lach-  Suffolk  was  foaled  in  1833, 
and  made  her  record  in  184.5.  Form  that  time  the 
speed  of  the  fastest  trotter  has  steadily  increased, 
until  Uhlan  in  1913,  made  the  remarkable  record 
of  1:54 J,  beating  the  record  made  by  Lou  Dillon 
ten  years  before.  But  the  improvement  of  the 
trotting  horse  is  seen  best  when  we  compare  the 
number  of  fast  trotters  at  a  recent  date  with  the  num- 
ber several  years  before.  In  1892  there  were  1 16 
horses  with  records  of  2:1.5  or  better,  at  the  end  of  1897 
there  were  .58.5  horses  with  such  records,  and  during 
1897  190  horses  entered  this  class,  only  7  less  than  the 
total  number  in  1892,  and  many  of.  these  had  no 
previous  record. 

Now  is  this  improvement  due  to  the  selection  of  for- 
tuitous congenital  variations,  or  to  some  other  cause? 
If  races  are  changed  by  the  inheritance  of  acquired 
characters,  this  process  should  be  expected  to  be  effi- 
cient in  the  case  of  the  trotting  horse.  This  question 
will  be  discussed  later  when  we  consider  the  inherit- 
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ance  of  ae(|uired  character.'*  as  a  factor  of  evolution 
But  It  may  be  said  now  that,  of  the  wixtc-n  (l,:,r,, ,.,.,„ 
trotters  from  Lady  Suffolk  to  Crewccun  C' 
ceus  is  the  only  one  having  a  sire  with  a  r  ,w 

2:30,  and  The  Abbot  is  the  only  one  that  ha.,  a  darn 
with  any  record  at  all,  and  it  HeeniH  probable  that  a 
careful  study  of  the  pedigrees  of  triitting  horsM  will  fail 
to  show  that  horses  which  have  been  trained  have 
any  greater  power  of  transmitting  trotting  Hpeed  than 
horses  which  have  not  been  trainerl.  It  in  probnblo 
that  such  a  study  will  show  that  that  conibinution  of 
instinct  and  structure  which  enables  a  horse  to  trot 
at  a  high  speed  has  arisen  as  a  fortuitous  variation  in 
a  few  individuals,  and  that  fortunate  selection  and 
crossing  of  their  descendants  during  eight  or  ten 
generations  at  most  has  produced  the  remarkable 
result  that  we  see  to-day.  This  in  the  more  prob:ible 
since  Gallon  has  shown  that  variations  in  .speetl  follow 
the  normal  curve.  Take  the  pedigree  of  Alix,  for 
example.  Both  parents  of  this  champion  trotter  were 
totally  untrained.  Her  paternal  grandsire  has  a 
record  of  2  : 21  J,  the  others  have  no  record.  Of  her 
grandparents  only  one  has  a  record  (2  :2U),  and  of  her 
great-grandparents  again  only  one  has  a  record  (2  :  42). 
On  the  other  hand,  lier  descent  is  traced  by  more  than 
fourteen  converging  lines  from  Messenger,  the  ancestor 
of  Lady  Suffolk.  She  is  descended  by  four  lines  from 
imported  Bellfounder,  the  son  of  a  Norfolk  trotter,  and 
by  four  lines  from  Amazonia,  a  '"natural  trotter." 
Moreover,  she  counts  among  her  ancestors  the  sires  of 
three  champion  trotters:  Dexter,  2:17};  Goldsmith 
Maid,  2  :  14,  and  Maud  S.,  2  :08j,  and  if  each  ancestor 
be  regarded  as  a  separate  individual  at  each  place  in 
which  he  occurs  in  her  pedigree,  it  will  be  found  that 
she  is  descended  from  seven  sires  of  champions,  three 
on  the  paternal  side,  and  four  on  the  maternal  side. 

But  if  the  inheritance  of  acquired  characters  may  be 
a  factor  in  the  development  of  the  trotting  horse,  there 
are  other  cases  of  rapid  improvement  in  which  it  can- 
not have  entered.  One  of  these,  the  cultivatefl  cycl.a- 
men  (Cydameii  liilifiilium  Sibth.),  is  one  of  the  spring 
wild  fiowers  in  Greece  and  i^yria.  It  has  pink  flowers 
with  a  ring  of  darker  color  at  the  throat  (W.  T.  T. 
Dyer,  Nnliirc,  Mny  20,  1897,  vol.  hi.,  pp.  65-fi8). 
The  species  is  said  to  have  been  first  cultivated  in 
Europe  at  Lille  in  1731.  It  was  probably  obtainefl 
from  Syria.  "The  Lille  plant  ultimately  went  to 
Ghent,  and  it  has  been  asserted  that  all  the  cultivated 
forms  in  existence  are  descendants  from  this  one  in- 
dividual." A  variety  with  white  flowers — "pure 
white  with  a  bright  i)urple  Initton  " — was  described  in 
1768.  The  modern  development  of  the  plant  began  in 
1860,  and  started  with  one  of  the  principal  growers 
(Messrs.  Sutton)  with  the  old  "crimson  and  white." 

The  changes  have  been  brought  about  entirely  with- 
out resort  to  hybridization.  But  starting  with  the 
slightest  deviation,  even  so  small  as  the  slighe-st  ditTcr- 
ence  in  a  cotyledon  of  a  germinating  .seed,  by  careful 
self-fertilization  and  selection  the  present  varieties 
have  been  produced.  The  changes  produce<l  have 
been  in  the  size  of  the  flower,  its  fragrance,  color,  and 
form  of  corolla.  The  original  form  has  narrow. 
twisted,  refloxed  petals  about  an  inch  long.  The 
cultivated  varieties  have  broader,  less  twiste<i  petals, 
and  in  one  variety  they  have  reached  a  length  of  three 
inches.  This  was  accomplished  by  continuous  in- 
breeding and  selection.  The  old  crimson  and  white 
had  a  crunson  ring  at  the  throat,  but  was  otherwise  an 
albino.  From  this,  forms  have  bwn  produced  varying 
from  pure  white  on  the  one  hand  to  a  uniform  deep 
crimson  on  the  other.  "The  modern  colore<i  forms 
were  obtained  in  the  first  instance  by  selecting  forms 
in  which  the  colore<l  ring  showed  a  disposition  to 
spreati  into  the  white  corolla  segments.  The  first 
indication  would  be  a  scarcely  perceptible  streak.  By 
selection  from  self-fertilized  plants  the  streak  w.hs 
widened  into  a  stripe.  Continuing  the  proces,s,  the 
stripes  united,  and  a  uniformly  colored  flower  was 
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obtained."  The  colored  varieties  when  self-fertilized 
come  true  from  seed. 

One  of  the  most  remarkable  modifications  in  the 
form  of  the  corolla  is  the  spreading  of  the  segments. 
Cyclamen  belongs  to  the  order  Primulacea,  and  is  dis- 
tinguished from  the  rest  of  the  tribe  Lysimachiw,  to 
which  it  belongs,  by  the  reflexed  segments  of  the  co- 
rolla. In  the  variety  with  a  sjjreading  corolla,  then,  we 
see  a  modification  of  a  character  which  not  only  dis- 
tinguishes the  species  but  also  the  genus. 

Doubling  has  occurred  in  one  variety.  Ordinarily 
doubling  is  due  to  a  homeotic  variation  of  the  stamens 
by  which  they  become  petal-like.  In  this  case,  on  the 
other  hand,  the  stamens  retain  their  proper  structure, 
and  both  they  and  the  segments  of  the  corolla  become 
increased  in  number. 

The  butterfly  forni  is  a  case  of  paraUel  variation,  it 
having  been  obtained  independently  by  several  horti- 
culturists. In  this  variety  the  petals  are  partly  spread- 
ing and  arched,  and  are  toothed  and  curled  at  the 
edges.  It  is  interesting  to  note  that  in  one  case  at 
least  there  is  a  correlation  between  the  corolla  and  the 
leaves,  for  they  also  are  toothed.  This  variety  arose 
as  a  well-marked  sport  which  was  improved  by 
selection. 

Another  example  of  the  rapid  effect  of  selection  is 
the  tomato.  The  different  varieties  of  the  edibje 
tomato  (Lyco-persicum  esculenlum)  differ  as  much,  if 
not  more,  than  do  the  other  species  of  the  genus 
(Bailey,  "Survival  of  the  Unlike,"  pp.  112-12.5). 
The  Trophy  tomato  was  the  result  of  crossing  and 
selection  begun  by  Dr.  Hand,  of  Baltimore  County, 
Md.,  in  1850.  He  began  by  crossing  the  smooth 
"Love  Apple,"  which  was  filled  with  juice  and  seeds, 
with  the  common  convoluted  red  tomato  of  that  period, 
which  was  so  rough  as  to  be  unfit  for  use.  After 
several  years  by  continued  in-breeding  and  selection 
he  succeeded  in  producing  a  form  which  combined 
with  the  smooth  skin  of  the  Love  Apple  the  solid 
fleshly  mass  of  the  compound  red.  This  accomplished, 
he  continued  to  select  a  very  few  specimens  of  the 
best  and  best  flavored  of  the  earliest  fruit  for  the  next 
year's  seed,  and  thus  increased  the  size  and  solidity  of 
the  fruit,  until  in  1870  he  had  produced  a  variety  which 
was  a  mass  of  flesh  interspersed  with  ten  or  more  small 
seed  cells,  and  which  was  the  earliest,  largest,  smooth- 
est, the  most  fleshy,  and  much  the  best  flavored  of  all 
the  kinds  then  grown.  Moreover,  the  continued 
selection  had  resulted  in  a  marked  fixity  of  tii^pe,  which 
was  very  different  from  the  two-  or  three-celled  original 
form. 

The  growth  of  sea-island  cotton,  on  the  islands  off 
the  coast  of  South  Carolina  and  Georgia,  was  made 
possible  only  by  the  process  of  selection.  When  first 
introduced  from  the  West  Indies,  the  plants  were  not 
adapted  to  the  climate,  and  seldom  produced  fruit. 
But  by  rigorous  selection  a  race  was  produced  which 
was  well  adapted  to  the  climate,  and  the  qualitj-  of  the 
fiber  was  improved  until  now  it  is  the  best  grown  in 
any  part  of  the  world.  That  the  improvement  in  the 
fiber  is  due  to  selection  and  not  to  conditions  of  growth 
is  shown  by  the  fact  that  when  selection  is  relaxed  the 
fiber  deteriorates  (Webber,  "  Year-Book  Dept.  Agric," 
1898,  p.  3.58). 

Many  more  examples  might  be  cited  to  show  how 
great  the  changes  are  that  have  been  produced  by 
artificial  selection.  IVLany  domestic  races  produced 
in  this  wiiy  differ  as  much  from  each  other  and  from 
the  parent  species  as  do  species  or  even  genera  in 
nature.  If  artificial  selection  acting  during  only  a  few 
generations  can  produce  so  great  changes,  how  much 
more  effective  must  have  been  natural  selection,  which 
is  probably  much  more  rigorous  and  continuous,  acting 
through  countless  ages. 

De  Vries  (1905)  recognizes  a  broad  analogy  between 
artificial  and  natural  selection.  But  he  maintains 
that  the  selection  of  normal  individual  variations  can 
lead  only  to  improvements  of  the  race  of  a  more  or 
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Jess  temporary  character,  and  that  the  evolution  of 
new  races  can  be  accomplished  only  by  the  selection 
of  mutations.  In  confirmation  of  this  view,  it  will  be 
noticed  that  in  the  cases  cited  above  most  of  the  im- 
proved races  have  been  started  by  the  selection  of 
some  abnormality,  although  it  may  have  been  a  slight 
one.  Bateson  (1913),  however,  is  not  convinced  of 
the  importance  of  mutations,  that  is  groups  of  new 
characters,  in  evolution;  but  is  inclined  to  attribute 
more  importance  to  the  a])pearance  of  new  single 
characters,  whether  substantive  or  meristic. 

To  sum  \\\>,  then,  we  have  considered  three  lines  of 
evidence  that  natural  selection  is  a  factor  in  organic 
evolution:  1.  We  have  observed  facts  of  the  struggle 
for  existence  and  a  selective  death  rate.  2.  We  find 
that  no  organism  in  nature  has  developed  any  struc- 
ture or  function  for  the  exclusive  benefit  of  another 
species — contrary  to  what  we  might  expect  to  find  on 
the  theory  of  special  creation,  but  just  what  must  be 
the  case  on  the  theory  of  natural  selection.  (Tliis 
would  probably  be  true  also  on  any  theory  of  evolu- 
tion). 3.  We  find  that  the  analogous  process  of  arti- 
ficial selection  has  been  the  most  effective  means  of 
developing  in  domestic  races  those  qualities  of  most 
value  to  man,  and  therefore  we  infer  that  natural  selec- 
tion has  been  an  important  factor  in  developing  in 
natural  species  those  qualities  of  benefit  to  themselves. 

One  of  the  best  ways  of  testing  a  theory  is  to  attempt 
to  apply  it  to  concrete  cases  of  the  class  of  phenomena 
which  it  is  supposed  to  explain.  In  the  applications  of 
the  theory  of  natural  selection  we  shall  find  the  fourth 
and  last  line  of  evidence  in  favor  of  the  theory. 

The  phenomena  in  ciuestion  are  in  general  those  of 
adaptation.  Many  plants  have  especial  floral  struc- 
tures which  facilitate  cross  fertilization  by  the  aid  of 
insects,  and  Darwin  has  shown  that  this  is  of  great 
advantage  to  the  species.  Climbing  plants  h.ave  pe- 
culiar structures  and  powers  of  movement  that  are 
clearly  of  advantage  in  enabling  the  long,  slender 
stems  to  find  support.  Both  plants  and  animals 
frequently  have  structures  which  serve  to  repel 
enemies,  and  many  animals  are  provided  with  a  pro- 
tective coloring  which  renders  them  inconspicuous  to 
their  enemies  or  to  their  prey.  Other  animals,  pro- 
vided with  offensive  secretions  or  weapons,  also  have 
conspicuous  warning  colors  which  render  them  less 
liable  to  attack.  Finally,  there  are  inoffensive  ani- 
mals which  resemble  the  offensive  ones  superficially 
in  color  and  form,  and  by  this  mimicry  probablj-  share 
in  their  immunity  from  enemies. 

These  are  examples  of  a  large  and  important  class  of 
phenomena  that,  rejecting  the  theorj^  of  special  crea- 
tion, can  be  explained  by  onl.y  one  theory  of  evolution, 
that  is  the  theory  of  natural  selection.  Thus  we  see 
that  natural  selection  is  not  merely  a  factor,  but  is 
perhaps  the  most  important  of  all  factors  in  organic 
evolution. 

Passing  over  the  objections  to  the  theory  of  natural 
selection  that  arise  from  misunderstanding  of  the 
theory  or  ignorance  of  the  facts,  there  are  four  objec- 
tions that  are  important. 

First  is  the  objection  that  selection  is  merely  a  proc- 
ess of  elimination  and  can  produce  nothing.  It  is  of 
course  true  that  without  variation  there  can  be  no 
selection;  but  may  not  selection  by  determining  the 
parents  of  one  generation  influence  the  course  of  varia- 
tion in  the  next,  and  thus  indirectly  lead  to  the  pro- 
duction of  new  characters?  That  the  effect  of  selec- 
tion upon  hereditable  variations  is  only  ajiparent,  not 
real,  seemed  to  have  been  proved  by  Johannsen  and  by 
Jennings  in  their  experiments  upon  "pure  lines,"  that 
is  upon  the  descendants  of  one  homozygous  parent. 
On  the  other  hand,  the  equally  careful  experiments 
of  Ca.stle  upon  polydactylous  guinea-pigs,  of  Woltercck 
upon  Daphnia,  and  especially  of  Castle  and  Phillips 
(1914)  upon  the  color-pattern  of  hooded  rats,  show 
that  new  types  may  be  established  by  selection  of 
variations  within  pure  lines. 
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Second,  natural  selection  cannot  be  the  cause  of 
"the  origin  of  species,"  because  most  closely  related 
species  are  distinguished  by  differences  of  form  or 
color  that  are  so  minute  that  it  seems  impossible  for 
them  to  be  of  selective  value.  Not  knowing  all  the 
conditions  of  life,  we  are  unable  to  say  that  such  differ- 
ences are  not  in  themselves  of  selective  value  or  corre- 
lated with  characters  of  selective  value.  But  in  many 
cases  there  is  no  evidence  of  such  value  or  correlation. 

Sinnott  (1913)  has  made  the  interesting  suggestion 
that  it  is  just  because  these  trivial  characters  have  no 
selective  value  that  they  have  become  sufficiently 
fixed  to  furnish  the  "taxonoraic  type."  He  regards 
natural  selection  as  having  for  its  chief  function  the 
prevention  of  too  great  fixity  in  characters  having  a 
survival  value,  anfl  thus  to  promote  that  adaptability 
to  varying  conditions  that  is  as  important  in  nature 
as  in  human  life. 

Tliird,  the  one  characteristic  that  surelj'  distin- 
guishes species  from  varieties  is  the  infertility  of  species 
when  crossed  with  other  forms.  Now  it  is  difficult  to 
see  how  infertility  of  any  form  could  be  produced  by 
natur.ll  selection,  except  in  relation  to  the  food  supply. 
But  food  supply  could  have  nothing  to  do  with  infer- 
tility between  species. 

This  form  of  sterility  has  never  been  produced  ex- 
perimentally, and  we  can  only  suppose  that  it  has 
arisen  in  connection  with  the  appearance  of  other  new 
characters. 

Fourth,  a  distinction  must  be  drawn  between  linear 
evolution  and  divergent  evolution.  Linear  evolution 
would  be  the  gradual  change  of  specific  type  by  which 
the  new  species  would  become  different  from  the  old, 
but  the  number  of  species  would  remain  the  same. 
Divergent  evolution,  on  the  other  hand,  would  mean 
the  splitting  of  original  .specific  types  into  two  or  more 
new  types.  Now  it  would  be  impossible  for  a  species 
to  become  multimodal  and  ultimately  to  separate  into 
two  or  more  by  the  action  of  natural  selection  alone. 


Fio.  2164. — Illustration  of  the  Swampins  Effect  of  Intercrossing.  I,  First  generation — selection 
intense,  model  type  destroyed  leaving  two  pure  types  distinctly  differentiated;  II.  Second  genera- 
tion— random  mating  of  the  two  pure  types,  of  equal  fertility.  Results,  mixed  type  twice  :is 
numerous  as  either  pure  type.  Ill,  Third  generation — random  mating  of  the  second;  all  indi- 
viduals equally  fertile.  Results,  mixed  type  si.\  times  as  numerous,  and  intermediate  forms 
four  times  as  numerous,  as  either  pure  type.     (Data  from  Pearson.) 

For  there  would  be  nothing  to  prevent  individuals  of 
different  types  from  breeding  together  and  thus  reduc- 
ing them  all  to  a  common  type. 

These  objections  are  valid,  unless  some  other  factor 
may  be  brought  to  the  aid  of  natural  selection.  But 
selection  is  not  the  only  means  employed  by  the  breeder 
of  domestic  races;  then  why  should  natural  selection 
be  supposed  to  be  the  sole  factor  of  organic  evolution? 

Isolation. — When  a  breeder  wishes  to  improve  a  race 
or  to  create  a  new  one,  he  not  only  makes  a  very  care- 
ful selection  of  his  breeding  stock,  but  he  builds  a  fence 
around  it  and  guards  it  against  admixture  with  other 
stock.  That  this  principle  of  isolation,  or  segregation, 
is  of  great  importance  as  a  factor  of  organic  evolution 
has  been  pointed  out,  especially  by  Wagner,  Gulick, 


and   Romanes.     By  Isolation  is  meant  "Nimplv  the 
prevention  of  intercrossing  between  a,  «ep:i^   •    ' 
tion  of  a  species  or  kind  and  tlie  rejtt  of  tha' 

kind."     Romanes  regards  natural  sclectifjii  ..     ., .; 

factor  of  vast  importance  in  evolution,  but  he  bi-heveu 
it  to  be  less  fundamental  and  of  more  limite<t  applica- 
tion than  the  principle  of  isolation.  He  says :  "Kqualed 
only  in  its  importance  by  the  two  basic  priricipha 
of  heredity  and  variation,  this  i>rinciplc  of  isolation 
constitutes  the  third  pillar  of  a  tripod  upon  wliiili  is 
reared  the  whole  superstructure  of  organic  evolution." 
From  this  ])oint  of  view  natural  selection  becomes  a 
•special  case  of  isolation,  where  the  indivirluuls  bext 
fitted  for  their  environment  are  isolated  antl  prevcntcfl 
from  crossing  with  inferior  individuals  by  the  death  of 
the  latter.  But ,  as  we  have  seen,  this  form  of  isolation 
can  produce  only  linear,  or  monotypic,  evolution,  for  of 
the  two  separated  sections  of  the  species  only  one  sur- 
vives. It  is  ])ossible,  however,  that  the  modal  type 
might  become  the  lea.st  favorable,  and  that  selection 
would  result  in  the  separation  of  two  types  equally  fit. 
To  borrow  an  illustr.ation  from  Pearson,  suppose  a 
short  femur  and  a  long  radius  to  be  equally  favorable 
and  their  combination  in  one  individual  so  rare  a.s  to 
be  negligible.  Rigorous  selection  would  produce  two 
pure  types,  as  in  Fig.  21G4,  I.  But  natural  selection 
alone  is  powerless  to  prevent  the  free  intercro.ssing  of 
these  types,  and  the  birth  curve  of  the  next  generation 
will  have  the  form  of  II  in  Fig.  2164,  if  we  .i-vsumc  that 
this  is  a  case  of  blended  inheritance,  or  that  we  are 
dealing  with  characters  compounded  of  many  Mende- 
lian  factors,  which  would  amount  to  the  same  thing. 
Selection  will  need  to  be  repeated  with  etjual  rigor, 
otherwise  in  the  third  generation  we  shall  find  an 
approach  to  the  normal  curve  with  the  mixed  type  as 
the  mode,  six  times  as  numerous  as  either  pure  type 
(Fig.  2164,  III).  By  natural  selection  alone,  then,  we 
should  have  in  such  a  case  nu-rely  periodic  selection 
and  no  progress  in  divergent  evolution.  In  order  that 
the  tyi)es  ,\  and  B  nia>-  bo- 
-n  come  the  foundation  for  two 

new  species,  some  other  bar- 
rier must  arise  between 
them.  We  must  look  for 
some  other  form  of  isolation. 
Isolation  m.ay  be  total  or 
it  may  be  partial  of  v.irious 
degrees.  A  more  important 
distinction  is  between  isola- 
tion that  is  "discriminate" 
and  that  which  is  "indis- 
criminate. "  Indiscriminate 
isolation  allows  free  inter- 
crossing of  all  vjiriations,  or 
apogamy;  while  discriminate 
isolation  allows  only  indi- 
viduals having  some  point 
of  resemblance  to  breed 
together,  or  homogamy. 

.•\l)oganiy  will  occur  only 

where  sections  of  the  species 

contain    large    numbers    of 

individuals  at   the   time  of 

separation.     In  this  c.isc  there  will  be  no  change  of 

type  unless  the  separ.ated  sections  become  suhjccte<I 

to  different  cimditicuis  so  that  natural  selection  may 

act  in  a  different  n\:inner. 

Where  the  isolated  section  is  so  small  .is  not  to  be  a 
f.iir  sample  of  the  iiojiulaticm,  there  will  he  a  sudden 
change  of  tvpe.  That  is,  the  mean  of  this  section  will 
differ  somewhat  from  the  mean  of  the  species  .is  a 
whole,  anil  there  will  be  a  certain  degree  of  homog.imv. 
But  this  diange  of  type  may  be  very  small,  and  it  is 
very  doubtful  if  homogamy  without  natural  selection 
can  produce  .inv  continuous  change  of  type,  although 
Gulick  and  Roinanes  have  held  that  it  can. 

Geographical  isolation  has,  without  doubt,  played  a 
very  important  part  in  the  differentiation  of  species. 
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As  we  have  seen,  it  will  give  rise  to  hoinogamy  or 
apogamy,  according  to  the  number  of  individuals  sepa- 
rated. But  prol)ably  its  most  imjiortaut  effect  has 
been  to  allow  the  gradual  adaptation  of  parts  of  a 
species  to  different  conditions,  which  would  be  imjjos- 
sible  where  free  intercrossing  could  take  place.  This 
would  account  for  the  facts  exi)ressed  in  Jordan's  law 
of  geographical  distribution,  which  has  been  stated  as 
follows:  "Ciiven  any  species  (or  kind)  in  any  region, 
the  nearest  related  species  (or  kind)  is  not  to  be  found 
in  the  same  region,  nor  in  a  remote  region,  but  in  a 
neighboring  district  se|)arated  from  the  first  by  a 
barrier  of  some  sort,  or  at  least  by  a  belt  of  country,  the 
breadth  of  which  gives  the  effects  of  a  barrier." 
According  to  Jordan  (1909)  this  holds  as  a  general 
rule  for  most  .animals  and  plants.  Such  closely 
rel.ated  species  he  calls  "germinate  species,"  and  says 
that  wherever  a  distinct  barrier  exists  germinate 
species  may  be  found  on  the  two  sides  of  it.  If  the 
barrier  is  imperfect  there  may  be  a  mingling  and  inter- 
gradation  of  forms.  But  "a  subspecies  that  lives 
permanently  in  the  same  region  coincident  in  range 
with  the  species  from  which  it  springs  is  unknown  in 
zoology." 

There  are  numerous  forms  of  homogamy.  "  When, 
for  example,  any  .section  of  a  siiecies  adopts  somewhat 
different  habits  of  life,  or  occupies  a  somewhat  differ- 
ent station  in  the  economy  of  nature,  homogamy 
arises  in  that  section. "  In  plants  differences  in  times 
of  flowering,  in  habitat,  or  in  the  habits  of  insect 
visitors  may  give  rise  to  homogamy.  But,  according 
to  Romanes,  aside  from  natural  selection,  the  most 
important  form  of  homogamy  is  sexual  incom])atibility, 
which  he  calls  phvsiological  isolation.  In  this  form 
of  isolation  individuals  having  some  peculiarity  of  the 
reproductive  organs  are  prevented  by  this  from  cross- 
ing with  individu.als  having  some  other  peculiarity. 
If  this  sterility  between  different  sections  of  the 
species  be  correlated  with  other  peculiarities,  we  have 
what  Romanes  calls  physiological  selection  and  the 
formation  of  a  new  race,  which  is  free  to  develop 
independently  of  the  rest  of  the  species. 

This  theorj'  is  basetl  upon  two  principal  considera- 
tions: (1)  the  general  variability  of  organisms,  in- 
cluding the  reproductive  organs,  and  (2)  the  fact  that 
the  character  that  chiefl.v  distinguishes  species  from 
varieties  is  sterility  between  them.  This  sterility  may 
be  absolute,  or  it  may  result  in  the  production  of  more 
or  less  sterile  hybrids.  Whether  sterility  has  arisen 
before  or  after  other  divergent  characters,  it  will  be, 
in  either  event,  an  important  factor  in  evolution.  We 
need  not  now  suppose  it  to  have  arisen  gradually;  but 
it  may  have  arisen  in  a  mutation  and  be  correlated 
with  some  Mendelian  factor.  If  this  were  dominant 
the  off.spring  of  the  first  cross  would  be  entirely  sterile 
with  the  parent  species,  but,  if  fertile  inter  se,  would 
produce  in  subsequent  generations  a  diminishing 
number  of  individuals  capable  of  crossing.  If  the 
critical  factor  were  recessive  one  cjuarter  of  the  F2 
generation  would  be  sterile  w-ith  the  parent  species, 
and  to  this  isolated  group  some  additions  would  be 
made  by  subsequent  generations. 

The  chief  evidence  for  the  theory  of  Physiological 
Selection  is  found  in  the  topogr.aphical  distribution  of 
plants.  Naegeli  found  ninety-five  per  cent,  of  allied 
species  and  a  great  number  of  allied  varieties  living 
together  in  the  same  stations  separated  by  no  barrier 
except  sterility.  And  this  is  confirmed  by  the  experi- 
ments of  Alexis  Jordan,  published  in  187:?.  He  dis- 
covered in  plants  great  numbers  of  varieties  hitherto 
overlooked  because  of  the  minuteness  of  the  differ- 
ences between  them.  And  he  found  that  in  many 
hundreds  of  cases  these  varieties  in  nature  living  side  by 
.side,  would  breed  true  to  seed  and  be  sterile  itiier  se. 

Sexual  Selection. — Another  series  of  special  cases  of 
isolation  is  furnished  by  the  various  kinds  of  sexual 
/selection.  This  term,  as  recently  employed  by  Pear- 
son, includes  all  forms  of  selective  mating.     This  is 


sharply  contrasted  with  pangamic  mating,  or  the  mat- 
ing at  random  of  all  members  of  the  race.  The  forms 
of  selective  mating  are  classified  by  Pearson  as  follow^s : 

1.  Autogamic  mating,  or  self-fertilization,  including 
the  fertilization  of  a  flower  by  another  flower  on  the 
same  jjlant. 

2.  Endogamic  mating,  or  mating  within  the  famil}-, 
brood,  or  clan,  a  very  effective  mode  of  isolation. 

3.  Homogamic,  or  assortive  mating,  the  union  of 
like  with  like,  the  two  mates  not  necessarily  being  of 
the  same  brood. 

4.  Apolegamic  (from  d7roX^7ui,  I  pick  out,  refuse),  or 
preferential  mating.  This  is  sexual  selection  in  the 
sense  in  which  the  word  was  originally  used  by 
Darwin. 

5.  Heterogamic  mating,  or  the  union  of  unlikes. 
Darwin  found  many  cases  of  this  form  of  mating  in  his 
study  of  the  effects  of  cross  and  self-fertilization  in 
plants.  It  includes  those  cases  in  which  the  species  is 
polymorphic  and  a  union  of  diverse  forms  is  prepotent 
over  a  union  of  similar  individuals. 

The  theory  of  sexual  selection  in  the  narrower  sense 
was  devised  by  Darwin  to  account  for  the  origin  of 
certain  secondary  sexual  characters  in  animals. 

There  are  many  species  in  which  the  individuals  of 
one  sex,  usually  the  male,  fight  with  one  another  for 
the  possession  of  mates.  The  fur  seal  is  an  excellent 
example.  In  such  cases  it  is  obvious  that  those  males 
having  superior  weapons  and  strength  to  use  them 
will  beget  the  greater  number  of  off.spring,  and  that 
these  will  inherit  and  transmit  their  favorable  pecul- 
iarities. This  might  be  regarded  as  a  special  form  of 
natural  selection. 

But  there  are  many  species,  especially  among  the 
birds,  in  which  the  contest  for  mates  is  carried  on  by 
gentler  means.  In  these  cases  the  males  usually  seem 
to  vie  with  one  another  in  an  attempt  to  excite  the 
sexual  instincts  of  the  females  by  melodious  song  and 
cries,  by  movements  of  the  body,  or  display  of  bright 
colors.  It  is  supposed  that  those  males  which  are 
most  attractive  to  the  females  will  ijroduce  the  most 
offspring,  and  thus  the  development  of  ornamental 
secondary  sexual  characters  is  regarded  as  due  to 
selective  action  on  the  part  of  the  females. 

Of  course,  this  theorv  can  apply  only  to  animals  of  a 
relatively  high  grade  of  organization,  and  the  effi- 
ciency of  this  factor  in  evolution  has  been  denied 
entirely  by  Wallace  and  others. 

To  enter  into  this  controversy  would  require  too 
much  sjjace.  But  it  may  be  pointed  out  here  that  (1) 
m.ales  are  frequently  distinguished,  not  only  by  bright 
colors,  but  by  a  highly  decorative  color  pattern,  some- 
times associated  with  a  highly  elaborate  structure,  as 
in  the  peacock,  angus  pheasant,  bird  of  paradise,  etc.; 

(2)  many  birds  possess  not  only  call  notes,  but  a  melo- 
dious song,  often,  to  our  ears  at  least,  of  great  beauty, 
as  the  wood  thrush,  the  wren,  and  the  catbird;  (3)  and, 
finally,  the  deer  family  possess  handsome  arborescent 
antlers  that  are  highly  ornamental,  but  certainly  less 
efficient  weapons  than  the  straight  horns  of  the  ante- 
lopes. Now  these  facts  cannot  be  explained  by  the 
assumption  of  vigor  of  the  male,  nor  by  the  usual  proc- 
ess of  natural  selection,  while  they  may  be  explained 
on  the  theory  of  preferential  mating.  On  the  other 
hand  it  should  be  noted  that  (1)  bright  colors  and 
decorative  pattern  may  occur  in  both  sexes,  (2)  that 
there  is  little  or  no  evidence  that  the  females  exercise 
any  choice  with  regard  to  beauty  of  color  or  song,  and 

(3)  there  is  evidence  in  the  insects  at  least  that  second- 
ary sexual  ch.aracters  may  arise  as  mutations  and  be 
iniierited  as  MendeliaJi  factors  without  any  selection 
(T.  H.  Morgan,  1913). 

The  question  as  to  whether  the  choice  of  the  female 
is  or  is  not  an  efficient  factor  in  evolution  cannot  be 
determined  by  a  few  or  manj-  detached  observations. 
If  it  be  a  factor,  it  will  exhibit  a  general  tendency  in 
one  direction,  and  to  discover  such  a  tendency  it  is 
necessary  to  resort  to  careful  statistical  inquiry. 
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Pearson  has  pointed  out  the  method  for  making  such 
inquiries,  and  in  the  case  of  man  he  found  no  evidence 
of  preferential  mating  in  respect  to  stature,  but  he 
found  distinct  evidence  of  preferential  mating  in  the 
matter  of  eye  color  or  of  some  closely  allied  character 
in  the  male.  The  general  tendency  is  for  the  lighter- 
eyed  to  mate,  while  the  dark-eyed  are  less  frequently 
mated.  He  concludes  that  it  cannot  be  doubted 
"that  sexual  selection  in  the  form  of  preferential  mat- 
ing is  not  a  mere  hy])othesis,  but  can  be  demonstrated 
to  actually  exist  in  the  case  of  man." 

Preferential  mating  would  have  an  effect  on  evolu- 
tion similar  to  that  of  natural  selection.  That  is, 
there  might  be  a  tendency  to  progressive  change  of 
type,  but  it  could  not  alone  produce  differentiation. 
()n  the  other  hand,  it  is  clear  that  self-fertilization  and 
endogamy  would  aid  differentiation,  and  assortive 
mating  would  also  have  this  effect,  if  mating  of  this 
kind  takes  place. 

Pearson,  .using  the  method  of  correlation,  studied  the 
stature  of  1,000  pairs  of  husbands  and  wives,  and  the 
eye  color  of  774  pairs.  And  he  founrl  that,  "the  assor- 
tive mating  is  indeed  so  great  that  husband  and  wife 
have  for  the  average  of  these  two  characters  a  sensibly 
greater  degree  of  resemblance  than  that  assumed  on 
theoretical  grounds  to  hold  for  first  cousins  and 
approaching  the  degree  of  resemblance  found  for 
uncle  and  niece. " 

Panmixia. — The  presence  of  vestigial  organs  in  vast 
numbers  of  species,  and  the  fact  that  some  groups  en- 
tirely lack  organs  possessed  by  other  related  and  per- 
haps lower  groups,  as,  for  example,  the  snakes,  lead  to 
the  belief  that  in  the  course  of  evolution  organs  in 
many  cases  have  dwindled  in  successive  generations, 
and  sometimes  entirely  disappeared. 

Perhaps  the  most  natural  explanation  of  these  facts 
would  be  to  ascribe  them  to  the  inherited  effects  of 
disuse.  But  this  exjjlanation  is  inadequate,  for  it  will 
not  account  for  the  loss  of  parts  in  plants,  nor  for  the 
loss  of  passively  ])rotective  structures  in  animals;  and 
it  is  particularly  inapplicable  to  the  cases  of  the  loss  of 
wings  in  neuter  insects,  for  neuters  produce  no  young, 
and  hence  there  could  be  no  inherited  effect. 

To  meet  this  difficulty  Weismann  introduced  the 
hypothesis  of  panmixia.  This  is  merely  random 
mating  without  selection.  But,  as  has  been  pointed 
out  by  C.  L.  Morgan  and  Pearson,  the  only  effect  of 
panmixia  would  be  a  reduction  from  the  survival  mean 
to  the  birth  mean.  There  would  be  a  sudden  slight 
change  of  adult  type  in  one  generation,  and  after  that 
no  further  effect. 

So  it  would  seem  that  we  must  fall  back  upon  Dar- 
win's principle  of  natural  selection  and  economy  of 
growth.  For  example,  in  the  case  of  wingless  insects 
inhabiting  small  oceanic  islands,  it  is  evident  that  if 
the  species  were  unable  to  become  strong  fliers,  it  were 
better  for  them  not  to  i\y  at  all.  Because  weak  fliers 
would  be  apt  to  be  blown  out  to  sea  and  lost.  Darwin 
argued  also  that  useless  organs  require  as  much  nour- 
ishment as  useful  ones,  and  in  time  of  dearth  the 
animal  which  had  to  find  nutrition  for  the  smallest 
amount  of  useless  tissue  would  stand  the  best  chance 
of  surviving.  This  might  account  for  the  dwindling 
of  useles.3  organs,  but  it  would  not  account  for  their 
complete  disappearance.  For  it  cannot  be  supposed 
that  the  presence  or  ab.sence  of  a  minute  vestige  of  an 
organ  could  ever  be  a  matter  of  life  or  death.  And 
as  no  satisfactory  hypothesis  has  been  advanced  to 
explain  this,  we  shall  have  to  regard  it  as  one  of  the 
unsolved  problems  of  evolution.  It  is  possible,  how- 
ever, that  the  principles  of  JNIendelian  inheritance  may 
help  to  solve  this  problem.  The  absence  of  a  charac- 
ter is  usually  recessive,  and  if  there  should  be  a  corre- 
lation with  some  useful  character  so  that  homozygous 
recessives  would  tend  to  breed  together,  the  absent 
factor  would  soon  be  eliminated  from  the  race. 

Orthogenic  Erohdion. — Paleontologists  have  asserted 
that  they  find  in  the  study  of  extinct  animals  evidence 


of  a  constitutional  tendency  tnwurrl  variation  in  a 
definite  direction.  Such  a  change  of  typo,  due  wili-ly 
to  something  inherent  in  the  constitution,  without 
action  of  organiir  or  inorganic  environment.  Ls  called 
orthogenic,  or  hathmir  evolution  (from  ftaUu-ii,  liiL-^al). 

The  evidence  that  such  evolution  luw  taki-n  plan-  ik 
not  very  convincing.  Nevertheless,  supposing  it  to  bo 
a  fact,  many  explanations  have  been  ofTcre*!  to 
account  for  it.  Mivart  suggested  an  innate  tendonrv, 
and  .\aegeli,  a  perfer-ting  principle.  But  tlif«c  are 
merely  words  and  explain  nothing.  This  is  tlie  kind 
of  evolution  that  is  postulated  in  Herg.son's  phi- 
losophy, to  which  reference  was  made  in  the  introduc- 
tory paragraphs  of  this  article.  Hyatt  from  a  .study 
of  certain  fossil  niollusca,  ammonites,  found  evidenco 
of  a  cycle  of  flevelopment  of  species  corresponding  to 
the  cycle  of  indivitlual  development.  He  holds  tliat 
there  is  a  law  of  growth  which  compels  8j)ecies  to  pa.**) 
through  the  stages  of  youth,  maturity,  and  senescence. 
This  may  be  true  of  the  ammonites;  it  may  be  the 
reason  that  they  are  extinct.  But  it  has  not  been 
shown  to  be  a  general  law,  and  the  law  itself  would 
need  explanation.  For  Eimer  (1889)  the  trans- 
mutation of  forms  is  due  to  inheritance  of  acquired 
character  and  definite  evolution,  or  orthogenesis,  and 
the  cause  of  the  latter  is  "organic  growth." 

Weismann  has  offered  ;is  an  explanation  of  bnth- 
mic  evolution  his  hypothesis  of  germinal  sileclion. 
But  this  is  a  pure  a.ssumption  based  upon  Weismann's 
theory  of  tlie  .structure  of  the  germ  plasma,  which  is, 
however,  in  haromony  in  a  general  way  with  the  data 
of  Mendelian  inheritance  (see  Heredity). 

The  first  reasonable  hint  of  a  cause  for  bathmic 
evolution  has  been  furnished  by  Pearson  in  his  theory 
of  reprodiirlire,  or  genetic,  nelection.  I'rom  the  study 
of  four  thousaiul  three  hundred  anfl  ninety  families  in 
the  miflflle  and  upper  classes,  Pearson  found  that 
variations  in  fertility  do  not  follow  a  normal  sym- 
metrical curve,  but  have  a  very  skew  distribution, 
small  families  being  much  more  numerous  than  large 
ones.  The  result  is  that  twenty-five  per  cent,  of  the 
parents  produce  tifty  per  cent,  of  the  children.  It  is 
clear  that  on  the  average  one  pair  of  the  smaller  group 
of  more  fertile  parents  will  have  as  much  effect  on  the 
type  of  the  next  generation  .as  three  pairs  of  the 
larger  less  fertile  group.  Therefore,  if  fertility  be 
inherited,  and  if  there  be  a  correlation  between  fertility 
and  any  other  character,  jjrogressive  change  of  type 
may  take  place  by  a  purely  bathmic  process,  unless 
checked  by  natural  selection  or  other  cause.  As  to 
the  inheritance  of  fertility,  Pearson  found  from  a 
comparison  of  the  sizes  of  the  families  of  a,  thousand 
pairs  of  mothers  and  daughters,  where  the  marri.oges 
had  lasted  fifteen  years  or  more,  that  there  was  very 
good  evidence  of  such  inheritance.  (lie  obtained  a 
coeflicient  of  heredity  of  0.2l;{  with  a  probable  error  of 
±0.020.)  Similar  results  were  obtained  by  the  study 
of  1,000  pairs  of  paternal  grandmothers  and 
granddaughters.  Here  the  coefficient  of  here<lity 
(0.112  ±  0.021)  is  about  half  as  large  sis  for  mother  and 
daughter,  as  would  be  expected  by  the  law  of  ancestral 
heredity,  an<l  this  is  anexami)lcof  thetransmi.ssionof  a 
female  character  through  the  male  line  with  undimin- 
ished intensity.  Thoroughbred  horses  also  furnished 
evidence  that  fecundity  is  inherited  between  dam  and 
daughter  and  also  through  the  male  line,  fecundity 
being  transmitted  by  a  sire  from  his  dam  to  his 
daughter.  There  is  also  evidence  of  correlation 
between  fertility  and  other  characters.  In  man. 
Pearson  found  that  the  more  fertile  women  are 
slightly  taller  than  the  le.ss  fertile,  and  dark-<\ved 
fathcr.s  and  mothers  are  found  to  be  n\ore  fertile  than 
those  with  light  eyes.  Every  farmer  knows  that 
breeds  of  fowls  differ  in  capacity  to  produce  eggs,  and 
Pearl  (1912')  has  made  the  interesting  discovery  that  a 
high  grade  Barred  Plymouth  Kock  hen  can  tr.ansmit 
her  superior  fertility  only  tlirough  her  sons  to  their 
daughters. 
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Poppies  have  radiating  ridges  on  the  upper  part  of 
the  seed  capsule,  the  stiginatic  bands.  _  In  4,443 
capsules  of  Shirley  poppies  the  range  of  variation  was 
from  5  to  19  bands  and  the  modal  number  was  13. 
Capsules  with  12  to  13  bands  were  found  to  be  very 
full  of  seed,  while  there  were  hardly  any  m  capsules 
having  very  few  or  very  many  bands.  Likewise  in 
3,212  seed  capsules  of  Nigdla  hispanica  the  range  of 
variation  in  the  number  of  segments  was  from  2  to 
20,  with  S  for  the  modal  number.  Capsules  with  8 
segments  were  found  to  be  very  fertile,  while  those 
with  10,  11,  and  12  segments  contained  hardly  any 
seed,  and  those  with  5  or  less  were  practically  sterile. 
It  is  evident,  then,  that  where  the  most  fertile 
character  coincides  with  the  modal  character,  as  in 
the  case  of  the  ])oppies  and  Nigella,  this  differential 
fertility,  or  genetic  selection,  will  tend  to  preserve  the 
stability  of  the  race,  and  in  order  that  differentiation 
of  type  may  take  place,  this  effect  will  have  to 
be  overcome.  On  the  other  hand,  if  the  most  fer- 
tile character  differs  from  the  modal  character,  as  ap- 
pears to  be  the  case  in  the  eye  color  of  man,  then 
there  will  be  a  progressive  change,  unless  this  is 
checked  by  preferential  mating,  natural  selection,  or 
some  other  cause.  So  differential  fertility  is  to  be 
reckoned  with  as  a  factor  in  evolution.  It  is  cert.ainly 
in  some  cases  a  conservative  factor,  and  it  is  possible 
that  it  mav  become  a  cause  of  progressive  change  of 
type.  But  whether  bathmic  evolution  has  ever 
taken  place  by  this  means  without  the  aid  of  other 
factors  is  another  of  the  unsolved  problems. 

Inheritance  of  Acquired  Characters. — An  "acquired" 
character  is  one  which  arises  during  the  life  of  the  indi- 
vidual as  the  result  of  functional  activity  or  in  re- 
sponse to  an  external  stimulus.  The  terra  is  an  un- 
fortunate one,  for  to  many  minds  the  word  "ac- 
quired" conveys  simply  the  impres.sion  of  newness 
without  regardto  the  source  of  the  change.  To  meet 
this  difficulty  C.  L.  Morgan  has  proposed  to  use  the 
term  modification  in  place  of  acquired  character,  and  to 
reserve  the  term  variation  for  changes  of  purely  con- 
genital origin.  Moreover,  it  is  often  difficult  to 
distinguish  between  modifications  and  variations. 
For  example,  deafness  may  be  due  to  congenital  mal- 
formation of  the  ear,  or  it  may  be  due  to  disease.  In 
the  first  case  it  would  be  a  variation,  in  the  second  it 
would  be  a  modification.  Now  Fay  in  his  study  of  the 
inheritance  of  deafness  often  found  it  difficult  to  decide 
in  which  class  a  given  case  should  be  placed. 

The  factors  of  organic  evolution  that  we  have  exam- 
ined so  far  have  been  the  great  factor,  natural  selec- 
tion, and  a  number  of  others  more  or  less  aiding  a,nd 
accessory  to  it.  "We  have  seen  that  natural  selection 
is  itself  conditioned  by  three  other  factors:  (1) 
variation,  (2)  inheritance,  and  (3)  the  struggle  for 
existence. 

Natural  selection  is  only  indirectly  concerned  with 
the  origin  of  variations.  So  long  as  variations  are  of 
the  right  kind  and  are  capable  of  being  transmitted, 
natural  selection,  with  the  aid  of  isolation,  will  protect 
and  develop  them.  It  is  evident,  then,  that  if  the 
])urposeful,  adaptive  modifications  of  the  individual 
that  arise  as  the  result  of  its  reactions  to  the  stirnulus 
of  its  environment  may  become  hereditary,  they  will  be 
a  great  aid  to  natural  selection.  For  they  will  insure 
the  presence  of  the  right  kind  of  variation  to  be 
selected  when  it  is  needed.  Darwin  thought  that  such 
acquired  characters  are  inherited,  and  he  regarded 
them  as  an  important  aid  to  natural  selection.  The 
nco-Lamarckians,  on  the  other  hand,  have  taken  the 
view  that  the  inheritance  of  acquired  characters  is 
much  more  than  an  aid  to  natural  selection;  that  it  is 
itself  a  prime  factor  of  organic  evolution. 

Now  comes  the  school  of  Wallace  and  Weissmann, 
and  says  that  the  inheritance  of  acquired  characters 
not  only  is  not  a  prime  factor  in  evolution,  but  it  is 
not  even  an  aid,  as  Darwin  supposed,  to  natural 
selection.     In  fact,  according  to  this  school,  acquired 


characters  are  not  in  any  degree  inherited.  _  The  ques- 
tion then  is,  \re  actiuired  characters  inherited,  and  if 
so,  how  far  has  this  inheritance  been  a  factor  in  the 
origin  of  species? 

To  discuss  fully  the  subject  of  the  inheritance  of 
acquired  characters  as  a  factor  of  organic  evolution 
would  require  much  more  space  than  we  have  at  our 
command.  But  we  may  endeavor  to  present  a  few  of 
the  thoughts  which  seem  to  be  of  greatest  importance 
in  this  connection. 

In  the  first  place  the  neo-Lamarckian  contention 
th.at  the  inheritance  of  acquired  characters  is  the  prime 
factor  in  evolution  can  be  ruled  out  of  court  at  once  as 
manifestly  untenable.  There  are  a  large  number  of 
structures  in  both  plants  and  animals  that  can  have 
developed  only  as  the  result  of  continued  selection. 
Such  are  the  cases  of  mimicry,  both  in  form  and 
color,  warning  colors,  adaptations  for  cross  fertiliza- 
tion in  plants,  and  the  like.  But  the  most  instructive 
examples,  as  pointed  out  by  Brooks,  are  to  be  found  in 
species  having  normally  sterile  individuals.  In  many 
species  of  polyps  there  are  nutritive,  offensive,  or 
protective  persons  in  each  colony  which  never  produce 
offspring;  and  among  ants,  bees,  and  termites,  the 
most  numerous  and  most  active  members  of  the 
community  are  sterile  workers.  These  sterile  indi- 
viduals generally  differ  from  the  fertile  males  and 
females,  presenting  very  beautiful  modifications  of 
both  structures  and  instincts  in  adaptation  to  their 
very  different  functions  and  mode  of  life.  Now  as  the 
worker  has  no  offspring  its  acquired  character  cannot 
be  inherited.  The  evolution  of  the  worker  must  be 
explained  as  the  result  of  natural  selection,  preserving 
those  queens  that  produced  the  workers  best  adapted 
to  the  needs  of  the  species. 

If  such  complex  adaptations  as  the  rnechanism  for 
cross  fertilization  in  orchids,  and  modifications  ob- 
served in  the  worker  of  the  honey-bee  h.ave  arisen  with- 
out the  aid  of  the  inheritance  of  modifications,  a  strong 
presumption  is  raised  in  favor  of  the  view  that  natural 
selection  and  not  inheritance  of  acquired  characters, 
has  been  the  prime  factor  in  evolution  generally.  This 
being  granted,  should  we  not  return  to  the  position 
taken  by  Darwin,  that  while  natural  selectionis  by 
far  the  most  important  factor  in  evolution,  it  has 
been  aided  by  the  favorable  variations  resulting  from 
the  inheritance  of  acquired  adaptive  modifications? 

The  amount  and  kind  of  evidence  that  is  required 
to  prove  any  generalization  depend  upon  its  theo- 
retical probability.  Now  if  we  accept  Darwin's 
view  as  to  the  inheritance  of  acquired  characters, 
we  must  also  accept  his  theory  of  heredity  or  some 
theory  closely  allied  to  it.  The  study  of  heredity, 
however,  makes  it  clear  that  the  only  theory  that 
corresponds  with  what  is  known  of  the  origin  of  the 
germ  cells  and  the  subsequent  development  of  the  em- 
bryo utterly  fails  to  explain  the  inheritance  of  acciuired 
characters.  The  theory  of  the  inheritance  of  modi- 
fications involves  the  necessity  of  some  mechanism 
by  which  the  presence  of  a  somatic  character  in  a 
parent  will  so  affect  the  germ-cells  that  this  character 
will  reappear  in  the  offspring.  No  such  mechanism 
has  been  discovered;  and  the  rapid  increase  of  knowl- 
edge concerning  both  the  physical  basis  and  the  visible 
results  of  heredity  that  has"  followed  the  rediscovery 
of  Mendehan  principles,  has  only  served  to  strengthen 
the  theory  of  the  continuity  of  the  germ  plasm. 
This  makes  the  inheritance  of  acquired  characters 
seem  theoretically  improbable,  and  necessitates  a 
critical  examination  of  the  testimony  in  its  favor. 
This  evidence  may  be  classified  as  follows: 

1.  Indirect  evidence. 

(a)  Analogy  between  congenital  and  acquired 
characters. 

(6)  Apparent  uselessness  of  nascent  structures 
observed  in  fossils. 

(f)   Reflex  actions. 

(d)   Instinct. 
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2.  Direct  evidence. 

Reported  cases  of  inherited  effects  of  (a)  use  or 
disuse,  of  (b)  climate,  and  of  (c)  food. 

3.  Experimental  evidence. 

(a)  Brown-Sequard's  experiments  on  guinea-piss. 

(6)  Experiments  of  Hoffman,  Carriere,  and  Buck- 
man  on  plants. 

It  will  be  most  convenient  to  take  up  this  evidence 
in  the  reverse  order.  Beginning  with  the  experi- 
mental evidence,  Brown-Soquard's  experiments  were 
supposed  to  show  that  epilep.sy  induced  in  guinea- 
pigs  by  operation  is  inherited  by  their  offspring. 
But  Romanes  repeated  these  experiment-s  as  carefully 
as  possible,  and  his  results  were  inconclusive.  More 
recently  T.  H.  Morgan  (1903)  has  suggested  other 
explanations  for  the  facts,  such  as  they  are. 

Carriere  and  Buckman  were  able  to  produce 
change  in  plants  increasing  in  successive  generations, 
by  growing  them  on  different  soils.  But  here  the 
principle  of  selection  was  employed,  and  it  is  im- 
possible to  say  how  far  the  result  is  due  to  selection 
and  how  far  to  the  inheritance  of  acquired  characters. 
It  is  also  to  be  remembered  that  food  is  one  of  the 
factors  in  the  environment  that  may  affect  the  germ 
plasm  directly.  It  is  possible,  therefore,  that  the 
changes  observed  in  the  succeeding  generations  of 
plants  may  be  due  to  the  new  constituents  of  the 
sap  affecting  the  germ  plasm  directly.  The  new 
characters  would  not  then  be  acquired  characters 
in  the  technical  sense,  but  true  congenital  variations. 
Moreover,  these  experiments  are  offset  by  a  number 
of  experiments  made  by  careful  observers  especially 
to  test  the  question  of  inheritance  of  acquired  char- 
acters, which  have  given  purely  negative  results. 

Fay  found  that  when  both  parents  are  congenit- 
ally  deaf,  twenty-six  per  cent,  of  the  children  are  deaf. 
When  one  parent  is  congenitally  deaf  and  one  has 
acquired  deafness,  the  percentage  of  deaf  children 
is  6. .5  per  cent.,  while  where  both  parents  have  ac- 
quired deafness  it  is  only  2.3  per  cent.,  and  this  last 
percentage  may  be  due  to  an  error  in  determining 
whether  the  deafness  is  congenital  or  acquired. 

An  especially  careful  series  of  experiments  is  described 
by  Sumner  (1910),  who  found  that  white  mice  when 
kept  in  a  warm  room  during  growth  have  longer  tails, 
feet,  and  ears,  than  mice  that  have  been  kept  in  a 
cold  room  during  the  corresponding  period.  After 
pairing,  the  females  of  both  lots  when  found  to  be 
pregnant  were  removed  to  a  common  room.  The 
offspring,  286  in  number,  were  measured  when  six 
weeks  old,  and  for  each  of  the  three  measurements 
there  was  a  small  average  difference  in  favor  of  the 
warm  room  descendants.  But  these  differences  are 
so  small  and  so  little  in  excess  of  their  probable  errors, 
that  alone  they  are  not  convincing. 

In  a  series  of  experiments  upon  a  rotifer,  Hyda- 
tina,  Whitney  (1912)  has  endeavored  to  ascertain  if 
the  effects  of  alcohol  are  inherited.  His  observations 
extending  through  twenty-eight  generations  showed 
that  in  these  animals  the  effect  of  alcohol  was  partly 
eliminated  in  the  first  generation  and  totally  dis.ap- 
peared  by  the  end  of  the  second  generation  after  the 
alcohol  was  removed. 

For  a  review  and  criticism  of  other  experiments 
on  the  imheritance  of  modifications,  especially  the  re- 
markable exjjeriments  by  Karamerer,  the  reader 
should  consult  Bateson  (1913)  pp.  187-212. 

So  the  experimental  evidence,  which  should  be 
expected  to  give  the  most  conclusive  answer,  is  after 
all  unsatisfactory. 

The  direct  evidence  as  a  whole  is  worthless.  Most 
of  the  cases  have  been  reported  by  unscientific 
persons  unskilled  in  exact  observation.  The  cases 
in  which  there  have  been  competent  observers  can 
be  explained  as  well  either  as  the  result  of  selection 
of  congenital  variations  or  as  the  result  of  the  direct 
effect  of  environment  upon  the  germ  plasm. 

It  is  the  indirect  evidence  that  offers  by  far  the 


best  ca.ses  in  favor  of  the  inheritance  of  ai-quirwl 
characters.  In  the  first  place,  that  the  efftrt.f  of 
use  and  disuse  of  parts  and  the  effects  of  external 
conditions,  climate,  food,  etc.,  are  inherited,  ij>  a 
matter  of  common  belief.  We  know  the  efTectn  of 
these  causes  upon  the  individual,  and  we  know  that 
very  niinute  inflividual  peculiarities  frequently  are 
inherited.  It  is  reasonable  to  suppose  then'  that 
peculiarities  caused  by  external  conditions  are  in- 
herited with  the  rest.  No  one  can  i-laini,  however, 
that  this  line  of  eviccnde  offers  more  than  a  prwump- 
tion  in  favor  of  the  inheritance  of  ac(|uired  characterit. 
A  better  line  of  indirect  evidence  is  furni.thed  by 
those  adajjtations  which  apparently  could  not  have 
been  of  use  in  the  early  stages  of  their  evolution,  and 
many  paleontologists  believe  that  they  find  in  ex- 
tinct sp(!cies  such  nascent  structures  and  that  these 
prove  the  inheritance  of  acquired  characters  to  be 
the  prime  factor  in  evolution.  This  is  regarded  a« 
especially  true  of  those  cases  in  which  a  high  degree 
of  co-adaptation  is  required.  Spencer,  for  example, 
presents  the  case  of  the  giraffe  as  a  form  undoubtedly 
due  to  the  inherited  effects  of  functional  activity. 
For  as  he  rightly  says,  in  order  that  the  giraffe  may 
carry  his  long  neck,  the  forelegs  must  be  lengthened, 
and  the  hind  legs  shortened.  In  fact,  the  whole 
shape  of  the  body  h.os  to  be  altered,  involving  changes 
in  a  great  many  tissues  and  organs.  If  a  breeder  is 
trying  to  iiroduce  a  variety  having  a  new  combina- 
tion of  characters,  he  selects  individuals,  some  having 
one  character,  some  another,  and  still  others  a  thirtl, 
and  so  on;  and  by  causing  these  to  breed  together 
finally  obtains  individuals  in  which  these  characters 
are  all  combined.  The  Boston  terrier  and  the  Ply- 
mouth Rock  fowl  are  excellent  examples  of  such  a 
blending  of  characters  by  artificial  selection. 

Now  Spencer  argues  that  it  is  impossible  for  co- 
adaptation  to  be  produced  by  an  analogous  process 
in  nature,  for  it  is  inconceivable  in  the  case  of  the 
giraffe,  for  example,  that  any  one  of  its  peculiarities 
occurring  alone  in  an  individual  could  be  of  sufficient 
value  to  lead  to  the  jireservation  of  the  animal  by 
natural  selection.  In  fact,  some  peculiarities  without 
the  others,  for  instance,  the  long  heavy  neck  without 
unusually  strong  shoulders  to  support  it,  might  be  so 
great  a  disadvantage  as  to  lead  to  speedy  elimination, 
in  order  that  the  giraffe  should  be  produced  by  n.atural 
selection,  according  to  Spencer,  it  would  be  ncce,ssar>' 
for  all  of  the  coordinated  adaptations  to  appear  at 
the  same  time  and  in  a  Large  number  of  individuals. 
For,  in  the  first  place,  these  variations  could  be  of  no 
value  unless  all  were  present  and  coordinate*!;  and 
in  the  second  place,  unless  they  occurred  at  the  same 
time  in  a  large  number  of  individuals,  they  would  be 
lost  by  the  swamping  effect  of  intercro.s,<ing.  More- 
over, they  must  continue  to  vary  in  the  right  direction 
in  a  large  number  of  individuals.  All  of  this  .Spencer 
holds  to  be  impo.ssible  without  the  aid  of  the  inher- 
itance of  acquired  characters,  ^yallace  (1SS9)  has 
answered  this  argument  by  pointing  out  that  what 
Spencer  regards  as  imijossible  in  nature,  has  repeatedly 
occurred  among  domestic  races,  and,  as  T.  H.  .Morgan 
(1903)  remarks,  "The  ancon  ram  and  the  turn-spit 
dog  were  marked  departures  from  the  normal  types, 
and  yet  their  parts  were  sufficiently  coordinated  for 
them  to  carry  out  the  usual  modes  of  progression." 

.\nother  answer  to  Spencer  has  been  given  bv  C.  L. 
Morgan  and  others  in  the  principle  calh>d  Orgtinic 
Sdection.  This  principle  includes  two  factors,  ll)  the 
general  capacitv  of  organism  to  i)roduce  modifica- 
tions of  an  adaptive  character  in  response  to  funclion.il 
activity  or  external  stimuli,  .as  in  the  strengthening 
of  the  muscles  by  exercise;  and  (2)  the  occurrence  of 
congenital  variations  in  the  same  direction,  which 
give  their  fortunate  possessors  the  advantage  of  a 
greater  initial  adaptability.  .\  man  with  c<ingenitally 
strong  muscles  h;is  an  advantage  over  one  that  has  to 
acquire  strength  by  exercise.     If    coadaptation    hsis 
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arisen,  as  Spencer  su])pose.s,  by  the  accumulation  in 
one  organism  of  a  number  of  independently  inheritable 
factors,  and  if  forluilous,  congenital  variations  and 
modifications  due  to  functional  activity  may  be  of  the 
same  character  and  may  occur  side  by  side,  the  latter 
supplying  any  deficiencies  in  the  former,  there  is  no 
longer  any  difficulty  in  the  theory  that  even  so  com- 
plicated a  coaflaptation  as  is  presented  by  the  giraffe 
may  arise  by  blending  of  minor  congenital  adaptations 
and  therefore  may  be  explained  by  natural  selection. 
Moreover,  it  is  to  be  borne  in  mind  that  it  is  a  fallacy 
to  speak  of  any  one  character  as  being  selected. 
It  is  not  a  single  character  that  is  even  preserved  by 
natural  selection,  but  it  is  the  indiv-idual  as  a  whole 
that  is  selected.  While  a  favorable  character  may 
not  of  itself  be  of  selecti\"e  value,  it  may  be  per- 
petuated because  it  occurs  combined  with  other  favor- 
able character.s  either  congenital  or  acquired,  all  so 
blended  as  to  give  their  possessor  superior  advantages. 

Individually  acquired  modifications  may,  therefore, 
become  important  factors  in  evolution,  not  because 
they  are  inherited,  but  because  by  their  acquirement 
the  individual  is  able  to  supplement  the  deficiencies 
in  its  congenital  characters.  And  when  thus  sup- 
plemented by  individually  acquired  adaptive  modi- 
fications, the  inheritable  congenital  characters  may 
be  preserved  by  natural  selection  and  continued  from 
generation  to  generation,  until  by  the  operation  of 
fortuitous  variation  and  natural  selection  the  ac- 
quired modifications  are  replaced  by  congenital  char- 
acters of  the  same  kind.  So  we  may  have  two  forms 
of  coadaptation;  first,  coadaptation  of  mingled 
congenital  and  acquired  characters,  which  precedes 
and  prepares  the  way  for  the  second,  coadaptation 
of  purely  congenital  characters. 

The  question  whether  coadaptation  by  the  blend- 
ing of  favorable  congenital  variations  really  occurs 
in  nature  is  answered  best,  according  to  Romanes,  by  a 
study  of  reflex  actions  and  of  instincts.  Turning  now 
to  the  evidence  from  reflex  actions,  it  seems  to  us  that 
Romanes  has  been  unfortunate  in  selecting  this  line  of 
evidence  upon  which  to  pin  his  faith  in  the  occasional 
inheritance  of  acquired  characters.  He  asks  what  use 
an  animal  can  have  for  lower  reflex  centers  when  the 
higher  brain  centers  are  capable  of  originating  the 
same  nervous  impulses.  Now  no  one  who  has  ever 
learned  to  dance,  to  swim,  or  to  ride  a  bicycle  will  fail 
to  appreciate  the  superiority  of  refiex  over  conscious 
action.  No  one  can  become  an  expert  swimmer  or 
rider  until  the  movement  is  of  the  nature  of  a  reflex, 
although  the  higher  centers,  the  rational  processes, 
may  still  be  indispensable  in  case  of  accident.  Ro- 
manes argues  at  length  in  regard  to  the  apparent 
uselessness  of  many  reflexes,  together  with  the  com- 
pleteness of  the  mechanism  required,  and  the  conse- 
quent difficulty  of  explaining  them  by  natural  selec- 
tion, and  then  proceeds  to  show  that  "if  function  pro- 
duces structure  in  the  race  as  it  does  in  the  individual," 
all  is  easily  explained. 

Now,  in  the  first  place,  does  function  produce 
structure  in  the  individual?  '  Function  may  be  said  to 
produce  size,  strength,  hardness,  flexibility,  and  the 
like,  but  no  case  is  on  record  where  new  muscles,  new 
nerves,  or  any  other  new  structure  h.as  been  produced 
by  any  amount  of  functioning.  Moreover,  how  can  a 
structure  be  the  result  of  a  function  when  the  function 
arises  from  the  activities  of  the  structure  in  question? 
A  given  intelligent  act  cannot  take  place  until  the  whole 
neuro-muscular  mechanism  concerned  in  that  act  is 
complete,  any  more  than  if  it  were  a  reflex;  and  it  is 
not  evident  how  one  can  be  explained  by  gradual 
development  any  better  than  the  other.  (It  is  like 
saying  that  a  man  can  make  a  bicycle  by  riding  it.) 
But  even  if  we  allow  that  a  reflex  mechanism  may  be 
the  inherited  result  of  intelligent  action,  this  action 
must  have  been  of  a  great  deal  of  use  to  have  been 
repeated  often  enough  to  make  so  great  an  impression 
on  the  organism.     And,  if  it  has  been  of  so  great  use. 


it  may  well  have  had  a  selective  value,  and  its  develop- 
ment may  then  be  explained  bj'  variation  and  natural 
selection. 

It  would  seem,  therefore,  that  reflex  mechanisms  and 
actions  may  be  explained  best  by  the  principles  of 
change  of  function  and  natural  selection.  When  you 
learn  to  ride  a  bicycle,  or  better,  when  you  learn  to 
swim,  you  develo])  a  new  set  of  reflexes,  but  no  new 
sense  organs,  nerves,  or  muscles,  only  the  old  ones  in 
new  combinations.  Now  the  study  of  the  morphology 
of  the  nervous  system  in  any  great  groujj  of  the 
animal  kingdom  shows  that  a  change  of  function  in 
different  jjarts  of  the  nervous  system  is  just  what  has 
taken  place  as  we  go  higher  in  the  scale  of  organiza- 
tion; and  it  is  easy  to  see  how  any  variation  toward 
more  intimate  union  of  parts  habitually  used  together 
would  be  preserved  by  natural  selection  until  their 
interaction  would  be  so  easy  as  to  become  reflex. 

Turning  to  instinct — if  we  regard  it  as  "hereditary 
habit,"  that  is  if  we  suppose  it  to  contain  an  element 
of  transmitted  experience,  all  is  easily  explained.  The 
simple  instincts  are  easily  explained  by  natural  selec- 
tion, "but  in  all  cases  where  instincts  become  complex 
and  refined,  we  seem  almost  compelled,"  according  to 
Romanes,  "to  accept  Darwin's  view  that  their  origin 
is  to  be  sought  in  consciously  intelligent  adjustments 
on  the  part  of  ancestors."  He  cites  the  case  of  a  species 
of  wasp  of  the  genus  Sphex,  which  paralyzes  cater- 
pillars b}'  stinging  them  in  each  of  the  nine  minute 
nerve  centers  before  depositing  them  in  the  cells  for  the 
larva  to  feed  upon.  He  regards  it  as  impossible  that 
such  an  instinct  could  have  arisen  by  natural  selection 
unaided  by  originally  intelligent  action.  In  regard  to 
this  it  may  be  said  that,  if  the  complicated  maternal 
instinct  of  the  Sphex  wasp  is  an  "inherited  habit,"  its 
ancestors  must  not  only  have  possessed  great  in- 
dustry, but  also  a  very  remarkable  knowledge  of 
anatomy.  Moreover,  it  has  been  shown  (1898)  by 
Mr.  and  Mrs.  Peckam  ("Instincts  and  Habits  of  the 
Solitary  Wasps")  that  the  instinct  of  Sphex  is  not  so 
exact  as  was  formerly  supjjosed.  Not  only  is  there  a 
great  deal  of  individual  variation  in  the  instinct  of  this 
species,  but  there  is  a  gradation  from  this  through  other 
genera  to  those  having  much  simpler  instincts.  They 
have  shown  that  instinct  may  be  acted  upon  by 
natural  .selection,  just  as  may  any  other  function  or 
structure. 

Man. — Zoological  Position. — In  the  classification  of 
the  animal  kingdom  mankind  is  comprised  in  the 
species  Homo  sapiens  of  Linnaeus,  and  placed  in  the 
class  Mammalia,  and  order  Primates.  IMammals  of 
this  order  are  distinguished  by  being  jilantigrade, 
pentadactyle,  with  opposable  pollex,  and  by  having 
complete  dentition  with  two  pairs  of  incisors  on  each 
jaw,  bunodont  premolars  and  molars,  and  the  orbit 
completely  separated  from  the  temporal  fossa.  The 
brain  is  large,  the  cerebral  hemispheres  covering  the 
cerebellum.  There  are  two  thoracic  manim®,  the 
uterus  is  without  horns,  and  the  placentation  is 
metadiscoidal. 

TJie  Primates  may  be  divided  into  several  families 
ancf  it  is  a  question  of  judgment  whether  Homo 
should  be  placed  in  a  family  by  itself  or  grouped 
with  its  nearest  allies.  A.  Sedgwick  puts  Homo  in 
the  family  Anthropomorphidce,  which  includes  the 
gibbons,  orang-utan,  gorilla,  and  chimpanzee.  In 
distinction  from  the  other  Primates  these  animals 
share  with  man  the  following  characters:  Erect 
position,  absence  of  a  tail,  absence  of  cheek  pouches, 
dental  formula  i  |,  c  j,  p  i,  ni  5,  bony  external 
auditory  meatus,  cerebral  hemispheres  projecting 
backward  beyond  cerebellum,  stomach  simple,  and 
cecum  small  with  vermiform  appendix. 

The  genus  Homo  differs  from  the  other  Anthro- 
pomorphidse  chiefly  in  two  characteristics:  (n) 
differentiation  of  the  hands  and  feet,  and  (6)  greater 
size    and    complexity    of    the    brain    with  associated 
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mental  power,  ineluding  speech  and  ability  to  use 
tools.  In  detail  Homo  is  distinguished  by  having 
fore  limbs  shorter  than  hind  limbs,  carpus  without 
a  centrale,  hallux  not  opposable,  canine  teeth  not 
projecting  and  not  separated  by  a  diastema  from  the 
premolars,  maxilla  and  premaxilla  fused,  mental 
protuberance  at  the  symphysis  of  the  lower  jaw,  pro- 
jecting nasal  bones,  cranium  large,  without  sagittal 
and  occipital  crests  and  with  foramen  magnum 
looking  directly  downward,  brain  much  larger  and 
with  mote  complex  convolutions  than  the  apes,  hairy 
covering  reduced  chiefly  to  special  regions,  no  vocal 
sacs;  and  by  walking  erect  on  the  soles  of  the  feet  and 
being  able  to  speak. 

Men  differ  greatly  in  different  parts  of  the  world, 
so  much  so  that  they  would  be  classed  as  different 
species  if  it  ^^•ere  not  for  the  fact  the}-  are  all  able  to 
breed  together.  Interracial  sterility  having  been 
proved  to  be  absent,  all  the  various  races  must  bo 
classed  as  variations  of  one  species. 

Evolution  of  Man. — The  evidence  that  man  has 
arisen  by  the  process  of  organic  evolution,  and  has 
not  been  especially  created,  is  of  the  same  character 
as  the  evidence  in  regard  to  any  other  animal.  Such 
evidence  may  be  found  in  the  study  of  comparative 
anatomy,  vestigial  organs,  and  embryology.  Some 
of  this  evidence  has  been  indicated  in  the  previous 
paragraphs  relating  to  the  zoological  position  of  man. 
The  human  body  contains  many  structures  which  are 
feebly  developed  and  are  apparently  of  little  or  no 
use.  These  vestigial  structures  represent  parts  which 
are  fully  developed  and  functionally  important  in 
the  lower  animals,  and  clearly  point  to  a  course 
of  evolution  from  pronograde  ancestors.  Adecjuate 
discussion  of  this  evidence  being  impossible  here, 
owing  to  lack  of  space,  the  reader  should  consult 
Wiedersheim  (1895)  and  Keith  (1912). 

Phylogeny  of  Man. — Granting  that  man  has  been 
evolved  with  the  rest  of  the  animal  kingdom  through 
the  orderly  operation  of  natural  processes,  it  becomes 
of  great  interest  to  know  what  has  been  the  history 
of  human  evolution.  Paleontologj-  has  furnished 
direct  evidence  from  which  can  be  reconstructed 
almost  complete  histories  of  the  evolution  of  the 
horses,  camels,  elephants,  and  many  other  groups 
of  mammals.  But  we  are  less  fortunate  in  regard 
to  the  Primates,  few  fossil  remains  having  been 
found.  So  that  in  any  attempt  to  reconstruct  the 
phvlogeny  of  this  group,  reliance  has  to  be  placed 
chiefly  on  comparative  anatomy  and  embryology. 
Summarizing  the  results  obtained  in  this  way, 
we  may  say  that  Hubrecht  (1897)  finds  evidence  on 
embryological  grounds  that  the  earliest  Primates 
were  creatures  something  like  the  rare  little  arboreal 
Tarsius  speclnnn  of  Borneo  and  Sumatra.  Cope 
found  in  the  lower  Eocene  strata  of  the  United  States 
a  fossil,  Anaptomorphus,  that  resembles  Tarsius. 
So  it  may  be  inferred  that  the  main  stem  of  the 
Primates  arose  in  the  early  Eocene  period  perhaps 
in  common  with  the  ancestors  of  the  Insectivora  and 
the  Rodentia.  The  Lemurs  must  have  branched 
off  very  early  for  they  have  a  very  different  type  of 
placentation  from  Tarsius  and  the  other  Primates. 
These  early  Primates  were  doubtless  arboreal  animals, 
and  like  the  present  monkeys,  had  both  pollex  and 
hallux  opposable,  thorax  compressed  laterally,  were 
provided  with  tails,  and  progressed  on  all  fours, 
pronograde.  The  erect,  or  orthograde,  posture  with 
aU  or  some  of  the  structural  changes  that  are  implied 
bj'  that  posture  must  have  arisen  as  early  as  the  lower 
Miocene  period,  for  in  strata  of  that  period  have  been 
found  remains  of  an  ape  closely  resembling  the  present 
gibbons.  The  gibbons  (Fig.  2165)  are  very  interest- 
ing, becau.se  they  are  the  most  primitive  of  the  living 
anthropoid  apes.  They  are  arboreal  animals  not 
over  three  feet  high,  without  tails,  with  the  thorax 
flattened  from  back  to  front  and  the  arrangement  of 
visceral  and   abdominal   muscles   much   as  in   man. 


Moreover  they  habitually  maintain  the  cnct  ixMi- 
tion,  swinging  by  their  arms  or  walkinx  on  their 
Icg.-j  along  branches  of  trees  or  on  the  ground  (Keith, 

The  earliest  known  form  of  the  largo  anthrojMdrU 
IS  Dryopithecus.  found  fo.s«il  in  middle  Mj.,i-.ne 
strata.  From  anatomical  evidence  we  must  nuppow 
the  large  anthropoids — orang-utan,  gorilla,  and 
chimpanzee — to  have  been  evolved  iiidc|ii-ndiritly 
of  man  from  a  common,  perhaps  gibbon-like,  ancotor. 
The  anthropoids  became  more  clo.sely  udaptt-d  to 
arboreal  life,  while  the  ance.stor  of  nian  took  to  a 
terrestrial  life,  with  the  result  that  the  hands  Ix-- 
came  more  perfect  prehensile  organs,  and  the  feet 
became  better  adapted  for  locomotion  on  the  ground 
through  loss  of  motility  in  the  hallux  and  other 
changes. 


^^^v-. 


Fig.  21G5. — -.K  Gibbon,  Hylohates  piUatus,     (From  Huxlry. 
after  «'ol(J 

One  of  the  most  striking  facts  brought  to  light  by 
the  study  of  mammalian  fossils  is  the  great  increase 
in  the  size  of  the  brain  which  took  place  imlopondcntly 
in  different  groups  of  mammals  during  the  Tertiary 
Era.  The  Primates  were  preeminent  in  this  resi>eot, 
and  in  man  the  brain  reached  its  highest  development. 
That  this  development  came  comparatively  late  in  the 
phylogeny  of  the  human  species  may  be  inferred,  if 
it  be  assumed  that  the  Pithecanthropus,  known  from 
an  imperfect  skeleton  found  in  early  Pleistocene 
strata  in  Java,  is  in  the  direct  line  of  human  descent. 
The  brain  of  this  man-like  animal  was  little  more 
than  half  the  size  of  the  modern  human  brain,  but 
the  thigh  bone  is  absolutely  human,  and  ))re,-iuni.ihly 
the  feet,  which  unfortun.it.lv  Mn-  missing,  were  like 
ours. 
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In  Europe  moii  lived  before  the  beginning  of  the 
Pleistocene,  or  glacial,  period,  as  is  shown  by  the 
presence  of  flint  implements,  but  the  earliest  known 
fossil  that  is  undoubtedly  human  is  a  jaw  bone  found 
in  early  Pleistocene  strata  near  Heidelberg.  This 
man  belonged  to  what  is  known  as  the  Neanderthal 
type,  with  a  large  brain,  but  more  primitive  than 
modern  man.  Some  authors  regard  this  type  as 
constituting  a  distinct  species,  to  which  the  name 
Homo  primiqeniiis  has  been  given. 

Modern  man,  the  typical  Homo  sapiens,  first  ap- 
peared after  the  close  of  the  Pleistocene,  and  his  re- 
mains are  found  all  through  the  Recent  periofi,  a 
period  estimated  by  various  authors  to  have  extended 
back  from  1.5,000  to  1.50,000  years.  This  completes 
the  evolution  of  the  human  body.  The  progress 
that  has  taken  place  from  the  beginning  of  the  Recent 
period  down  to  modern  times  is  progress  in  mental 
development,  and  in  the  arts  and  civilization. 

Conclusions. — As  to  the  origin  of  life  upon  this 
globe  we  know  nothing,  and  when  we  consider  the 
enormous  complexity  and  peculiar  characteristics  of 
protoplasm,  the  living  substance,  it  does  not  seem 
probable  that  the  answer  to  this  question  will  come 
from  a  chemical  laboratory.  Much  has  been  written 
on  the  subject,  and  we  are  indebted  to  Troland 
(1914)  for  a  very  ingenious  hypothesis  based  on 
the  conception  of  autocatalysis  and  the  action  of  en- 
zymes, but  while  very  interesting  this  is  all  pure 
speculation. 

On  the  other  hand,  taking  it  for  granted  that 
organisms  of  a  simple  type,  having  all  the  essential 
([ualities  that  we  regard  as  characteristic  of  living 
beings,  have  become  established  on  the  surface  of 
the  earth,  we  have  good  evidence,  first,  as  to  the 
fact  that  they  have  increased  in  complexity  of  struc- 
ture, in  diversity  of  character,  and  in  adaptability 
to  the  conditions  of  life;  and,  second,  from  observa- 
tion and  experiment,  we  are  able  to  construct  a  reason- 
able theory  as  to  the  manner  in  which  this  process  of 
organic  evolution  has  come  about.  Moreover,  it  has 
been  shown  that,  while  man  is  peculiar  in  many 
respects,  he  nevertheless  occupies  a  definite  place 
in  the  scale  of  the  animal  kingdom,  has  similar  rela- 
tions to  the  past,  and  in  all  probability  has  been  pro- 
duced by  the  same  process  of  evolution  that  has  been 
operative  in  the  development  of  the  various  other 
species  now  inhabiting  the  earth. 

As  to  the  method  of  evolution,  it  may  be  said 
that  in  the  opinion  of  the  majority  of  naturalists 
today,  while  acquired  characters  are  of  great  im- 
portance to  the  individual,  and  their  periodic  recur- 
rence in  successive  generations  may  be  necessary  in 
the  formation  of  coadaptations  as  an  aid  to  natural 
selection,  the  inheritance  of  acquired  characters  is 
not  only  not  the  prime  factor  in  evolution,  but  that 
it  is  not  a  factor  in  any  degree. 

Differential  fertility  appears  to  be  an  important 
factor,  being,  according  to  the  circumstances,  either 
an  aid  or  a  hindrance  to  evolution;  preferential  mating 
may  be  the  best  explanation  of  the  origin  of  certain 
secondary  sexual  characters;  and  .some  form  of  isola- 
tion must  be  present,  or  else  divergent  evolution  is 
impossible,  and  without  isolation  it  would  be  impos- 
sible to  exjjlain  the  differentiation  of  species  by  char- 
acters of  less  than  selective  value;  but  the  chief  cause 
of  organic  evolution  is  to  be  found  in  germinal  varia- 
tion and  heredity  controlled  by  natural  selection,  or 
the  survival  of  the  fittest  in  the  struggle  for  existence. 
Robert  P.wnb  Bigelow. 
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Exalgine  is  orthomethylacetanilide,  or  methyl- 
phenyl-acetamide,  C6H5N(CH3)CO.CH3,  and  is  there- 
fore a  derivative  of  acetanilide.  It  is  prepared  by 
heating  monomethylaniline  with  acetyl  chloride, 
and  occurs  as  colorless  crystals  having  a  f.aintly 
aromatic  odor  and  a  saline  taste.  It  is  slightly 
soluble  in  cold  water,  more  soluble  is  hot  water,  and 
freely  soluble  in  alcohol.  The  chief  use  of  exalgine 
is  as  an  analgesic  in  sciatica,  lumbago,  neuralgia, 
migraine,  tabes  dorsalis,  and  rheumatism.  It  was 
formerly  used  as  an  antipyretic,  but  as  it  required 
soraewh.at  large  and  toxic  doses  to  produce  the  de- 
sired effect  the  drug  has  been  replaced  by  safer 
preparations.  The  close  is  from  a  half  to  one  or 
two  grains   (0.03  to  0.13  gram.),   and  it  is  best  ad- 
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ministered  in  jjill  form,  with  glucose  as  an  oxci])icnt. 
According  to  IMarandon  de  Montycl,  its  influence  on 
digestion  is  slight;  if  the  stomach  is  empty,  an  in- 
creased flow  of  saliva  may  be  caused  and  also  a  feel- 
ing of  constriction  in  the  epigastric  region.  Vertigo, 
flashes  of  light,  and  tinnitus  aurium  are  induced; 
cyanosis,  numbness,  formication,  and  a  sensation  of 
cold  may  be  noticed.  The  action  of  the  drug  is  rapid, 
and  the  effects  pass  off  ecjuallv  rapidlv. 

R.  J.  E.  Scott. 

Examination,  Physical. — See  Diagnosis,  Physical. 

Examiner,  Medical. — See  Coroner. 


Examining   and    Licensing    Boards.- 

Medical  Licensing  Boards. 


See  State 


Exanthemata. — This  is  the  term  applied  to  a  group 
of  infectious  diseases  in  which  a  characteristic  eruption 
constitutes  the  most  striking  manifestation.  The 
term  "eruptive  fevers"  is  also  applied  to  the  group. 
The  exanthemata  are  generally  regarded  as  including 
the  following  five  diseases:  measles,  scarlet  fever, 
German  measles,  smallpox,  and  varicella.  To  these 
may  be  added  the  so-called  "fourth  disease"  and 
erythema  infectiosum.  Some  w-riters  include  among 
the  exanthemata  typhoid  and  typhus  fevers. 

The  exanthemata  are  noted  for  their  high  degree  of 
infectivity.  They  are  transmitted  by  direct  contact 
as  a  rule,  and  occasionally  through  the  agency  of 
fomites.  Scant  belief  is  nowadays  accorded  to  the 
idea  of  aerial  transmission.  Individuals  differ  as 
regards  their  susceptibility  to  these  diseases,  one  at- 
tack of  which  as  a  rule  confers  life-long  immunity. 
These  diseases  affect  principally  children.     Civilized 


races  enjoy  a  relative;  iininunitv  to  the  eru|itive  fevern, 

as  evinced  by  the  fact  that  when  one  of  th<-"-  •!'-• ■< 

is  introduced  among  a  tribe  or  coiiiniuii 

which  it  has  never  a.s  yet  appeared,  the  diHii 

with  unusual  rapidity  and  acquires  a  high  deiirc-c-  of 

virulence. 

Tin;  course  of  any  one  of  the  exanthemata  Ih 
marked  by  four  stages,  as  foUow.s:  (\)  The  period 
of  inculjalion  is  tlie  time  that  elapses  between 
the  entrance  of  the  specific  virus  into  the  Ixxly  and 
the  appearance  of  the  first  symptoms  of  the  di.-wuw. 
The  proilromat  period  or  periorl  of  invniiinn  repreMcntit 
the  time  that  extends  from  the  appearance  of  the  first 
symptoms  to  the  apjjearance  of  tlie  eruption.  The 
stage  of  cffloresrcnn-  begins  with  the  appearance  of  tlie 
eruption  and  ends  with  the  recession  or  fafling  of  the 
latter.  The  period  of  desquamation  coincides  with 
the  gradual  failing  and  disappearance  of  the  ra.ih  and 
the  exfoliation  of  a  jiart  of  the  integument.  These 
four  |)eriods  are  characteristic  in  each  of  the  exanthe- 
mata. They  have  a  duration  tiiat  varies  between 
certain  limits  in  each  of  the.se  diseases.  Scarlet  fever 
has  the  shortest  period  of  incubation  (two  to  seven 
days)  and  (ierman  measles  the  longest  (fifteen  to 
twenty-one  days).  In  measles,  smallpox  and  chicken- 
pox  the  incubation  periods  are  nearly  the  same,  being 
respectively  eight  to  twelve  days,  twelve  to  fourteen 
days,  and  ten  to  fourteen  days.  The  i)rodromHl 
period  is  the  shortest  in  German  measles  and  chicken- 
pox,  being  twenty-four  hours,  and  longest  in  rne.i.sles 
and  smallpox,  being  respectively  three  to  four  days 
and  four  days.  In  scarlet  fever  the  prodromal 
period  varies  from  twenty-four  to  thirty-six  hours. 

The  following  table  contrasting  the  exanthemata  is 
taken  from  the  work  on  "  Di.seases  of  Infants  and 
Children"  by  C'hapiii  and  I'isek: 


T.vBLE  OF  Exanthemata. 


Scarlet  fever. 

1 
Measles.                   German  measles. 

J 

Smallpox 

CbickcD-pox. 

2  to  7  days.     Usually     S  to  12  days.    Usually 
2  to  4  days.                       10  days. 

15  to  21  days 

12  to  14  days 10  to  14  days. 

Prodromal  stage 

24  to  36  hours 

4  days 

24  houra. 

Throat   and   mucous 
membrane. 

Intense    hyperemia 
and  typical  punctate 
rash   on    fauces   and 
posterior  pharyngeal 
wall.            Raspberry 
tongue. 

Koplik's  spots.     Red 
throat. 

Nothing  typical...  . 

Red  papules  on  palate 
and  fauces. 

Red  papules  od  paUt« 
and  fauces. 

Distinctive     prodro- 
mal symptoms. 

Sudden  onset  with  in- 
tense   symptoms. 
Sore  throat.     Vomit- 
ing.     Convulsions. 

Gradual  onset.  Cor- 
yza.     Cough. 

Slight  or   none   at 

all. 

Sudden  onset.        In- 
tense  symptoms. 
Backache. 

Slifcht  malaise. 

Character    of    erup- 
tion. 

Uniform    erythema 
with  minute  puncta. 

At    first   isolated    red 
papules      coalescing 
with      intervals      of 
normal  skin,  giving  a 
blotchy  appearance. 

Slightly   raised   red 
macules  not  coa- 
lescing. 

Hard  shotty  papules, 
in  2  days  becoming 
umbilicated    non- 
collapsible     vesicles 
and  in  4  days  pus- 
tules.       Total  cycle. 
6  days 

Papules  rarely  hard, 
becominn  vesicular 
in  a  few  hour*.  Sel- 
dom umbilicated.  al- 
ways collapsihlc. 
Individual  lesion 
completca  cycle  in  2 
days. 

'Topography  of  erup- 
tion. 

Appears  first  on  chest, 
spreading  to  rest  of 
body.    Least  intense 
on  face. 

Appears  first  on  face. 
Spreads      to      whole 
body. 

Appears  first  on  facp. 

Spreads  to  whole 
body. 

.Appears  first  on  fore- 
head   and    wrists. 
Spreads  on  face. then 
on  arms.    Scattered 
on   trunk.         .Ml   in 
same  stage  of  evolu- 
tion. 

Irreuular  and  general 
distribution,  comes  in 
successive  cropa  to 
that  all  ^taffca  may 
W  swn  at  the  same 
time  in  any  one 
locality.  As  thick  on 
trunk  •■»*  on  face. 

Desquamation 

Large    flakes     and 
sheets  pin-holed. 

Fine.     Furfuraceous. . 

Slight  or  none 

Crusts  and  pits 

Crusts.  DO  pittins. 
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The  specific  agents  that  give  rise  to  the  various 
exanthemata  have  as  yet  eluded  discovery.  Most 
authorities  regard  the  morbid  factors  as  protozoa 
rather  then  bacteria.  The  present  tendency  is  to 
attribute  the  infcctivity  to  droplets  from  the  upper  and 
lower  respiratory  tracts,  and  to  discount  the  idea  of 
infection  from  scales  of  skin  cast  off  during  dcsquania- 
lion.  The  modern  methods  of  isolation  and  terminal 
disinfection  are  based  upon  these  conceptions.  It 
has  been  found  ciuite  feasible  to  treat  different  forms 
of  exanthemata  in  the  same  hospital  ward,  provided 
that  contact  between  the  individual  beds  is  prevented 
by  glass  partitions,  not  necessarily  reaching  to  the 
ceiling,  and  provided  that  the  nurse  and  medical 
attendant  carefully  disinfect  their  hands  after  these 
have  been  in  contact  with  any  patient.  Municipal 
health  boards  have  largely  abandoned  the  practice  of 
fumigating  the  sick-room  after  the  termination  of 
quarantine  in  measles  and  dijjhtheria,  relying  upon 
the  element  of  time,  the  efficacy  of  free  ventilation  and 
sunlight,  and  the  value  of  thorough  cleansing  of  the 
sick-room. 

The  period  of  incubation  in  the  exanthemata  is 
commonly  regarded  as  a  latent  one,  the  affected  indi- 
vidual appearing  perfectly  well.  Nevertheless,  careful 
examination  may  reveal  evidences  of  infection.  One 
manifestation  of  this  period  which  has  recently  been 
pointed  out  is  a  moderate  enlargement  of  the  super- 
ficial lymph  nodes.  Examination  of  the  blood  shows 
distinct  changes  in  its  cellular  ratios.  There  can  be 
no  doubt  that  during  the  incvibation  period  profound 
changes  are  going  on  in  the  body,  changes  that  point 
to  a  combat  between  the  host  and  its  parasites. 
Recent  observers  have  called  attention  to  a  close 
analogy  between  the  symptoms  characterizing  the 
period  of  invasion  of  such  a  disease  as  measles,  and 
the  manifestations  of  allergy  or  anaphylaxis.  The 
conjunctivitis,  the  catarrhal  symptoms  of  the  upper 
and  lower  respiratory  tracts,  and  the  eruption  have, 
indeed,  a  good  deal  in  common  with  the  symptoms  of 
serum  sickness. 

Claude  Buchanan  Ker  in  "A  Manual  of  Fevers" 
discusses  the  subject  of  confusing  other  rashes  with 
the  exanthemata.  He  states  that,  "in  the  first  place, 
it  is  always  possible  that  the  prodromal  rash  of  one 
disease  may  be  mistaken  for  the  true  eruption  of 
another.  Thus  scarlatiniform  prodromal  rashes  occur 
in  measles,  chicken-pox,  and  smallpox,  and  lead  to 
many  mistakes,  the  difficulty  of  their  recognition 
being  enhanced  by  the  fact  that  the  patient  may 
suffer  from  marked  constitutional  disturbance. 
Secondly,  the  large  group  of  drug  rashes  has  to  be 
remembered.  Thirdly,  the  various  tj-pes  of  serum 
rashes  may  resemble  very  closely  certain  of  the  exan- 
themata. Fourthly,  eytema  rashes,  due  to  absorption 
from  the  intestine,  may  cause  difficulty,  as  do  the 
rashes  of  a  similar  nature  which  occasionally  follow  a 
dose  of  salts  or  some  other  hydragogue  cathartic. 
Fifthly,  we  have  food  rashes,  such  as  those  due  to 
eating  shellfish  or  various  articles  of  diet  in  regard  to 
which  an  individual  patient  ma}'  jjossess  an  idio- 
syncrasy. Sixthly,  septic  rashes,  such  as  sometimes 
follow  burns  or  are  noticed  in  septicemic  conditions, 
must  not  be  forgotten.  And  lastly,  various  skin 
conditions,  which  cannot  be  specified  in  detail,  such 
as  multiform  erythema  from  various  causes,  roseolar 
and  pustular  syphilides,  herpes,  acne,  and  pemphigus, 
may  be  mistaken  for  one  or  other  of  the  exanthemata." 

.'Vle.xander  Spingarn. 


Excipients  are  sTibstances,  more  or  less  inert,  which 
are  added  to  give  the  necessary  consistency  and  ad- 
hesion to  drugs  administered  in  pill  form.  As  a  rule 
the  choice  of  an  excipient  is  left  to  the  pharmacist. 
Excipients  are  divided  into  two  classes:  (1)  Liquid  and 
semi-liquid  excipients;  and  (2)  solid  excipients.  The 
liquid  and  semi-liquid  excipients  in  general  use  are 


water,  glucose,  syrup,  mucilage  of  acacia,  glycerin, 
glyeerite_  of  tragacanth,  and  honey.  The"  chief 
solid  excipients  are  bread,  crumb,  soap,  cacao  butter, 
confection  of  rose,  and  marshmallow.  Undesirable 
excipients  are  Canada  balsam,  wax,  paraffin,  fats,  and 
magnesia.  R.  J.  E.  Scott. 


Excisions. — The  term  excision  (ex,  out  or  from, 
and  ccedo,  I  cut),  as  apjjlied  to  osseous  tissue,  rep- 
re.sents  a  conservative  attack  upon  injured  or  disea.sed 
bones  or  joints,  which  is  performed  generally  in  lieu 
of  formal  amputation. 

ExcLsion  and  resection  are  terms  frequently  em- 
ployed synonymously  and  intercliangeably,  biit  this 
is  inaccurate.  Excision  is  a  broad  term,  meaning  the 
"removal  of  an  offending  part  without  that  total 
ablation  of  the  affected  portion  of  the  body  which  is 
implied  by  the  term  amputation"  (Ashhurst). 
Resection  means  "an  operation  which  takes  away  a 
middle  portion  and  brings  the  ends  together  again 
and  is  thus  in  .strict  surgical  language  limited  to  partial 
excisions  of  the  long  bones"  (.4shhurst). 

The  immense  importance  of  this  operation  in 
modern  surgery  is  immediately  appreciated  when  it 
is  recalled  that  many  limbs  which  were  formerly 
sacrificed  are  now  preserved  and  restored  to  u.seful- 
ness.  It  involves  the  removal  of  bone  or  joint  struc- 
tures which  are  diseased,  or  are  incompatible  with  the 
future  utility  or  the  symmetry  of  the  part.  Broadly 
speaking,  the  indications  are  included  under  three 
great  heads:  trauma,  disease,  ankylosis. 

Excision  in  trauma  was  recommended  by  Hippo- 
crates for  compound  fractures  or  luxations,  and  later 
by  Celsus  and  by  CJalen.  Rhazes  was  probably 
the  first  to  recommend  excision  for  disease,  in  a 
case  of  spina  ventosa  (A.shhurst).  According  to 
the  same  writer,  the  first  modern  record  of  an  exci- 
sion for  compound  luxation  was  made  in  17.50  by 
Mr.  Cooper  of  Bungay,  who  successfully  sawed  off 
the  ends  of  the  tibia  and  fibula,  in.stead  of  amputating, 
in  a  case  of  compound  luxation  of  the  ankle  in  an 
elderly  man;  and  some  years  later  (1762)  Mr.  Filkin, 
of  Norwich,  performed  the  first  recorded  excision  for 
disease,  in  a  case  of  long-.standing  caries  of  the  knee. 

Henry  Park  (1782)  and  Moreau  (1786)  were  early 
advocates  of  this  method  of  treatment,  but  little 
was  done,  however,  until  Syme  in  1831  in  the  elbow, 
and  Ferguson  in  the  hip,  knee,  and  wrist,  made  use 
of  this  operation  as  a  conservative  surgical  procedure. 

Excision  of  a  bone  may  be  ])artial  or  complete, 
according  to  the  extent  of  the  pathology.  Excision 
of  a  joint  implies  the  ablation  of  the  articular  ex- 
tremities of  the  component  bones  with,  of  course, 
the  cartilage  and  the  synovia.  There  are  two 
methods  of  performing  excision — the  open  and  the 
subperiosteal.  In  the  open  method  the  periosteum, 
tendons,  and  often  ligaments  are  sacrificed;  while 
it  is  more  rapid,  yet  the  functional  result  is  necessarily 
not  so  good.  In  the  subperiosteal  method  the 
perio.steum  (or  the  articular  capsule)  is  pre.served, 
thus  conferring  additional  support  and  movement. 
Practically,  however,  the  periosteum  is  elevated  more 
or  less  in  shreds,  except  in  young  bones,  where  it  is 
thick  and  loose.  Until  recently,  it  was  thought 
that  periosteum  produced  new  bone,  but  now  it  is 
regarded  as  a  limiting  membrane  (Macewen). 

The  epoch-making  advances  in  the  surgery  of  the 
bones  and  of  the  joints  have  revolutionized  the 
indications,  contraindications,  and  results  of  exci- 
sions. Thus,  while  trauma,  disease,  and  ankylosis 
are  to-day,  as  formerly,  the  chief  indications,  yet  in 
trauma,  for  example,  asepsis  and  antisepsis  have 
greatly  reduced  the  number  of  compoimd  fractures 
or  luxations  that  reciuire  operation,  and  modern 
methods  of  reduction  diminish  the  number  of  irre- 
ducible luxations  as  well  as  of  deformities  after 
fracture;  in  irreducible  and  ununited  fracture  the  use 
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of  bone  plates  obviates  the  necessity  of  excision;  and 
after  resection  for  disease,  the  grafted  intramedullary 
bone  splint  in  the  case  of  bones,  and  the  transplanted 
fat-fascia  fla]j  interposed  to  form  a  new  caj^siile  in 
the  case  of  joints,  have  contributed  greatly  to  perfec- 
tion in  results.  So,  too,  advances  in  the  under- 
standing and  the  application  of  the  i)rinciples  of  mas- 
sage and  of  passive  motion,  and  their  more  widespread 
employment,  have  lessened  the  number  of  cases  of 
true  ankylosis. 

Excision  finds  its  princiijal  aifplication  in  joint 
di.sease  'where,  according  to  Ashhurst,  it  is  indicated 
when  an  articulation  is  so  much  disea.scd  that  tlu^ 
recover}'  of  the  patient  depends  upon  its  removal ; 
and  occasionally  in  cases  in  which,  while  tlie  extent 
of  disease  is  not  sufficient  to  ju.stify  an  amputation, 
the  length  of  time  which  would  be  necessary  for  the 
obtaining  of  a  spontaneous  cure  would  be  such  as,  of 
itself,  to  warrant  operative  interference,  or  in  which 
the  result  of  a  spontaneous  cure,  if  obtained,  would 
be  less  satisfactory  as  regards  the  usefulness  of  the 
limb  than  the  result  of  an  operation. 

Excision  is  contraindieated,  according  to  Ashhurst, 
by  the  extent  of  o.sseous  disease  being  so  great  that 
its  entire  removal  would  forbid  the  hope  of  retaining 
a  useful  member.  Many  of  these  cases  are  restored 
to  usefulness  nowadays  by  intramedullary  bone- 
splinting.  Extensive  disease  of  the  soft  tissues  around 
a  joint,  absces.ses  and  numerous  discharging  sinuses 
may  prevent  a  good  result  after  excision.  In  the 
extremes  of  age  excision  does  not  give  good  results. 
Extensive  chronic  visceral  disease  and  pulmonary 
tuberculosis  are  contraindications  to  excisions,  just 
as  to  other  operations.  Under  such  conditions,  if 
operation  must  be  performed,  amputation  is  the 
method  of  choice. 

In  deciding  for  or  against  excision,  the  occupation 
of  the  individual  is  a  factor.  For  instance,  in  a  maimed 
laborer  individual  judgment  must  be  called  upon  to 
decide  -whether  an  amputation  may  not  give  greater 
future  u.sefulness  than  an  excision.  This  question 
often  arises  in  the  consideration  of  diseases  or  in- 
juries about  the  ankle-joint.  Thought  must  also  be 
given  to  the  habits,  present  condition,  constitutional 
taints,  etc.  Even  the  oversensitiveness  of  the  pa- 
tient to  deformity  should  have  some  weight. 

In  excisions  upon  young  persons  the  epiphyseal 
cartilage  should  be  preser\-ed,  for  if  the  whole  epiphysis 
be  ablated  the  limb  in  its  growth  may  assume  fantastic 
shapes.  Epiphyseal  growth  is  not  so  apt  to  be  im- 
paired at  the  elbow,  hip,  and  ankle  as  at  the  shoulder, 
wrist,  and  knee.  In  this  last  instance,  arthrodcsi.s  is 
the  operation  of  choice,  firm,  bony  vmion  between  the 
femur  and  tibia  being  sought.  Arlhreclomy  is  prefer- 
able to  excision  in  growing  children. 

In  tuberculous  joint  disease  excision  is  reserved  for 
the  severer  cases,  and  is  to  be  used  only — (1)  Where 
mechanical  treatment  has  failed  to  relieve  symptoms; 
(2)  where  a  sequestrum  involving  a  large  part  of  one 
of  the  articular  ends  is  present;  (3)  where  drainage  by 
other  means  fails  and  sepsis  is  present;  and  (4)  where 
the  general  condition  is  rapidly  failing  arid  radical 
measures  are  demanded  (Lovett,  in  "Keen's  Surgery"). 

In  acute  suppurative  arthritis  and  synovitis  excision 
is  never  indicated,  but  in  chronic  suppurative  joint 
disease  this  operation  may  be  done  to  remove  the 
disease  and  to  relieve  the  deformity.  In  arthritis 
deformans,  excision  may  be  done  for  the  flail  joint 
but  the  rarefying  osteitis'must  run  its  course,  however, 
in  order  to  give  a  solid  ankylosis.  In  chronic  rheu- 
matoid arthritis  excision  has  been  occasionally  per- 
formed. In  gunshot  and  other  injuries  excision  is 
always  preferable  to  amputation  but  the  expectant 
treatment  is  always  the  initial  method  and  with 
present-day  precision  in  cleanliness  the  necessity  of 
this  operation  rarely  arises.  In  bone  and  joint  disease 
dependent  upon  lesions  of  the  central  nervous 
system  any  form  of  partial  or  complete  excision  is 


usually  followed  by  disappointing  resultn,  thouKh 
Muri'liy,  of  (  liicago,  has  recently  advocated  o|M.Tatiun 
on  Charcot  joints. 

In  malignant  bone  disease  excixion  U  indicated, 
particularly  if  the  diagnosis  huH  tx^en  CKt»bli>hc(i 
early.  An  early  excision  is  of  more  value  than  a  luto 
amputation.  If  metastases  have  taken  place,  ampu- 
tation offers  nothing  better  than  excl.-tion.  Jf  metas- 
tases have  not  taken  place,  the  sooner  the  tumor  i« 
removed  the  better;  and  it  is  necessary  to  remove  onlv 
the  tumor.  If,  after  excision,  the  resourccH  of 
plastic  surgery  fail  to  restore  u.sefiilnesH  of  the  limb, 
the  wor.st  that  can  come  is  the  removal  of  a  uscIcsh 
member  (Warbassc,  in  "Keen's  Surgery").  Ex- 
cision and  resection  are  destined  to  loVer  the  mortality 
of  malignant  di.sease. 

The  incixion  should  be  large  enough  to  permit  free 
ex|)osure  of  the  part,  and  should  be  placed  in  inter- 
muscular planes,  to  minimize  the  destruction  of 
tissue.  Incisions  should  be  planned  so  a.s  to  include 
the  opening  of  a  sinus,  if  one  exists.  Important 
blood-vessels  and  nerves  should  be  carefully  avoided 
In  arthrodesis,  which  is  the  artificial  production  of 
ankylosis,  the  fate  of  the  tendons  that  control  the 
joint  is  imnuitcrial,  but  if  mobility  tjc  desired  after 
excision,  the  tendons  and  muscles  should  be  carefully 
preserved,  the  former  being  cut  obliquely,  to  make 
subsequent  sutuiing  easier. 

Incisions  should  be  so  situated  that  the  entrance 
through  the  capsule  and  into  the  joint  is  the  most 
direct  one.  Gentleness  should  always  l>c  cxercJM'd 
throughout  the  operation.  Maltreatment  of  the  .-Mift 
tissues  not  only  interferes  with  the  process  of  repair, 
but  destroys  an  otherwise  successful  result.  Care 
should  be  used  in  protecting  the  soft  parts  from  the 
saw.  The  tendons,  if  possible,  should  l>c  left  un- 
disturbed within  their  sheaths.  Their  in.sertions 
should  be  left  in  continuity  with  the  periosteum,  or  a 
small  piece  of  bone  (Vogt)  may  be  removed  with  the 
in.sertion.  If  muscles  mu.st  be  divided,  they  should  l>e 
cut  in  the  direction  of  their  fibers,  the  nerve  l)eing 
avoided.  If  this  is  impossible,  they  may  be  dividetl 
transversely  or  obliquely  as  near  their  origin  or 
insertion  as  possible. 

The  management  of  the  periosteum  is  still  in  dis- 
pute. Some  advocate  the  subperiosteal,  others  the 
parosteal  method.  It  must  be  rememl>ered  in  any 
given  ease  that  the  value  of  the  periosteum  in  produc- 
ing bone  is  variable,  and  is  dependent  mainly:  (a» 
Upon  age.  The  healthy  physiological  perio.-^teum  has 
but  little  osteogenic  power  except  in  youth.  ('»)  Its 
power  to  develop  new  bone  depends  upon  the  thickness 
of  the  different  bones,  (r)  Pathological  processes  in- 
volving the  ])erio.steum  and  causing  a  thickening  of  the 
osteogenetic  layer  will  increa.se  its  osteogenetic  power. 
In  but  few  cases  can  a  comparison  be  made  between 
these  methods  with  reference  to  these  thnn;  jwint-;: 
and,  since  many  sub])eriosteal  operations  are  very  im- 
perfectly performed,  it  is  not  surprising  that  a  division 
of  opinion  shoukl  exist. 

Oilier,  Langenbeek,  Sayre,  and  otheis  have  long  in- 
sisted that  the  traumatism  produced  by  the  sul>- 
periosteal  {i.e.  subcapsuU>i)eriosteal)  method  was 
less  than  bv  the  parosteal  method,  and  have  main- 
tained that  the  reparative  i)rocess  itself  was  les* 
impaired  because  of  the  protection  to  the  soft  parts 
afforded  bv  the  capsule  and  periosteum. 

Oilier  has  shown  that  the  regenerative  process  is 
considerablv  influenced  by  the  manner  in  which 
the  ix-rio.s'teum  is  raised.  A  bhmt  elevator  lifts 
practicallv  nothing  but  the  ela.stic  tissue  of  the 
periosteum,  but  with  a  sharp  rugine  not  only  is  the 
osteogenetic  laver  raised  but  also  the  suiH^rtieial  Imny 
lamella  just  beneath  it.  Koeher  attempts,  when- 
possible,  to  preserve  the  cortex  of  the  bone,  securing 
therebv  a  germinal  lavcr  for  osteogei\esis. 

Modern  opinion  favors  the  subperio.steal  niethml 
for  the  protection  to  the  tissues,  for  the  production 
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of  new  bone,  and  for  the  aid  to  the  reparative 
process.  Time  is  not  sacrificed  in  the  subperiosteal 
method,  for  the  separation  of  the  periosteum  can  lie 
rapidly  accomplished  by  a  to-and-fro  motion  of  the 
rugine.  When  one  ap]>roachcs  a  prominence  of  bone 
or  a  tendinous  insertion  is  met,  a  small  piece  of  bone 
may  be  separated  with  the  periosteum  by  the  chisel  or 
the  rugine;  such  a  piece  may  act  as  a  center  of  bone 
growth.  (Konig  and  Tiling.)  During  the  separation 
the  rugine  is  to  be  pressed  against  the  bone,  lifting 
the  periosteinn  entire  and  not  injuring  its  connection 
with  the  overlying  tissues. 

In  the  managen\cnt  of  the  bones,  we  strive  to 
remove  the  smallest  amount  of  bone  which  will 
abate  the  disease  or  correct  the  deformity.  Fre- 
quently the  gouge  or  curette  is  adequate  to  remove 
the  carious  or  necrotic  areas.  Caution  to  preserve 
the  integrity  of  the  epiphyseal  line  has  been  alluded 
to  above  and  must  always  be  borne  in  mind.  _  Where 
the  bones  can  be  ])rotruded  through  the  incision  and 
the  soft  jjarts  sufficiently  protected,  the  Butcher, 
the  Emmerich,  or  the  broad  flat-bladed  saw  (carpenter) 
may  be  used.  When  the  bones  cannot  be  displaced 
and  the  [jrotection  of  the  soft  parts  can  be  secured  l)y 
gentle  traction,  the  Cigli  saw  can  be  used.  Other 
varieties  of  saws  seem  scarcely  necessary  in  excisions. 
The  sawing  is  usually  done  in  plane  surfaces  at  right 
angles  to  the  line  of  pressure.  In  some  instances, 
especially  where  an  attempt  to  obtain  motion  is 
made,  mortises  and  tenons  are  fashioned,  which 
tend  to  favor  retention  of  the  fragments  and  to  pre- 
serve the  shape  of  the  joint  ends  of  the  bone. 

In  pathologically  involved  joints,  after  removal  of 
the  articular  ends,  further  removal  of  foci  may  be 
required  with  the  gouge  or  spoon.  After  removal 
of  the  disease  from  the  l)ones  their  fixation  is  necessary, 
either  in  the  attempt  to  obtain  motion  or  in  that  to 
secure  ankylo.sis.  For  this  purpose,  silver,  copper, 
aluminum  bronze,  wire,  steel  and  steel-plated  nails, 
bone  pins  (Marsh),  and  steel  drills  (Wycth's)  have 
been  used.  Oenerally  fixation  is  not  necessary  for 
a  longer  period  than  ten  to  fourteen  days,  and  in  the 
majority  of  cases  in  which  good  appliances  are  ob- 
tainable the  fixation  is  not  required,  in  aseptic  cases, 
for  a  longer  period  than  that  during  which  the  first 
dressing  must  be  kept  applied.  Chromicized  catgut, 
which  is  prepared  to  resist  absorption  for  from  two 
to  three  weeks,  is  therefore  the  fixation  suture  of 
choice  in  the  great  majority  of  excisions.  It  should 
be  the  strongest  and  heaviest  obtainable  and  should 
be  thoroughly  examined  bacteriologically  for  micro- 
organisms. The  presence  of  a  foreign  unabsorbable 
body,  if  pathological  deposits  exist  in  the  bone,  only 
offers  a  locus  minoris  resistentice  for  infection  from 
■within  or  without.  In  some  instances,  as  in  the  hip- 
joint,  or  knee-joint,  it  is  not  always  feasible  to  pro- 
duce fixation  by  the  catgut  suture.  Here  the  .steel 
nails,  drills,  or  l)one  pins  may  be  used.  The  bone 
pins  are  absorbable. 

The  management  of  the  synovial  membrane,  cap- 
svile,  and  ligament  reciuires  the  removal  of  all  patho- 
logical deposits  affecting  them,  even  if  it  include  the 
entire  ablation  of  these  parts.  When  possible,  the 
synovial  membrane,  the  capsule,  and  the  ligaments 
should  be  saved  in  part  or  entire,  since  the  perfection 
of  motion  in  nearthrosis  depends  in  no  small  degree 
upon  the  presence  of  these  structures. 

Where  a  considerable  length  of  the  shaft  of  a  bone 
has  been  exci.sed,  a  true  resection,  shortening  and 
subsequent  loss  of  function  may  be  prevented  by 
inserting  a  bone  autograft,  which  is  most  conveniently 
obtained  from  the  crest  of  the  patient's  tibia.  The 
periosteum  may  or  may  not  be  removed  from  the 
graft.  Murphy  states  that  if  the  graft  is  taken  from 
yoimg  individuals  the  periosteum  has  a  plus  osteo- 
genetic  influence,  neutral  in  middle,  detrimental  in 
old  age.  The  graft  is  usually  inserted  into  the  medul- 
lary cavity,  and  for  it  to  "take"  it  is  essential  for  it 

190 


to  be  in  contact  at  one  end  with  the  living  osteogenetic 
bone  it  is  to  aid.  The  graft  is  per  se  not  osteogenelic, 
but  osteoconduclire.  It  acts  as  a  scaffold  for  the 
capillaries  and  blood-vessels  with  their  living  osteo- 
genetic cells,  as  they  advance  from  the  living  bone  at 
both  ends  into  the  transplant.  New  lamella;  are 
deposited  around  the  new  capillaries  and  these  fit 
into  and  adjust  themselves  in  the  graft.  It  will 
scaffold  the  jjroduction  of  new  bone  even  into  the 
joint  when  it  is  surrounded  by  the  capsule,  and 
tuberosities  are  produced  in  about  the  regular  loca- 
tion. The  transplant  is  always  ultimately  absorV)ed. 
If  muscular  control  is  expected  after  union  of  the  graft, 
the  musculo-tendinous  attachments  should  be  ac- 
curately sutured  to  it  at  the  point  of  desired  union. 

The  tran,splant  is  usually  the  size  of  the  adult  index 
or  middle  finger,  about  three-eighth  by  one-half  by 
five-eighth  inches,  and  of  desired  length.  The 
defect  in  the  crest  of  the  tibia  from  which  this  graft 
is  removed  fills  in  rapidly,  so  that  after  four  to  six 
weeks  the  site  can  scarcely  be  detected.  Before 
inserting  it  the  medulla  in  the  ends  of  both  fragments 
is  reamed  out  to  the  desired  size  and  de])th.  The 
transplant  is  driven  into  one  of  the  fragments  far 
enough  to  allow  the  other  end  to  be  in.serted  into  the 
opposite  fragment.  It  may  be  held  in  silu  by  a  bone 
or  iron  nail  driven  through  it  transversely.  It 
reciuires  about  forty  to  sixty  days  for  the  graft  to 
become  firmly  attached,  and  a  gypsum  case  should 
svipport  the  limb  during  this  time.  It  takes  from 
seven  to  ten  months  for  a  bone  to  be  fully  restored  to 
the  normal  size.  The  above  details  are  obtained  from 
Murphy's  experimental  and  clinical  oli.servations. 

In  the  absence  of  infection  and  where  the  excision 
has  been  performed  under  the  most  rigid  aseptic 
precautions,  no  drainage  is  necessary.  Where  serous 
or  bloody  oozing  is  anticipated,  a  drain,  preferably  of 
rubber,  may  be  inserted  for  twenty-four  hours.  In 
the  presence  of  infection,  drainage  should  be  instituted 
for  a  longer  period  of  time.  Free  drainage  of  a  joint 
should  be  avoided  wherever  possible  for,  according  to 
Murphy,  it  is  followed,  in  ninety-six  per  cent,  of 
cases,  by  ankylosis  or  synechi.T  of  the  synovial  mem- 
brane as  a  final  result.  In  the  after-treatment  rest 
should  be  secured  by  immobilization  by  a  splint  or  by 
a  gypsum  case.  In  the  artificial  production  of  anky- 
losis (arthrodesis)  prolonged  fixation  is  necessary,  but 
where  a  movable  joint  is  sought  for,  as  soon  as  the 
wound  is  healed  the  splint  should  be  removed  and 
movement  encouraged. 

In  order  to  preserve  mobility  marked  advances 
have  been  made  within  the  last  decade  by  the  so-called 
interposition  operations,  by  which  a  port  ion  of  the  joint 
capsule,  or  muscle,  or  tendon  has  been  utilized  to  pre- 
vent adhesions.  A  brief  and  an  incomplete  genesis  of 
this  subject  may  be  presented  in  this  connection.  In 
182G  Barton  of  Philadelphia  did  an  osteotomy  of  the 
neck  of  the  femur  for  ankylosis  of  the  hip-joint  and  pre- 
vented union  by  persistent  movements.  In  1830  Rod- 
gers  of  New  York  modified  this  operation  by  remov- 
ing a  disc  of  bone  from  between  the  trochanters, 
and  in  1840  Carnochan  tried  to  secure  mobility  of  the 
jaw  by  interposing  a  piece  of  wood.  Apparently  Ver- 
neuil  was  the  first  to  attempt  the  modern  interposition 
operation  when  he  detached  and  interi)osed  a  portion 
of  the  temporal  muscle  and  fascia  between  the  condyle 
and  the  glenoid  in  a  case  of  ankylosis  of  the  jaw. 
Some  thirty  years  later  Helferich  revived  Verneuil's 
operation  on  a  child  a  year  old,  and  in  1895  Mikulicz 
modified  it  by  using  a  flap  of  the  masseter  for  the 
interposing  structure.  In  1901  Cramer  operated  on 
ten  cases  of  ankylosis  of  the  patella  and  by  interposing 
a  flap  from  the  va.stus  internus  he  .secured  good 
results  in  six;  in  the  same  year  Orlow  employed  metal 
plates  and  gold  foil  to  .secure  joint  mobility.  Other 
non-absorbat)le  materials  were  used  for  this  purpo.se, 
such  as  zinc,  silver,  celluloid,  rubber,  etc.,  but  as  a 
rule  the  results  were  disappointing,  since  in  a  few 
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months  the  foreign  body  was  discharged  and  the 
ankylosis  returned.  Chulmsky  in  1902  tried  to  use 
decalcified  bone,  magnesium,  and  ivory  but  he  was 
unsuccessful.  However,  he  drew  the  u.seful  deduction 
that,  inasmuch  as  false  joints  after  fracture  were 
formed  of  aponeurosis  and  fatty  tissue,  the  same  tissues 
should  be  used  to  create  mobility  in  ankylosis.  In 
the  same  )-ear  N(51aton  {Bull,  el 'Mem.  de  la  tine,  de 
Chir.,  1902)  operated  on  two  cases  of  hip  ankylosis 
employing  a  strip  of  fascia  lata  between  the  head  of 
the  femur  and  the  acetabulum. 

Especially  noteworthy  have  been  the  inve.stigations 
and  experiments  of  J.  B.  Murphy  of  Chicago,  who.sc 
work  started  in  1901.  In  1905''he  reported  twelve 
cases  in  which  he  had  attempted  to  create  "nonnal 
movable  joints  with  capsules  and  collagen  intra- 
articular fluid"  by  the  interposition  of  a  flap  of  fascia 
and  muscle  covered  by  a  layer  of  fat.  By  this 
method  hygroma-bursa  structures  are  sought  which 
will  serve  to  make  the  joint  movable.  His  theory  is 
that  the  formation  of  hygroma  is  the  result  of  a 
degenerative  process  in  fatty  tissue  with  hyperplasia 
of  the  connective-tissue  element,  and  a  subsequent 
liquefaction  of  the  hypertrophied  connective  tissue. 

Animal  tissues  from  extraneous  sources  have  been 
used  by  Baer  and  Osgood,  such  as  Cargile  membrane, 
or  chromicized  pig's  bladder,  but,  as  a  rule,  these 
tissues  have  been  too  cjuickly  absorbed.  Of  the  two 
the  latter  sub.stance  is  the  better  and  may  be  u.sed 
Bometimes  with  perfect  propriety  (Baer-). 

As  to  the  field  of  usefulness  of  the  modern  inter- 
posing flap  operation  it  is  much  too  soon  to  dog- 
matize. It  is  important  in  its  consideration  to 
divide  ankylosis  for  practical  purposes  into  two 
groups,  the  false  or  periarticular,  and  the  true  or 
intraarticular.  Murph}'  further  divides  the  peri- 
articular into  capsular  and  extracapsular,  and  the 
intraarticular  into  synovial,  fibrous,  cartilaginous, 
and  osseous.  As  has  been  well  summarized  by  H. 
R.  Owen,^  the  fascia-flap  operation  has  no  place  in 
the  relief  of  periarticular,  extraarticular  or  false 
ankylosis,  but  such  measures  as  baking,  massage, 
passive  exerci.se,  manipulation  under  an  anesthetic, 
tenotomj',  myotomy,  tenoplasty,  myoplasty,  and 
excision  of  tendon  sheaths  or  cicatrices  are  the  proper 
forms  of  treatment.  As  to  intraarticular,  or  true 
ankylosis,  Owen  states  that  operation  must  depend 
upon  the  cause,  the  joint  affected,  and  the  present 
usefulness  of  the  limb.  If  the  cau.se  is  the  commonest 
of  all  causes,  tuberculosis,  it  is  well  to  hesitate,  even 
though  years  have  elap.sed  since  active  signs  of  tuber- 
culosis have  been  seen,  on  account  of  the  danger  of 
relighting  the  tuberculous  process.  In  the  active 
stages  of  other  infections,  operation  should  not  be 
done.  The  temporomandibular  articulation  offers 
the  best  field  for  the  fascia-flap  operation,  or  the 
animal  tissue  interposition  operation.  Next  in 
order,  -both  as  regards  necessity  and  outcome,  are 
the  hip-joint  and  shoulder-joint.  Ankylosis  in  either 
location  is  a  serious  handicap  and  inconvenience  and 
the  Murphy  method  is  the  best  avenue  of  escape. 
According  to  Murphy's  stati.stics,  the  knee  and  the 
elbow  offer  the  poorest  prognosis  of  any  joints,  and 
therefore  in  light  of  our  present  knowledge  the  fascia- 
fat  operation  should  be  avoided  unless  there  is 
serious  interference  with  occupational  usefulness, 
humiliating  deformity,  or  continued  pain.  If  any 
or  all  of  the.se  cau.ses  decide  the  Ciuestion  of  opera- 
tion affirmatively  a  full  explanation  should  be  made 
to  the  patient  that  operation  in  these  joints  is  apt  to 
occasion  pain  over  a  long  period,  that  the  degree 
of  motion  obtained  may  be  disappointing,  and  that 
ankylosis  may  recur. 

Lexer,  of  Konigsberg,  has  reported  a  case  in  which 
he  transplanted  from  a  fresh  amputation  both  bones 
and  the  knee-joint  with  the  crucial  ligaments  but  with- 
out the  synovial  membrane.  Healing  occurred  and 
after  considerable   flexion   had   been   developed  two 
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secondary  oi)eratioris  were  done  to  improve  the  ex- 
tension, in  the  first  a  portion  of  the  va.stiiH  wnn  turnrd 
down,  and  in  the  second  the  extensor  longus  digitoruiii 
was  turned  up.  Fair  extension  was  obtained.  Ja-xit 
has  also  transplanted  a  large  piece  of  iMjno  with  only 
half  the  joint  and  ha.s  demonstrated  its  feanibilitv. 

Buchrnann  has  success-fiilly  tran.splanteU  the  'fir«t 
metatarsophalangeal  articuhition  and  itH  adjacent 
bones  to  the  elbow  for  ankylosis  in  the  same  individual, 
and  Bloodgood  has  imitated  him  with  a  good  reBult. 
I'A-en  more  extraordinary  i.s  the  case  re[jorU-cl  by 
Kuettner  to  the  Breslau  Surgical  Societv,  in  which 
he  removed  the  upi)er  third  of  the  femur  and  the 
hip-joint  for  chondrosarcoma  and  replaced  the 
removed  .structures  by  a  hip-joint  <>l>Uiined  by 
autopsy  eleven  hours  after  death  and  which  had  l)een 
kei)t  in  salt  solution  and  chloroform  for  twenty-four 
hours  before  it  was  implanted. 

The  instrumentu  which  are  specially  u.«i«!d  in 
excision.?  or  resections  are:  1.  Those  which  divide 
the  soft  tissues  immediately  inve.sting  the  lK>ne— 
joint-knives.  The.se  should"  have  strong  handlcM 
and  short-cutting  blades  to  insure  precision  and  force 
in  action.  2.  Those  intended  to  detach  the  |HTio!t- 
teiun  from  the  bones — rugincs.  .'J.  Those  int<-nded 
to  fix  the  l)ones  while  the  .soft  parts  are  being  detachecl 
and  the  bones  sawed.  4.  Tho.se  intended  to  divide 
the  bones.  When  the  bones  can  be  displaced  and 
a  .straight  saw  can  be  applied,  either  a  bow-saw  with 
a  rotating  blade  or  a  solid  straight-back  saw  may  lie 
used.  When  the  bones  cannot  be  displaced  so  that 
a  .straight  saw  can  be  used  without  injuring  the  ."oft 
parts,  the  chain  saw  or  the  (ligli  saw  should  \>c  uxi-d. 
The  former  is  used  when  the  surface  to  be  cut  is  in 
one  plane;  the  latter  when  tlie  cut  surface  is  to  Im?  con- 
cave or  convex.  Electrically  proi)elled  .saws  so-m  to 
have  no  great  advantages  in  excisions,  but  the  u.-se  of 
burrs  with  the  surgical  engine  often  is  advantageou!) 
in  ciuickening  and  lightening  the  mechanical  work. 
5.  Those  intended  to  cut  away  spicula  or  prominences 
of  bone  with  the  periosteum  attached:  («)  hone 
forceps;  (b)  chi.sels.  0.  Tho.se  intended  to  remove 
diseased  foci  in  the  bone  after  the  .sections  are  made: 
(a)  gouges;  (b)  spoons.  7.  Those  intended  for  drillini; 
the  holes  required  for  the  wire  nails  or  catgut  suture. 

During  the  operation  the  Esmarch  bandage  is  a 
great  help  in  exsanguinating  the  field  of  ojKTation. 
It  allows  a  complete  inspection  and  renders  |io.«.sililc 
careful  dissection  of  the  tissues.  It  must  be  u.sed  with 
discretion,  and  mu.st  not  beemi)loyed  upon  those  who.so 
arteries  are  disea.sed.  .\gain,  the  ex.sanguination  of 
the  tissues  should  not  be  extended  over  a  great  length 
of  time.  This  can  be  avoided  in  a  measure  by  the 
more  rapid  work  which  it  renders  possible.  It  is 
well  to  remove  it  in  i)rolonged  excisions  before  the 
operation  is  completefl.  After  removal  of  the  band- 
age there  is  some  vasomotor  paralysis,  but  it  .soon 
yields  or  is  corrected  by  elevation  of  the  limb.  In 
applying  the  bandage,  very  great  can»  must  l)e  u.sed  to 
avoid  direct  coni])ri'ssion  of  the  motor  and  sensory 
nerves  between  the  lione  and  the  bandage. 

The  functional  results  of  excisions  are  usually 
clas.sed  as:  (l)Bad.  This  includes  cases  in  which  the 
bones  remain  at  a  distance  from  one  another  and  are 
held  together  by  fibrous  bands  only.  The  limb  is 
without  muscular  control  and  cannot  l>e  used.  (2) 
Mediocre.  This  inchules  ca.scs  in  which  there  is  also 
a  pseudarthrosis,  but  the  fibrous  union  is  short  and 
strong.  The  joint  is  flail,  but  nevert hele.ss  it  olioys 
the  muscles  in  many  ways  and  can  be  made  useful 
by  apparatus.  (:i)  C'.ood!  This  includes  those  ca.sos 
iii  which  there  is  a  nearthrosis  and  a  s\ifficienlly  per- 
fect one  to  differ  from  a  normal  joint  only  in  the  extent 
of  the  motions. 

In  most  excisions  ankylosis  is  the  common  res\ilt 
and  is  in  some  joints  to  be  pu-ferred  to  any  other 
result  than  the  ideal  one.  Flail  joints  are  rare. 
Mediocre  results  are  common. 
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In  the  following  description  in  detail  of  the  indi- 
cations, the  anatomy,  and  the  operative  techniqvie 
in  the  excision  of  the  important  joints  of  the  body,  it 
must  be  borne  in  mind  that  the  day  of  typical  ex- 
cisions is  rapidly  passing  to  its  close,  and  that  with 
marked  precision  in  asepsis,  in  care  of  periosteum  and 
nerves  and  tendons,  in  improved  after-treatment, 
there  has  come  increased  latitude  in  the  formal  exci- 
sions. The  rule  of  to-day  is  to  remove  nothing  but  the 
diseased  soft  parts  and  bone  and  to  do  it  with  the 
minimum  disturbance  of  the  adjacent  structures. 
Modern  surgical  practice  is  not  to  make  the  disease 
or  injury  come  within  some  fixed  method  of  ex- 
cision but  there  is  a  strong  tendency  toward  indi- 
vidual study  of  the  condition,  and  an  adaptation, 
within  a  very  wide  range,  of  the  operative  measures 
which  are  applicable.  This  leads  to  many  "atypical " 
excisions,  and  while  the  term  is  misleading  in  suggest- 
ing some  irregularity  in  performance,  which  of  course 
there  is  not,  yet  the  outcome  is  highly  successful  in 
many  instances. 

Excision  of  the  Interphal.\n<::eal  Joints  of  the 
Fingers. — The  most  important  of  these  joints  is 
that  of  the  thumb. 

Indications. — Complete  destruction;  chronic  tuber- 
culous arthritis;  chronic  suppurative  arthritis;  chronic 
non-suppurative  arthritis. 

The  preferable  situation  for  the  incision  is  the  dorso- 
lateral aspect  of  the  joint,  somewhat  nearer  the  dorsal 
than  the  palmar  surface,  because  the  digital  arteries 
and  nerves  lie  closer  to  the  flexor  tendons.  The  in- 
cision may  be  a  single  one  upon  the  internal  surface 
of  the  thumb  and  forefinger  and  upon  the  external 
surface  of  the  little  finger.  Wherever  fistulse  are 
present  the  incision  may  best  be  made  so  as  to  in- 
clude them.  The  preferable  method,  however,  is 
that  of  two  incisions  placed  dorsolaterally,  one  upon 
each  side  of  the  extensor  tendons.  By  means  of  these 
two  the  denudation  of  the  bones  and  the  exposure  of 
the  joint  are  easily  accomplished,  and,  furthermore, 
if  any  amount  of  bone  is  removed  the  double  incision 
prevents  lateral  deformity  through  subsequent  con- 
tractures of  a  single  scar.  Each  incision  is  carried 
through  the  capsule  and  the  periosteum  for  the  full 
length  of  the  skin  incision,  which  should  extend  above 
and  below  the  joint  sufficiently  to  expose  and  to  di.slo- 
cate  the  articular  ends  of  the  bones.  With  a  sharp 
and  curved  rugine,  the  denudation  of  the  bones  is 
made  from  both  incisions.  Fine  blunt  retractors  are 
used  to  expose  the  bone  and  to  protect  the  separated 
periosteum  and  capsule  and  the  tissues  covered  by 
them.  When  the  capsule  and  periosteum  have  been 
freed  sufficiently  (subcapsuloperio.steal  method),  the 
ends  of  the  bones  are  luxated  without  force  through 
the  more  convenient  of  these  inci.sions.  The  articular 
ends  are  now  removed  by  the  saw  or  cut  away  piece- 
meal by  the  bone-cutting  scissors  or  rongeur  forceps. 
After  this  is  accomplished,  the  .synovial  membrane  of 
the  joint  and  the  pathological  foci  in  the  soft  parts 
about  the  joint  are  removed,  preferably  by  dissection. 
The  ends  of  the  bones  are  now  drilled,  and  one  or 
two  ten-day  chromic-acid  catgut  sutures  are  inserted, 
bringing  them  in  close  apposition  if  ankylosis  is  de- 
sired. They  are  only  loosely  tied  if  an  attempt  at 
pseudarthrosis  is  made.  In  case  a  nearthrosis  is 
desired,  no  sutures  are  necessary,  as  the  suture  of  the 
divided  periosteum  and  capsule  will  sufficiently  hold 
the  bones  in  their  normal  layer  of  tissue. 

If  an  Esmarch  bandage  has  been  used,  it  is  now 
removed.  The  larger  vessels  are  secured.  The  peri- 
osteum and  capsule  are  sutured  with  catgut.  The 
remainder  of  the  wound  is  closed,  with  catgut  for  the 
subcutaneous  tissue  and  silk  or  silkworm  gut  for  the 
cutaneous.  Drainage  is  not  employed  unless  sup- 
puration is  already  present.  An  aseptic  dressing  is 
applied.  A  fixation  splint  is  applied  over  the  dressing. 
The  gauze  dressing  is  removed  in  ten  days.     At  the 
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end  of  two  weeks  all  splints  are  removed.  At  the 
end  of  three  weeks  gentle  passive  motion  is  employed, 
unless  ankylosis  is  desired. 

ExcLsioN  of  the  Phalanges. — Operations  on  these 
bones  are  seldom  typical  but  the  results  are  highly 
satisfactory.  As  they  are  usually  done  for  dead 
bone,  there  is  fre<iuently  found  separation  of  the 
periosteum  with  the  attached  tendons  and  con.se- 
quently  function  is  but  little  impaired.  In  many  of 
these  cases  the  .sequestrum  may  he  removed  through 
enlargement  of  the  sinus  already  present.  Where 
the  periosteum  is  not  loosened  by  disease  its  detach- 
ment is  difficult.  Partial  excision  of  the  phalanges, 
as  is  the  case  with  the  metacarpals,  gives  better  results 
than  complete  removal. 

The  best  method  of  excision  of  the  terminal  pha- 
lanx is  by  the  U-shaped  palmar  incision,  which 
begins  opposite  the  distal  interjjhalangeal  joint  line, 
and  with  the  two  limbs  about  three-iiuarters  of  the 
finger's  width  apart,  terminates  near  the  tip  of  the 
nail.  The  incision  extends  directly  to  the  bone,  a 
palmar  flap  is  raised,  and  after  scraping  the  bone  free 
of  as  much  of  the  perio,steum  as  possible,  the  phalanx, 
or  its  diseased  portion,  is  nipped  off  with  bone-cutting 
forceps.  The  flap  is  sutured  in  place  and  the  finger 
dressed  on  a  palmar  splint. 

For  the  middle  phalanx  the  incision  is  placed  over 
the  dorsal  aspect,  either  to  the  inner  or  outer  side  of 
the  extensor  tendon,  beginning  just  above  and  ending 
just  below  the  adjacent  interphalangeal  articulations. 
In  the  index-finger  the  incision  should  be  dorso- 
external  and  in  the  little  finger  it  should  be  dorso- 
internal,  so  that  presssure  on  the  resultant  scar  may 
be  avoided.  The  incision  pas.ses  through  the  skin, 
fascia,  periosteum,  and  the  capsules  of  the  first  and 
second  interphalangeal  joints.  The  soft  parts  are 
elevated  by  a  sharp  rugine,  preserving  carefully  the 
perio.steocapsular  sheath,  the  bone  is  disarticulated 
and  removed,  the  periosteum  and  joint  capsules  sut- 
ured with  fine  catgut,  and  the  skin  margins  closed  with 
silkworm  gut.  A  splint  is  used  until  osteogenesis 
has  formed  a  new  bone. 

Excision  of  the  proximal  phalanx  of  any  digit,  save 
perhaps  the  thumb,  is  not  admissible  as  a  sound  surg- 
ical measure. 

Excision  of  the  Metacarpophalangeal  Joints 
(Fig.  216G). — Here  also  one  or  two  incisions  may 
be  used.  When  one  is  used  it  is  placed  upon  the 
radial  dorsolateral  aspect  of  the 
thumb  and  index  finger,  upon 
the  ulnar  for  the  little  finger,  and 
upon  either  side  for  the  other 
fingers.  If  two  incisions  are 
used,  they  are  made  as  in  the 
interphalangeal  joints,  on  each 
side  of  the  extensor  tendons. 
For  the  metacarpophalangeal 
joints  a  single  incision  will  often 
suffice.  If  feasible  the  operation 
should  be  the  subcapsuloperios- 
teal  one.  The  incision  is  carried 
directly  through  the  skin  and 
subcutaneous  tissue  to  the  peri- 
o.steum  and  capsule,  of  sufficient 
length  to  expose  the  joint  well 
above  and  below.  The  digital 
nerves  are  avoided  if  seen.     The 

short  muscles  passing  between  the  metacarpal  bone  of 
the  thumb  and  its  phalanx,  as  well  as  the  aponeurotic 
canal  for  the  extensor  and  flexor  tendons  in  the  fingers 
and  thumb,  are  also  avoided.  The  capsule  and  peri- 
osteum are  now  exposed  and  are  incised.  The  denuda- 
tion of  the  periosteum  and  the  elevation  of  the  capsu- 
lar attachments  are  carefully  made,  especially  at  the 
metacarpophalangeal  joint  of  the  thumb,  in  order  that 
the  muscular  insertions  may  be  preserved. 

When  this  is  accomplished,  the  bones  are  dislocated 
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through  the  incision  and  are  divided  with  the  saw  or 
by  the  rongeur  forceps.  In  some  instances  the  Gigli 
saw  can  be  used  without  dislocation  of  tlie  bone.  If 
the  operation  has  been  a  subcapsuloporiosteal  one, 
no  sutures  in  the  bones  are  needed,  provided  a  near- 
throsis is  attempted.  If  not,  and  a  pseudarthrosis 
is  desired,  a  retention  bone  suture  is  used,  with  a  small 
inten'al  Ijetween  the  fragments.  When  ankylosis  is 
desired,  the  bones  are  held  in  apposition  by  the  bone 
sutures. 

Excision  of  the  Metacarpals. — Excision  of  any 
of  the  metacarpals,  partial  or  complete,  may  be  ac- 
complished through  a  single  dorsal  incision.  Due 
care  must  be  taken  to  preserve  unopened,  if  possible, 
the  extensor  tendon  sheaths.  The  perio.steuin  and 
the  superficial  layer  of  the  cortex  should  be  raised 
by  a  sharp  rugine.  Particular  care  with  the  metacar- 
pal of  the  thumb  is  required  in  order  to  save  the  muscle 
attachments.  The  necessity  for  bone  graft  may  be 
avoided  by  means  of  careful  splinting. 

Excision  of  the  Wrist. — The  history  of  this  opera- 
tion dates  back  as  far  as  1750,  when  Cooper,  of 
Bungay,  removed  the  lower  end  of  the  radius  and  ulna 
for  injury.  In  1762  Bagieu  excised  the  joint  for  a 
gunshot  wound.  In  1794  Moreau  exci.sed  the  joint 
for  disease.  Li.ster  in  1865,  Boeckel  in  1867,  Langen- 
beck  in  1874,  and  others  gave  a  great  incentive  to 
this  operation  by  admirable  papers;  yet  in  spite  of 
these  papers  the  operation  has  never  been  a  popular 
one.  Its  unpopularity  was  not  due  to  its  mortality, 
for  this,  according  to  Culbertson,  amounts  only  to 
from  1  to  1.73  per  cent,  for  all  cases,  and,  according 
to  Gurlt's  "Military  Surgery,"  to  16  per  cent.  It 
was  due  to  the  failure  to  arrest  the  disease  or  because 
of  the  utter  worthlessness  of  the  hand  after  recovery. 
At  the  present  time,  with  an  improved  technique 
and  the  aseptic  treatment,  these  bad  effects  are  to  an 
extent  avoided,  and  as  a  result  the  operation  is  again 
being  strongly  advocated. 

Anatomy  of  the  Wrist  (Fig.  2167). — The  anterior  or 
palmar  surface  of  the  wrist  is  so  well  covered  with 
tendons,  arteries,  and  nerves  that  an  approach  from 
this  side  is  not  feasible.  Upon  the  dorsal  or  lateral 
surfaces  the  bones  are  more  easily  exposed.  Upon 
the  back  one  can  enter  between  the  tendons  without 
coming  in  contact  with  arteries,  unless  upon  the  ex- 
ternal and  posterior  surfaces  of  the  trapezium.  The 
usual  places  selected  are  those  between  the  extensor 
indicis  and  the  extensor  longus  pollicis  upon  the  outer 
side,  and  between  the  extensor  carpi  ulnaris  and  ex- 
tensor minimi  digiti  upon  the  inner.  In  the  former 
one  encounters  only  the  extensor  carpi  radialis  brevior 
before  entering  the  joint.  None  of  the  tendons  to 
the  fingers  passing  over  the  dorsum  of  the  wrist  is 
attached  to  the  wrist,  so  that  they  can  be  easily 
retracted  to  either  .side  without  injury.  Upon  the 
outer  side  of  the  dor.sum  the  extensor  carpi  radialis 
longior  and  brevior  and,  on  the  palmar  surface,  the 
flexor  carpi  radialis  are  intimately  connected  with  the 
joint  and  bones  to  be  removed.  Upon  the  inner  side 
the  extensor  and  flexor  carpi  ulnaris  are  inserted  into 
the  base  of  the  fifth  metacarpal  bone,  and  are  in- 
timately associated  with  the  capsule  and  ligaments. 

The  bone  which  plays  the  most  important  part  in 
this  operation  is  the  trapezium,  which  conceals  and 
retains  upon  its  anterior  surface  the  flexor  carpi 
radialis,  and  is  covered  by  the  radial  artery  upon  its 
dorsal  surface.  From  its  crest  it  gives  origin  to  the 
annular  ligament,  and  by  its  articulation  with  the 
metacarpal  bone  of  the  thumb  it  becomes  very  neces- 
sary for  the  function  of  the  thumb. 

Provided  the  tendons  are  not  incised,  any  incision 
which  will  enter  the  joint  upon  the  dorsum,  either  to 
the  inner  or  to  the  outer  side  of  the  mass  of  tendons 
made  up  of  the  extensor  communis  digitorum,  ex- 
tensor longus  pollicis  and  extensor  minimi  digiti,  will 
.  be  found  .sufficient. 

Vol.  IV.— 13 


The  bones  of  the  carpu.s  are  united  by  a  capitular 

ligament,  of  which  the  anterior  in  the  Mtroiii."-'  • -.ri. 

Tiie  carpus  it-sclf  may  be  regarded  a»  one  .sh  .,'; 

bone,  articulating  above  and  below  with  t;  ,,f 

the  forearm  and  tho.se  of  the  hand  ritipecliv.-lv.  The 
lower  epiphyses  of  the  radius  and  ulna  join  their  shafU 
at  twenty  years  of  ago.  Tlie  radial  epiph  vhIh  ix  entirely 
within  the  joint.  The  ulnar  epiphvHirt  reaches  aa 
high  as  the  top  of  the  radioulnar  articulation. 


A  total  excision  of  this  joint  includes  the  removal 
of  the  articular  ends  of  the  bones  of  the  forearm  and 
those  of  the  metacarpal  bones  besides  the  bones  of 
the  wrist.  Any  excision  short  of  tliis  is  a  partial 
one. 

It  might  be  noted  in  passing  that  partial  excisions 
of  this  joint  often  result  brilliantly,  provided  always 
that  strict  subperiosteal  methods  are  observed  and 
the  anatomy  of  the  extraneous  parts  are  disturbed 
as  little  as  possible. 

Iriilications. — In  both  civil  and  military  practice 
partial  rather  than  complete  excisions  arc  indicated. 
This  holds  good  in  most  gunshot  wounds,  and  in  cer- 
tain compound  and  complicated  fractures  and  dis- 
locations. In  the  civil  practice  of  to-day  the  most 
frequent  wrist  injury  demanding  partial  excision  is 
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fracture-luxation  of  the  carpus,  of  which  the  scaphoid 
fracture  and  semilunar  luxation  are  the  commonest. 
If  reduction  is  not  possible  by  closed  or  open  methods, 
excision  is  the  only  course.  For  tuberculosis,  chronic 
suppurative  arthritis,  syphilitic  arthritis,  excision 
is  indicated  after  medicinal  and  expectant  treatment 
fails.  Such  is  the  case  in  other  forms  of  joint  disease 
where  excision,  partial  or  complete,  is  used  to  relieve 
deformity  or  increase  motion. 

Excision,  especially  the  complete,  is  not  permissible 
before  the  fifth  year  of  life.  It  is  rarely  dernanded 
before  puberty.  When  it  is  demanded,  the  epiphyses 
of  the  bones  of  the  forearm  are  not  Interfered  with, 
and  the  operation  is  an  informal  or  incomplete  one. 
The  object  is  to  remove  the  diseased  tissue  and  nothing 
else.  After  puljerty  the  operation  has  its  best  results, 
and  it  is  here  that  complete  excisions  are  made  with 
good  chances  for  functional  results. 

When,  in  an  adult,  tul)erculosis  exists  in  the  carpus, 
with  tuberculosis  elsewhere  in  the  body,  the  question 
to  be  decided  is  between  amputation  and  complete 
excision.  The  general  rule  is  that  amputation  should 
be  selected  if  the  local  process  succeeds  the  pulmonary, 
and  that  excision  should  be  preferred  if  the  local 
antedates  the  pulmonary.  This  must  be  taken  with 
reserve,  however,  as  many  such  cases  of  primary  wrist 
involvement  do  best  with  amputation.  The  older 
the  subject  the  more  we  must  consider  amputation 
in  preference  to  excision. 

Methods  of  incision  for  entering  this  joint  are: 

1.  The  radiodorsal  incision,  which,  commencing 
at  the  center  of  the  ulnar  border  of  the  metacarpal 
bone  of  the  index  finger,  is  carried  upward  to  the 
middle  of  the  dorsal  surface  of  the  radial  epiphysis 
between  the  tendon  of  the  extensor  indicis  and  that 
of  the  extensor  carpi  radialis  brevior,  and  thence  be- 
tween the  tendons  of  the  extensor  indicis  and  the 
extensor  longus  pollicis.  The  length  of  this  incision 
varies  between  eight  and  twelve  centimeters,  of  which 
one-third  should  be  above  the  articulation. 

2.  The  dorsoulnar  incision.  In  abduction  and 
slight  flexion  an  incision  of  seven  to  eight  centimeters 
is  made  from  the  upper  third  of  the  fifth  metacarpal 
over  the  ulna  and  vertically  upward.  In  the  lower 
part  the  incision  passes  between  the  tendons  of  the 
extensor  carpi  ulnaris  and  the  extensor  minimi  digit! ; 
over  the  ulna  it  passes  in  the  interstice  between  the 
extensor  carpi  uhiaris  and  the  extensor  indicis  mus- 
cles. 

3.  Both  radial  and  ulnar  incisions.  Both  are  upon 
the  dorsum  (Oilier).  One  is  dorsoradial  and  the  other 
dorso-ulnar  (Lister). 

4.  Median  dorsal  incision  (Maj'o  Robson).  Single 
ulnar  lateral  incision  (Heron  Watson). 

Where  two  dorsal  incisions  are  used:  The  radial 
commences  opposite  the  center  of  the  shaft  of  the 
second  metacarpal  bone,  and  is  continued  upward 
along  the  extensor  indicis  tendon  until  it  meets  a 
line  joining  the  two  styloid  processes.  From  this 
point  it  passes  upward  in  the  axis  of  the  forearm. 
The  ulnar  incision  extends  from  the  center  of  the 
fifth  metacarpal  bone  along  the  radial  side  of  the  ex- 
tensor carpi  ulnaris  and  the  ulnar  side  of  the  extensor 
minimi  digiti  until  it  reaches  the  ulna.  From  this 
point  it  passes  between  the  muscular  bellies  of  the 
extensor  carpi  ulnaris  and  the  extensor  indicis.  One- 
third  of  both  incisions  is  above  the  radiocarpal  articula- 
tion; two-thirds  are  below  it. 

Where  one  dorsal  and  one  lateral  incision  are  used : 
The  radiodorsal  commences  at  the  middle  of  the  dorsal 
aspect  of  the  radius  at  the  level  of  the  styloid  process, 
and  is  carried  toward  the  inner  aspect  of  the  meta- 
carpophalangeal joint  of  the  thumb,  running  parallel 
to  the  tendons  of  the  extensor  longus  pollicis.  When 
the  radial  border  of  the  second  metacarpal  bone  is 
reached,  the  incision  is  carried  along  this  border  for 
one-half  its  length.  The  ulnar  incision  commences 
five  centimeters  above  the  extremity  of  the  ulna,  and 
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passes  behind  but  parallel  to  the  flexor  carpi  ulnaris 
as  far  as  the  middle  of  the  fifth  metacarpal  bone. 

Which  of  these  incisions  is  the  best  depends  largely 
upon  the  position  of  the  fistulie  or  the  degree  of 
development  of  the  disease.  Where  the  disease  is 
mainly  upon  the  ulnar  side,  Kocher's  incision  is  the 
best  to  commence  with  (Fig.  2168);  if  the  disease  is 
upon  the  radial  side,  Langenbeck's  incision  (Fig. 
2169).  If  the  disease  is  extensive  and  requires  a 
complete  arthrectomy,  no  method  makes  so  perfect 
an  exposure  as  the  Oilier,  i.e.  the  two  dorsal  incisions. 


•     ^  •      )■■».-■ 


Fig.  2168. — Kocher's  Incision. 

We  will  therefore  describe  first  the  Langenbeck  and 
then  the  Kocher  method,  and  will  expect  the  reader, 
from  these  two  descriptions,  to  imagine  that  of  the 
double  dorsal  incisions. 

Method  by  the  radiodorsal  incision  (Boeckel- 
Langenbeek):  An  Esmarch  bandage  is  applied.  The 
hand  and  wrist  are  placed  upon  a  cushion  with  the 
thumb  abducted  and  extended.  The  radiocarpal 
interspace  is  noted  by  the  position  of  the  styloid 
processes.  The  tendons  of  the  extensor  indicis  and 
the  extensor  longus  pollicis  are  also  seen.  The  incision 
usually  begins  above  the  wrist  between  these  tendons 


Fig.  2169. — Langenbeck's  Incision. 

and  descends  along  the  tendon  of  the  index  finger 
to  the  middle  of  the  second  metacarpal  bone.  One- 
third  of  this  incision  is  above  the  radiocarpal  articula- 
tion; two-thirds  are  below  it.  This  incision  is  made 
through  the  skin  and  exposes  the  cutaneous  terminal 
branches  of  the  radial  nerve,  which  are  often  cut. 
The  external  border  of  the  tendon  of  the  extensor 
indicis  is  recognized  and  is  retracted  with  the  inner 
flap  out  of  the  way.  Incise  toward  the  capsule  of 
the  wrist-joint  and  recognize  the  tendons  of  the 
extensor  carpi  radialis  brevior  attached  to  the  third 
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metacarpal  bone.  Above  the  joint  carry  the  incision 
between  the  tendons  of  the  extensor  longiis  pollicis 
and  the  extensor  indicis,  separating  them  without 
entering  their  sheaths.  The  periosteum  of  the  radius 
is  now  incised  and  the  capsule  of  the  wrist-joint  is 
divided  along  the  inner  side  of  the  extensor  longus 
pollicis.  Avoid  cutting  the  tendons  of  the  radiocarpal 
e.xtensors.  With  the  sharp  rugine  (curved  or  straight), 
the  periosteum  of  the  radius  and  the  capsular  fibers 
of  the  wrist-joint  (including  the  radiocarpal  extensors) 
are  respectively  separated  from  the  outer  half  of  the 
posterior  surface  of  the  radius  and  from  the  bases  of 
the  second  and  third  metacarpal  bones. 

The  capsule  is  now  retracted  outward  and  the 
scaphoid  and  trapezoid  are  separated  from  their 
attachments  to  the  capsule  on  their  posterior  surfaces. 
The  trapezium  is  not  detached  until  a  later  stage. 
The  capsule  is  now  retracted  inward  and  the  perios- 
teum and  capsule  are  separated  from  the  inner  half 
of  the  posterior  surface  of  the  radius,  the  triangular 
cartilage,  and  the  posterior  surface  of  the  ulna.  It 
is  detached  also  from  the  posterior  surfaces  of  the 
semilunar,  cuneiform,  os  magnum,  unciform,  and  the 
bases  of  the  remaining  metacarpal  bones. 

If  the  soft  parts  are  not  extensively  infiltrated  and 
the  movements  of  flexion  and  extension  can  be  made, 
the  radius  and  ulna  may  be  luxated  and  sawn  at  this 
time  and  before  the  carpal  bones  are  removed. 

If  this  can  be  done,  the  hand  is  flexed  and  pronated 
and  the  external  flap  is  retracted.  The  rugine  now 
separates  the  periosteum  upon  the  anterior  surface 
of  the  radius.  The  hand  is  now  flexed  and  supinated 
and  the  remaining  portion  of  the  radius  and  the  ulna 
are  denuded  upon  their  anterior  surfaces.  The  hand 
is  now  forcibly  fiexed,  the  flaps  are  retracted,  and  the 
radius  and  ulna  project  through  the  wound.  These 
can  then  be  sawn  tran.sversely.  This  section  should 
be  as  narrow  as  possible,  usually  within  two  centi- 
meters of  the  cartilage  (Fig.  2170).  A  retractor  is 
now  placed  in  the  external  wound,  the  wrist  is  flexed, 


Fig.  2170. 

the  scaphoid  bone  is  seized  with  the  forceps,  and  its 
anterior  and  external  surfaces  are  freed  from  the  peri- 
osteum and  ligaments. 

The  bone  is  next  separated  from  the  semilunar  and 
is  torn  away  easily.  The  internal  flap  is  then  re- 
tracted to  the  inner  side  and  the  semilunar  and  cunei- 
form bones  are  separated  and  removed  in  the  same 
way,  leaving  the  pisiform.  The  os  nwgnum  is  now 
seized  with  the  forceps,  its  anterior  surface  is  denuded 
with  the  rugine,  and  its  connections  with  the  unci- 
form, trapezoid,  and  metacarpa  1  bones  are  severed. 
The  trapezoid  is  finally  removed  in  the  same  manner. 

With  more  extensive  wound  retraction,  the  unciform 


may  be  seized  and  its  anterior  surface  denuded  until 
the  base  of  its  proces.s  is  reached.  This  procpfct  in 
now  separated  with  the  cutting  forcepH,  and  u  fri-<in({ 
of  the  bone  upon  its  internal  surface  allows  it.s  reni.iv;i'.. 

If   the   trapezium   is   to   l>e    removed,    a    reir 
draws  outward  the  external  (lap,  the  left  hand 
the  thumb,  and  the  rugine  clears  the  (johterior  :iii'l 
then  the  anterior  surfaces  of  pcriosteiiin.     The  traix- 
zium  is  now  seized  with  the  bone  forceps,  its  external 
border  is  denuded,  and  the  bone  is  removed. 


(; 


o 


Fla.  2171. 

Provided  the  pisiform  and  the  hook  of  the  unciform 
are  to  remain,  and  provided  also  the  synovial  mem- 
brane has  been  removed,  the  Esmarch  bandage  should 
be  loo.scned  and  the  larger  arteries  tied,  in  many 
instances,  where  one  is  certain  of  not  injuring  the 
larger  vessels,  the  bandage  is  not  removed  until  after 
the  first  part  of  the  permanent  dressing  is  applied. 

Sutures  between  the  ends  of  the  bones  should  always 
be  used,  becau.se  a  mobile  pscudarthrosis  with  mobility 
of  the  fingers  is  the  best  obtainable  result.  Two 
chromicized  catgut  sutures  are  inserted,  bringing 
the  bones  within  one-fourth  to  one-half  inch,  or  0.6 
to  1.2.5  centimeters,  of  one  another.  If  the  tendons 
of  the  extensor  longus  pollicis  or  the  exten.sor  carpi 
radialis  longior  and  brevior  have  been  divided,  they 
are  to  be  carefully  resuturedor  rein.serted  if  separated 
from  their  insertions.  The  capsule  is  sutured  with 
catgut.  The  fascia  is  suturea  with  silk  or  catgiit. 
Silk  or  silkworm  gut  is  employed  for  the  skin.  No 
drainage  is  used  except  that  which  occurs  at  the  lower 
portion  of  the  wound,  near  the  index  finger,  where 
the  skin  and  capsule  are  not  sutured  in  order  that 
any  undue  tension  in  the  wound  may  be  relieved. 
If  the  process  is  infective,  drainage  is  employed 
through  the  incision  by  rubber  tubing. 

The  method  by  the  dorsoulnar  incision  (Kocher): 
The  disadvantage  of  the  preceding  method,  in 
Kocher's  opinion,  is  the  necessary  separation  of  the 
radiocarpal  extensors  and  the  imperfect  dorsal  tlexion, 
and  possiblv  the  volar  subluxation  resulting. _  The 
advantages  "of  the  dorsoulnar  incision  arc  se«Mi  in  the 
less  important  action  of  the  extensor  cari)i  ulnaris  as 
a  dor.sal  flexor  and  its  greater  importance  as  an  ad- 
ductor. Hence  when  it  is  .separated  its  lo.ss  of  action 
is  favorable  to  the  better  position  and  action  of  the 
hand.  Though  the  extensor  tendon  of  the  little  tingor 
is  liable  to  be  negative  in  action,  this  danger  is  not  so 
great  nor  is  its  loss  of  function  so  in\portant  as  that  of 
the  extensor  longus  pollicis  in  the  pn^ceding  method. 
Hence  he  selects  an  ulnar  and  dorsal  incision. 

The  incision  is  made  as  dcscril>ed  aVwve.  It  avoids 
the  dorsal  cutaneous  branch  of  the  ulnar  ner\e.    The 
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fascia  and  the  dorsal  annular  ligament  arc  divided  and 
the  sheath  of  the  extensor  minimi  digit i  is  incised. 
This  tendon  is  drawn  outward,  and,  following  its 
ulnar  border,  the  capsule  of  the  joint  is  divided,  and 
with  the  insertion  of  the  extensor  carpi  ulnaris  it  is 
loosened  from  the  l)ase  of  the  fifth  metacarpal  bone. 
Along  this  latter  tendon  the  incision  is  carried  upward 
upon  the  ulna  in  the  interstice  between  the  extensor 
carpi  ulnaris  and  the  exten.sor  indicis.  The  tendon  of 
the  extensor  carpi  ulnaris  is  now  retracted  inward  and 
the  capsule  surrounding  the  ulna  is  separated  by  the 
rugine  subcapsulo-pcriosteally,  if  possible  and  if 
indicated;  but,  if  not  indicated,  it  should  be  divided 
by  the  knife,  which  should  sever  the  attachments  of 
the  capsule  to  the  vilna  and  to  the  base  of  the  fifth 
metacarpal  bone,  leaving  the  flexor  carpi  ulnaris 
attached.  The  joint  is  now  entered  and  the  articula- 
tion of  the  pisiform  and  cuneiform  and  the  process  of 
the  unciform  come  into  view. 

The  tendons  upon  the  volar  surface  are  retracted 
and  the  attachments  of  the  capsule  to  the  fifth,  fourth, 
and  third  metacarpal  bones  are  divided.  The  at- 
tachment of  the  flexor  carpi  radialis  to  the  base  of  the 
second  metacarpal  bones  is  preserved.  In  like  man- 
ner the  attachment  of  the  capsule  to  the  radius  is 
separated. 

Upon  the  dorsum,  the  extensors  of  the  fingers  are 
easily  exposed  and  the  capsule  beneath  the  radio- 
carpal extensors  and  the  extensors  of  the  thumb  is 
loosened  from  the  radius.  The  two  radiocarpal  ex- 
tensors attached  to  the  bases  of  the  second  and  third 
metacarpal  bones  are  not  separated  from  their 
insertions. 

The  hand  is  now  carried  outward  and  in  slight 
flexion  until  the  thumb  touches  the  radial  .side  of  the 
forearm.  The  lower  ends  of  the  radius  and  ulna  ap- 
pear in  the  wound  to  the  inner  side,  while  externally 
is  seen  the  fir.st  row  of  carpal  bones  (Fig.  2171). 
The  removal  of  the  carpal  bones  and  a  removal  of  thin 
sections  from  the  radius  and  ulna  and  metacarpal 
bones  are  now  ea,sily  carried  out.  It  is  only  in  the 
region  of  the  trapezium  and  the  trapezoid  that  the 
field  is  restricted  when  the  bones  of  the  forearm  and 
the  third  metacarpal  bones  are  being  removed.  When 
the  bones  have  been  removed  and  the  capsule  extir- 
pated, the  bones  of  the  forearm  and  the  metacarpal 
bones  are  placed  in  apposition,  if  a  nearthrosis  is 
■wished.  If  a  pseudarthrosis  is  desired,  the  bones  are 
held  in  apposition  more  or  less  closely  by  chromic- 
acid  catgut.  The  capsule  and  skin  are  now  sutured. 
Drainage  in  aseptic  cases  is  secured  by  leaving  a  small 
portion  (one  to  tw-o  centimeters)  of  the  incision  open; 
or,  if  the  wound  be  .septic  or  hemorrhage  be  imper- 
fectly stopped,  by  rubber  tubing  or  rubber-tissue 
strip's  through  some  portion  of  the  incision. 

When  the  disease  is  upon  the  radial  side  of  the  car- 
pal or  metacarpal  bones,  or  when  the  radial  side  of  the 
joint  is  exclusively  the  seat  of  the  disease,  the  radio- 
dorsal  incision  is  the  incision  of  choice.  When  the 
disease  is  confined  to  the  ulnar- side  or  the  joint  as  a 
whole  is  involved  but  not  greatly  infiltrated  and 
swollen,  the  dorso-ulnar  incision  is  the  incision  to 
be  selected.  Wlien  the  whole  joint  is  involved  and  the 
tissues  are  greatly  infiltrated  in  front  and  behind  the 
•  joint,  both  dorsal  incisions  are  preferable  to  either 
singly.  Hence  we  would  select  for  these  cases  the 
incisions  recommended  by  Oilier.  _  These  incisions 
are  the  same  as  tho.se  already  mentioned  as  Langen- 
beck's  and  Kocher's.  The  direction  of  the  skin  in- 
cision varies  somewhat,  but  the  route  to  the  joint  is 
between  the  same  structures. 

Excellent  results  have  been  obtained  by  Drs. 
Mvnter  and  Taylor  by  means  of  a  method  suggested 
bv  Professor  Stuckgaard,  of  Copenhagen,  in  1891. 
This  method  consists  in  splitting  the  hand  between  the 
second  and  third  fingers.  The  incision  is  both  palmar 
and  dorsal.  The  incision  upon  the  dorsum  begins 
at  the  radius  and  extends  to  the  interdigital  fold  be- 
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tween  the  second  and  third  fingers.  The  palmar  in- 
cision extends  from  the  interdigital  fold  not  farther 
than  the  superficial  palmar  arch.  The  dorsal  in- 
cision divides  the  skin  and  the  subcutaneous  tissue, 
but  no  tendons.  It  avoids,  in  passing  between  the 
metacarpals,  the  annular  volar  ligaments,  the  flexor 
tendons  and  the  superficial  arterial  arch.  The  wrist 
is  now  split  between  the  trapezoid  and  os  magnum  in 
the  second  row  and  between  the  sca])hoid  and  semi- 
lunar in  the  first  row.  Retraction  of  each  side  now 
allows  of  a  complete  exposure  of  the  wrist-joint. 

No  matter  which  method  of  excision  may  be  chosen, 
(1)  the  trapezium  should  be  saved  if  possible,  so  that 
the  motions  in  the  carpometacarpal  joint  of  the  thumb 
may  be  preserved;  (2)  the  unciform  process  of  the 
uncifonn  and  the  pisiform  should  also  be  presen-ed, 
if  possible,  on  account  of  important  muscular  attach- 
ments; (.3)  the  section  of  the  bones  of  the  forearm 
should  be  made  within  two  centimeters  of  their  ar- 
ticular cartilages;  (4)  in  so  far  as  is  feasible  the  opera- 
tion should  be  a  subperiosteocapsular  one. 

The  After-treatment. — The  limb  is  to  be  placed  upon  a 
properly  padded  splint  in  such  a  manner  that  the  hand 
shall  be  sustained  in  the  position  of  dorsal  flexion. 
(Fig.  2172.)     These  splints  fix  the  wrist-joint  but  allow 
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passive  motion  of  the  fingers.  They  pass  from  above 
the  elbow  to  the  fingers  and  thumb.  The  latter  pass 
beyond  the  splint  and  can  be  easily  grasped  for  passive 
motion.  Where  the  wounds  are  aseptic  and  no  drain- 
age is  required,  as  in  a  case  of  simple  injury,  the 
wound  usually  heals  in  from  ten  days  to  two  weeks. 
Where  the  operation  is  done  for  disease,  the  cavity  is 
often  packed  with  gauze,  and,  as  it  may  require  two 
or  three  scrapings  with  the  curette,  the  healing  of 
the  wound  may  be  delayed  for  from  four  to  six  weeks. 
As  soon,  however,  as  the  tissues  are  solid,  though  the 
splint  is  to  be  continued  for  a  long  period  to  prevent 
palmar  dislocation  and  adduction,  passive  motion  at 
the  wrist  must  be  assiduously  practised  if  we  desire 
a  nearthrosis  or  a  mobile  p.seudarthrosis.  If  we 
desire  an  ankylosis  at  the  wrist,  passive  motion  must 
be  interdicted.  Passive  and  active  motion  of  the 
fingers  is  practised  as  early  as  possible,  in  some  in- 
stances at  the  third  to  fifth  day  after  operation.  After 
removal  of  the  splint,  a  prosthetic  apparatus  mu.st  be 
worn.  This  apparatus  should  allow  flexion  and  ex- 
tension at  the  wrist  if  desired.  From  this  time  on, 
the  patient's  aim  must  be  to  increase  the  range  of 
motion  in  his  fingers  and  in  the  wrist.  Much  depends 
upon  his  own  exertions  in  securing  a  good  result. 

The  functional  results  after  this  operation  vary. 
Culbertson,  in  .58  eases  of  gunshot  wounds,  reports 
the  following  results:  Good,  1.7  per  cent.;  indifferent, 

27.5  per  cent.;  bad,  13.7  per  cent.;  amputated,  3.4 
per  cent.;  not  stated,  53.4  per  cent.  In  14  cases  of 
injury  the  results  were  as  follows:  Good,  28.5  per 
cent.";  indifferent,  57 -|-  per  cent.;  not  stated,  14 -|-  per 
cent.  In  79  cases  in  which  excLsion  was  performed  for 
disease  the  results  were:  Good,  7.5  ])er  cent.;  indiffer- 
ent, 45.5  per  cent.;  bad,  13.9  per  cent.;  amputated, 

12.6  per  cent.;  not  stated,  20.2  per  cent.  In  our  own 
civil  war  ("Med.  and  Surgical  History  of  the  War  of 
the  Rebellion,"  part  ii.,  vol.  ii.,  Otis),  6  cases  of  com- 
plete excision  gave  an  indifferent  result  in  83.3  per 
cent.;  amputation  and  death  in  16.6  per  cent.  Gurlt  s 
statistics  of  military  surgery  gave  ideal  results  in 
6.25  per  cent.;  good  results  iii  50  per  cent.;  indifferent 
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results  in  37.5  per  cent.;  bad  results  in  6.25  per  cent. 
Nepveu''  gives  a  collection  of  36  cases.  The  results 
were  satisfactory  in  41.6  per  cent.;  indifferent  in  30.1 
per  cent.;  bad  in  22.2  per  cent.  Oilier^  believes,  and 
has  shown  in  two  cases  following  a  traumatism  (partial 
excision),  that  ideal  results  may  be  obtained  by  care- 
fully performed  operations  and  long-continued  after- 
treatment.  The  mortality  statistics  are  about  ten 
per  cent,  for  all  cases.  For  gunshot  wounds  the 
niortality  is  about  fifteen  per  cent.  For  disease,  a 
death  following  operation  is  a  rarity. 

Excision  of  the  Radfcs  axd  Ulna. — E.xcision  of 
either  of  the  bones  of  the  forearm  may  be  indicated 
aft«r  extensive  injury,  and  in  the  presence  of  a  seques- 
trum or  neoplasm  involving  most  of  the  shaft  of  the 
bone.  Except  in  the  very  young,  in  whom  preserva- 
tion of  the  epiphyses  and  of  the  periosteum  offers  a 
chance  of  total  reformation,  the  ultimate  result  must 
be  great  deformity  from  inclination  of  the  hand  to 
one  or  other  side  with  subsequent,  though  not  neces- 
sarily complete,  impairment  of  function.  In  adults 
the  resources  of  .surgery  at  the  present  time  offer 
nothing  to  replace  the  bone  that  has  been  removed. 
Despite  this,  and  where  the  circumstances  of  the  pa- 
tient permit,  the  preservation  of  the  hand  with  one 
bone,  when  aided  bj-  an  orthopedic  appliance,  may 
furnish  more  function  than  an  artificial  limb,  and  if  a 
trial  of  such  a  course  prove  disappointing,  the  forearm 
may  stiU  be  removed  at  or  near  the  elbow.  Xot 
often,  however,  will  total  removal  of  the  bone,  as 
implied  in  the  term  excision,  be  indicated. 

Resection,  or  the  removal  of  part  of  the  bone,  on 
the  other  hand,  is  much  more  frequently  performed. 
In  his  "Observations  in  Clinical  Surgery,"  Syme,  in 
1862,  thus  employed  resection  for  ununited  fracture 
of  the  humerus,  irremediable  b}-  other  methods,  and 
described  resection  as  "cutting  off  the  broken  ends 
of  the  bone,  together  with  the  ligamentous  substance 
connecting  them,  so  as  to  obtain  two  osseous  surfaces 
which  may  be  placed  in  proper  relation  to  each  other." 
No  deformity  need  follow  resection  in  these  days, 
when  any  portion  of  the  length  of  the  shaft  may  be 
almost  perfectly  reproduced  by  the  insertion  of  an 
intramedullary  bone  splint  which,  in  case  one  end  of 
the  bone  has  been  removed,  need  but  contact  with  the 
remaining  end,  regardless,  almost,  of  how  small  the 
latter  is.  In  the  forearm,  as  in  the  leg,  there  is  the 
natural  advantage  of  the  presence  of  two  bones,  whose 
mutual  relationship  is  such  that  when  one  is  injured 
or  diseased  its  sturdier  fellow  supports  it  and  main- 
tains the  length  of  the  limb  until  it  is  able  to  resume 
its  own  function. 

The  incision  for  the  radius  is  best  made  upon  its 
posteroexternal  aspect,  along  the  intermuscular  inter- 
space between  the  brachioradialis  externally  and  the 
the  extensor  carpi  radialis  longus  internally.  (Fig. 
2173.)  Here  the  bone  is  most  subcutaneous,  and  least 
In  relation  with  important  vessels  or  nerves,  except  just 
helow  the  neck,  where  the  posterior  interosseous  divi- 
sion of  the  musculospiral  nerve  winds  around  it  extern- 
ally from  the  anterior  to  reach  the  posterior  surface. 
The  other  division — the  radial  nerve — lies  to  the  radial 
side  of  the  radial  artery,  under  shelter  of  the  brachi- 
oradialis muscle,  whose  tendon  it  crosses  five  centi- 
meters above  the  snuffbox  to  reach  the  dorsimi  of  the 
hand.  Being  a  purely  cutaneous  nerve  with  a  limited 
and  not  extremely  important  distribution,  its  division 
is  of  minor  consequence.  Having  cut  down  to  the  bone, 
and  working  subperiosteally  with  the  sharp  rugine, 
when  the  insertion  of  the  pronator  teres  muscle  is 
encountered  on  the  outer  aspect  of  the  middle  of  the 
shaft,  it  is  displaced  inward,  onto  the  anterior  surface. 
The  supinator  muscle,  wrapped  around  the  upper 
third  of  the  shaft,  is  divided  in  the  line  of  the  incision, 
the  anterior  portion  with  the  radial  nerve  pushed  in- 
ward onto  the  anterior  surface,  and  the  posterior  por- 
tion   with    the    interosseous    nerve    pushed    inward 
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onto  the  posterior  surface.  The  bone  ih  now  r|ivir|<-t| 
at  its  center  and,  still  working  subp'  •  r, 

half  is  freed  to  and  int^i  its  rcspi-cti 

removed.     The  bed  of  the  wound  in  ; 

suturing  the  periosteum,  which  bears  thi-  < 
the  joints  and  the  muscular  attachment^  ^   ■  ..• 

shaft,    and    then    the   divided    supinator, 
fascia,  the  superficial  fa.scia  and  the  skin, 
drainage  is  provided,  and  the  forearm  is  Hupport*-d 
by  a  long,  straight  splint.     Restoration  of  the  func- 
tion of  the  elbow  and  the 
wrist-joints   is  insured  by 
the  institution  of  a  graded 
course   of  passive  motion 
within  a  few  days  of  the 
operation. 

Resection  of  the  radius 
is  performed  through  an 
incision  which  is  similarly 
located,  but  whose  length 
is  adapted  to  the  extent  of 
the  bone  to  be  removed. 

The  incision  for  the  ulna 
is  made  along  its  subcutan- 
eous posterior  border,  and 
falls  in  the  interval  be- 
tween theanconeusandthe 
flexor  carpi  ulnaris  muscles 
aljove,  and  the  flexor  and 
the  extensor  carpi  ulnaris 
below.  (Fig,  2173.)  The 
position  of  the  posterior 
branch  of  the  ulnar  nerve 
beneath  the  flexor  carpi 
ulnaris,  and  about  five 
centimeters  above  the 
wrist-joint,  should  be 
borne  in  mind,  although, 
being  purely  cutaneous  in 
distribution,  its  division  is 
of  no  great  significance. 
Working  downward 
through  the  intermuscular 
interspaces,  the  perios- 
teum is  incised  through 
the  entire  length  of  the 
incision  and,  at  the  center 

of  the  shaft  of  the  bone,  is  cleared  from  the  circumfer- 
ence, and  the  bone  sawn  through.  Each  half  is  then 
enucleated  from  the  periosteal  and,  at  the  extremity. 
from  the  capsular  envelope.  The  remaining  stops  are 
similar  t«  those  described  for  excision  of  the  radius. 

Fortunately,  excision  (total  removal)  of  the  ulna  is 
seldom  necessary.  Ashhurst'  mentions  five  surgeons 
who  have  performed  this  operation.  The  stability 
of  the  elbow-joint  is  insured  by  the  grasp  of  the  greater 
sigmoid  cavity  of  the  ulna  upon  the  internal  condyle 
of  the  humerus,  and  the  preservation  of  this  relation, 
which  is  attained  in  resection  (partial  removal)  of 
the  bone  at  any  point  below  the  base  of  the  coronnid 
process,  is  a  desideratum  much  to  lie  striven  for. 
since  a  bone-graft  may  be  inserted  into  the  stump  with 
a  good  prospect  of  tlie  entire  bone  being  reproduced. 
The  wobbly  condition  of  the  elbow-joint  after  excision 
of  the  ulna  mav  well  be  imagined,  although  much 
staliility  may  be  imparted  by  a  wcU-devJsed  ortho- 
pedic apparatus. 

Excision  of  the  Elbow-Joixt. — Wainman  in  17.5S 
or  1759.  Filkin  in  1762.  and  Justamond  in  17S3 
excised  portions  of  this  joint  for  injury  or  disease. 
but  the  first  methodical  operation  is  ascrilied  to 
Moreau  in  1794.  This  method  was  enthusiastically 
accepted  in  England  by  Syme.  and  has  since  lioon 
established  bv  numerous  surgeons  both  in  civil  and 
in  militarv  practice.  Excision  of  the  oIIhiw  consists 
in  removing  the  inferior  extremity  of  the  humerus  and 
the  upper  extremities  of  the  radius  and  ulna.     In  .^11 
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cases  the  insertions  of  the  bracliialisanticus  and  of  the 
biceps  must  be  preserved,  or  if  detached  they  must 
be  replaced  in  order  to  insure  the  function  of  the  joint. 

Usually  less  than  two  centimeters  should  be 
removed  from  the  radius  and  ulna.  Wore  can  be 
removed  from  the  humerus  without  destroying  its 
function.  Usually  the  line  of  section  is  at  the  upper 
border  of  the  epitrochlea,  i.e.  the  section  is  made  well 
above  the  articular  surface  (Oilier,  "Traitd  des 
Resections,"  t.  ii.,  p.  203).  When  more  is  removed 
than  is  here  reconuiiended,  one  must  expect  a  flail 
joint,  unless  special  precautions  against  it  are  taken. 
When  the  section  is  below  the  epitrochlea — i.e.  just 
above  the  articular  cartilage — one  can  expect  a 
nearthrosis,  a  pseudarthrosis,  or  an  ankylosis. 
If  ankylosis  results,  the  bones  must  be  placed  at  a 
right  angle  with  the  radius  in  semipronation.  This 
will  give  a  very  useful  and  serviceable  extremity. 
If  a  nearthrosis  follows,  then  the  following  condition 
most  frequently  occurs:  The  bones  become  fashioned 
so  as  to  tit  one  another.  They  become  smooth, 
polished,  and  .shaped  so  as  to  allow  flexion  and  exten- 
sion. The  lateral  ligaments  prevent  any  lateral  dis- 
placement at  the  new  articulation,  and  the  movements 
of  supination  and  pronation,  though  limited,  are 
sufficiently  supplemented  by  rotation  at  the  shoulder- 
joint.  The  movement  of  the  elbow,  hand,  and  fingers 
is  sufficiently  strong  for  all  ordinary  work.  Such  a 
condition  is  the  best  result  attainable,  and  should  be 
considered  ideal.  If  pseudarthrosis  exists,  the  union 
of  the  bones  is  by  means  of  connective  tissue.  Such  a 
union,  if  the  bond  is  not  too  long,  gives  a  good  result. 
Where  the  union  is  short  and  where  no  lateral  displace- 
ment at  the  point  of  union  occurs,  if  the  muscular 
power  is  sufficient,  quite  as  useful  a  limb  can  be  ob- 
tained as  by  the  development  of  a  nearthrosis. 

The  Indications. — For  gunshot  injuries  in  young  and 
healthy  persons  in  whom  the  aiticular  cartilages  are 
intact  and  in  whom  the  tissues  about  the  joint  are  not 
extensively  damaged,  the  conservative  treatment  or, 
at  the  most,  restricted  operation  should  be  employed. 

In  sencre  bone  injuries  of  the  elbow-joint,  including 
the  articular  cartilages  with  .slight  or  no  injury  to  the 
vessels  and  nerves,  a  partial  or  a  complete  excision  is 
indicated,  provided  the  age  of  the  patient  or  his 
general  condition  does  not  demand  an  immediate 
amputation. 

In  sei'ere  injuries  of  the  articular  cartilages  and  of 
the  bones,  with  severe  injury  to  the  vessels  and  nerves, 
amputation  is  required,  especially  in  the  aged. 

In  old  injuries  to  the  joint,  resulting  in  ankylosis 
or  pressure  upon  the  main  vessels  or  nerve  trunks,  a 
complete  rather  than  a  partial  excision  is  indicated, 
because  the  tendency  to  secondary  ankylosis  is 
great  by  reason  of  the  marked  reparative  power  in 
all  the  tissues  set  up  by  previous  injury.  In  old 
dislocations  it  is  good  practice  to  reduce  the  disloca- 
tion by  operative  means,  unless  the  contracture  of 
the  soft  tissues  demands  an  excision  rather  than  a 
reduction.  The  earlier  the  dislocation  comes  into 
the  surgeon's  hands  the  more  successful  will  be  the 
reduction  by  operative  interference. 

Ankylosis  in  a  faulty  position,  re.sulting  from  injury 
or  disea.se,  is  curable  bj'  complete  excision  only  when 
the  age  of  the  patient  (from  twenty  to  thirty-five), 
the  condition  of  the  muscles,  the  presence  of  cicatricial 
bands  about  the  joint,  or  the  new  bone  production  in 
and  around  the  joint,  will  not  interfere  with  the  after- 
result.  In  cases  in  which  these  conditions  exi.st  and 
the  tendency  to  new  bone  production  is  a  marked  one, 
a  partial  operation  with  a  correction  of  the  faulty  posi- 
tion is  alone  indicated.  Selected  cases  of  elbow 
ankylosis,  if  non-tuberculous,  or  if  due  to  other 
infections  after  the  active  process  has  passed,  may 
pre.sent  favorable  material  for  the  interposition  fascia- 
fat  flap  operation  of  Murphy.  Good  functional 
results  may  be  obtained  but  it  must  be  borne  in  mind 
that  Dr.  Murphy  himself  regards  the  elbow-joint  as 
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less  favorable  than  the  shoulder  or  hip-joints  for  his 
method. 

Tuberculosis. — After  conservative  treatment  has 
failed,  a  complete  excision  is  usually  indicated,  Vjut 
during  the  first  three  or  four  years  of  life  it  is  not 
recommended.  At  this  time  curetting  is  sufficient. 
After  three  years,  do  a  partial  oiieration,  if  possible, 
or  a  complete  one  if  necessary.  In  cither  ca.se,  how- 
ever, we  must  remove  the  di.sease.  Excision  is  indi- 
cated in  some  cases  of  suppuratire  nrthriiis  (chronic), 
in  arthritis  deformans  in  a  single  joint,  and  in  tumors 
involving  the  bones  of  the  joint  (exostoses). 

It  must  be  remembered  that  only  one-tenth  of  the 
total  growth  of  the  arm  and  forearm  is  contributed 
by  the  epiphysis  at  the  elbow  (Oilier),  so  that  earlier 
excisions  may  be  attempted  here  than  elsewhere.  In 
general  we  say  that  in  injury  and  gunshot  wounds, 
partial  rather  than  complete  operations  are  indicated. 
For  disease,  complete  rather  than  partial  operations 
are  indicated.  For  ankylosis,  complete  rather  than 
partial  operations  are  indicated.  In  youth  much  can 
be  expected  in  the  production  of  pseudo-  or  nearthro- 
ses. In  the  adult,  unless  some  chronic  irritation 
(inflammation)  is  pre.sent  or  the  amount  removed  is 
small,  the  joint  is  liable  to  be  a  flail  one. 

Anatomy. — The  elbow  is  a  pure  hinge-joint.  The 
reestablishment  of  its  function  demands  that  the 
bones  be  so  .shaped  as  to  flex  and  extend  easily  while 
in  contact,  that  the  lateral  ligament  holding  the  joint 
be  .short  and  not  yielding,  and  that  the  attachment  of 
the  muscles  which  move  the  joint  in  flexion  and  exten- 
sion, as  well  as  in  supination  and  pronation,  be 
preserved. 

As  the  anterior  portion  of  this  joint  is  not  used  for 
entrance  into  the  joint,  we  will  consider  only  its 
lateral  and  posterior  aspects. 

The  posterior  branch  of  the  radial  nerve,  which 
is  a  motor  nerve  for  the  exten.sion  of  the  hand  and 
fingers  and  for  extension  and  abduction  of  the  thumb, 
enters  the  supinator  muscle  about  two  centimeters 
below  the  articular  .surface  of  the  head  of  the  radius 
and  passes  obliquely  through  its  fibers  around  the 
radius  until  it  emerges  three  to  four  centimeters 
below  the  interarticular  line  in  the  po.sterior  inter- 
os.seous  space.  Upon  the  inner  side  the  ulnar  nerve 
passes  behind  the  internal  epicondyle  between  the 
extensor  carpi  ulnaris  and  the  periosteum  covering 
the  internal  surface  of  the  ulnar.  These  two  nerves 
are  to  be  avoided.  Both  the  brachialis  anticus  and 
the  biceps  are  attached  at  points  sufficiently  removed 
to  be  saved  in  the  more  typical  and  complete  opera- 
tions. The  brachioradialis,  becau,se  of  its  attach- 
ment to  the  external  supracondylar  ridge,  can  be 
preserved  in  its  attachment  even  when  a  large  extent 
of  the  humerus  is  removed. 

The  supinator,  is  rarely  injured  because  of  its  ready 
separation  from  the  hvmierus  with  the  periosteum. 
Such  is  the  case  with  the  muscles  attached  to 
the  internal  and  external  epicondyles  of  the  humerus, 
which  can  with  care  always  be  separated  from 
the  bone  and  kept  in  relation  with  the  peri- 
osteum of  the  humerus  and  the  fascia  forming 
the  intermuscular  septa,  and  the  lateral  ligaments 
of  the  joint.  The  triceps,  however,  is  an  im- 
portant muscle.  The  major  part  of  its  tendon  is 
inserted  into  the  olecranon  process  of  the  ulna.  It 
has,  however,  lateral  attachments  connecting  it  with 
the  deep  fascia  of  the  posterior  .surface  of  the  forearm. 
Of  these  connections,  that  with  the  fascia  coveiing 
the  anconeus  and  the  posterior  surface  of  the  forearm 
is  very  strong,  while  that  with  the  fascia  covering  the 
internal  surface  is  thin  and  not  .strong.  It  is  neces- 
sary, therefore,  to  maintain  this  connection  with  the 
deep  fascia  of  the  forearm  when  the  attachment  to 
the  olecranon  is  removed,  if  we  wish  to  obtain  after 
excision  the  full  power  of  extension. 

The  arterial  supply  of  this  joint  is  carried  on  by  the 
circle  formed  bv  the  radial  and  ulnar  recurrents,  the 
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interosseous  recurrent,  and  the  anastomotica  magna. 
These  may  be  avoided  by  the  subperiosteal  method. 

The  interarticular  line  of  the  elbow-joint  is  repre- 
sented by  the  middle  third  of  a  line  joining  the  tips 
of  the  two  ejiicondyles. 

The  humeroradial  articulation  i.s  represented  by  a 
horizontal  line;  the  humero-ulnar,  by  an  oblique  line, 
passing  from  without  inward  and  above  downward. 

The  external  condyle  of  the  humerus  is  less  than 
two  centimeters  above  the  articular  line.  The  in- 
ternal condlye  is  more  than  two  and  one-half  centi- 
meters above  it. 

The  lower  epiphysis  of  the  humerus  joins  the  shaft 
at  the  seventeenth  or  eighteenth  year. 

The  epiphysis  of  the  radius  joins' the  shaft  at  the  six- 
teenth or  seventeenth  year. 

The  epiphysis  of  the  ulna  (olecranon)  joins  the 
shaft  at  the  seventeenth  year. 

These  epiphyseal  cartilages  have  finished  their 
growth  by  the  seventeenth  year,  and  excisions  of 
large  portions  may  be  made  at  this  age,  although  the 
muscles  mentioned  as  important  must  be  pre.servcfl 
to  obtain  the  best  results.  When  they  are  sacrificed, 
prosthetic  apparatus  must  be  used  to  supply  the 
deficiency. 

The  Methods  of  Incisions. 

The  incisions  used  in  excisions  of  the  elbow-joint 
may  be  divided  into:  (1)  those  which  enter  the  joint 
upon  the  ulnar  side;  (2)  those  which  enter  upon  the 
radial  side;  (3)  those  which  enter  upon  both  sides  or 
from   behind.     To   the   first   belong  the  incisions  of 


"         I 


p'lG.  2174. — Excision  of  Elbow,  a,  a',  Radial  and  ulnar  incisions; 
6,  incision  for  excision  of  radio-ulnar  articulation;  c,  incision  for 
Langenbeek's  operation:  d,  incision  for  Ollier's  operation;  e,  ulnar 
incision  sometimes  needed  with  OlUer'a  method. 

Listen,  Langenbeck,  Gurlt,  and  Jaeger.  To  the 
second  belong  those  of  Oilier,  Stimson,  Roux  and 
Nelaton,  Kocher,  and  Cavazzani.  To  the  last  belong 
the  H-shaped  incisions  of  Moreau  and  Dupuytron, 
the  lateral  incisions  of  C.  Huetcr  and  of  Vogt,  the 
posterior  triangular  flap  of  Textor,  and  the  parallel 
posterior  incisions  of  Murphy. 

Of  all  these  incisions  we  find  that  four  are  sufficient 
for  all  excisions,  complete  or  partial.  In  ankylosed 
joints  and  in  old  dislocations  a  comliination  of  the 
Kocher's  radial  incision  and  the  ulnar  incision  of  (\ 
Hueter  will  be  found  in  the  severer  cases  to  be  most 
satisfactory.     In  injury  and  in  disease  other  than  the 
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above  the  Langenbeck,  the  Cavazzani,  and  the  Kucber 

incisions  are  preferred. 

These  latter  incisions  are  superior  to  the  rent  liccauM 
they  do  the  least  injury  to  the  fibrous  expunHion  of  the 
triceps  insertion  and  no  injury  to  the  nerves  Bupplying 
the  triceps  or  the  anconeus  niusdcH. 

The  Langenbeck  or  dorso-internul  inrision  is  recom- 
mended when  the  disease  involves  particularly  the 
internal  segment  of  the  joint. 

The    Kocher,    or  dorsoradial,  incision  is  eBpecially 
useful  when  the  disea.se  inv(jlves  more  especially  the 
radio-humeral     in    addition    to    the 
humoro-ulnar  articulations. 

The  liilateral  incisions  above  rec- 
ommended are  u.seful  in  old  dislo- 
cations and  in  .severe  ankylosis  fol- 
lowing di.sea.se,  injury,  or  operation. 

I.  Lnngcnhcck' a  Mithod. — The  Es- 
march  bandage  is  to  be  applied,  if 
not  contraindicated.  The  top  anrl 
crest  of  the  olecranon  process  having 
been  determined,  an  incision  is  com- 
menced four  to  five  centimeters  abovi- 
the  olecraiKjn,  i)assing  through  th' 
tendon  of  the  triceps  and  along  the 
inner  border  of  the  crest  of  the  ole- 
cranon to  a  point  where  the  process 
disappears  in  the  shaft  of  the  ulna 
(Fig.  217.5).  Usually  this  point  is 
four  to  five  centimeters  from  the  tip 
of  the  olecranon.  This  incision  is 
carried  down  to  the  bones  through- 
out. A  retractor  is  i)laced  in  the 
external  flap,  and,  with  the  forearm 
extended,  a  rugine  or  knife  .separat<-s  the  periosteum 
of  the  olecranon  and  the  ulna,  carrying  with  it  the 
insertion  of  the  triceps,  that  of  the  anconeus  and  that 
of  the  supinator. 

Having  reached  the  external  cpicondyle,  the  surgeon 
should  separate  the  external  lateral  ligament  and  the 
common  origin  of  the  exten.sors  and  supinators  from 
the  epicondyle  subperiosteally  or  by  removing  with 
these  .structures  a  part  of  the  cpicondyle  (P.  Vogt). 
When  this  is  sufficiently  free  and  the  humeroradial 
joint  is  expo.sed,  the  forearm  may  be  extended  to  com- 
plete the  subperiosteal  separation  upon  the  anterior 
surface  of  the  humerus.  This  complet<?d,  the  internal 
flap  is  detached  with  the  periosteum,  while  the  fore- 
arm is  extended  until  the  internal  surface  of  the  olec- 
ranon is  free  and  the  coronoid  process  below  and  the 
internal  condyle  above  are  fully  exposed.  \\  ith  the 
retraction  of  the  periosteum  of  the  humerus  and  olec- 
ranon, the  uhuir  nerve  and  the  lateral  ligament  arts 
carried  away  and  are  free  from  all  danger.  When  the 
lower  part  of  the  humerus  is  sufficiently  free,  the 
forearm  is  again  flexed  and  the  ulna  and  radius  are 
separated  from  it.  The  periosteum  and  capsule  of 
the  joint  are  separated  from  the  anterior  surface  of 
the  humerus  as  far  as  is  necessary.  The  latter  is  then 
seized  with  the  lion-toothed  forceps  and  the  bone  is 
sawn  transversely,  just  above  the  articular  cartilage 
or,  better,  in  a  line  joining  the  epicondyle  and  up|)cr 
part  of  the  epitrochlea  (Oilier^).  The  olecranon  proc- 
ess is  seized  with  the  forceps  and  the  perio.stcum  and 
capsule  are  sei>a rated  from  the  coronoid  process  to 
its  base,  as  much  of  the  in.sertion  of  the  brachialis 
anticus  as  possil)lc  being  saved.  The  anterior  tiln-rs 
of  the  orbicular  ligament  arc  separated  with  the  jwri- 
ostcuni  of  the  ulna  and  are  displaced  downward  .«> 
that  the  head  of  the  radius  can  be  removed  clo.-io  to  the 
shaft  if  desired.  The  olecranon  and  coronoid  processes 
are  now  removed  together  from  the  shaft,  if  dosir<>d. 
and  if  thought  necessary  (Fig.  217t>).  Otherwi.sc, 
if  sufficient  bone  can  be  left  to  form  a  new  oleoraniin 
process,  the  bone  is  sawn  as  in  Fig.  2177.  This  will 
give  a  projecting  portion  repres«>nting  the  former 
olecranon,  which  is  very  useful  in  preventing  forward 
dislocation  of  the  ulna  during  the  after-treatment. 
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After  removal  of  the  extremities  of  the  bones  the 
synovial  membrane  is  dissected  out  completely,  and 
such  sinuses  as  appear  are  excised  or  curetted. 

The  sawn  surfaces  of  the  radius,  ulna,  and  humerus 
are  placed  in  apposition  and  at  an  angle  of  135° — i.e. 
in  nearly  complete  extension.  In  this  position  the 
tendency  to  forward  dislocation  of  the  radius  and  ulna 
through   contraction   of   the   flexors   is   avoided.     If 


firm  ankylosis  is  desired,  the  humerus 
and  ulna  are  drilled  and  sutvired  with 
two-weeks  chromicized  catgut  sutures. 
If  a  mobile  pseudoarthrosis  or  a  near- 
throsis is  desired,  chromicized  catgut 
sutures  are  used  only  for  the  purpose  of 
retaining  the  position  of  the  bones  dur- 
ing the  application  of  the  primary  dressing.  Such 
sutures  should  not  last  longer  than  a  few  days.  The 
Esmarch  bandage  is  removed  and  the  larger  arteries 
are  ligated. 

The  capsule  and  the  periosteum  are  sutured  -with 
catgut  in  position  over  the  ends  of  the  bones.  The 
skin  is  sutured  with  silkworm  gut,  providing  the  case 
is  an  aseptic  one,  and  a  small  portion  of  the  wound 
(two  centimeters)  at  its  liighpst  point  is  not  sutured, 
in  order  that  leakage  of  blood  may  take  place  easily 
during  the  next  few  hours.  If  one  so  desires,  a  small 
piece  of  rubber  tissue  may  be  inserted  through  this 
opening  to  prevent  its  closure.  The  forearm  is  slightly 
flexed  and  semi-pronated.  It  is  re- 
tained in  this  position  by  a  splint, 
either  plaster-of-Paris  reinforced  by 
sterilized  basswood  strips  or  the 
Esmarch's  wire  splint  (Fig.  2178). 
With  either  of  these  the  arm  and  fore- 
arna  are  elevated  and  retained  in  this 
position  by  suspension. 

Kocher's  Method. — By  the  Langen- 
beck  incision,  disease  in  the  radio- 
humeral  articulation  is  not  so  easily 
attacked  as  by  the  Oilier  bayonet 
incision  (Fig.  2174  d.).  OUier's  inci- 
sion, which  passes  in  the  interstice  be- 
tween the  external  head  of  the  triceps 
and  the  anconeus,  mu.st  divide  the 
nerve  supplying  the  anconeus,  since  it 
is  a  branch  of  the  division  of  the 
musculo.spiral  supplying  this  portion  of 
the  triceps.  Hence  Kocher  planned  an 
incision  which  avoids  this  nerve  divi- 
sion and  does  not  paralyze  this  portion 
of  the  triceps. 
The  forearm  is  flexed  at  an  angle  of  150  degrees, 
and  a  stirrup-shaped  incision  is  made,  which  begins 
three  to  five  centimeters  above  the  epicondyle  and 
over  the  external  border  of  the  humerus,  and  descends 
to  the  head  of  the  radius.  From  this  point  it  descends 
downward  and  slightly  inward,  following  the  external 
border  of  the  anconeus  until  it  reaches  the  ulna  at  a 
point  from  four  to  six  centimeters  from  the  tip  of  the 
olecranon.     From   this   latter   point   it   curves   over 
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the  posterior  surface  of  the  ulna  inward  and  upward 
for  a  distance  of  from  one  to  two  centimeters  (Fig. 
2179).  This  incision  aliove  the  epicondyle  passes 
in  the  interstice  between  the  brachioradialis,  exten- 
sor carpi  radialis  longus,  and  the  common  tendon  for 
the  supinators  and  extensors  of  the  hand  ;iiid  wrist  and 
fingers  in  front  and  the  triceps  and  anconeus  behind. 
From  the  epicondyle  to  the  lateral  surface  of  the  ulna, 
the  incision  passes  in  the  interstice 
between  the  anconeus  and  the  extensor 
carpi  ulnaris  imtil  it  reaches  the  ulna 
at  a  point  si.x  centimeters  below  the  tip 
of  the  olecranon.  The  latter  part  of 
the  incision  usually  divides  the  lowest 
fibers  of  the  ancone\is,  as  they  often 
extend  a  longer  distance  upward  on  the 
shaft  of  the  ulna.  This  incision  passes 
in  the  interval  between  those  muscles 
innervated  by  the  posterior  muscular 
branch  of  the  musculospiral  and  those 
supplied  by  the  external  muscular  and 
posterior  interosseous  branches  of  the 
same  nerve.  The  external  ridge  of  the 
humerus,  the  epicondyle,  the  radio- 
humeral  joint,  and  the  sujjinator 
muscles  are  now  exposed,  and  the  cap- 
sule of  the  radiohumeral  and  humero- 
ulnar  joints  are  in  view. 

If  the  olecranon  is  disea.sed,  the  chisel 
may  be  placed  upon  its  base  and  the 
process  be  removed  from  the  shaft 
together  with  the  attached  triceps  and 
anconeus  muscles.  This  flap  is  retracted 
inward  and  the  joint  is  exposed  to  its  full  extent.  If 
the  olecranon  is  not  di.seased,  the  periosteum  beneath 
the  external  head  of  the  triceps  and  the  capsule  are 
separated  from  the  posterior  surface  of  the  humerus. 
In  like  manner  the  anconeus  is  separated  from  the 
epicondyle  and  the  outer  surface  of 
the  ulna,  including  with  it  the  poste- 
rior humero-ulnar  ligament.  This 
dissection  is  continued  over  the  ulna 
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and  olecranon,  separating  the  triceps  from  the  ole- 
cranon and  a  small  part  of  the  flexor  carpi  ulnaris 
from  the  internal  surface  of  the  ulna.  The  epicondyle 
is  now  fully  exposed  by  separating  the  common  tendon 
of  the  supinators  and  extensors  subperiosteally  and 
retracting  the  flap  inward.     This  exposes  the  external 
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lateral  and  the  anterior  ligaments  passing  from  the 
condyle  to  the  annular  ligament  of  the  superior  radio- 
humeral  joint.  These  are  divided.  The  foreann  is 
now  extended  and  adducted.  The  joint  is  then 
brought  into  full  view  and  the  internal  lateral  liga- 
ment can  be  loosened  from  the  inner  surface  of  the 
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ulna  and  of  the  trochlea  (Fig.  001.5).  With  this 
separation,  the  humerus  is  easily  cleared  of  all  mus- 
cles anteriorly  and  po.steriorly  and  the  hone  section 
made  as  recommended  in  the  preceding  operation. 

The  annular  ligament  is  now  divided  and  the  head 
of  the  radius  is  removed  separately  from  the  ulna. 
If  possible,  the  section  of  the  ulna  should  be  such  as 
will  leave  a  process  simulating  in  slight  degree  the 
olecranon.  Such  a  method  is  useful  in  preventing 
the  anterior  subluxation  of  the  ulna.  The  section  is 
the  same  as  is  shown  in  the  former  operation. 

When  the  disease  is  tuberculous,  it  is  best  not  to 
incise  the  synovial  membrane  until  the  dissection  of 
the  soft  parts  is  completed  and  the  dislocation  of  the 
radius  and  ulna  from  the  humerus  is  ready  to  be  made. 


Fig.  2180. 

When  the  synovial  membrane  has  been  completely 
removed  and  the  sinuses,  if  any,  are  excised  or 
curetted,  the  parts  are  brought  into  apposition  and 
sutured.  Drainage,  if  necessary,  is  made  with  rubber 
tubing  or  tissue  at  the  lower  angle  of  the  wound 
beneath  the  anconeus. 

Deep  sutures  should  be  sterile  catgut;  superficial 
sutures,  silk  or  silkworm  gut.  If  ankylosis  is  desired, 
suture  the  bone  with  two-weeks  chromicized  catgut. 
'  If  a  nearthrosis  or  a  mobile  pseudoarthro.sis  is  desired, 
suture  with  catgut,  which  will  last  but  a  few  days  and 
will  simply  retain  the  bones  in  position  during  the 
application  of  the  primary  dressing.  The  extremity 
is  placed  in  such  a  splint  as  has  been  previou.sly 
recommended  and  is  suspended  and  elevated. 

These  two  methods  are  undoubtedly  the  methods 
of  choice  for  both  injury  and  disease  in  the  vast 
majority  of  cases. 

Melhnd  of  Cavazzani. — There  is  a  method  very 
similar  to  Kocher's,  except  in  the  skin  incision  and  iii 
some  of  the  minor  details,  which  may  be  used  for 
it  in  cases  of  exploration,  partial  excision,  and  sj-novial 
extirpation.     This  is  the  method  of  Cavazzani. 

Three  landmarks  are  taken — one  the  tendon  of 
the  biceps,  one  the  head  of  the  radius,  and  the  third 
the  olecranon  process.  Two  centimeters  below  the 
epicondyle  upon  the  outer  border  of  the  tendo  bicipi- 
tis,  an  incision  through  the  skin  and  subcutaneous 
tissue  begins  and  pas.ses  transversely  outward  parallel 
to  the  interarticular  line  of  the  joint.  At  the  outer 
side  of  the  forearm  it  passes  obliquely  from  below 
upward  and  ends  at  the  inner  border  of  the  ulna  near 
the  tip  of  the  olecranon  (Fig.  21S1).  During  the 
first  half  of  this  incision  the  forearm  is  extended. 
During  the  last  half  it  is  in  half-flexion.  This  stretches 
the  skin  and  prevents  slipping.     The  upper  flap  is 
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dissected  up  sufficiently  U>  expoMC  the  intcT\'al  \a^ 
tween  the  anconeu.s  and  the  iiiuhcIch  uriiiing  froiu  the 
cpicondjle,  i.e.  the  inUT.stice  tjetween  the  aiicuncua 
and  the  extensor  carjji  ulnuris. 

The  epicondyle  being  exposed,  the  aponcurnMin 
covering  this  interstice  is  divided  over  the  neck  of  tlie 
radius  and  above  the  epicondyle.  Tlie  epieiindylur 
muscles  are  now  loosent'd  subperioHteuIly  aiid'an? 
retracted  inward.  The  capsule  is  tliuH  exp'owd  us  fur 
as  the  coronoid  process.  Upon  the  po.^ftcric.r  hurfacn 
the  anconeus  is  al.so  separat<;d  Kubi<crioKteallv  from 
the  humerus  and  the  ulna  together;  the  U-ndoii  of  the 
triceps  is  separated  over  the  external  half  of  the  olec- 
ranon process.  If  one  wishes  to  disregard  the 
anconeus  nerve  supply,  one  may  cut  traiiHverwly  in 
the  interstice  of  the  triceps  and  anconeu.s  from' the 
epicondyles  to  the  out<'r  surface  of  the  ulna.  The 
po.sterior  capsule  is  now  expo.sed.  The  joint  is  next 
opened  by  dividing  the  cxU'rnal  lateral  ligam.-nt 
from  the  coronoid  process  anteriorlv  to  the  tip  of 
the  olecranon  posteriorly.  A  movement  of  adduc- 
tion will  now  di.slocate  the  forearm  from  the  arm. 

After  the  operation  is  finished,  the  forearm  in 
replaced,  the  lateral  ligaments  are  sewed,  and  the 
muscles  about  the  epicondyle  sutured  in  jilace.  No 
vessels  or  nerves  are  injured.  The  radial  nen-e  i.i 
not  stretched.  The  tendon  of  the  triceps  is  prcRer\o<l 
in  half  its  attachment.  The  epicondylar  muscles  are 
preserved.  For  exploration  and  synovial  extin>atiiiii, 
Cavazzan  i's  method  is  very  satisfactory,  for  the  reasons 
above  stated. 

For  ankyloids  and  for  the  reduction  of  o7(/  dUloen- 
lioris,  the  method  of  Jeffrey  (which  has  been  more  pre- 
cisely descriljed  by  Marangos"),  those  of  Hueter'  and 
of  J.  B.  Murphy  are  undoubtedly  the  l)e.st.  Tlii.s  is 
especially  so  in  fractures  with  dislocation,  where  the 
reduction  requires  the  removal  of  the  callus  with  or 
without  a  partial  excision;  in  old  dislocations,  which 
require  the  removal  of  the  callus  and  the  adhesions 
in  order  to  effect  reduction;  in  all  impractical  anky- 
loses following  disease,  injury,  or  operation,  which  are 
to  be  made  jiractical  ankyloses  or  in  which  arthrolvtiis 
is  to  be  attempted;  anil,  lastly,  in  cases  in  which 
redislocation  has  followed  the  operative  reduction  of 
an  old  dislocation.  With  the  posterior  incision  or  the 
single  lateral  incision,  one  comes 
U[)on  the  joint  at  a  di.sadvant'ige- 
ous  .side  for  the  correction  of  an 
ankylosis  or  for  the  removal  of 
callus. 

In  ankyloses  it  is  not  possible  to 
dislocate  the  bones,  and  the  re- 
moval of  the  necessary  wedge  or  jc 
])iece  of  bone  mu.st  be  done  with-  T"^! —  .. 
out  displacement.  For  this  rea- 
son, Heuter  and  others  accepted 
the  bilateral  incisions  which  Jef- 
frey formerly  used  in  all  excisions. 
These  incisions  have  been  greatly 
modified  by  suhse(|uent  operators, 
liut  the  method  here  described  will 
be  found  to  ap|)roach  the  ideal 
method.  It  consists  of  the  radio- 
hmneral  incision  of  Kocher  and 
the  ulnar  incision  of  the  bilateral 
methods.  The  incision  upon  the 
radial  side  commences  five  or  six 
centimeters  aliove  the  external 
condyle,  aiul  pcni'trates  between  the  triceps  and  the 
brachioradialis  and  extensor  carpi  radialis  longus, 
until  it  reaches  the  external  humeral  border  and  de- 
scends to  just  behind  the  epicondyle.  It  hero  p.isses 
oljlicpiely  downward  and  inward  in  the  interstice 
between  the  anconeus  and  extensor  car|ii  iilnaris  for 
a  distance  of  from  two  to  three  centimeters.  I'nlcis 
the  radius  is  involved,  the  annular  ligament  is 
avoided.  Now  clear  the  anconeus  and  the  triceps  from 
the  capsule  or  tissues  beneath  them  and  letract  them 
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inward.  Clear  the  supinator  and  extensor  group 
from  the  epicondyle  and  retract  them  inward. 

An  ulnar  incision  is  next  made  upon  the  internal 
border  of  the  epicondyle  or  at  the  place  where  it  had 
been  broken  off  or  displaced.  This  incision  is  from 
eight  to  ten  centimeters  in  length.  The  ulnar  nerve 
is  freed  and  displaced  backward.  The  pronator  and 
flexor  groups  of  muscles  are  displaced  outward  and 
in  front  after  being  freed  from  the  internal  border  of 
the  humerus  and  the  epicondyle.  These  incisions 
descend  to  the  bone,  and  one  separate.s  subperiosteally 
with  the  rugine,  or  extraperiosteally  with  the  knife, 
the  soft  parts  from  the  bone  upon  botli  surfaces  of 
the  humerus.  In  the  reduction  of  old  dislocations, 
the  method  pursued  must  be  extraperiosteal.  A 
blunt  retractor  is  now  inserted  in  front  of  and  behind 
the  humerus,  for  the  purpose  of  guarding  and  lifting 
the  soft  tis.sues  from  the  bone.  If  one  desires,  the 
bone  section  may  now  be  made  with  the  saw.  If  it 
is  thought  better,  the  adhesions  between  the  humerus, 
olecranon,  ulna,  and  radius  may  be  divided,  and  the 
humeral  extremity  first  and  the  radius  and  ulna  after- 
ward displaced  through  the  external  incision.  They 
may  then  be  sawn  and  replaced.  If  the  case  be  an 
old  dislocation,  the  fibrous  bands  between  the  internal 
condyle  and  olecranon  must  be  divided.  The  epi- 
condyle, if  torn  off  and  displaced,  must  be  loosened 
and  returned.  The  trochlea  of  the  humerus  and  the 
sigmoid  cavity  of  the  olecranon  must  be  cleared  of  all 
fibrous  or  bony  tissue.  When  this  is  accomplished, 
a  movement  of  adduction  of  the  forearm  will  expose 
the  humeral  extremity  in  the  external  woimd  and  allow 
the  removal  of  the  new  formation  in  the  olecranon 
fossa.  When  this  is  finished  the  radius  and  ulna  may 
be  exposed  in  the  same  manner  and  the  process  of 
clearing  their  articular  surfaces  completed.  With  the 
completion  of  the  work  upon  the  bones  the  extremities 
are  apposed,  sutured  if  desired,  and  immobilized  at 
an  angle  sufficient  to  prevent  dislocation.  In  the 
reduction  of  old  dislocations,  this  is  usually  a  right 
angle,  with  the  forearm  in  full  pronation  to  prevent 
redislocation.  In  excisions  in  which  motion  is  de- 
sired the  position  is  one  of  nearly  complete  extension, 
with  semi-pronation.  In  cases  in  which  an  ankylosis 
is  desired,  the  forearm  is  left  at  an  angle  a  little  less 
than  a  right  angle. 

Dr.  J.  B.  Murphy  makes  two  longitudinal  incisions 
about  ten  centimeters  in  length,  one  on  either  side 
of  the  olecranon  process.  The  ulnar  nerve  is  fir.st 
isolated,  freed  from  its  bed,  and  drawn  to  one  side. 
The  lower  end  of  the  humerus,  the  internal  condyle, 
and  the  surface  of  the  ulna  are  exposed  by  detaching 
the  muscles  on  the  inner  side.  The  external  condjle 
and  the  head  of  the  radius  are  similarly  exposed  and 
the  ankylosis  is  loosened  by  means  of  the  chisel. 
The  quantity  of  bone  to  be  cut  away  depends  entirely 
upon  the  amoimt  necessary  to  secure  complete  flexion 
and  extension  and  the  bone  removed  may  be  taken 
from  the  humerus,  the  tip  of  the  olecranon,  the  coro- 
noid  process,  or  the  head  of  the  radius.  Recently 
Dr.  Murphy  has  been  inclined  to  excise  transversely 
only  a  small  section  of  the  articulating  surface  of  the 
humerus,  remove  the  head  of  the  radius,  and  then 
round  and  shape  the  cut  end  of  the  humerus  before 
proceeding  with  the  next  stage.  The  next  step  is  to 
implant  a  flap  taken  from  the  external  lateral  aspect 
of  the  arm,  base  downward,  or,  if  necessary,  an- 
other flap  from  the  internal  aspect.  This  flap  (or 
flaps)  is  taken  from  the  deep  fascia,  is  drawn  into 
the  joint  to  cover  the  articulating  surfaces,  and 
is  sutured  to  the  remnants  of  the  joint  capsule 
with  chromic  catgut.  Care  is  taken  to  prevent  the 
ulnar  nerve  getting  caught  in  the  cicatricial  tissue. 
With  the  removal  of  all  ob.structions  to  joint  motion, 
and  the  interposition  of  soft-tissue  flaps,  the  wound  is 
closed,  using  chromicized  catgut  for  the  deep  sutures, 
plain  catgut  for  the  superficial  sutures,  and  horsehair 
for  the  skin.     The  arm  is  placed  in  acute  flexion  in 
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a  plaster-of-Paris  case.  At  the  end  of  ten  days  the 
sutures  are  removed  and  passive  exercise  commenced, 
but  the  case  is  worn  for  four  or  five  weeks. 

Helferich's  method,  as  first  proposed  in  1894,  ia 
followed  in  Bier's  clinic  (Reiner,  Deutsche  Zcil.  f. 
Chir.,  1910,  civ.)  in  ankylosis  of  the  elbow.  After  the 
removal  of  all  new  bony  growth  and  osteophytes 
the  lower  end  of  the  humerus  is  made  convex  while 
the  radius  and  ulna  are  made  concave.  A  muscular 
fascial  flap  is  taken  from  the  radial  side  of  the  triceps, 
introduced  into  the  joint,  and  sutured  between  the 
bones.  The  arm  is  put  up  in  extension  for  eight  days 
and  then  there  ensue  daily  dressings  with  massage,  ac- 
tive and  passive  motion,  h\-peremia  by  hot  air,  and  at 
each  dressing  the  elbow  is  placed  at  a  difl'erent  angle. 
The  after-treatment  is  considered  as  important  as  the 
operation  and  while  it  is  tedious  and  painful  the  results 
seem  to  justify  it. 

The  After-treatment. — It  is  to  lie  borne  in  mind  that 
there  is  always  a  tendencv  to  displacement  of  the  frag- 
ments, that  too  wide  a  distance  between  the  extremi- 
ties of  the  bone  tends  to  a  flail  joint,  and  that  too  close 
a  distance  tends  to  ankylosis.  The  usual  distance 
for  obtaining  a  false  joint  is  between  one  and  two  centi- 
meters. In  children  ankylosis  is  to  be  especially 
feared;  consequently,  as  soon  as  possible  passive  mo- 
tion must  be  enforced.  Usually  on  the  third  day  pass- 
ive motion  is  begun,  and  is  repeated  daily  in  the  wrist 
and  fingers.  On  the  twenty-first  day  the  forearm  is 
moved  in  flexion  every  second  day,  and  returned  to 
the  original  position  of  extension.  In  from  four  to  five 
W'Ceks  the  forearm  can  be  easily  moved  to  ninety  de- 
gress and  returned  to  the  original  position  of  extension. 
The  movements  of  supination  and  pronation  are  made 
at  the  same  time  as  those  of  flexion  and  extension. 

At  the  end  of  from  six  to  eight  weeks  a  splint  can 
be  dispensed  with,  when  massage  and  electricity  are 
used.  The  daily  use  of  the  arm  must  be  secured.  At 
four  months  the  movement  in  the  new  joint  should  be 
sufficient  to  allow  the  patient  to  feed  and  dress  him.self 
and  to  carry  quite  heavy  weights.  It  will  require 
one  year  before  one  can  see  the  best  results  in  motion 
and  stability. 

If  large  quantities  of  bone  have  been  removed  and 
the  operation  has  been  subperiosteal  and  subcapsular, 
it  is  best  to  be  satisfied  with  an  ankylosis  at  a  right 
angle  and  in  semi-pronation  rather  than  run  the  risk 
of  a  flail  joint.  If  ankylosis  is  attempted,  passive 
motion  in  the  wrist,  fingers,  and  shoulder  is  daily 
practised,  in  order  to  preserve  their  full  power. 

If  the  amount  of  bone  removed  has  not  been  great, 
say  enough  to  allow  from  one  to  two  centimeters 
between  the  bones  of  the  arm  and  forearm,  and  if  the 
operation  was  subcapsuloperiosteal  or  partly  so,  it 
is  best  to  attempt  a  nearthrosis  or  a  pseudarthrosis. 
After  the  third  week,  when  the  wound  is  healed  and 
passive  motion  at  the  elbow  is  begun,  an  angular 
hinged  splint  should  be  applied,  which  will  prevent, 
during  the  exercises  of  flexion,  extension,  supination, 
and  pronation,  any  lateral  displacement  of  the  bones. 
Very  great  care  must  be  given  by  the  patient  and  the 
surgeon  to  obtain  the  ideal  result. 

One  factor  must  not  be  lost  sight  of  during  the  after- 
treatment,  and  that  is  that  an  angular  ankylosis  with 
movement  at  the  fingers,  wrist,  and  shoulder  is  more 
useful  in  a  laborious  occupation  than  the  excessive 
mobility  often  resulting  from  these  excisions.  Another 
fact  to  be  borne  in  mijid  is  that  in  the  young  motion 
is  to  be  begun  early.  In  the  adult,  in  whom  there  is 
less  danger  of  ankylosis  than  there  is  of  a  flail  joint, 
passive  motion  need  not  be  begun  until  some  firmness 
is  present  in  the  joint. 

The  mortality,  according  to  Culbertson,  is  as  fol- 
lows: Gunshot  wounds:  Partial  excision,  27.02  per 
cent.;  complete  excision,  2.5.30  per  cent.  Injury: 
Partial  excision,  7.4  per  cent.;  complete  excision, 
21.05  per  cent.  Disease:  Partial  excision,  11.11  per 
cent.;  complete,  9.94  per  cent. 
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In  the  Franco-German  war  (1870-71),  excisions  for 
gunshot  injuries  gave  a  mortality  of  27.41  per  cent. 
(Gurlt).  In  our  own  civil  war,  gunshot  injuries,  when 
excised,  gave  a  mortality  of  2.3.70  per  cent.  Salznian, 
quoted  by  Oilier,  gives  the  mortality  of  excisions  for 
ankylosis  as  1.47  per  cent.  Functional  results  are 
in  the  main  good,  especially  in  civU  practice. 

For  disease,  Culbertson  gives  6  perfect  and  .32 
useful  joints  in  40  cases  of  partial  excision,  and  32 
perfect  and  196  usefid  joints  in  290  complete  excisions. 
Gurlt's  statistics,  obtained  from  the  German  wars 
(1848-77),  gives  5.63  per  cent,  as  very  good,  23.66 
per  cent,  as  good,  53.24  per  cent,  as  moderate,  14.37 
per  cent,  as  bad,  3.09  per  cent,  as  very  bad.  Nepveu' 
presents  twenty-one  cases  with  extensive  restoration 
of  the  parts.  The  general  form  of  restoration  is 
brought  about  by  the  osteophrtic  growth  of  the  con- 
dyles of  the  humerus. 

In  Kocher's  clinik,  1872-97  (Oschmann'"),  where 
a  large  number  of  good  functionating  joints  were  ob- 
tained, it  was  noticed  that  rotation  at  this  joint  was 
better  then  flexion  and  extension.  It  was  observed 
that  much  value  is  to  be  placed  upon  the  preservation 
of  the  anconeus  for  obtaining  full  power  in  extension 
of  the  forearm.  It  was  also  observed  in  three  cases 
that  repeated  excisions  were  necessary  to  secure  good 
function.  Hence  the  importance  of  a  thorough  re- 
moval at  the  first  operation  is  plainly  seen  in  these 
cases.  After  healing  had  taken  place,  the  most  fre- 
quent impediment  to  flexion  seemed  to  be  enlarge- 
ment of  the  internal  condyle  or  of  the  coronoid 
process.  For  these  cases  secondary  excisions,  re- 
moving the  impediment  to  motion,  are  properly 
indicated. 

The  functional  results  of  excision  for  old,  unreduced 
dislocations  show  that  70  per  cent,  have  good  results, 
30  per  cent,  have  bad  (Cuhorst),  while  the  bloody 
reposition  of  these  old  dislocations  gave  76.9  per  cent, 
of  excellent  results,  with  23  per  cent,  of  bad  results, 
none  of  which  can  be  considered  due  to  the  method 
of  operation. 

Excision  of  the  Superior  R.m)10ulx.\r  Articula- 
tion.— This  operation  (Fig.  2174,  h)  is  occasionally 
made  use  of  in  old  dislocations,  in  fracture  of  the  head 
of  the  radius  impeding  the  motions  of  rotation,  of 
flexion,  or  of  extension. 

Operation. — An  incision  of  from  five  to  seven  centi- 
meters is  made  in  the  same  manner  as  the  Kocher 
incision  for  the  excision  of  the  elbow-joint.  This 
incision  passes  in  the  interval  between  the  anconeus 
posterointernally  and  the  extensor  carpi  ulnaris 
anteroexternally.  After  their  attachments  to  the 
epicondyle  have  been  loosened,  the  tissues  are  re- 
tracted and  the  capsule  is  exposed.  This  is  incised  and 
the  head  of  the  bone  is  removed  as  close  to  the  shaft  as 
possible.  The  section  should  be  at  the  point  where  the 
annular  ligament  is  closely  applied  to  the  neck  of  the 
radius.  With  this  incision  there  is  no  danger  to  the 
musculospiral  nerve  anteriorly.  The  posterior  inter- 
osseous nerve,  as  it  crosses  within  the  fibers  of  the 
supinator  muscle,  is  di.stant  from  the  epicondyle 
of  the  humerus  four  centimeters  on  the  external  sur- 
face of  the  forearm.  On  the  posterior  surface,  where 
it  meets  the  interosseous  artery  in  the  interval  be- 
tween the  supinator  and  the  extensor  ossis 
metacarpi  pollicis,  the  distance  from  the  epicondyle 
is  usually  six  centimeters  or  over.  Hence  it  is  difficult 
to  injure  it  unless  the  incisions  are  prolonged  further 
than  recommended.  After  the  head  is  removed,  the 
capsule  and  ligaments  are  sutured  and  a  nearthrosis 
or  pseudoarthrosis  is  attempted.  A  strip  of  fascia 
may  be  interposed  with  advantage. 

At  ten  or  fourteen  days  passive  motion  is  begun  and 
continued  for  several'  weeks.  It  usually  requires 
three  months  to  obtain  the  best  results.  In  three 
cases  of  fracture  of  the  head  of  the  radius  with  aboli- 
tion of  supination  and  pronation  in  marked  degree 


observed  by  Hartley,  removal  of  the  head  and  r«n- 
ser\-ative  after-treatment  gave  almoHt  jKirfcct  reHulti. 

E.xcisiON-  OF  THE  HuMEBUs. — In  cxci«ion  (total  re- 
moval) of  the  humeru.sf  Fig.  2173,  a),  the  gn  •  '  . 
tagc  of  having  a  companion  bone  t^)  provl'! 

as  exists  in  the  forearm,  is  ali.sent.     Literal!'.    , :.^, 

the  operation,  unless  performed  Hubperiomt-ally  i"!! 
growing  bone,  or,  in  adults,  where  there  in  a  Hturdy  In- 
volucrum  around  the  sequestrum,  must  result  in  ci>- 
alcscence  of  the  elbow-  and  shouldcr-jointJt— that 
is,  the  radius  and  the  ulna  come  to  articulate  with  tlic 
glenoid  fo.s.sa  of  the  scapula.  Such  an  operation  ha« 
ijcen  ijerformed,  and  with  preservation  of  a  us<'ful  hand. 
But  seldom,  however,  will  the  bone  be  so  badly  shat- 
tered by  gunshot  or  by  crushing  injury,  or  so'extt-n- 
sively  involved  in  disease,  o.stcomyelitic  or  neoplastic, 
as  to  require  such  heroic  treatment. 

The  incision  pas.ses  through  the  deltopectoral 
groove  above,  anti  the  external  bicipital  groove  Ix-low, 
so  that  it  is  bounded,  from  above  downward,  exter- 
nally by  the  deltoid,  the  triceps,  tlie  brachioradialis, 
and  the  cxten.sor  caq)i  radialis  mu.sdes,  and  internally 
by  the  pectoralis  major,  the  coracobrachiali.s,  the 
biceps,  and  the  brachialis  anticus  muscles.  To  l>e 
sought  for  and  retracted  from  above  downward  arc: 
In  the  deltopectoral  groove,  the  humoral  branch  of  the 
acroiniothoracic  axis  art<Ty  and  the  cephalic  vein; 
a  hand's  breadth  below  the  acromion,  and  winding 
from  without  inward,  the  circumflex  ner\'o  aoconi- 
paniod  by  the  po.stcrior  circumflex  artery;  in  the  mu.s- 
culospiral  groove,  which  cros.ses  the  posterior  surface 
of  the  shaft  in  itJ5  upper  portion  obliciuely  from  above 
and  within  downward  and  outward  between  the 
external  and  the  internal  heads  of  the  triceps  muscle, 
the  musculospiral  nerve,  which  in  the  lower  third  of 
the  shaft  leaves  the  termination  of  the  groove  and 
passes  forward  and  inward  between  the  brachioradialis 
muscle  externally,  and  the  brachialis  muscle  internnlly ; 
and  finally,  in  the  lower  third,  between  the  biceps 
brachii  and  the  brachialis  muscles  and  the  musculocu- 
taneous nerve.  Having  reached  the  bone,  the  fH-rios- 
teum  is  incised  and  then  elevated  with  the  sharp  rugine. 
first  at  the  center  of  the  shaft  for  the  entire  circum- 
ference, where  the  bone  is  divided,  and  then  along 
each  half,  carrying  off  the  successive  muscles  en- 
countered as  each  joint  is  approached,  where  the 
capsule  is  finally  lifted  off  and  the  tjone  removed. 
The  incisions  through  the  skin,  the  superficial  fascia, 
the  deep  f.a.scia,  the  periosteum  and  the  capsules  are 
then  closed  in  inverse  order.  Drainage  may  or  may 
not  be  provided  for,  according  to  the  judgment  of  the 
operator.  Support  by  a  gypsiuu  splint  that  has  been 
moulded  to  the  upper  extremity  previous  to  o|)eration, 
and  that  suspends  it  securely  from  the  shoulder,  is 
now  obtained,  provided  the  hmnerus  is  expected  to 
reform.  Otherwise  the  plaster-of-Paris  must  be 
moulded  after  the  operation. 

Rescrlion  (partial  removal)  of  the  humerus  usually 
furnishes  excellent  results,  because  we  arc  dealing 
with  a  bone  that  possesses  a  superior  blood  supply, 
and  one  that  is  not  handicapi>ed  by  the  necessity  of 
supporting  weight.  It  takes  an  intramedullary  graft 
as  well  as,  or  even  better  than,  any  other  bone  in  the 
bodv.  Tlio  incision  is  made  as  for  excision,  but 
spanning  onlv  as  much  length  as  is  neces.s:iry.  Re- 
section of  the  head  and  of  the  lower  extremity  of  the 
humerus  are  discussed,  respectively,  with  excision  of 
the  shoulder-joint  and  of  the  elbow-joint. 

Excision  of  the  Shoulder-joint. — Hhlory. — James 
Bent  of  England,  1774.  probably  did  the  first  excision ; 
the  elder  Moreau  probably  the  first  complete  excision, 
1786.  In  the  Schleswig-Hol.stcin  campaign  O'^-''*). 
in  the  Crimean  War  (18.55),  and  in  our  own  civil  war 
(1861-65)  the  operation  gained  gn^atly  in  prominence 
and  has  since  then  become  fully  established. 

To  obtain  a  nearthrosis  or  a  good  pseudarthrosi.*. 
the  line  of  section  in  the  humerus  must  be  below  the 
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tuberosities,  to  wliicli  are  attaciied  the  rotators,  and 
above  the  adductors.  In  all  cases  as  little  is  sacrificed 
as  is  possible,  in  order  that  the  functions  of  the  forearm 
and  hand  maj'  be  preserved  in  their  entirety.  In 
children,  in  wliom  the  growth  is  almost  finished, 
operations  witli  sacrifice  of  the  muscular  attachments 
and  with  little  loss  of  the  humerus  give  good  functional 
results  with  either  a  nearthrosis  or  a  pseudarthrosis. 
In  adults,  espociall.v  if  the  periosteum  is  not  saved 
and  the  mu.scvilar  attachments  have  been  sacrificed, 
ankylosis  or  a  flail  joint  will  result,  for  the  periosteal 
activity  in  adults  is  often  wanting  and  no  reproduction 
takes  place. 

In  all  ca.ses  the  constant  tendency  to  forward  dis- 
placement of  the  luuiierus  mvist  be  avoided.  In  all 
cases  the  humerus  must  be  held  in  contact  with  the 
scapular  border  or  the  glenoid  cavity  in  order  to 
obtain  a  fixed  but  movable  joint  upon  which  the  mus- 
cles may  move  tiie  humerus.  The  mobility  of  the 
scapula  compensates  in  great  measure  for  immobility 
at  the  glenohumeral  union. 

rmlicalioiis  for  Excision  of  the  Shoulder-joint  for 
Injury. — In  slight  injuries  and  in  gunshot  wounds, 
expectant  treatment  and,  at  the  most,  a  partial 
excision  are  indicated.  In  severe  -injuries  to  the 
head  of  the  humerus,  and  in  comminuted  fractures 
from  gunshot  wounds  with  the  nerves  and  vessels 
intact,  a  primary  excision  is  indicated.  In  severe 
injury  to  the  head  of  the  humerus  and  to  the  acromion 
process  and  the  scapula,  the  operation  is  not  nece.s- 
saril}'  contraindicated,  provided  the  nerves  and  vessels 
are  intact.  In  case  the  latter  are  involved,  amputa- 
tion is  in  all  probability  the  only  successful  issue.  In 
case  the  nerves  are  injured,  the  main  vessels  escaping, 
and  provided  the  injured  nerves  can  be  sutured,  ampu- 
tation should  give  way  to  excision  of  the  joint  and 
suture  of  the  nerves.  In  some  cases  of  compound 
dislocation  or  of  old  unreduced  dislocation,  with  or 
without  fracture  through  the  surgical  neck  of  the 
humerus,  excision  has  Ijeen  made  necessary ;  yet  these 
cases  are  becoming  more  and  more  infrequent,  owing 
to  the  aseptic  treatment  and  to  the  earlier  reductions 
by  incisions  (cf.  DoUinger  "  and  Thomas  '-). 

1.  No  better  authority  on  the  unreduced  dislocation 
of  the  shoulder-joint  can  be  quoted  than  Souehon," 
who  maintains:  I.  That  operation  is  justifiable  only 
in  recent  cases  in  full-grown  subjects  of  sufficient  age 
to  insure  no  great  shortening  from  want  of  growth  in 
the  bone.  II.  That  excision  should  be  performed  in 
all  instances  except  when  the  head  and  glenoid  cavity 
are  in  good  condition;  when  reduction  can  be  accom- 
plished without  great  effort  or  extensive  dissection; 
and  when  the  head,  once  reduced,  readily  remains  in 
place. 

2.  In  fracture  of  the  upper  part  of  the  surgical  neck 
of  the  humerus  and  dislocation  of  the  head,  reduction 
of  the  dislocated  head  and  plating  of  the  fracture  will 
be  preferable  to  excision  (McBurney);  but  when  union 
fails  and  the  joint  becomes  useless,  or  if  the  dislo- 
cated head  cannot  be  reduced  without  too  extensive 
interference  with  its  nutrition,  it  must  be  removed 
(Cotton"). 

3.  In  recurrent  dislocations  excision  has  been  per- 
formed not  infrequently,  yet  attempts  at  more  conser- 
vative, e.g.  reefing  the  capsule,  methods  are  recom- 
mended by  Burrell  and  Lovctt."" 

For  Disease. — Here  partial  and  complete  excisions 
are  indicated,  although  the  functional  results'are  not 
much  better  than  in  cases  of  ankylosis  following 
expectant  treatment.  1.  In  tuberculosis  and  in  the 
destruction  of  a  joint  following  epiphysitis  and  suppu- 
ration, gonorrheal  infection,  injury  and  infection,  or 
from  suppurative  subdeltoid  bursitis,  partial  or  com- 
plete excision  is  indicated  as  soon  as  conservative 
surgical  treatment  fails  to  cure.  2.  In  ankylosis 
following  acute  rheumatic  arthritis  and  acute  trau- 
matic arthritis  with  suppuration,  excision  is  indicated 
in  some  instances. 
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For  Tumors  Involving  the  Hones  of  the.  Joint. — 
Instances  exist  in  which  a  part  of  the  humerus  has  been 
removed  for  sarcomatous  growths  involving  the  joint. 
.1.  C.  Bloodgood  has  emphasized  that  thorough 
resection,  rather  than  amputation,  is  the  ojjeratioii  of 
choice  in  giant-cell  bone  sarcoma,  and  that  recovery 
without  recurrence  should  follow  in  the  majority  of 
instances.  Recent  investigations,  however,  show  that 
not  all  giant-cell  sarcomata  are  non-malignant. 

Anatomy. — The  anatomy  of  the  slioulder-joint  is 
very  simple.  All  the  bony  prominences  in  its  vicinity 
can  be  easily  felt.  The  groove  between  the  pectoralis 
major  and  the  deltoid,  in  which  lie  the  cephalic  vein 
and  the  acromiothoracic  artery,  is  easily  made  out. 
The  circumflex  nerve  and  the  posterior  circumflex 
artery  cross  the  humerus  in  a  horizontal  line  one  fin- 
ger's breadth  below  the  center  of  a  line  drawn  from 
tlie  acromion  to  the  deltoid  insertion.  These  two 
structures  usually  pass  just  below  the  capsular  attach- 
ment upon   the   internal   surface   of  the   anatomical 


neck,  which  point  is  opposite  the  so-called  surgical 
neck  of  the  humerus — the  point  above  mentioned. 
The  upper  epiphysis  becomes  united  to  the  shaft  at 
twenty  years.  The  deltoid  muscle  is  so  situated  that 
the  only  place  where  it  can  be  divided  without  injuring 
a  portion  of  the  nerve  supply  is  clo.se  to  the  margin  of 
the  acromion  process  and  of  the  spine  of  the  scapula. 
This  method  of  incision,  recommended  formerly  by 
Nelaton,  Neudorfer,  Perrin,  and  Ourlt,  avoids  injury 
to  the  circumflex  nerve  and  at  tlie  same  time  permits 
union  of  the  muscle  to  the  bones  without  atrophy  of 
the  muscular  bundles.  As  a  result,  the  humeral  end 
is  held  in  contact  with  the  glenoid  cavity  or  the  border 
of  the  scapula  in  a  firmer  and  stronger  manner  than 
can  be  obtained  when  atrophy  of  muscular  fibers 
follows  operation.  This  method  of  entering  the  joint 
is  not  convenient  for  observation  of  all  jjarts  of  the 
articulation,  especially  of  the  anterior  portion. 

Another  method  of  entering  the  joint  is  Ijy  means  of 
incisions  which  traverse  the  deltoid  muscle  anteriorly. 
There  are  two  of  these  incisions.  One  (Baudens, 
Malgaigne,  and  von  Langenbeck)  divides  the  anterior 
fibers  of  the  deltoid  muscle  and  necessarily  paralyzes 
the  anterior  fibers  of  this  muscle.  (Fig.  21S2,  c.)  Its 
field  of  observation  and  manipulation  is  a  direct  and 
extensive  one.  The  other  anterior  incision  (Oilier) 
passes  nearer  the  interval  between  the  pectoralis  | 
major  and  the  deltoid  muscles,  paralj-zes  less  of  the 
deltoid  muscle,  and  gives  an  operative  field  quite  as 
good  as  that  obtained  by  the  Langenbeck  incision. 
(Fig.  2182,  b.)  The  posterior  incision  is  anatomically 
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the  better  one,  but  incisions  mvist  bo  made  to  expose 
diseased  areas  and  to  render  jxissible  a  full  inspection 
of  other  portions  of  a  joint  than  those  thought  to 
be  alone  involved.  For  this  reason  incisions  which 
traverse  tlie  anterior  portion  of  the  d('ltoid  muscle 
have  been  selected  by  most  surgeons  as  the  best. 

Two  methods  of  operation  will  be  described,  one 
by  the  anterior  incision,  the  other  by  the  po.sterior 
incision.  Both  tnethods  should  be  performed  sub- 
periosteally  if  possible,  since  the  partial  reproduction 
of  bone  greatly  aids  the  function  of  the  joint  by  giving 
a  more  perfect  fulcrum  for  the  muscles  of  the  shoulder 
(von  Langenlieck  and  Oilier). 

Operation  by  the  Anterior  Incision. — The  patient  is 
placed  upon  the  back  with  the  elbow  slightly  raised 
from  the  side  and  the  hand  resting  upon  the  iliac 
spine  of  the  same  side.  An  incision  is  begun  at  the 
outer  extremity  of  the  coracoid  process,  and  descends 
over  the  deltoid  muscle  parallel  to  its  fibers  {i.e. 
slightly  outward)  for  a  distance  of  from  six  to  ten 
centimeters  (Oilier,  Hueter).  The  muscle  is  exposed 
in  this  incision.  The  muscle  is  incLsed  parallel  to  its 
fibers,  and  the  capsule,  the  humerus,  and  the  eoraco- 
acromial  ligament  are  exposed.  The  borders  of  the 
wound  are  now  retracted  and  the  bicipital  groove  in 
the  humerus  is  noted.  The  capsule  is  divided  longi- 
tudinally and  externally  to  the  sheath  containing  the 
biceps  tendon.  This  division  of  the  capsule  extends 
above  as  far  as  the  glenoid  ligament.  Below,  the 
capsule  and  the  perio.steum  are  divided  close  to,  but 
external  to,  the  commencement  of  the  bicipital  groove 
in  the  humerus.  With  the  rugine  when  one  can,  and 
with  the  knife  when  necessary,  but  always  with  an 
instrument  with  a  keen  edge,  the  periosteocapsular 
attachment  of  the  internal  flap  is  separated  along  the 
internal  ridge  of  the  bicipital  groove,  across  the  groove, 
and  beyond  the  lesser  tuberosity.  To  facilitate  this 
work  the  arm  is  rotated  outward,  and  as  one  ap- 
proaches this  tuberosity  the  head  is  made  prominent 
in  the  wound  by  lowering  the  elbow  during  the  act 
of  rotation.  In  this  manner,  with  good  retraction, 
the  capsule  and  the  periosteum,  or  tlie  capsule  alone, 
may  be  separated  beyond  the  insertion  of  the  sub- 
scapularis  musle.  After  this  is  accomplished  the 
arm  is  returned  to  its  original  position  and  the  separa- 
tion of  the  periosteum  and  capsule  of  the  external 
flap  is  commenced. 

With  a  retractor  beneath  the  capsule,  the  flap  is 
raised  and  the  separation  of  the  capsule  and  the  jjeri- 
osteum  over  the  tuberosities  and 
below  upon  the  shaft  is  com- 
menced. This  is  facilitated  by 
rotating  the  arm  inward  while  it 
is  slightly  adducted  and  the 
elbow  is  lowered.  This  maneuver 
is  continued  until  the  attach- 
ments of  the  supra-  and  infra- 
spinatus and  teres  minor  muscles 
are  passed. 

The  arm  is  now  allowed  to 
hang  to  the  side  of  the  table  in 
a  vertical  position,  and,  when 
the  retractors  separate  the  flaps 
and  the  biceps  tendon  is  drawn 
aside,  the  head  is  pushed  upward 
through  the  wound  and  presents 
itself  to  view.  The  capsule  and  the  periosteum  are 
now  cleared  from  the  internal  surface  of  the  shaft, 
and  when  they  are  sufficiently  so  the  saw  is  applied. 
During  the  section  of  the  bone  the  head  is  held  firmly 
with  the  long-toothed  forceps  while  an  assistant  grasps 
the  arm  and  .steadies  it. 

Gigli's  saw  or  a  bow  saw  (Helferich's)  is  usually 
preferred  in  making  the  section.  The  line  of  section 
is  from  within  outward  and  from  below  upward  for 
one-half  the  diameter  of  the  bone.  For  the  rest  the 
section  is  more  horizontal  (Fig.  2 1  S3,  aa).  As 
much  of  the  shaft  of  the  bone  must  be  saved  as  is 
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compatible  with  removal  of  the  (Ji«-a«e.  The  wctioii 
should  be  made  ju.st  below  the  nrticular  Hurfiice  if 
possible.  In  such  a  section,  tlie  whole  leiiKth  of  thp 
huin(!nis  will  act  as  a  fulcrum  for  the  deltoid  miDwIc 
in  elevating  the  arm,  and  a  greater  power  will  U: 
retained  than  when  the  .si;ction  is  nearer  or  tlirouKli 
the  surgical  neck.  The  glenoid  cavitv  is  now  examiiifd 
and  is  curetted  or  cut  away  with  the  cIiIm-I  or  lutting 
forceps.  If  this  is  nece.s.sary,  the  capsule  and  the  in- 
sertions of  the  triceps  and  biceps  nni»clc«  lihould 
be  freed  from  the  bone  before  its  removal. 

In  cases  of  bony  ankylosis,  the  lino  of  union  may  be 
divided,  and  when  the  humerus  is  movable  the  exci- 
sion may  be  comiileted  as  above  described,  or  one  may 
saw  through  the  humerus  first  and  «ubs<-f|uently 
extirjjate  the  head  from  its  capsular  and  mu.scula'r 
attachments. 

In  tuberculous  diseases,  much  time  rau.st  be  spent 
in  removing  the  synovial  membrane  and  clearing  up 
the  sinuses  and  the  bursx-  involved.  When  oozing 
is  present,  these  cases  are  best  partially  .sewed  and 
tamponed  for  several  days,  but  when  hemorrhage  is 
fully  stopped  they  should  be  sewed  up  completely. 
The  same  holds  true  for  other  infections  and  for 
tumors.  When  the  hemorrhage  has  been  checked, 
the  capsule  and  the  iieriosteum  are  sutured  with  cat- 
gut. The  deltoid  is  held  together  by  catgut  sutures 
involving  a  fc%v  of  its  fibers,  but  sufficient  to  close 
the  opening.  Drainage  when  required  may  be 
obtained  by  an  opening  through  the  capsule 
posteriorly.  The  skin  is  sutured  with  silk  or  silk- 
worm  gut. 

If  the  fat-fascia  flap  is  interposed  to  obtain  a 
movable  joint,  it  is  taken  from  the  surface  of  the  del- 
toid, placed  over  the  divided  end  of  the  humerus,  and 
sutured  to  the  capsule  by  chromic  catgut.  Where  the 
anterior  incision  is  employed  a  strip  of  the  deltoid 
is  taken  from  the  front  of  the  clavicle,  but  the  post<'rior 
incision  gives  even  more  favorable  result~s.  Here  the 
flap  is  taken  from  the  fibers  attached  to  the  spine  of 
the  scapula  and  is  stitched  to  the  intact  anterior 
wall  of  the  capsule. 

The  position  of  the  arm  should  be  one  of  slight 
abduction,  with  the  humerus  pushed  upward  and  back- 
ward and  in  contact  with  the  glenoid  cavity  or  the 
border  of  the  scapula,  where  it  is  retained  during  the 
dressing  by  chromicized  catgut  sutures  insert<>d 
before  closing  the  capsule. 

The  Method  of  the  Ponterior  Incision. — This  method 
of  incision  is  recommended  by  McCorraac  and  Kocher. 
McCormac  recommends  it  when  the  site  of  section  in 
the  humerus  is  to  be  above  the  tuberosities.  Kocher 
believes  th.at  this  method  is  advantageous  in  allowing 
perfect  drainage  and  in  preventing  1  he  forward  dislo- 
cation so  frequent  after  excision  by  leaving  intact 
all  that  part  of  the  joint  and  muscle  attachment  l>e- 
tween  the  biceps  tendon  and  the  lower  border  of  the 
.s\ibscapularis  muscle.  His  method  of  incision,  he 
believes,  overcomes  the  interference  with  the  exposure 
of  the  joint  produced  by  the  prominent  acromion,  and 
likewise  avoids  the  danger  of  injury  to  the  circumflex 
nerve,  as  it  passes  close  to  the  humeral  attachment 
of  the  capsule  and  the  teres  minor  muscle.  His 
method  leaves  the  deltoid  practically  tminjurod.  so 
that  its  action  in  elevation  of  the  arm  suffers  in  no 
degree  (Fig.  21S4). 

An  incision  is  made,  passing  from  the  acromio- 
clavicvilar  articulation,  over  the  prominence  of  the 
shouUier,  along  the  spine  of  the  scapula  to  its  middle. 
From  here  the  incision  inclines  in  a  curve  downward 
toward  the  posterior  axillary  fold,  ending  about  two 
fingers'  lireadth  before  reaching  it.  The  upper  limb 
of  this  incision  divides  the  tissue  over  the  acr>imii>- 
clavicular  joint  and  the  spine  of  the  .scapula,  exposing 
each.  The  lower  limb  divides  the  tenso  fa.scia  clos.> 
to  the  jjosterior  border  of  the  deltoid  nuiscle  and 
exposes  the  muscle  for  a  distjmce  of  from  two  to  three 
centimeters  from  the  spine  of  the  scapula.     The  nius- 
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cular  fibers  of  the  deltoid  muscle  which  are  inserted 
into  the  spine  behind  this  incision  must  now  be  divided. 
This  is  the  only  portion  of  the  muscle  which  is  divided 
and  is  deprived  of  action.  The  trapezius  muscle  is 
next  separated  subpcriosteally  as  far  as  the  acromio- 
clavicular articulation  from  the  upper  border  of  the 
spine  of  the  scapula.  Likewise,  upon  the  lower  border 
of  the  spine  of  the  scapula,  the  deltoid  origin  is 
separated  subpcriosteally  as  far  forward  as  the  spot 
marked  by  the  junction  of  the  acromion  process  and 
the  spine  of  the  scapula.  At  this  jjoint  the  spine  is 
separated  from  the  acromion  process  either  with  the 
chisel  or,  better,  with  the  Gigli  saw.  Care  must  be 
exercised  not  to  injure  the  suprascapular  nerve  as  it 
passes  from  the  su])ra-  to  the  infras]jinous  fossa.  It 
is  weU  also  to  make  two  drill  holes  before  dividing  the 
spine  from  the  acromion  process,  so  that  they  may  be 
more  easily  sutured  at  a  later  period. 

When  this  separation  is  completed,  the  acromion 
process  with  the  attached  deltoid  muscle  is  luxated 
forward.  The  deltoid  muscle  is  thus  raised  from  the 
teres  minor,  the  infraspinatus,  and  the  supraspinatus 


Fia.  2184. — (After  Kocher.) 

muscles,  to  which  it  is  but  loosely  attached  by  connec- 
tive tissue.  After  the  dislocation  of  the  acromio- 
deltoid  flap,  the  in.sertion  and  the  muscular  bellies 
of  these  three  muscles  which  cover  the  humeral  head 
are  exposed.  The  elbow  is  now  brought  forward 
and  the  arm  is  rotated  outward.  Along  the  upper 
border  of  the  supraspinatus  muscle  an  incision  is 
made  from  the  margin  of  the  glenoid  cavity  to 
the  greater  tuberosity,  exposing  the  tendon  of 
the  biceps  muscle  in  its  whole  length  within  the 
joint.  The  outward  rotators  are  next  loo.sened 
subpcriosteally  from  the  greater  tuberosity,  and, 
while  still  attached  to  the  periosteum  of  the  shaft, 
are  retracted  posteriorly.  If  one  w'ishes,  a  small 
part  of  the  tuberosity  may  be  cut  away  with  the 
chisel,  leaving  thus  a  nucleus  for  the  future  develop- 
ment of  a  new  tuberosity  (Vogt's  method).  The 
biceps  tendon  is  now  loosened  from  the  bicipital 
groove  and  is  drawn  forward.  The  insertion  of  the 
subscapular  muscle  is  seen  at  its  attachment  to  the 
lesser  tuberosity.  It  should  be  separated  eubperi- 
osteally  and  drawn  forward  and  inward.  The  cir- 
cumflex artery  and  nerve  are  to  be  avoided  at  the 
lower  border  of  this  muscle.     As  soon  as  the  head  is 


thus  freed,  it  can  be  easily  protruded  through  the 
wound.  After  it  has  been  removed,  the  glenoid 
cavity  should  be  freely  exposed  and  to  an  extent 
which  is  unattainable  by  any  anterior  incision.  This 
exposure  is   best  accomplished,   after  the  head  has 


Fig.  2185.— (After  Kocher.) 

been  removed,  by  exerting  traction  upon  the  elbow 
while  it  is  held  in  the  position  of  adduction.  The 
importance  of  the  exposure  of  the  glenoid  cavity  in 
tuberculosis  of  this  joint  cannot  be  questioned,  and 
therefore  this  method  has  its  specific  application. 


Fig.  2186— (After  Kocher.) 

After  the  synovial  membrane,  the  bursse,  and  the 
bones  are  removed,  the  capsule  and  the  periosteum 
are  sutured,  and  the  wound  is  closed.  If  drainage  is 
necessary,  the  capsule  should  be  incised  below  the 
border  of  the  teres  minor,  and  care  taken  to  avoid 
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the  circumflex  nerve  and  artery  as  it  emerges  beneath 
the  muscle.  These  are  easily  recognized,  however, 
since  the  field  is  so  well  ex[)osed.  After  this  is 
accomplished,  the  spine  of  the  scapula  and  tlie 
acromion  should  be  sutured.  The  tra[)ezius  and  the 
deltoid  are  sutured  over  the  acromion  or  spine  of  the 
scapula,  if  necessary;  if  it  is  not  thounht  necessary, 
they  are  left  unsutured.  The  skin  .should  be  sutured 
separately. 

Sir  William  MacCormac  advi.sed  entering  the  joint 
between  the  teres  minor  and  the  infraspinatus  muscles, 
clearing  the  infraspinatus,  supraspinatus,  and  the  sub- 
scapularis  muscles  and  the  biceps  tendon  forward, 
until  the  bone  is  free,  and  subsequently  clearing  the 
teres  minor  muscle  with  the  capsule  posteriorly.  In 
some  instances  this  is  undoubtedly  a  good  method  of 
approach  after  the  deltoid  has  been  retracted  forward. 

Afler-lrealment. — The  main  point  in  the  after- 
treatment  seems  to  be  the  retention  of  the  head  in 
contact  with  the  glenoid  cavity  or  with  the  Ijorder  of 
the  .scapula.  This  contact  maj^  be  secured  by  the 
use  of  chromicized  catgut,  which  lasts  long  enough 
to  insure  no  slipping  during  the  primary  dressing. 
A  large  pad  made  like  the  Stromeyer's  cushion  is  now 
placed  in  the  axilla,  and  the  arm  resting  upon  this  pad 
is  secured  to  the  side,  while  the  forearm  is  supported 
by  a  sling.  This  pad  supports  the  humerus,  fixes  it, 
and  prevents  the  tendency  which  the  pectoralis  major 
and  the  latissimus  dorsi  have,  to  displace  the  upper 
end  of  the  humerus  in  an  inward  direction,  beneath  the 
■  coracoid  process.  This  tendency  will  be  more  difficult 
to  counteract  if  the  external  rotators  have  been 
divided. 

The  first  dressing  is  not  changed  for  from  six  to  ten 
days  if  possible.  The  movements  of  the  fingers,  wrist, 
and  elbow  are  gently  exercised  daily  from  the  very 
first.  It  is  useless  to  begin  moving  the  shoulder  until 
the  deep  parts  of  the  wound  are  sufficientl}'  healed, 
i.e.  usually  in  the  second  or  third  week.  In  this  man- 
ipulation abduction  must  be  made  with  care,  for  fear 
of  dislodging  the  head  and  forcing  it  beneath  the  cora- 
coid proce,ss.  Dailj-  application  of  massage,  electric- 
ity, and  heat  to  the  muscles  of  the  shoulder  are  very 
useful  in  preventing  too  extensive  ankylosis.  The 
deltoid  and  the  rotator  muscles  should  be  daily  exer- 
cised by  appropriate  manipulations.  This  should  be 
continued  for  from  four  to  six  weeks,  after  which  the 
patient  must  carry  out  his  exercises,  such  as  bringing 
a  gun  to  the  shoulder,  lifting  weights  with  the  arm 
abducted,  and  appropriate  exercises  with  the  various 
kinds  of  gymnastic  weights  and  pulleys.  The  after- 
treatment  must  be  maintained  for  a  long  time  in  order 
to  obtain  the  best  results.  Langenbcck  refers  to  a 
case  in  which  the  arm  increased  in  strength  for  two 
years  following  the  operation. 

Residtn. — According  to  Culbertson,  the  mortality 
was  as  follows:  For  gunshot  wounds  (8.55  cases,) 
31.44  per  cent.;  for  disease  (116  ca.ses),  15.84  per  cent. 
According  to  Otis,  the  results  were  as  follows:  Out  of 
2,369  cases  of  gunshot  wounds,  577  of  which  were 
treated  by  the  expectant  method,  there  were  951  cases 
which  were  treated  by  excision,  w-ith  a  mortality  of 
30. 6  per  cent.,  and  841  cases  which  were  treated  by 
amputation,  with  a  mortality  of  29.1  per  cent.  The 
mortality  for  the  2,369  cases  was  25.1  per  cent.  Ac- 
cording to  Souchon,  the  results,  in  cases  of  old  irre- 
ducible dislocations,  with  or  without  fracture  of  the 
humerus,  were  as  follows:  In  those  treated  by  reduc- 
tion, the  mortality  was  10  per  cent.,  and  in  those 
treated  bv  excision  it  was  12  per  cent. 

The  Functional  Result.— Usually  flexion  and  exten- 
sion are  good;  adduction  is  also  usually  good.  Rota- 
tion and  abduction  are  usually  feeble.  The  tendency 
in  this  joint  is  toward  ankylosis  rather  than  toward  a 
flail  joint.  The  subperiosteal  method  (Oilier)  gives 
the  most  perfect  functional  result,  and  should  be 
practised  whenever  feasible.  According  to  Gurlt, 
the  results  in  213  cases  were  as  follows:  Very  good. 


almost  perfect,  in  1.87  per  cent.;  Rood,  not  [H-rfect, 
Init  u.seful,  in  42.25  per  cent.;  moderate,  of  limited  uj«, 
in  47.88  per  cent.;  fjad,  useless,  in  S.98  jmt  t-i-nt.  la 
the  German  wars  (Langenbcck),  con.servative  trest- 
ment  gave  at  least  as  good  results  as  tin 
which  were  then  performed.     Thiii^,   in    I  i 

excision  of  the  head  of  the  humerus,  the  n     ..      

good  in  2  instances,  while  in  31  cases  the  hiiuiililcr 
hung  like  a  flail,  and  the  elbow,  liand,  and  fingera 
were  more  or  less  useless.  On  the  other  hand,  in 
54  cases  treated  conser\'atively,  there  was  ankylo^^iH 
in  i'.i  instances,  hut  the  elbow,  hand,  and  lingers  con- 
tinued to  be  useful.  "  When  the  subperiosteal  method 
is  employed  and  the  supraspinatus,  the  infraspinatus, 
the  teres  minor,  and  the  sub.scajjularis  muscles  re- 
main in  connection  with  the  periosteum  of  the  .'■haft 
of  the  humerus,  a  flail  joint  will  not  result."  "The 
good  results  are  obtained  when  the  subperiosteal 
method  is  carried  out."  He  reports  8  ca.scs  with  ex- 
cellent results.  Wegner  al.so  reports  an  excellent 
result  following  exci-sion  of  this  joint  for  caries  sicca 
(tuberculosis). 

Scudder  and  Barney,"  in  reporting  the  late  results 
in  nineteen  cases  of  excision  of  the  shoulder-joint, 
found  that  there  will  be  limited  power  of  the  shoulder; 
a  dimin\ition  in  strength;  limited  active  motion  in 
abduction  and  adduction,  and  in  backward  and  for- 
ward swing;  atrophy,  and  possible  formation  of  new- 
osseous  areas  about  the  old  joint  from  detached  peri- 
osteum; and  that  deformity  and  pain  may  persist. 

Excision  of  the  Scapula. — ExcLsion  (total  removal) 
of  the  scapula — the  alternative  of  intcrscapulo- 
thoracic  amputation — is  more  freciuently  indicated 
than  exci.sion  of  the  bones  that  have  been  considered 
above,  owing  to  the  relative  frequency  with  which 
the  bone  is  the  seat  of  osteochondroma  and  of  sjircoma, 
central  or  subperiosteal.  Extensive  shattering  from  a 
bullet  or  severe  crushing  injiiry,  and  widesjjread 
osteomyelitis  that  has  resulted  in  necrosis,  are  addi- 
tional indications.  Since  the  bone  is  for  the  most  part 
thin  and  flat,  it  is  more  liable  to  succumb  to  infection 
and  less  likely  to  react  with  a  good  involucrum  than  a 
cylindrical  bone.  The  operation  was  first  carried 
out  by  Langenbcck,  who,  in  1855,  exci.sed  the  scapula 
with  three  inches  of  tlu;  clavicle,  while  preserxing  the 
arm  (.Vshhursf),  and  it  has  since  been  perfonned  by 
.\gnew,  Billroth,  Ksmarch,  Kocher,  Spence,  Symc.  and 
many  others.  The  two  features  of  removal  of  the 
scapula  are  first  the  control  of  hemorrhage  by  putting 
a  clip  temporaiily  upon  the  third  portion  of  the  sul)- 
clavian  artery,  thus  providing  for  a  point  of  retreat, 
and  second,  retention  of  the  parts  that  enter  into  the 
shoulder-joint — the  neck  with  the  glenoid  cavity,  and 
the  acromion  and  the  coracoid  process,  if  possible, 
thus  substituting  resection  for  excision,  .\fter  exci- 
sion, the  clavicle  is  left  jirojecting,  and  the  upper  iwr- 
tion  of  the  humerus  is  drawn  inward  by  the  iH-ctoralis 
major  and  the  latissimus  dorsi  muscles  until  it  lies 
over  against  the  ribs,  as  in  subcoracoid  and  sul>- 
clavicular  luxations.  Here  the  head  of  the  humerus 
forms  a  bed  for  itself,  about  which  all  movements 
center.  .Although  the  chief  function  of  the  scapula — 
that  of  elevating  the  arm  above  the  horizontal— is 
lost,  vet  a  fairly  useful  limb  may  result,  one  that  can 
perform  work  within  a  radius  of  ninety  dogrt-os  from 
the  side  of  the  body,  and  that  can  even  lift  weight,*. 

Preliminarv  to  the  incision,  the  third  portion  of  the 
subclavian  arterv  should  be  exposed  in  the  classical 
manner,  and  a  ^Iatas  metal  clip  api>lied.  so  .-is  teni- 
porarilv  to  occlude  the  vessel.  This  is  particularly 
indicated  where  the  extensive  exudations  of  trauma 
or  the  widespread  infiltrations  of  malignant  neoplasm.-s 
obsciue,  displace,  or  directlv  involve  the  jx-riscapular 
vessels.  The  tumor  itself  may  lie  dangeniu.sly  vas- 
cular, as  in  aneurysmal  sarcoma.  If  preferred,  a 
stout  ligature  mav  be  pa.s.scd  aroimd  the  artery  with 
the  aneurysm  needle  and  left  untied,  and  a   place 
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of  safety  will  be  provided,  to  which  to  retreat  in 
case  of  Hiiexiiected,  sudden,  copiovis  and  alarming 
hemorrhage  which,  if  an  aneurysmal  sarcoma  be 
present,  may  directly  terminate  in  lethal  exitus. 

The  incision  is  composite,  consisting  of  a  horizontal 
(spinous)  limb,  and  a  vertical  (vertebral)  limb,  which 
meet  almost  at  a  right  angle — that  is,  at  tlio  angle  the 
degree  of  which  corresponds  to  that  between  the  spin- 
ous process  and  the  vertebral  border  of  the  scapula. 
The  spinous  limb  begins  over  the  acromioclavicular 
joint  and  [lasses  along  the  spinous  process  to  the 
vertebral  border.  The  vertebral  limb  begins  at  the 
superior  angle  and  passes  parallel  with  and  slightly 
to  the  outer  side  of  the  vertebral  border  to  the  inferior 
angle.  The  two  triangular  flaps  of  skin  thus  marked 
out  are  turned  liack.  The  deep  fascia  covering  the 
muscles  is  now  exposed,  and  the  latter  are  dealt  with 
according  to  the  disease  for  which  the  operation  is 
performed.  In  the  presence  of  malignancy,  the  mus- 
cles may  be  so  infiltrated,  and  the  tumor  so  vascular 
that  it  may  be  advisable  not  to  detach  them  from  the 
bone.  In  traumatic  cases  and  In  those  resulting 
from  infection,  the  muscles  are  freed  from  the  scapula 
by  successive  steps  as  follows:  Along  the  upper  bor- 
der of  the  spine  the  origin  of  the  trapezius,  and  along 
the  lower  that  of  the  deltoid,  are  separated.  Along 
the  vertebral  Ijorder,  from  above  downward,  the  leva- 
tor seapula>,  the  rhomboideus  minor,  and  the  rhom- 
lioideus  major  are  similarly  dealt  with.  Near  the 
superior  angle  the  posterior  scapular  artery  is  ligated. 
By  retracting  the  vertebral  border  outward  the  ser- 
ratus  magnus  is  cut  through.  Along  the  superior 
border  the  origin  of  the  posterior  belly  of  the  omohyoid 
muscle  is  severed,  the  suprascapular  artery  ligated 
near  its  notch,  and  the  supra.scapular  nerve  cut.  The 
acromioclavicular  joint  is  entered,  freed,  and  the  co- 
noid and  trapezoid  ligaments  separated  as  encoun- 
tered. The  coracoid  process  is  freed  of  its  muscles — 
the  pectoralis  minor,  the  short  head  of  the  biceps, 
and  the  coracobrachialis.  The  capsule  of  the  shoul- 
der-joint, together  with  the  supraspinatus,  the  infra- 
spinatus, and  the  subscapularis  muscles,  is  separated. 
Along  the  axillary  border  the  teres  major  and  the 
teres  minor  muscles  are  freed,  and  the  subscapular 
artery  and  vein  ligated.  The  bellies  of  the  supra- 
spinatus, the  infraspinatus,  and  the  subscapularis 
muscles  are  removed  with  the  bone.  The  flaps  are 
replaced,  sutured  together,  and  twenty-four-hour 
drainage  instituted.  The  upper  extremitj'  is  immo- 
bilized by  a  fixation  dressing.  In  certain  cases  it  may 
be  wise  to  leave  the  temporary  ligature  on  the  sub- 
clavian artery  in  situ  for  twenty-four  hours. 

Qu^nu  and  Renon  have  shown  that  the  preservation 
of  the  acromion,  if  possil.ile,  is  worth  while  since  the 
subseciuent  fimction  is  greater  if  it  is  saved,  and  this 
is  especially  true  if  the  remains  of  the  capsule  and  the 
muscle  stumps  are  sutured  to  it. 

According  to  Buchanan  (1900)  the  mortality  with 
total  excision  is  15.3  per  cent.  (72  cases);  with  partial 
excision  it  is  18  j)er  cent.  (92  cases). 

Resection  (partial  removal)  suffices  in  many  cases 
of  trauma  or  disease  of  the  scapula.  The  acromion  or 
the  spinous  process  may  be  removed  through  a  single 
transverse  incision.  The  superior  or  the  inferior  angle 
may  be  resected  through  a  V-shaped  incision  that 
outlines  its  borders.  The  body  of  the  scapula  is 
removed  through  the  same  incision  as  for  excision. 
Resection  of  the  glenoid  cavity  is  considered  under 
excision  of  the  shoulder-joint. 

Excision  op  the  Clavicle. — Excision  (total  removal) 
of  the  clavicle  (Fig.  2182,  rt)  was  first  performed  in  1811 
by  Dr.  McCrearry  of  Kentucky  and  next,  in  182.3, 
by  a  German  surgeon,  Dr.  Meyer  (Ashhurst).  The 
indications  are  the  same  as  for  other  bones.  While 
in  traumatic  and  in  osteomyelitic  cases  the  operation 
may  be  performed  with  safety  and  facility  because 
Bubperiosteally,  in  malignant  cases  great  caution  must 

208 


be  exercised,  lest  the  large  vessels  and  ner\res  in  inti- 
mate relation  with  the  bone  be  injured.  In  these 
cases  it  is  usually  out  of  the  question  to  work  sul)peri- 
osteally.  The  veins  that  lie  so  close  to  the  bone,  and 
which  may  be  much  enlarged  and  even  involved  in 
the  neoplasm,  are  particularly  liable  to  give  trouble. 
In  the  case  of  the  great  neurovascular  bundle — which 
approximately  corresponds  to  the  middle  third  of  the 
bone — a  margin  of  safety  is  afforded  by  the  inter- 
position between  it  and  the  clavicle  of  the  subclavius 
muscle,  invested  bj-  the  well-developed  elavipectoral 
fascia.  So,  too,  the  bundle  itself  is  enveloped  by  the 
dense  prevertebral  layer  of  the  deep  cervical  fascia, 
which  it  carries  down  into  the  axilla.  In  the  hands  of 
the  careful  operator,  then,  the  chief  concern  will  be 
the  avoidance  of  venous  bleeding,  since  for  him  the 
neurovascular  bundle  protects  itself,  unless  extensively 
infiltrated  in  a  malignant  neoplasm,  in  which  instance 
the  tumor  is  probably  inoperable. 

The  incision  begins  jvist  to  the  outer  side  of  the 
acromioclavicular  joint  and  passes  along  the  anterior 
border  of  the  clavicle,  the  curves  of  which  it  follows 
to  the  sternoclavicular  articulation  of  the  opposite 
side,  there  being  severed  the  skin,  the  superficial 
fascia  with  the  platysma  myoides  muscle,  Ijeneath 
which  are  the  supraacromial,  the  supraclavicular,  and 
the  suprasternal  branches  of  the  superficial  cervical 
plexus,  the  deep  fascia,  and  the  periosteum.  Working 
beneath  the  last  with  the  sharp  rugine,  it  is  elevated 
first  circumferentially  from  the  center  of  the  bone 
if  the  bone  be  free,  but  if  involved  in  a  neoplasm 
a  healthy  portion  should  be  chosen,  if  available. 
Where  thus  exposed  the  bone  is  divided  and  each  half 
lifted  from  its  bed  and  cleared  subperiosteally  if  pos- 
sible out  to  its  articular  extremity,  where  the  capsule 
is  pushed  off.  At  the  sternal  end  of  the  inner  portion 
great  care  must  be  exercised,  lest  by  a  slip  of  the  ru- 
gine the  large  innominate  vein  be  penetrated.  Such  a 
calamity  is  avoidable  by  always  keeping  the  rugine 
in  absolute  apposition  with  the  bone,  and  by  not 
dragging  on  the  soft  parts.  Upon  these  ohsercances 
more  than  upon  anything  else  depend  the  safety  of  the 
operation  and  the  freedom  from  hemorrhage.  The  rent 
in  the  capsule  and  the  incision  in  the  periosteum  are 
closed,  drainage  is  instituted  if  necessary,  and  the 
arm  is  immobilized  as  in  fracture  of  the  clavicle — 
preferabl}'  by  the  method  recommended  by  G.  G. 
Davis,  in  which  a  gypsum  case  is  so  fashioned  as  to 
include  the  trunk  and  the  upper  extremity. 

Although  the  chief  functions  of  the  clavicle  are  to 
steady  the  shoulder  and  to  afford  leverage  for  the 
muscles,  yet  the  rearrangement  of  parts  after  its 
sacrifice  is  such  that  a  considerable  degree  of  function 
may  be  expected.  Particularly  true  is  this  in  young, 
growing  bones,  in  which  the  actively  productive  peri- 
o.steum  may  faithfully  reproduce  the  bone  in  its 
original  dimensions. 

Resection  (partial  removal)  of  the  clavicle  is  not 
only  the  method  of  choice,  but  also  the  one  that  will 
be  required  in  the  large  majority  of  cases. 

The  middle  third  of  the  clavicle  may  be  resected  to 
gain  access  to  the  lowest  portion  of  the  subclavian 
triangle,  either  as  a  preliminary  step  to  other  opera- 
tions, as  when  ligating  the  subclavian  artery  previous 
to  operations  upon  the  axilla  and  to  interscapulo- 
thoracic  amputation,  or  for  manipulations  confined 
to  the  underlying  region,  as  upon  the  brachial 
plexus.  It  may  also  be  resected  to  fulfil  the  indica- 
tions for  excision  when  the  injur_v  or  disease  is  limited 
in  extent.  Either  end  may  be  removed,  as  in  exci- 
sion of  the  sterno-  or  the  acromioclavicular  joint. 
There  is  the  celebrated  case  of  Dr.  Mott,  related  by 
Ashhurst,  in  which  excision  occupied  nearly  four 
hours,  and  the  bleeding  was  so  profuse  that  about 
forty  ligatures  were  reciuired:  fifty-four  years  later 
the  patient  came  to  the  autopsy  table,  where  it  was 
found  that  one  and  three-quarter  inches  of  the 
acromial  end  had  not  been  removed  at  the  operation, 
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raakiiifi  it,  therefore,  ono  of  the  early  cases  of  true 
resection.  Tlie  incision,  of  course,  is  made  in  the 
same  line  as  for  excision,  but  limited  in  extent. 

Excision OFTHE  Sterxum. — Excision  (total  removal) 
of  the  sterniim  has  been  performed  by  Koenig,  for 
the  following  account  of  whicli  we  are  indebted  to 
Ashhurst.  "In  tliis  remarkal)le  case,  the  whole 
sternum  is  said  to  have  been  removed  on  account  of  a 
sarcomatous  tumor  by  wliich  it  was  occupied;  the 
pericardium  and  both  pleural  cavities  were  oi)ened  in 
the  operation,  the  wound  liecame  gangrenous,  and 
the  heart  was  afterward  .surrounded  with  jnis;  not- 
withstanding this,  the  wound  slowly  healed,  and  the 
patient  ultimately  recovered."  The  nearest  a[>proach 
to  this  operation  nowada_vs  is  seen  in  Braucr's  eardio- 
lysis,  which  involves  chiefly  the  gladiolus,  and  which 
therefore  is  but  a  resection. 

The  incision  may  be  vertical,  T-shaped,  or  crucial. 
The  costal  cartilages  are  cleared  and  divided  with 
care  close  to  the  sternum.  The  latter  is  then  drawn 
forward  and  disarticulated  from  the  clavicles.  Ex- 
treme caution  must  be  conscientiou.sly  exercised  in 
clearing  the  posterior  surface  of  the  sternum  from  be- 
low upward.  In  the  upper  portion,  by  hugging  the 
bone  very  closely,  injur.v  to  the  innominate  veins  may 
be  avoided.  The  internal  mammary  arteries  lie  a 
half-inch  wide  of  the  margins  of  the  sternum,  and 
should  not  come  into  question.  The  soft  parts  are 
approximated  by  sutures,  and  drainage  provided  if 
necessary.  The  operation  is  completed  by  applying 
a  dressing  and  supporting  the  thorax  with  "wide  strips 
of  adhesive  plaster  or  with  a  jacket.  If  in  the  course 
of  the  operation  the  pericardial,  the  pleural,  or  the 
peritoneal  cavity  is  opened,  it  should  be  immediately 
closed  by  suturing,  to  prevent  infection  with  its 
attendant  dangers. 

Resection  (partial  removal)  of  the  sternum  dates 
from  the  trephining  of  Galen  for  osteomyelitis  and 
its  sequels.  It  may  be  performed  for  evacuation  of 
a  mediastinal  abscess,  but  this  is  more  safely  done  by 
an  incision  alongside  of  the  bone  (Ashhurst)."  Accord- 
ing to  the  same  authority,  Larrey  removed  about  half 
of  the  sternum  in  a  case  of  compound  fracture,  and 
Linoli,  an  Italian  surgeon,  excised  the  ensiform  car- 
tilage, which  was  bent  backward,  to  relieve  uncon- 
trollable vomiting.  In  certain  methods  of  approach 
to  the  contents  of  the  mediastinal  spaces  (thymus, 
etc.),  as  well  as  in  Hirschberg's  operation  for  creation 
of  a  midsternal  joint  for  mobilizatioa  of  the  thorax, 
and  for  other  conditions  that  may  suggest  themselves, 
resection  may  be  performed. 

The  incision  is  made  as  long  as  is  necessary  in  the 
course  of  any  of  the  three  described  as  being  "suitaljle 
for  excision.  Becau.se  of  its  flatness,  the  sternum 
lends  itself  to  the  methods  emploj-ed  upon  the  skull, 
as,  for  example,  trephining  and  removal  of  bone  by 
the  gouge.  The  edges  of  the  incision  are  sutured 
and  drainage  provided  if  necessar_y. 

ExcLsioN  OF  THE  RiBS. — Excision  (total  removal) 
of  a  rib,  except  in  the  case  of  the  vertebral  (floating  I 
members,  is,  in  a  literal  sense,  extremely  rarely 
indicated,  the  nearest  approach  being  in  Schede's 
operation  of  thoracoplasty,  in  which  the  entire  rib  is 
removed  with  the  exception  of  the  head  and  the  neck, 
thus  being  in  effect  a  re.section. 

The  incision  for  excision  begins  anteriorly  over  the 
chondrosternal  joint  and  traces  the  rib — midway 
between  the  upper  and  the  lower  border — back  to 
the  costovertel^ral  joint.  For  the  upper  ribs,  this 
posterior  part  of  the  incision  runs  along  the  upper 
border,  just  above  the  transverse  process.  The 
knife  passes  directly  through  the  skin,  the  superficial 
and  the  deep  fascia,  the  muscles  and  the  periosteum 
to  the  bone.  Working  subperio.steall.v,  the  rib  is 
cleared  first  at  its  center,  obser\-ing  the  usual  prc- 
caiitions  for  the  contents  of  the  subcostal  groove. 
It  takes  the  utmost  skill  to  avoid  penetration  of  the 
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eruiothoracic  fascia  and  the  pleura.  The  \x,no,  in  now 
divided  in  its  cent<;r,  and  each  half  cleared  to  iU 
joint  and  removed.  The  edgOH  of  the  varioun  laveni 
that  were  cut  through  are  BUtured  together,  thii» 
completing  the  operation.  For  the  removal  of  two 
adja< cut  ribs  the  incision  may  traverse  the  middle  of 
an  intercostal  space.  When  dealing  with  the  int<T- 
costal  ve.s.scls,  if  expo.^cd  in  the  field  of  o|HTatlon,  it 
IS  always  best  to  secure  them  bv  ligation,  whether 
injured  or  not,  for  aft^r  operation  tlicv  mav  give  way 
from  trauma  or  ulceration  in  the  i>reHenee'of  diwa-«^, 
and  serioiLS  if  not  fatal  hemorrhage  cnnue.  The 
collateral  anastomosis  is  so  free  that  the  loiu  of 
one  or  more  inten'ostal  arteries  i>ales  into  inHignifi- 
cance,  when  compared  with  the  safctv  of  the  patient. 

UcKcclion  (partial  removal)  of  a  rib  is  an  ancient 
operation  that  was  known  to  ("elsus.  It  varie.i  in 
extent  from  the  mere  trephining  of  a  rib  to  the  exten- 
sive thoracoplasty  of  Schede.  While  most  frequently 
indicated  to  drain  an  empyema,  yet  the  rapid  aJ- 
vances  in  the  surgery  of  the 'chest  increase  the  indica- 
tions by  constantly  creating  new  methods  of  approach 
to  thoracic  vi.scera  that  hitherto  were  not  Hul.jected 
to  operative  attack.  Aside  from  infection  and  its 
.sequela;,  hemorrhage  from  an  intercostal  arterv, 
and  tumors,  the  indications  for  rib  resection,  theii, 
are  those  of  thoracotomy 
and  thoracoplasty,  as 
well  as  of  transphrenic 
lai)arotomy;  it  is  also 
performed  to  gain  more 
room  wlien  dealing  with 
the  kidney.  \\\v.\t  ])or- 
tion  of  a  rib  and  how 
many  riljs  to  resect  are 
questions  that  are  an- 
swered by  the  condition 
for  which  the  operation 
is  performed. 

The  incision  for  resec- 
tion is  made  along  the 
line  of  the  riVi,  as  in  ex- 
cision, but  is  necessarily 
shorter. 

Excision  op  the  Lower 
Extremity. — The  small 
joints  of  the  foot  occa- 
sionally require  excision. 
Corresponding  joints  in 
the  toes  are  removed  in 
the  same  manner  as 
those  in  the  fingers.  As 
a  matter  of  fact,  excision 
of  the  toes  is  .seldom 
done,  since  their  deform- 
ations do  not  demand  it. 

Excisions  of  the  meta- 
tarsophalangeal joints 
are  performed  in  the 
same  manner  as  in  the 
hand.  The  incisions  are 
placed  to  either  side  of 
the  extensor  tendon  in 
the  second,  third,  and 
fourth  metatarsophalan- 
geal joints,  to  tlie  inner 
side  of  the  tendon  in 
the  first  metatarsophalangeal  articulation, 
the  outer  side  of  the  tendon  in  the  fifth  niet-itarso- 
phalangeal  joint. 

Of  these  joints,  the  metatarsophalangeal  .articula- 
tion of  the  great  toe  is  not  infrequently  excised  for 
hallux  valgus.  As  these  cases  are  quite  often  com- 
plicated with  a  bunion  which  requires  removal  at 
the  same  time,  this  incision  is  a  semilunar  ono.  It 
extends  from  a  point  on  the  metatjjrsjil  Ixinc,  two  and 
one-half  to  three  and  one-half  centimeters  above  the 

209 


Fio.  21S7. 


and   to 


Excisions 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


joint.  It  descends  in  a  curve  over  the  lower  quadrant 
of  the  l)union  until  it  reaches  its  mid-point,  whence 
it  ascends  in  a  cur\e  to  the  center  of  the  outer  border 
of  the  first  phalanx.  This  flap  with  the  deep  con- 
nective tissue  is  dissected  from  the  bunion  untU  its 
base  is  reached.  The  adventitious  tissue  and  the 
bunion  are  now  removed,  after  which  the  subperiosteo- 
capsular  method  is  pursued  in  freeing  the  ends  of  the 
bones.     When    the   periosteum   and   the  capsule   are 


Fig.  2188. 

loosened  to  beyond  the  center  of  the  articular  surfaces, 
the  ends  of  the  bones  may  be  made  to  protrude 
through  the  wound.     (Fig.  2189.) 

They  may  now  be  removed  completely  or  partially 
as  de.sireci.  Since  it  is  very  necessary  "to  retain  the 
sesamoid  bones,  the  separation  of  the  periosteum  and 
of  the  capsule  upon  the  inferior  surface  of  the  joint 
must  be  done  with  care.  After  removal  of  the  ar- 
ticular ends  of  the  bones  they  are  placed  in  apposi- 
tion and  sutured  with  catgut  if  one  desires  an  ankylo- 
sis. If  a  pseudarthrosis  or  nearthrosis  is  desired,  no 
suture  of  the  bones  is  made,  but  the  capsule  is  closed 
over  their  ends. 

Many  deformities  in  hallux  valgus,  where  the 
bunion'  and  the  deformity  are  not  great,  may  be 
corrected  by  a  cuneiform  osteotomy  of  the  lower 
third  of  the"  metatarsal  bone,  and  such  an  operation 
is  to  be  advised  in  the  minor  cases  of  this  condition. 


Fig.  2189. 

A  recent  article  by  Singly"  describes  a  modifica- 
tion of  Fowler's  operation,  in  which  the  incision  is 
placed  on  the  outer  side  of  the  joint.  The  advantages 
are  summarized  as  follows:  (Ij  The  incision  is  in  a 
location  where,  even  on  theoretical  grounds,  it  cannot 
be  objectionable.  (2)  It  affords  a  much  better  ex- 
posure of  the  diseased  ends  of  the  bones  than  any 
other  method  and  permits  accurate  shaping  of  the 
new    articular    surfaces.     (3)    The    joint    is    opened 
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on  the  outer  side,  dividing  the  shortened  external 
lateral  ligament,  an  important  step  in  avoiding 
recurrence.  (4)  Ankylosis  is  prevented  and  a  new 
joint  formed  by  the  interposition  of  a  fatty  fibrous  flap. 
Excision  of  the  fourth  metatarsophalangeal  articu- 
lation is  the  recognized  method  of  relieving  that  pain- 
ful condition  of  the  foot  known  as  metatarsalgia,  first 
described  by  T.  G.  Morton.  This  operation  needs 
no  special  description  farther  than  to  state  that  it 
is  better  to  remove  the  fourth  toe  with  the  head  of 
the  metatarsal,  as  its  retention  is  apt  to  leave  a 
hammer  toe.     (Fig.  2187,  ee.) 

Excision  of  the  Phalanges  of  the  Foot. — The  proximal, 
middle  and  distal  bones  of  the  toes  may  be  removed 
by  exactly  the  same  methods  which  are  applicalile 
to  the  corresponding  bones  of  the  hand,  i.e.  a  U- 
shaped  plantar  incision  for  the  terminal,  a  dorso- 
lateral incision  for  the  middle,  and  a  dorsolateral  or 
two  dorsolaterals  for  the  proximal,  if  done  at  all. 
With  the  great  toe  and  the  little  toe  the  incisions 
should  be  planned  to  avoid  pressure  on  the  scar.  (Fig. 
2188,  fl.) 

Excision  of  the  Metatarsals. — Again 'the  rules  applic- 
able to  the  excision  of  the  metacarpals  will  serve 
without  modification.  (Fig.  2187,  b,  c;  Fig.  2288,  c.) 
Excision  of  the  Astragalus. — This  operation  is  said 
to  have  been  done  as  early  as  1582  by  a  surgeon  of 
Duisburg  (Ashhurst).  The  necessity  for  the  com- 
plete or  partial  removal  of  this  bone  seldom  arises, 
but  compound  fracture  or  dislocation,  if  irreducible, 
or  necrosis  may  demand  its  excision.  There  are  two 
good  methods  which  may  be  employed:  (1)  by  the 
external  curved  incision,  or  (2)  by  the  external 
angular  and  curved  internal  incision. 

In  the  first  method  the  incision  commences  about 
eight  centimeters  above  the  ankle  at  the  anterior  border 
of  the  fibula  and  passes  downward  external  to  the  ten- 
don of  the  peroneus  tertius  and  the  musculocutaneous 
nerve  and  then  curves  forward  to  the  base  of  the  fifth 
metatarsal.  (Fig.  2190,  6.)  In  deepening  the  wound 
the  peroneus  tertius  is  drawn  inward  and  the  extensor 
brevis  digitorum  outward,  and  in  the  intervening 
space  the  capsule  of  the  ankle-joint  is  opened  as  well 
as  the  mediotarsal  joint.  The  neck  of  the  astragalus 
and  the  lower  ends  of  the  tibia  and  fibula  are  freed, 
the  calcaneoastragaloid  ligament  is  severed,  and  as 
much  of  the  external  lateral  ligament  as  is  necessary 
is  divided.  After  separating  the  bone  from  the  scaph- 
oid and  calcaneum  by  a  strong  knife,  the  foot  is  inverted 
forcibly  and  while  in  this  position  the  astragalus  is 
drawn  out  and  the  inner  attachments  divided.  Care 
must  be  exercised  at  this  point  to  avoid  injuring  the 
posterior  tibial  artery  and  nerve.  The  few  remaining 
ligaments  are  now  cut  and  the  bone  removed.  The 
excision  may  be  facilitated  sometimes  by  early  cutting 
across  the  neck  of  the  bone,  and,  indeed,  in  cases  of 
necrosis  it  is  well  to  remove  the  astragalus  piecemeal. 
Hemostasis  is  not  difficult  but  a  temporary  drain 
should  be  used.  The  tibial  and  fibular  ends  drop 
down  upon  the  upper  surface  of  the  os  calcis.  Chro- 
mic catgut  is  used  to  close  the  deep  wound  and  silk- 
worm gut  for  the  skin.  The  limb  should  be  splinted 
in  a  removable  plaster-of-Paris  case  with  the  foot  at 
a  right  angle.  Passive  exercise  with  massage  should 
be  commenced  within  ten  days,  but  a  supporting 
dressing  should  be  used  for  as  many  weeks. 

The  excision  of  the  a.stragalu8  by  the  double-in- 
cision method  is  to  be  preferred  where  the  tissues  are 
firm  and  unyielding.  As  no  attempt  is  made  to  pre- 
serve the  periosteum  or  capsule  the  ankle  is  usually 
ankylosed.  The  vertical  portion  of  the  external  ang- 
ular incision  commences  on  the  anteroexternal  surface 
of  tibia,  well  in  front  of  the  external  malleolus,  and  ex- 
tends downward  a  distance  of  about  six  centimeters, 
and  ends  over  the  cuboid.  (Fig.  2190,  c.)  From 
the  center  of  this  incision  a  short  incision  runs  back- 
ward to  the  external  malleolus.  The  vertical  in- 
cision passes  between  the  tendons  of  the  peroneus 
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tertius  and  brevis,  and  when  deepened  it  is  possible, 
by  extending  and  inverting  the  foot  and  retracting 
the  tendons,  to  expose  and  divide  many  of  the  liga- 
ments holding  the  astragalus  to  the  scaphoid,  os 
calcis,  fibula  and  tibia.  The  internal  curved  incision 
commences  on  the  antero-internal  aspect  of  the  tiljia, 
passes  in  front  of  the  internal  malleolus  and  curves 
backward  to  end  just  below  its  tip.  Through  this 
incision  the  antero-internal  surface  of  the  astragalus 
is  exposed  between  the  tendons  of  the  tibialis  anticus 
and  posticus.  By  everting  the  foot  practically 
all  of  the  remaining  ligaments  may  be  divided, 
and  when  the  foot  is  again  inverted  the  astragaUis 
can  be  seized  by  lion-jaw  forceps  and  removed 
through  the  external  wound.  The  closure  is  similar 
to  that  employed  in  the  single-incision  method,  but 
additional  care  must  be  taken  to  strengthen  the  parts 
by  carefully  suturing  with  chromic  gut  all  portions  of 
fibrous  tissue  that  are  loose. 

According  to  the  statistics  of  Hancock  and  Poinsot 
(cited  by  Ashhurst)  about  eighty  per  cent,  of  the 
patients  upon  whom  total  excision  was  done  recovered 
with  useful  limbs,  and  nineteen  per  cent.  died.  These 
are  preantisoptic  statistics  and  doubtless  to-day  the 
mortality  should  be  nearly  nil. 

Excision  of  the  Os  Calcis. — The  total  removal  of 
this  bone  is  rarely  required,  though  partial  excisions, 
or  rather  sequestrotomiea  for  necrosis,  are  not 
uncommon.  It  apears  to  have  been  formally  re- 
moved for  the  first  time  in  1814  by  Monteggia. 

Complete  loss  of  the  os  calcis  results  in  considerable 
disabilit}';  the  plantar  arch  is  destroyed  and  with  it 
goes  the  natural  elasticity  of  the  foot;  and  further- 
more there  is  always  impaired  inversion,  eversion, 
and  plantar  flexion.  If,  however,  the  periosteum  can 
be  preserved,  particularly  that  portion  to  which  is 
attached  the  Achilles  tendon,  and  if  the  patient  is 
young  enough  to  develop  some  regeneration  of  bone, 
the  resulting  condition  may  show  very  minor  dis- 
turbance of  function. 


Fig.  2190. 

The  calcaneum  may  be  satisfactorily  excised  through 
a  horizontal  curved  incision  supplemented  by  a  short 
vertical  incision.  The  first  incision  commences  at  the 
base  of  the  fifth  metatarsal,  and  passes  backward  and 
around  the  heel  to  the  inner  side  where  it  stops  far 
enough  behind  the  posterior  tibial  artery  and  nerve  to 
avoid  their  injurv.  (Fig.  2190,  o.)  This  incision  should 
be  well  above  the  margin  of  the  sole,  and  is  directly 
deepened  to  and  through  the  periosteum.  The  \-er- 
tical  incision  is  about  five  centimeters  long  and  is 
placed  on  the  outer  side  of  the  foot  in  front  of  the 
tendo  Achillis.  Flaps  are  raised  and  the  periosteum 
is  elevated  with  a  sharp  rugine.  This  is  not  easy  as 
the  periosteum  here  is  closely  adherent  but  with  care 
and  patience  much  of  it  can  be  saved  as  well  as  the 
capsuloperiosteal  structures  of  the  _  calcaneocuboid 
and  calcaneoastragaloid  joints.  It  is  a  sound  pro- 
cedure in  detaching   the  tendo  Achillis  to    preserve 


a  shell  of  bone  after  the  niethoii  of  Vo^t,  and  in  the 
young  every  attempt  tiliould  Ijc  mudc  to  uavc  the 
posterior  epiphysiH.       (Fig.  2190,  a.) 

After  the  bone  has  l>een  removed  the  flaps  are 
sutured  in  tiers,  the  wound  drained,  and  the  foot 
dressed  at  a  right  angle  upon  an  anterior  Hpliiit  no 
as  to  avoid  direct  heel  i)res«ure. 

Excisions  involving  either  the  tnriumietatarsal,  the 
tarsal,  or  the  talotursal  joint,  are  nirelv  performed, 
because  disease  is  scarcelv  ever  confmed  Ut  any  one 
of  these  several  joints.  It  is  rare  to  have  only  one 
of  the  seven'  articular  synovial  cavities  of  the  fool 
involved.  Disease  or  in- 
fection from  injury  com- 
mencing in  any  one  of 
these  seven  cavities  soon 
spreads  through  the  can- 
cellous tissue  of  the  bone 
to  tlie  neighboring  syno- 
vial cavities,  so  tliat  the 
process  rapidly  becomes  a 
dilfuse  synovial,  para- 
svnovial,  and  periosti>al 
one  (Fig.  2191).  For  this 
reason  excisions  of  single 
joints  are  rarely  made  on 
account  of  disease.  In  in- 
juries to  the.se  joints  and 
in  deformities,  congenital 
or  acquired,  excisions  of 
single  joints  can  rarely  be 
performed  in  even  minor 
grades  of  tlie  injury  or 
deformity.  We  must  look 
upon  the  foot  as  a  whole 
and  operate  without  re- 
gard to  the  joints,  with 
the  sole  idea  of  removing 
the  condition  for  which  wo 
operate. 

There  are  several  pro- 
cedures which  arc  applica- 
ble to  injury  or  disease  of  this  region:  (1)  Those  of 
Bardenheucr  and  P.  Bruns:  (2)  those  of  Wladi- 
miroff-Milkulicz  and  Kummell.  For  disca-se  or 
injury  situated  between  the  bases  of  the  metatarsal 
bones  and  the  calcaneus  and  talus,  Bardenhcuer's 
method  is  especially  applicable.  In  the  majority 
of  cases  the  involvenicnt  of  the  tarsid  bones  and  the 
periosteal  tissues  is  so  great  that  an  extensive  ex- 
posure nuist  be  made  in  order  to  remove  the  di.soa.M'd 
tissues  completely.  Where  the  disease  involves  the 
tarsometatarsal,  "the  talocalcaneonavicular,  and  the 
calcaneocuboid  articulations,  the  method  of_H.  P. 
Watson  (Jacobson's  "Surgery,"  vol.  ii.,  p.  707)  is 
not  satisfactorv  and  a  more  ext<'nsivc  exposur»>  is 
required.  It  is  here  that  Bardenhcuer's  method  is 
most  applicalile. 

Aiiltriur  Tarseciomy. — .\n  Esmarch  bandage  is 
ap])licd.  .\n  incision  is  made  through  the  skin, 
subcutaneous  tissue,  t<>ndons  of  the  ex-tons<)rrs 
digitorum  longus  et  brevis  et  proprius  poUicis,  and 
the  cutaneous  nen-es,  down  to  the  bones  from  the 
first  to  the  fifth  metatarsal  bones  at  their  bases. 
From  the  extremities  of  this  incision,  two  incisions  are 
curved  upward  along  the  internal  and  cxfomal 
liorders  of  the  foot  to  Iwyoud  tlie  n»edu>tars.il 
joint.  These  incisions  also  extend  through  to  the 
bone,  dividing  the  tendons  of  the  i>eriineus  tertius 
and  of  the  tibialis  anticus.     If  necessary,  these  lateral 

•  I  lietween  the  first  metatarsal  and  the  internal  cuneiform 
bones.  II.  Between  the  second  and  third  nietatarjal  and  the 
niiddU-  and  eiternal  cuneiform  bones  which  communicate  with 
IV  III.  Between  the  fourth  and  fifth  metatarsial  and  the  cuboid. 
I\-  Between  the  three  cuneiform  .ind  the  sc.iphoid  Iwnes  which 
eommumcite  with  II.  V.  Between  the  cuboid  and  f*'™"'"' 
VI.  Between  the  scaphoid  and  the  c.alcaneu.«  and  the  talus.  »il 
Between  the  talus  and  calcaneus. 
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incisions  may  be  jirolongi'd  upon  the  metatarsal  bones, 
the  U-shaped  incision  being  converted  into  an  H- 
shaped  one.  This  flap  as  marked  out  is  dissected 
from  the  periosteum  and  the  ligaments  of  the  bones 
until  it  can  be  reflected  above  the  level  of  the  mcdio- 
tarsal  joints.  Here  it  is  best  to  enter  the  joint,  divid- 
ing the  ligaments  upon  the  anterior  and  lateral 
surfaces,  wlien,  if  the  forefoot  is  firmly  held  and 
depressed,  the  i)lantar  ligaments  holding  the  calcaneus 
and  scaphoid  and  the  calcaneus  and  cuboid  can  be 
divided.  Tliis  division  frees  the  tarsus,  and  allows, 
as  in  Lisfranc's  amputation,  an  easy  separation  of 
the  tendons  of  the  tibialis  posticus,  the  peroneus 
longus,  and  the  less  important  muscles  from  the 
tarsus  as  far  as  the  bases  of  the  metatarsal  bones. 
At  this  point  a  lilunt  retractor  is  passed  between  the 
bones  and  sidijacent  tissues,  and  the  bases  of  the 
metatarsal  bones  are  sawn  at  the  distal  side  of  their 
articular  surfaces.  The  articular  surfaces  of  the 
calcaneus  and  of  the  t.alus  are  now  sawn  off  (Fig. 
2192).  The  disease  involving  the  muscles  and  the 
sheaths  of  the  tendons  is  next  removed.  The  vessels 
are  ligated,  the  Esmarch  bandage  is  removed,  and 
the  sawn  extremities  of  the  bones  are  apposed  and 
sutured  with  chromicized  catgut.  If  the  disease  is 
not  thoroughly  removed,  or  if  one  so  desires  for  any 
other  reason,  the  wound  may  be  packed  until  granula- 
tions appear,  when  a  secondary  suturing  is  done. 

In  this  operation  the  tendons  are  rarely  svitured. 
It  has  been  found  that  in  healing  by  granulation  the 
fibrous  cicatrix  imites  the  tendons  so  that  motion  in 
the  toes  is  often  good.  It  is,  however,  advisable 
that  the  tendons  be  sutured  whenever  the  wound 
treatment  allows  it.  If  possible,  the  tendons  to  the 
first  toe  should  be  sutured  in  all  cases.  In  some  cases 
sensation  has  returned  though  no  suture  of  the  nerves 
was  attempted. 

O.  Wolff  has  presented  .53  cases  operated  on  by 
this  method,  in  which  the  anterior  tibial  artery  was 


Fig.  2192. — Di.igram    Illustrating   Bardenheuer'a   Operation. 

cut.  In  5  cases  the  posterior  tibial  artery  was  also 
cut.  In  3  of  these  cases  gangrene  followed  and  re- 
quired amputation.  Of  these  cases,  42  were  tubercu- 
lous in  character,  for  which  9  complete  tarsectomies, 
7  partial  with  subsequent  complete  tarsectomies,  and 
13  partial  tarsectomies  were  performed,  with  29 
complete  cures.  Two  cases  escaped  subsequent 
observation.  Three  cases  were  amputated  for  gan- 
grene and  8  cases  remained  under  treatment  at  the 


time.     In   all   the   cured   cases   the   foot  remained  a 
"flat"  one,  but  the  functional  results  were  good. 

Bardcnheuer  reported  17  eases  of  tuljcrculosis, 
in  which  none  died  as  the  result  of  operation.  Twelve 
cases  were  cured  with  one  operation,  and  of  these  3 
died  subsequently  of  tuberculous  meningitis;  3 
required  subsequent  revisions  before  a  cure  was 
effected;  1  required  amputation.  One  case  of  excision 
was  due  to  loss  of  substance  from  injury;  a  cure  re- 
sulted. 


Fig.  2193. — Lateral  View  of  the  Bones  after  Bardenheuer's  Ex- 
cision of  the  Tarsus. 

Tihioastragaloid  Excision. — The  statistics  of  .\udry 
show  that  tuljerculous  disease  involves  the  ankle, 
the  talocalcanean,  and  the  talocalcaneoscaphoid 
joints  in  fourteen  per  cent,  of  the  tuberculoses  in 
the  foot,  and  that  unless  amputation  be  performed 
at  the  ankle  (Syme's  or  Pirogoff's)  some  method 
must  V)e  found  by  which  all  of  these  joints  can  be 
opened  and  resected.  Such  a  method  was  elaborated 
by  P.  Bruns  in  1890.  This  operation,  made  a  typical 
one  by  Bruns,  was  previously  done  in  an  atypical 
fashion  by  Textor,  1852,  and  Mulvaney,  18G(),  and 
has  subsequently  been  elaborated  Ijy  Heidenhain, 
Helfcrich,  Cramer,  Kiittner,  and  Kummer. 

The  indications  for  this  operation  are  the  same  as 
those  for  Pirogoff's  amputation,  namely,  di.sease 
involving  the  talocalcanean,  talonavicular,  and 
talocrural  joints,  with  foci  within  the  bones.  Its 
advantage  rests  in  the  fact  that  it  preserves  tlie 
forefoot  and  gives  a  more  useful  member  than  is 
obtained  by  an  amputation. 

T?he  method  is  as  follows:  An  Esmarch  bandage  is 
applied.  In  order  to  obtain  sufficient  exposure,  an 
incision  is  made  from  one  malleolus  to  the  other  in 
a  broad  curve  over  the  dorsum  of  the  foot  in  the 
neighborhood  of  the  tarsometatarsal  joints.  This 
curved  dorsal  incision,  first  made  by  Houssey  (Hey- 
felder)'*,  and  sub.sequently  used  by  Bardenheuer  in 
his  excision  of  the  tarsus,  is  at  no  disadvantage  l)ecause 
of  the  division  of  the  tendons  and  nerves.  The 
flap  thus  marked  out  is  deepened,  passing  above  the 
peroneal  tendons  on  the  outer  side  and  dividing 
upon  the  dorsal  and  internal  surfaces  the  peroneus 
tcrtius,  extensor  longus  digitorum,  proprius  hallucis, 
and  tibialis  anticus  tendons,  together  with  the 
branches  of  the  anterior  tibial  and  musculocutaneus 
ner\-es  and  the  dorsalis  pedis  artery.  This  flap  is 
dissected  from  the  bones  until  the  anterior  tiljial 
margin  is  reached.  The  talocrural  joint  is  opened 
1)V  a  transverse  incision  which  divides  the  anterior 
fasciculi  of  the  lateral  ligaments.  The  foot  is  pulled 
forward  and  depressed,  when  the  middle  and  po.sterior 
fasciculi  of  the  lateral  ligament  are  divided  as  close 
to  the  astragalus  and  os  calcis  as  possible.  With 
further  depression,  the  posterior  ligament  of  the  ankle- 
joint  is  divided  transversely,  exposing  the  flexor 
longus  hallucis  tendon.  The"  astragaloscaphoid  and 
the  calcaneocuboid  articulations  are  next  entered  and 
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the  superior  and  lateral  capsular  bands  divided.  If 
the  astragalus  is  now  cleared  upon  its  lateral  surfaces 
and  the  knife  is  passed  into  the  sinus  tarsi  and 
carried  from  before  backward,  toward  the  sus- 
tentaculum tali,  the  interosseous  ligament  will  be 
divided.  The  astragalus  is  now  held  only  by  a  few- 
undivided  capsular  fibers  of  the  posterior  talocalcanean 
articulation  and  can  be  easily  removed.  The 
scaphoid,  calcanean,  and  cuboid  bones,  the  til)ia 
and  the  fibula,  are  now  inspected  for  disease,  and  if 
they  are  involved  the}-  should  be  treated  as  follows; 
The  tibia  and  fibula  are  sawn  so  as  to  preserve  their 
mortise  shape.  This  is  usually  accomplished  by 
cutting  away  the  articular  end  of  the  tibia  with  the 
chisel  or  gouge,  preserving 
its  hollow  shape,  and  by 
sawing  the  malleoli  ob- 
liquely, leaving  a  small 
projecting  edge  beyond  the 
surface  of  the  tibia  (Fig. 
2194).  The  superior  sur- 
face of  the  calcaneus  is 
made  to  fit  accurately  the 
space  between  the  malleoli. 
This  w-ill  not  infrecpiently 
require  a  removal  of  the 
sustentaculum  tali.  The 
calcaneoscaphoid  and  the 
inferior  calcaneocuboid 
ligaments  are  now  divided 
or  separated  from  the  in- 
ferior  surfaces  of  the  cvi- 


,  bold  and  scaphoid  bones, 
P  so   as   to   allow   a  vertical 


Fig.  2194. 


.section  with  the  saw.  After 

lli.*'^  ^V^,  ,.j'j    this  section,  the   anterior 

1**^  \-'^     surface  of  the  calcaneus  is 

sawn  in  the  same  plane. 
The  tendons,  their  sheaths, 
the  ligaments  and  the 
muscles  are  next  inspected,  and  if  involved  by  disease 
they  should  be  removed,  after  which  the  calcaneus 
is  apposed  to  the  tibia  and  fibula  and  to  the  cuboid 
bone.  These  bones  are  held  in  apposition  by  catgut 
sutures.  The  scaphoid  bone  will  be  seen  to  rest 
against  the  anterior  margin  of  the  tibia.  The 
Esmarch  bandage  is  now  removed.  The  hemorrhage 
is  controlled.  The  tendons,  the  nerves,  and  the 
deeper  tissues  are  sutured  to  one  another  as  far  as 
is  possible.  As  regards  this  point  it  may  be  said  that 
most  surgeons  do  not  suture  the  several  tissues  to 
one  another,  but  while  no  bad  results  may  follow  the 
adoption  of  this  course,  yet  the  time  required  for 
healing  is  undoubtedly  lessened  by  a  perfect  apposi- 
tion of  like  tissues.  In  the  face  of  severe  infections, 
the  wound  is  left  open  and  is  packed  until  granulations 
appear,  when  secondary  suture  is  made. 

This  operation  can  also  be  performed  by  a  posterior 
curved  incision  which  exposes  the  malleoli.  The 
incision  is  deepened  and  is  carried  through  the  tendo 
Achillis,  after  which  the  joint  is  opened,  the  malleoli 
are  sawn,  and  the  talus  is  extirpated.  The  operation 
is  completed  as  in  the  operation  by  the  anterior 
incision. 

The  after-treatment  consists  in  absolute  rest  and 
elevation  of  the  foot  from  three  to  five  days  in 
an  immovable  splint,  which  holds  the  foot  at  right 
angles  to  the  leg.  At  the  end  of  ten  days  anj-  devia- 
tion of  the  foot  can  be  corrected  with  ease. 

The  time  required  to  obtain  healing  by  first  inten- 
tion (.5  cases)  was  from  2S  to  48  days;  for  cases 
healing  by  second  intention,  35  to  60  days  (2  cases). 
If  recurrences  take  place  (2  cases)  the  time  is  naturally 
more  extended,  i.e.  84  to  397  days — an  average  of 
210  days  (Kuttner).  The  mortality  from  the 
operation  is  nil. 

The  Final  Result  of  Operation. — The  shortening 
in  the  leg  is  usually  from  one  centimeter  to  one  and 


one-half    centimeter.i,    and   that   of    the  foot    about 
one  centimeter. 

The  function  of  the  foot  is  good.  It  allows  luc  all 
dav  and  requires  only  an  rirdinary  Hhoif. 

The  pseudartliroKis  between  the  calcancuH  and  the 
forefoot  gives  elusticity  to  the  gait,  which  ia  wanting 
in  artificial  limbs. 

The  taloastragaloid  excision  is  to  be  preferrecj  to 
amputation,  cither  Pirogoff's  or  Svme's,  U-caii..<-  it 
preserves  the  foot.  It  is  prcfcrab'le  to  the  \Mndi- 
tniroff-Mikulicz  excision  because  it  i.s  easier  of  execu- 
tion and  requires  no  sulxfouent  prosthetic  apparatus. 

Foslerior  Tarsectomy. —  When  diseaHc-  involvcH  not 
only  the  ankle-joint  but  the  mediotarsal  and  tanuil 
joints  as  well,  one  of  three  things  murt  l)C  done: 
either  an  extensive  atypical  resection  (Kumniell 
and  Cramer),  or  a  WladiniirofT- .Mikulicz  resection, 
or  an  amputation  at  or  just  above  the  ankle-joint. 

A  priori,  it  may  be  thought  that  removal  of  the 
calcaneus,  talus,  tarsal  bones,  the  malleoli,  and  the 
articular  surface  of  the  tibia  gives  a  bad  func- 
tional result.  This  is  not  the  case,  however  (Cramer'*). 
The  extensive  removal  of  these  bones,  leaving  a  foot 
formed  of  a  part  of  the  tarsus,  the  njetntarHUs, 
and  phalanges,  gives  a  better  result  than  the 
equinus  position  of  the  foot  seen  in  the  Wladi- 
mirofl-Mikulicz  excision.  It  is  true  that  the  foot 
is  shortened,  but  a  foot  with  a  sole  is  bettor 
than  the  equinus  of  the  Mikulicz  operation,  iK-rause 
a  movable  foot  is  obtained  and  because  the  pre.s.sure- 
bearing  surface  is  a  natural  one  and  greater  in  area 
than  is  obtained  by  the  Mikulicz  excision. 

Indications. — Tuberculosis  involving  the  ankle- 
joint,  the  calcaneus,  talus,  and  tarsal  l>ones,  with 
fistula.  _  In  children  and  in  young  adults  the  ofxra- 
tion  is  indicated.  In  adults  who  have  tulierculosis 
elsewhere  and  are  not  holding  their  own  against  the 
disease,  and  in  the  old  and  anemic,  amputation  ia 
preferable.  No  matter  whether  the  fistula-  are  upon 
the  dorsum  or  upon  the  plantar  surface  of  the  foot, 
the  operation  with  the  dorsal  incision  is  equally 
indicated. 

The  incision  for  exposure  of  the  bones  is  similar 
to  that  used  in  the  P.  Bruns  method.  The  removal 
of  the  talus  is  similarly  carried  out;  after  which 
the  bones  of  the  tarsus  are  removed  en  ma$se,  as  is 
recommended  in  the  Bruns  method.  This  removal 
of  the  tarsus  is  often  complete,  so  that  the  section  of 
the  bones  includes  the  bases  of  the  metatarsal  Uines. 
The  lower  ends  of  the  tibia  and  fibula  are  removed 
with  a  transverse  section,  unless  the  calcaneus  c.in 
be  partly  saved,  when  the  action  is  similar  in  shape 
to  that  recommended  in  the  preceding  excision. 
No  matter  how  little  of  the  calcaneus  is  saved,  the 
resulting  shortening  and  the  functional  result  are 
much  improved,  .\fter  removal  of  the  diseased 
bone  the  bases  of  the  metatarsal  or  tarsal  bones  are 
apposed  to  the  anterior  surface  of  the  lower  end  of 
the  tibia,  where  they  are  fa.stened  with  sutures  if 
possible.  In  Kiimmell's  first  case,  in  which  two 
and  one-half  centimeters  of  the  tibia  and  fibula  and 
all  the  tarsal  bones  were  removed,  the  resulting 
shortening  was  about  three  centimeters.  In  two 
of  Cramer's  cases  the  resulting  shortening  was  less. 

After-treatment. — Frequently  the  largo  cavitv 
after  extensive  removal  of  the  bones  cannot  !><•  closed, 
and  must  be  packed  with  gauze  and  tr\'ated  as  an 
open  wound  because  of  tlie  presence  of  fistuhr. 
The  cavity  left  between  the  tarsus  and  the  tibLa 
and  fibula  closes  rather  quickly.  The  soft  parta 
of  the  planta  ])edis  draw  up  iK-tween  thos«>  Inines  .ind 
a  pillow  is  formed  under  the  tibia.  The  time  re- 
quired for  this  is  usually  two  months.  During  this 
time  the  wound  is  dres.sed  .is  required,  and  the  pniper 
position  of  the  forefoot  in  its  relation  to  the  tibia  is 
maintained  bv  appropriate  right-angled  splints. 

The  results  of  this  operation  show  that  the  gait  is 

astic  and  not  "hobbling.  "  as  is  the  case  with  the 


elastic  and  not  "hobbling,  "  as 
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equinus  position  of  the  foot  after  a  Wladimiroff- 
Mikulicz  excision,  or  the  amputations  or  disarticula- 
tions. This  elastic  gait  is  due  to  the  pseudarthrosis 
between  the  tibia  and  fibula,  or  the  calcaneus,  and  the 
forefoot.  Another  advantage  claimed  for  this  pro- 
cedure is  to  be  found  in  the  fact  that  prosthetic 
apparatus  will  not  be  needed  after  the  cure.  Six 
cases  reported  by  Cramer  gave  two  cures  in  children 
of  three  and  four  years  of  age.  Two  cases  of  adults  of 
ten  and  twenty  years  of  age  were  still  under  treat- 
ment at  three  and  four  months.  Two  cases  died  of 
generalized  tuberculosis  following  operation. 

When  the  disease  is  of  the  same  extent  as  would 
lead  one  to  perform  the  foregoing  operation,  while 
at  the  same  time  the  greater  part  of  the  heel  is  the 
seat  of  destructive  disease  and  of  fistute,  the  resec- 
tio  tarsea  totalis  of  Wadimiroff-Mikulicz  may  be 
considered. 

The  indications  for  this  procedure  are:  (1)  Caries 
of  the  talus,  calcaneus,  and  tarsus  (Mikulicz);  (2) 
extensive  loss  of  the  tissues  of  the  heel  (Mikulicz); 
(3)  injuries  destroying  the  heel  (Mikulicz) ;  (4)  new 
growths  involving  the  bone  (calcaneus)  or  tissues  of 
the  heel  (Schliffosowsky  and  Wahle);  (5)  to  increase 
the  length  of  the  extremity,  as  occurs  in  Infantile 
paralysis  (Caselli);  (6)  for  paralytic  equinovarus 
(Bruns). 

The  object  of  the  operation  is  to  secure  an  artificial 
pes  equinus.  The  toes  and  metatarsus  are  preserved 
and  are  apposed,  in  a  vertical  plane,  to  the  tibia  and 
fibula.  The  patient  walks  upon  the  heads  of  the 
metatarsal  bones  with  the  toes  bent  at  right  angles 
to  the  leg.  The  operation  was  first  performed  by 
Wladimiroff  in  1871  and  by  Mikulicz  in  1880. 

Complete  Tarsectomy  {Resectio  Tarsea  Totalis). — An 
Esmarch  bandage  is  applied.  The  patient  is  placed 
upon  the  abdomen  with  the  foot  extended.  Just 
in  front  of  the  tuberosity  of  the  scaphoid  bone,  upon 
the  inner  side  of  the  foot,  there  is  made  an  incision 
which  passes  transversely  across  the  planta  pedis  to 
a  point  just  behind  the  tuberosity  of  the  fifth  meta- 
tarsal bone.  From  each  extremity  of  this  incision, 
upon  each  side,  an  incision  is  carried  upward  and 
backward  to  the  malleolus.     The  extremities  of  the 


Fig.  2195. 

latter  incision  upon  the  malleoli  are  now  united  by  a 
transverse  incision  across  the  po.sterior  surface  of  the 
leg.  When  the  bones  of  the  leg  must  be  denuded 
at  a  higher  level  than  is  usual,  the  lateral  incisions 
must  be  carried  beyond  the  malleoli  (Fig.  2195). 
All  Incisions  pass  directly  down  to  the  bones,  dividing 
the  muscles,  tendons,  nerves,  and  arteries.  The 
posterior  capsule  of  the  ankle-joint  is  divided,  to- 
gether with  the  posterior,  middle,  and  anterior  fas- 
ciculi of  its  lateral  ligaments. 
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The  foot  is  now  thrown  in  dorsal  flexion,  and  the 
talus  and  calcaneus  are  carefully  separated  from  the 
soft  parts  of  the  dorsum  of  the  foot  until  the  medio- 
tarsal  joints  are  reached.  Here  these  bones  are 
separated  from  the  cuboid  and  navicular,  and  are 
removed  with  the  heel  flap.  The  lower  ends  of  the 
tibia  and  fibula  are  now  .sawn  acro.ss.  The  cuboid 
and  scaphoid  bones  are  likewise  sawn  transversely 
(Fig.  2196). 

The  Esmarch  bandage  is  removed  and  the  arteries 
are  tied.  When  hemorrhage  is  completely  stopped, 
the    cuboid  and  scaphoid  bones  are  apposed  to  the 


Fiu.  2196. 

tibia  and  fibula  and  are  retained  in  position  by 
cliromicized  catgut  sutures.  The  wound  is  now  closed 
with  deep  catgut  sutures  and  over  the  aseptic  dress- 
ing is  placed  an  immovable  plaster  dressing  holding 
the  parts  firmly. 

Sometimes,  in  placing  the  bones  in  apposition,  the 
folding  of  the  anterior  bridge  of  soft  tissues  displaces 
the  forefoot.  When  this  occurs,  the  bridge  of  tissue 
must  be  folded  and  retained  by  a  few  mattress 
sutures. 

The  after-treatment  consists  in  elevating  the  foot 
and  retaining  this  position  from 
three  to  five  days;  after  this  it  may 
be  lowered.  In  from  six  weeks  to 
two  months  the  union  is  complete. 
The  lengthening  of  the  limb  is 
usually  one  and  one-half  centi- 
meters, which  can  be  easily  over- 
come by  a  heel  upon  the  opposite 
foot.  Fig.  2197  shows  the  foot 
healed. 

Kohlhaas  has  collected  seventy- 
three  cases  of  this  operation  with 
one  death  from  pyemia  and  one 
requiring  amputation  for  gan- 
grene. Several  cases  presented 
localized  areas  of  gangrene,  but 
did  not  require  other  than  simple 
treatment.  Three  cases  failed  to 
have  a  firm  union  between  the 
bones  of  the  leg  and  foot  and 
required  subsequent  operations. 
Fifty-six  cases  gave  good  results 
and  required  no  extra  prosthetic 
apparatus  or  shoe.  Nine  cases 
gave  moderate  results  and  required 
special  prosthetic  shoes. 

To  avoid  the  division  of  the  posterior  tibial  artery 
and  nerve,  and  the  disturbances  in  nutrition  and  the 
gangrene  which  may  result  therefrom,  Lotheisen, 
P.  Bruns,  and  Oilier  devised  various  modifications 
in  the  incisions.  Lotheisen's  incision  is  as  follows: 
The  patient  lies  upon  the  back.     The  extremity  is 


Fig.  2197. 
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raised  and  the  foot  is  dorsally  flexed.  Upon  the  out«r 
surface  an  incision,  commencing  one  and  one-half 
centimeters  above  the  attachment  of  the  teiido 
Achillis  and  between  the  fibula  and  ttie  tendon,  is 
carried  obliquely  forward  and  downward  below  the 
malleolus,  ending  two  centimeters  behind  the  tuber- 
osity of  the  fifth  metatarsal  bone  (Fig.  2198).  I'pon 
the  inner  side  a  similarly  placed  incision  is  made,  be- 
ginning above  upon  the  same  level  and  to  the  inner 
side  of  the  tendo  Achillis,  descending  forward  behind 
the  internal  malleolus,  and  ending  just  in  front  of 


Fig.  2I9S. 

the  tuber  calcanei  (Fig.  2199).  The  extremities  of 
these  lateral  incisions  are  united  across  the  sole  by 
an  oblique  incision  (Fig.  2200)  and  across  the  leg  by 
a  horizontal  one.  The  enucleation  of  the  talus  and 
the  sawing  across  the  tarsus  and  the  bones  of  the  leg 
are  accomplished  as  in  the  former  method.  A  very 
similar  method  was  described  by  Jaboulay  and 
Lagaite,-"  but  it  offers  no  advantages  over  the  above. 
To  obtain  the  same  result,  P.  Bruns  has  recom- 
mended strongly  the  simple  median  posterior  incision, 
especially  in  cases  in  which  the  heel  is  intact  and  free 
from  ulceration.  Bruns'  incision  begins  on  the 
posterior   surface   of   the  leg,   four  fingers'    breadth 


Fig.  2199. 

above  the  tubercles  of  the  calcaneus,  passes  downward 
over  the  center  of  the  heel  and  to  the  center  of  the 
sole  of  the  foot.  This  incision  extends  immediat-ely 
down  to  the  bones.  The  talus  and  the  calcaneus 
are  removed  subperiosteally  after  opening  the  ankle- 
joint.  The  bones  are  sawn  and  apposed  and  held  by 
suture. 

Oilier  has  described  a  similar  incision,  but  he  had 
not  performed  it  upon  the  living  subject  at  the  time 
when  Bruns  used  his  incision. 

Of  the  incisions  used  for  the  total  tarsectomy, 
none  seems  to  meet  the  surgical  requirements  so 
well  as  Lotheisen's,  which  avoids  injury  to  the 
posterior  tibial  artery  and  nerve  and  allows  the 
tissues  of  the  leg  and  sole  of  the  foot  to  be  easily 
apposed  and  sutured  one  to  another.     In   cases  of 


paralytic  equinua  or  equino-varun  with  <-xtr«-me 
.shortening,  tlie  po.st<"rior  incision  of  iJninn  or  Olln-r 
ha.s  given  as  good  result*  as  the  methodn  of  L«jthi-i«-n 
and  Mikulicz.  In  this  particular  cla«8  of  chm-h 
the  objections  to  be  raised  again.st  the  incii*ion,  the 
suljperiosteal  enucleation  of  the  lx>ni-n,  and  the 
projecting  mass  of  the  heel  when  the  part*  are  ap- 
po.sed,  do  not  hold  a.s  they  do  in  dlwaw;  or  ■•  ■■  - 

It  may  be  said  with  truth  that  the  total  ' 
fWladimiroff- .Mikulicz)   and   the  ext<-n.'*i\.  ., 

of  Kiimmell  will  scarcely  appeal  to  many  Burgeon.t, 
when  they  compare  the  time  spent  in  obtaining 
these  results,  the  extent  of  the  procedure,  and  the 
drain  upon  an  already  worn-out  subject.  An  am- 
putation (Syme's,  PirogofT's,  Guyon's,  eni>ecially  the 
first),  with  the  rajjid  healing'  and  the  practical 
prosthetic  appliances  made  in  this  country,  will 
cause  most  surgeons  to  advi.se  amputation  whenever 
the  patient  can  obtain  an  artificial  limb.  Only  in 
the  very  poor  and  in  those  of  moderate  age  and  good 
health  (especially  such  as  have  congenital  and 
paralj-tic  deformities  or  injuries)  will  the  cxtentiive 
procedures  of  Kiimmell  and  Mikulicz  be  adopted. 
On  the  contrary,  the  anterior  and  posterior  tarwrto- 
mies  of  Bardenheuer  and  Bruns  give  such  excellent 
feet  after  operation  that  no  question  can  be  raiwd 
as  to  their  advisal)ility  in  suitable  cases  and  their 
superiority  to  amputations. 


Fig.  2200. 

Excision-  of  the  .Vskle-joint. — This  operation  was 
first  performed  by  Moreau  in  1792.  Subsequently, 
owing  to  the  complicated  character  of  the  joint,  the 
presence  of  tendons  and  sheaths  in  the  immediate 
neighborhood  and  the  relapses  following  operation, 
surgeons  gave  up  the  method  and  resorted  to  ampu- 
tations. Better  methods  of  approach,  more  complete 
removal  of  the  disease,  and  the  aseptic  treatment  of 
the  wound  have  so  lowered  the  mortality  that  amputa- 
tion now  i)resents  no  advantage  in  this  re.-i)oct. 
At  the  same  time  the  i)atient  is  left  with  a  foot  which 
is  more  u.seful  and  esthetically  better  than  the  stump 
of  an  amputation. 

Partial  excisions  are  those  which  remove  the  whole 
or  a  part,  of  the  articular  surfaces  of  the  tibia,  the 
fibula,  or  the  talus;  complete  excisions  remove  all  of 
these  surfaces. 

The  talocrural  articulation  is  approachable  fnim 
the  sides.  In  front,  it  is  covered  by  the  tibialis 
anticus,  the  extensor  longus  digitorum  and  prt)priu9 
hallucis  and  the  peroneus  tertius,  the  ncrve.^.  and  the 
anterior  tibial  artery.  Behind  it  is  covered  by 
the  tendo  Achillis  in  the  center,  and  upon  either 
side  of  this  by  the  peroneal  tendons,  the  tibiali.t 
posticus,  flexor  longus  digitorum,  longus  h-illuci.", 
together  with  the  posterior  tibial  ner\e  and 
arterv.  For  this  reason  the  lateral  surfaces  are 
mucli  used  for  incisions.  The  ankle-joint  is  a  poworf>il 
joint  because  of  its  bony  construction  as  well  as  by 
reason  of  its  ligaments."  The  ligaments  uniting  the 
malleoli  to  the  tarsus  are  strong.  Those  for  the  in- 
ternal surface  are  three:  the  deltoid  uniting  the 
malleolus  with  the  sustentaculum  tali,  the  anterior 
uniting  it  with  the  scaphoid,  and  the  posterior 
uniting  it  with  the  talus.     Those  for  the  external 
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surface  are:  the  anterior,  uniting  tlie  external  malle- 
olus with  the  talus;  the  middle,  uniting  it  with  the 
calcaneus;  the  posterior,  uniting  it  with  the  talus. 
The  anterior  and  posterior  ligaments  are  thin  and 
insignificant.  The  synovial  membrane  lines  the 
capsule,  aiul  extends  beyond  the  limits  of  the  articula- 
tion both  in  front  and  behind.  At  the  sides  it  is 
delimited  l)y  the  articular  surfaces. 

The  epiphysis  of  the  tibia  includes  the  lower  end 
and  the  internal  malleolus.  It  unites  with  the 
diaphysis  at  about  the  nineteenth  year.  The 
epiphysis  of  the  fibula  unites  with  the  diaphysis  at 
about  the  twent\--first  year.  The  outlines  of  the 
malleolus  are  easily  felt  and  seen.  The  head  of  the 
astragalus  is  felt  in  full  extension  of  the  foot.  The 
ankle-joint  lies  opposite  a  transverse  horizontal  line 
one  and  one-fourth  centimeters  above  the  tip  of  the 
internal  malleolus. 

The  Indicalions. — Partial  excisions  are  indicated  in 
gunshot  wounds;  in  compound  fractures  and  in 
dislocations  when  the  nerves  and  vessels  are  intact; 
and  in  suppuration  following  injurj'  and  infection 
when  this  excision  removes  and  drains  the  focus  of 
infection.  For  tuberculosis  in  childhood,  expectant 
treatment  and  iodoform  injections  may  precede  the 
partial  excisions,  i.e.  the  erosions  or  the  arthrecto- 
mies,  but  delay  must  not  be  too  long  before  resorting 
to  the  excision.  In  adults  formal  excisions  are  used. 
In  older  people,  with  other  tuberculous  foci,  amputa- 
tion is  preferable  to  excisions.  As  a  general  rule, 
when  tuberculosis  is  apparently  primary  in  the  joint, 
excision  is  to  be  preferred.  When  the  ankle-joint 
is  involved,  secondarily  to  other  well-defined  deposits 
in  the  lungs  and  elsewhere,  amputation  is  preferable. 


Fig.  2201. 

There  are  about  thirty-six  incisions  which  have 
been  recommended  for  entering  this  joint.  All 
surfaces  of  the  joint  have  been  made  use  of  to  gain 
an  entrance.  Even  the  sole  of  the  foot,  i.e.  the  heel, 
has  been  included  in  the  incisions.  No  incision  has 
so  many  advantages  as  that  of  Lauenstein.  This 
incision  resembles  Kocher's  incision,  but  it  gives  a 
better  exposure  of  the  posterior  angle  of  the  ankle- 
joint  and  of  the  neighborhood  of  the  internal  mal- 
leolus. Kocher's  incision  was  an  improvement  upon 
Reverdin's.  Lauenstein's  is  an  improvement  upon 
Kocher's. 

The  method  is  as  follows:  An  Esmarch's  bandage  is 
applied.  The  foot  is  placed  upon  its  inner  side.  An  in- 
cision is  begun  upon  the  fibula  at  the  point  where  the 
fibula  appears  between  the  peroneus  brevis  and  the  per- 
oneus  tertius  muscles.  (Fig.  2201,  a.)  This  incision  is 
carried  through  the  skin  to  the  tip  of  the  malleolus, 
■where  it  bends  forward  in  a  broad  curve  to  opposite 
the  taloscaphoid  joint,  passing  over  the  heads  of  the 
extensor  brevis  digitorum  and  exposing  the  tendors  of 
the  peroneus  tertius.    It  is  now  deepened,  exposing  the 
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periosteum  of  the  fibula,  the  anterior  fasciculus  of  the 
lateral  ligament,  and  the  capsule  of  the  ankle-joint. 
Upon  the  posterior  border  of  the  fibula  the  sheath  of 
the  peroneal  tendons  is  opened,  and  the  tendons  are 
retracted  posteriorly.  The  knife  now  separates  from 
the  periosteum  of  the  tibia  and  fibula  the  muscular 
fibers  of  the  peronei  and  the  flexor  longus  hallucis 
until  one-half  the  transverse  diameter  of  the  fibula  is 
freed. 

The  retractors  used  upon  these  structures  are 
now  removed  and  are  inserted  into  the  anterior  flap. 
The  ankle-joint  is  opened  in  front  of  the  external 
malleolus  and  the  blunt  retractor  is  inserted,  lift- 
ing and  protecting  the  capsule  and  the  superjacent 


Fig.  2202. — Lauenstein's  Method.     Parts  exposed  ready  for  exci- 
sion,    t,  Talus:  pt,  peroneal  tendons;  cm,  external  malleolus. 

tissues.  The  upper  and  lower  attachments  of  the 
capsule  to  the  talus  and  to  the  tibia  are  severed  until 
the  median  line  of  the  tibia  and  the  talus  are  both 
reached.  The  foot  is  now  supinatcd  and  the 
three  fasciculi  of  the  external  lateral  ligament  are 
divided.  When  they  have  been  divided,  if  the  foot 
be  placed  in  the  equinus  position  and  be  gently 
thrown  into  supination,  it  will  turn  upon  the  internal 
malleolus  as  an  axis,  provided  the  tissues  in  front  and 
behind  the  joint  have  been  freed  to  a  point  beyond 
the  median  line  of  the  joint.  With  a  little  force 
the  foot  can  be  completely  inverted,  so  that  the  planta 
pedis  looks  upward  and  the  articular  surfaces  of  the 
talus  and  tibia  are  upon  the  same  plane,  separated 
by  the  internal  malleolus  (Fig.  2202).  By  means  of 
blunt  hooks  every  part  of  the  articular  surfaces  of  the 
talus,  tibia,  and  fibula  can  be  reached;  every  pocket 
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of  the  synovial  cavity,  including  the  inferior  tibio- 
fibular prolongation  and  the  posterior  surface  of 
the  synovial  memljrane,  the  sheaths  of  the  tendons 
of  the  tibialis  posticus,  flexor  longus  digitoruin  and 
hallucis,  as  -nell  as  the  bursa  and  fat  in  front  of  tlie 
tendo  Achillis.  When  these  are  inspected  and  all 
foci  of  disease  have  been  removed  by  curettage  or 
excision,  the  foot  is  easily  pronated  aiid  thrown  into 
proper  position.  The  only  structures  injured  are 
the  vena  saphena  parva  and  the  arteria  pcrforans 
peronea.  The  advantage  of  the  incision  over  Kochcr's 
IS  that  it  allows  a  greater  stretching  of  the  borders 
of  the  incision  and  an  easier  dislocation  of  the  foot. 
Moreover  it  parallels  the  sheaths  of  the  tendons  and 
permits  a  surgical  treatment  of  them  when  involved. 
If  in  operating  by  this  method  it  becomes  necessary 
to  remove  the  talus,  it  can  be  accomplished  easily  by 
dividing  its  ligaments  which  are  expo.sed  to  view. 
Indeed,  the  method  renders  the  extirpation  of  the 
talus  a  very  easy  matter. 

If  disease  involves  the  mediotarsal  and  the  talo- 
crural joints  together  with  the  neighboring  bones,  or 
if  this  is  only  recognized  by  the  operator  after  he  has 
entered  the  talocrural  joint  by  the  Lauenstein  in- 
cision, the  suggestion  of  Hcidenhain^'  may  be 
adopted  for  the  treatment  of  the  case.  This  sug- 
gestion consists  in  continuing  the  lower  end  of  the 
Lauenstein  incision  across  the  dorsum  of  the  foot 
below  the  mediotarsal  joint  and  dividing  the  ten- 
dons of  the  peroneus  tertius  and  extensor  longus 
digitorum  but  preserving  if  possible  the  tibialis 
anticus  and  extensor  proprius  hallucis.  This  in- 
cision gives  all  the  advantages  of  the  Lauenstein  and 
P.  Bruns  excisions,  and  opens  to  view  for  easy 
attack  the  mediotarsal  articulation. 

Again,  if  the  talocalcanean  or  the  taloscaphoid 
joint  alone  is  involved,  we  can  adopt  the  following 
suggestion  of  Lauenstein  and  approach  these  parts 
with  the  same  skin  incision:  Instead  of  opening  the 
talocrural  articulation,  we  divide  the  calcaneofibular 
division  of  the  external  lateral  ligament,  and  then, 
passing  a  thin  knife  into  the  sinus  tarsi,  carry  it 
backward  and  inward  to  the  sustentaculum  "tali, 
dividing  the  interosseous  ligament.  After  this  divi- 
sion the  anterior  talocalcanean  capsular  ligament 
is  made  tense  by  everting  the  calcaneus  and  is  divided. 
This  is  followed  by  division  of  the  muscular  fibers  of 
the  extensor  brevis  digitorum  and  the  taloscaphoifl 
ligaments  upon  the  outer  and  superior  surfaces  of 
this  joint.  If  strong  supination  is  now  made  upon 
the  foot,  the  calcaneus  will  be  luxated  or  rotated  upon 
its  inner  side  over  the  malleolus  internus.  In  this 
manner  the  talocalcanean  and  the  talonavicular 
joints  may  be  exposed  without  opening  the  ankle- 
joint.  During  the  luxation  of  the  calcaneus  the 
peroneus  tendons  are  retracted  posteriorly  and  do 
not  obstruct  the  field.  From  this  po.sition  of  the 
foot  the  talus  may  be  easily  removed  by  division  of 
its  lateral  ligaments.  In  extensive  disease  in  this 
region  the  Lauen.stein  incision  permits  an  entrance 
into  the  talocrural  articulation,  and  if  desired  allows 
an  exposure  of  the  mediotarsal  and  talocalcanean 
joints  with  removal  of  the  talus.  The  mediotarsal 
and  talocalcanean  articulations  may  be  entered  first, 
and  if  suspicion  exists  as  to  an  involvement  of  the 
talocrural  articulation  this  may  be  exposed  by 
removal  of  the  talus.  This  incision  gives  the  best 
approach  to  the  ankle-joint.  It  allows  of  such 
modifications  as  will  insure  successful  results  in  spite 
of  unsuspected  foci  of  disease,  since  through  one 
incision  the  talocrural,  the  talocalcanean,  and  the 
mediotarsal  joints  can  be  approached  and  the  talus 
removed.  In  a  pure  resection  of  the  ankle-joint  the 
BjTiovial  membranes  and  the  articular  surfaces  of 
the  talus  and  of  the  tibia  and  fibula  are  removed, 
their  shape  being  preserved  as  far  as  possible.  For 
this  reason  the  section  of  the  tibia  and  fibula  is  usually 
made  concave  from  side  to  side,  while  that  of  the  talus 


IS  made  convex.     If  the  talii«  Ih  removed  on  arcuut 
of   disea.sc,   this   concavity   in    tlie   tibia   and    (ibula 
is  made  so  as  to  fit  the  caleaneii.s,  while  the  ant'-rinr 
border  of  tlie  tibia  rests  upon  the  wnphoid.      Whi-ti 
but  little  of  the  articular  surfaces  of  th.'' 
is  removed,  it  is  best  U>  short/Mi  the  n. 
the    tibia    may    rest    ii|)on    tlie    cal.  mm.   . 
It  is  well  to  suture  the  scaphoid,  tibia,   :  | 

calcaneus   together   with   two    or   three    <:.:    I 

catgut  sutures.  It  is  rare  that  a  Hinnlc  aru-ry  re- 
quires ligature,  and  if  any  bleed  exccsHivolv  thev  will 
stop  u|)on  elevation  of  the  limb.  Where  it  i'«  im- 
possibh^  to  remove  all  tuberculous  material,  the  wound 
is  packed  until  healthy  granulation  ti.ssuc  npix-arM. 

The  after-treatment  is  a  matter  of  importance. 
When  the  wound  is  .sewed  up,  the  foot  is  elevated 
at  an  angle  of  forty-five  degreea  from  three  to 
five  days,  after  which  it  is  lowered.  In  this  method 
the  first  dressing  is  made  about  the  tenth  day. 
Where  wounds  are  packed,  the  foot  is  usiiallv  elevated 
for  twenty-four  to  forty-eight  hours,  after  which  it 
is  lowered.  The  dressings  should  be  changed  every 
two  or  three  days. 

.-V  suitable  splint  is  difficult  to  find.  A  splint  which 
will  maintain  the  foot  at  a  right  angle  with  the 
leg  and  will  prevent  lateral  deviation  of  the  foot  is 
the  one  desired.  Upon  the  whole,  a  plaster-of-Paria 
dressing  jjroperly  and  carefully  applied  is  the  Ijest. 
This  pla.ster-of-Paris  dressing  may  be  used  alone  or 
in  conjunction  with  the  McC'ormac  splint.  If  it 
is  applied  alone,  it  is  well  to  place  this  dressing  within 
a  Volkmann's  posterior  splint,  where  it  will  Iw  held 
firmly.  After  two  weeks  treatment  the  other 
splints  may  be  discarded  and  a  splint  pla.ster-<>f-I'ari« 
dressing  will  be  sufficient  until  union  is  complete. 

Results. — The  mortality,  in  the  difTerent  classes  of 
cases,  was  as  follows:  For  gunshol  trnutulii  (-I.t  ca.ses) 
according  to  Culbertson,  2G  per  cent.;  according  to 
Otis  (33  cases  in  the  civil  war),  29  per  cent.;  and. 
according  to  the  same  authority  (150  cases  from  nil 
sources)  33  per  cent.  For  injuries  in  ciril  prnclice 
(1.52  cases)  according  to  Culbertson,  12.  per  cent. 
For  disease  (124  ca.ses)  according  to  Culbert.-*on.  S.()»i 
per  cent,  for  complete  excision,  and  6. .5.5  per  cent,  for 
partial  excision;  while,  according  to  Isler  and  Kai>- 
peler,  it  was  almost  nothing  in  cases  of  tuberculous 
disease. 

Funetional  Results. — Some  say  that  a  flail  joint  is 
very  rare,  others,  that  it  is  unknown.  .\nkylo.«is  is 
often  obtained,  and  when  it  occurs  the  mediotarsal 
joint  compensates  in  great  measure  for  the  stillness 
in  the  ankle.  In  seventy-five  per  cent,  of  the  ca.sos 
recovery  takes  place  with  a  u.seful  limb,  and  in  manv 
instances,  especially  in  the  subi)criosteal  method, 
the  nearthrosis  is  a  remarkable  one,  giving  a  must 
useful  joint  (Langenbcck). 

According  to  Islcr  the  results  of  excision  func- 
tionally arc  divided  as  follows:  Very  good.  40.S 
per  cent.;  good,  20.8  per  cent.;  moderate,  7.0  per 
cent.;  indefinite,  S  per  cent.;  bad,  ().2  per  cent.  In 
children  the  good  results  arc  more  frequent  than  in 
adults,  since  the  disease  is  usually  less  extensive. 

Schmidt  Monnard  gives  the  good  results  as  74  per 
cent,  for  the  first  fifteen  years  of  life.  In  BardelelK-n's 
clinic  good  results  were  obtained  in  81.2  per  cent,  of 
the  cases.  Karewski  in  30  cases  had  25  good  result.s 
2  deaths  from  scarlet  fever  and  tuliorculosis  tc- 
spectively,  and  o  cases  with  recurrences. 

Excision  of  the  FrarL.\  .\nt)  Tibia. — Excision  (total 
removal)  of  the  fibula  and  tibia  is  indicated  for  tlic 
same  conditions  as  that  of  the  radius  and  the  ulna. 
When  dealing  with  the  fibula  the  special  point"  t.i 
bear  in  mind  arc  concerned  with  ita  extremity - 
Thus,  at  the  upper  extremity  the  superior  tii'i- 
fibular  joint  communicates  with  the  knee-joint  in 
ten  per  cent,  of  ca.ses  (Ix^noir,  cited  by  .\shhurst\ 
and  the  neck  is  crossed  externally  by  the  external 
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popliteal  nerve.  To  avoid  opening  the  joint  the  head 
of  the  l)one  should  be  left  intact,  if  feasible.  The 
nerve  will  not  be  harmed  by  the  careful  ojjerator. 
The  lower  extremity,  through  the  external  malleolus, 
performs  an  important  function  in  maintaining  the 
astragalus  in  the  tibiofibular  mortise,  and  by  its 
removal  the  foot  is  liable  to  become  everted.  I'nlcss 
contraindicated,  then,  it  is  best  to  preserve  the  head 
above  and  the  malleolus  below  by  performing  re- 
section instead  of  excision.  Even  if  one  extremity 
alone  can  be  preserved,  it  will  act  as  a  niilus  with 
which  an  autogenous  bone-graft  may  be  contacted, 
with  good  prospect  of  the  bone  being  reproduced. 
In  subperiosteal  excision  in  the  young,  also,  especially 
after  sequestrotomy  where  there  is  a  good  invo- 
lucrum,  again  the  bone  may  be  reformed.  These 
general  remarks  apply  equally  well  to  the  tibia,  the 
main  difference  being  that  while  the  fibula  is  a  slender 
bone  which  is  poorly  developed  in  man,  and  one  which 
plays  no  direct  part  in  supporting  the  weight  of  the 
body,  the  tibia,  on  the  other  hand,  is  the  mainstay  of 
the  leg. 

Excixinn  of  the.  Fibula. — The  incision  for  excision  of 
the  fibula  is  made  posteriorly.  It  begins  above  at  the 
superior  tibiofibular  joint,  and  taking  as  its  guide  the 
posterior  limit  of  the  peroneal  compartment  (which 
contains  the  peroneus  longus  and  the  peroneus  brevis 
muscles),  passes  vertically  downward  to  the  ankle-joint. 
Dividing  the  skin,  the  superficial  and  the  deep  fascia, 
and  avoiding  the  external  popliteal  nerve  above  and 
the  peroneal  artery  below,  it  makes  directly  for  the 
bone  by  passing  above,  between  the  peroneus  longus 
before  and  the  soleus  behind,  and  below,  between  the 
peroneus  longus  and  brevis  before,  and  the  flexor 
hallucis  longus  behind.  Working  subperiosteally  with 
a  sharp  rugine,  the  bone  is  bared  first  circumferen- 
tially  at  its  center,  where  it  is  divided.  Each  half 
is  elevated  from  its  bed  and  cleared  of  its  perio,steal 
envelope  down  to  and  into  its  respective  joint,  where 
disarticulation  is  performed.  All  layers  are  now 
ready  to  be  approximated  by  sutures — the  periosteal 
and  periosteocapsular  coverings  are  closed,  the 
muscles  quilted,  and  the  edges  of  the  deep  fascia, 
the  superficial  fascia,  and  the  skin  apposed  in  order. 
Temporary  drainage  is  instituted  if  indicated,  and 
the  limb  put  at  rest  on  a  splint. 

The  incision  for  resection  (partial  removal)  of  the 
fibula  varies  according  to  the  part  to  be  dealt  with. 
The  upper  extremity  is  removed  through  a  longi- 
tudinal incision,  which  begins  one  inch  above  tlie 
styloid  process  at  the  posterior  border  of  the  tendon 
of  the  biceps  femoris  muscle,  and  passes  vertically 
downward  between  the  peroneus  longus  muscle 
externally  and  the  soleus  internally  as  far  as  is  neces- 
sary, thus  leaving  the  external  popliteal  nerve  to 
the"  outer  side.  As  much  as  the  upper  half  of  the 
bone  may  be  removed  through  this  incision.  If  not 
contraindicated,  as  much  of  the  head  as  is  possible 
should  be  spared,  for  reasons  mentioned  above. 
In  resecting  the  lower  half,  it  suffices  to  employ  an 
anteroexternal  incision,  which  passes  just  in  front 
of  the  peroneal  muscular  compartment.  Resection 
of  the  lower  extremity  is  dealt  with  under  resection 
of  the  ankle-joint. 

Excision  of  the  Tibia. — The  incision  for  excision 
of  the  tibia  is  a  simple  one.  Beginning  above  at 
the  knee-joint,  it  follows  downward  a  line  placed  just 
anterior  to  the  internal  border  of  the  bone,  and 
terminates  at  the  ankle-joint.  In  passing  down  to 
the  bone,  the  incision  runs  behind  the  tendons  of  the 
sartorius,  the  gracilis,  and  the  semitendinosus 
muscles  above.  Below,  the  internal  saphenous  vein 
with  its  accompanying  nerve  should  be  isolated  and 
retracted.  After  this  the  tibia  is  dealt  with  in  the 
same  manner  as  in  excision  of  the  fibula  and  of  other 
long  bones.     (Fig.  2203,  d.) 

The   incision   for  resection  of  the  tibia  is  made  in 


the  same  line  as  in  that  for  excision,  its  length  being 
sufficient  to  fulfil  indications.  The  hiatus  left  after 
resection  may  readily  be  spanned  by  an  autogenous 
transplant,  which  acts  as  a  scaffolding  for  reformation 
of  the  portion  removed.  Special  resections  of  the 
til)ia  that  are  commonly  performed  are  trephining 
in  the  ease  of  Brodie's  abscess,  which  may  involve 
the  upper  or  the  lower  extremity,  and 
the  removal  of  a  transplant  from  the 
til)ial  crest.  In  the  latter  operation, 
a  longitudinal  incision  of  sufficient 
length  is  made  over  the  anterior 
border  of  the  tibia,  and  the  crest  of 
the  shin  exposed.  Transverse  saw 
cuts  are  made  at  the  upper  and  the 
lower  limits  of  the  graft,  the  length 
of  which  varies  in  each  case.  This 
prevents  splitting  of  the  transplant 
in  a  wrong  direction.  The  section 
of  bone  is  now  removed  by  a  curved 
Buck  chisel  or  a  Butcher  saw,  which 
may  be  guided  by  Murphy's  retrac- 
tor-guide. The  periosteum  may  or 
may  not  be  preserved.  Aside  from 
the  length,  the  size  of  the  transplant 
is  usually  that  of  the  adult  index  or 
middle  finger,  about  fxixf  inch.  ^^\  \ 
The  defect  in  the  tibia  fills  in  rapidly 
in  from  four  to  six  weeks.  The  indi- 
cations for  and  general  remarks  con- 
cerning excision  and  resection  of  the 
tibia  have  been  dealt  with  imder 
"Excision  of  the  Fibula  and  Tibia." 


Excision  of  the  Knee-joint. — In 
1762  Filkin  of  Norwich  attempted  a 
partial  excision  of  this  joint.  Park 
in  1781,  and  Moreau  and  Roux  before 
1820,  operated,  performing  a  com- 
plete excision,  but  the  unfortunate 
results  obtained  by  their  imitators 
deterred  many  surgeons  vmtil  W. 
Fcrgusson  in  1850  restored  the  oper- 
ation. From  this  time  the  operation 
has  been  practised  extensively  and 
remarkably  good  results  are  now  ob- 
tained in  every  country. 

The  cases  operated  upon  are  divided 
into  those  which  are  typically  exci.sed 
and  those  which  are  atypically 
treated.  The  typical  operation  con- 
sists in  the  extirpation  of  the  sj'novial  Fia.  2203. 
membrane  and  the  removal  of  the 
bones  intra-  or  extra-epiphyseally.  The  atypical  one 
consists  in  the  extirpation  of  the  synovial  membrane 
without  removal  of  the  bone  except  where  diseased. 
This  is  the  arthrectomy  of  Volkmann™  and  the  erasion 
of  Wright.^' 

The  atypical  operation  is  undoubtedly  the  operation 
for  children,  since  in  eighteen  per  cent,  of  the  cases 
in  which  the  bones  were  not  at  all  orjonly  very  slightly 
involved,  movable  joints  have  been  obtained.  In 
the  second  place,  no  shortening,  at  least  no  more 
than  follows  conservative  methods,  takes  place 
(Maudry). 

A  comparison  of  these  atj'pical  cases  with  the  intra- 
epiphy.seal  resections  (Hoffa)  shows  that  the  only 
real  advantage  is  the  possibility  of  obtaining  in 
the  most  favorable  cases  a  movable  joint,  and  since 
this  occurred  in  nearly  eighteen  per  cent,  of  the 
seventy  cases  collected  (Maudry),  it  offers  a  sub- 
stantial advantage  in  favor  of  the  atypical  operation. 
The  disadvantages  of  the  atypical  method  consist 
(1)  in  the  liability  of  leaving"  beneath  the  articular 
cartilages  foci  of  disease,  (2)  in  the  greater  tendency 
to  contracture  of  the  flexor  muscles.  The  first 
disadvantage  is  more  apparent  than  real  in  the  cases 
of  children,   because  in   making  an  intraepiphyseal 
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section  one  must  cut  the  bone  below  the  level  of  the 
articular  cartilage.  "Every  bone  section  in  children 
must  be  surrounded  b.v  a  line  of  articular  cartilage 
to  be  certainly  intraepiphyseal "  (Konig).     This  soc- 


KirlUon* 


Fig.  2204. 

tion  is  so  thin  that  foci  may  not  be  revealed  by  it, 
just  as  when  the  articular  cartilage  is  present.  The 
advantage  which  belongs  to  the  typical  intraepiphyseal 
method,  and  which  does  not  belong  to  the  atypical 
method,  is  the  firmer  union  which  takes  place  between 
the  bones  and  the  slighter  tendency  to  deformity. 
The  lack  of  this  advantage  in  the  atypical  method  is 
compensated  for  by  prolonged  mechanical  after- 
treatment. 

When  the  bones  are  but  slightlj'  involved  and  the 
synovial  membrane  is  the  principal  seat  of  disease, 
the  atypical  operation  is  indicated  because  of  the 
eighteen  per  cent,  of  movable  joints  which  have  been 
secured  by  its  employment.  If  in  addition  to  the 
synovial  membrane  the  bones  are  much  involved, 
the  intra-  or  extraepiphyseal  excision  is  indicated, 
according  to  the  extent  of  di.sease  in  the  bones. 
This  is  becaiise  of  the  firmer  ankylosis  in  the  extended 
position  which  is  obtained  by  the  section  of  the  bones, 
and  also  because  it  is  not  possible  to  obtain  motion  on 
account  of  the  destruction  of  the  articular  cartilages. 
It  is  to  be  remembered  that  in  excisions  shortening 
is  greater  if  done  before  than  after  the  fourteentli 
year. 

Indications. — for  disease:  1.  Tuberculosis.  Exci- 
sion in  these  cases  should  be  performed  (o)  in  all  cases 
in  which  the  articular  cartilage  is  found  eroded, 
whether  suppuration  is  present  or  not;  (b)  in  ca.scs 
with  backward  dislocation  of  the  tibia;  (c)  in  cases 
that  have  lasted  over  six  montlis,  in  which  the  ex- 
pectant treatment  has  been  tried  and  has  failed  and 
in  which  the  disease  is  in  all  probability  an  epiphyseal 
osteitis;  (</)  in  cases  of  synovial  tuberculosis  which 
has  extended  over  the  articular  cartilages.  In  the 
child  before  fifteen  years,  this  operation  affects  the 
growth  of  the  limb.  "  In  adults  of  twenty  years  and 
over,  the  length  of  the  limb  need  not  be  considered, 
but  the  conditions  of  the  vLscera  and  the  general  health 
become  Important  considerations.  In  all  cases: 
The  presence  of  amyloid  degeneration;  tuberculous 
disease  of  the  lungs  and  other  viscera;  great  emacia- 
tion and  extensive  involvement  of  the  soft  parts  aliout 
a  joint  demand  amputation  rather  than  excision. 
2.  Chronic  arthritis,  with  caries  of  the  bones.  3. 
Chronic   osteoarthritis   in   a   single   joint  in   middle 


life.  4.  Ankylosis  of  the  knee  in  a  bud  fKJHition  after 
osteotomy  has  failed.  .0.  In  infantile  puriilv«iii 
for  the  production  of  ankyloHis.  In  these  ca«fH 'the 
excision  is  usually  a  complete  one. 

For  injury:  Gunshot  wounds  and  other 
compound  and  complicated  wouiidH.  In 
tlieso  cases  the  excision  is  usually  partial 
rather  than  complete. 

Anutomij. — The  axis  of  the  femur  is  diri'ctod 
inward  at  tlie  knee.  That  of  tlie  tibia  M 
straight,  i.r.  in  tlie  axis  of  the  l)ody.  Tlic 
joint  obtains  no  strength  from  the  .iliajK:  of 
the  bones.  It  derives  its  strength  from  it« 
crucial  and  posterior  ligaments  rather  than 
from  its  lateral  and  anterior  ligaments.  The 
cavity  of  the  synovial  membrane  is  exten- 
sive and  the  bursic  about  the  joint  are 
numerous.  Of  these  burs;e,  that  iK-twocn 
the  inner  condyle,  the  seniimenibranoKiM, 
and  the  inner  head  of  the  gaKtrocnemius 
communicates  with  the  joint.  The  bursa 
beneath  the  tendon  of  the  poplitous  com- 
municates with  both  the  knee-joint  and  the 
suiierior  tibiofil)ular  articulation.  In  like 
manner,  the  bursa  beneath  the  va.Kti  and  the 
rectus  comnmnicates  in  cightv  per  cent,  of 
the  eases  with  the  joint.  'l"he  popliteal 
artery  and  vein  are  fjuite  closely  a.-v-fociatod 
with  tlie  ligament  of  Winslow,  aiid  care  must 
be  taken  in  dissecting  out  di.sea.sed  ti.ssue  in 
this  region  in  order  to  avoid  injuring  them 
(Fig.  2204).  The  articular  arteries  should 
if  possible  be  avoided,  but,  if  they  cannot 
be  avoided,  they  should  be  tied  before  closing  the 
wovmd.  The  superior  articular  arteries  are  situated 
just  above  the  condyles,  while  the  inferior  pass  be- 
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neath  their  respective  later.il  ligaments,  the  internal 
below  the  tibial  tuberosity,  the  external  alxnc  the 
head  of  the  fibula.     It  is  to  be  rememlicrod  that  the 
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upper  limit  of  the  femoral  epiphysis  is  represented  by 
a  line  passing  across  the  femur  at  the  tuberole  of  the 
adductor  magnus.  (Fig.  2205,  a, a.)  This  epiphyseal 
line  is  intracapsular.  The  tibial  epiphysis  is  marked 
at  the  sides  by  a  line  just  including  the  fibiilar  articular 
surface,  and  the  depression  for  the  semimembranosus 
tendon  behind  this  lino  just  includes  the  tuberosities. 
In  front,  the  epiphysis  descends  to  the  lower  margin  of 
the  tubercle.  This  epiphyseal  line  is  extracapsular. 
The  femoral  epiphysis  joins  the  shaft  at  twenty,  the 
tibial  at  twenty-one  years.  (Fig.  (2205,  b,b).  _  In  a 
child,  scarcely  more  than  1  centimeter  of  the  titjia  and 
1.5  centimeters  of  the  femur  can  be  removed  without 
compromising  the  growth  of  the  limb.  After  puljerty 
(seventeen  years),  1.5  centimeters  of  the  tiljia  and 
2  centimeters  of  the  femur  may  be  removed  (Fara- 
bceuf).  Hoffa  says  that  (1)  in  one  case  the  removal 
of  both  epiphyses  at  the  end  of  ten  years  gave  25.5 
centimeters  shortening;  (2)  in  one  ease  at  the  end 
of  two  years  there  was  10  centimeters  shortening; 
(3)  the  loss  of  the  femoral  epiphysis  alone  in  one 
case  gave  17  centimeters  shortening  at  the  expiration 
of  six  years;  (4)  the  loss  of  the  tibial  epiphysis  alone 
in  two  cases  gave  respectively  15.5  and  G  centimeters 
shortening  in  six  years;  i.e.  an  average  of  10.7 
centimeters.  Petersen,  in  a  child  of  six  years  of  age, 
at  six  years  from  the  time  of  the  excision,  found  a 
shortening  in  the  femur  of  10.2  centimeters,  of  which 
8.5  centimeters  was  due  to  the  loss  of  the  lower  femoral 
epiphysis.  In  the  tibia,  there  was  5  centimeters 
shortening,  of  which  3  centimeters  was  due  to  the 
loss  of  the  upper  til)ial  epiphysis. 

It  is  to  be  remembered  that  when  the  knee  is 
flexed  the  extension  of  the  synovial  membrane  above 
the  femur  and  beneath  the  quadriceps  femoris  tendon 
scarcely  reaches  above  the  ar- 
ticular cartilage  of  the  femur; 
when  the  leg  is  extended,  the 
same  rises  to  a  much  greater 
distance.     (Fig.  2204,  h.)  _  _ 

htcisions. — Many  incisions 
have  been  recommended  for 
this  operation,  and  of  the  great 
number  variously  used  by 
Park,  Moreau,  Fergusson, 
INIackensie,  Golding-Bird, 
Volkmann,  Langenbeck, 
Oilier,  Textor,  San.son,  and 
Begin,  none  seems  to  be  as 
advantageous  as  that  recom- 
mended by  Mackensie,  Fara- 
ba'uf,  Erichsen,  Ashhurst,  and 
Kocher,  i.e.  the  transverse 
curvQd  inci-sions  of  Textor. 

The  object  of  this  resection 
is  usually  to  produce  ankylosis 
without  considerable  shorten- 
ing,   i.e.     without    shortening 
Fig   2206  over  ten  centimeters,  which  can 

be  corrected  by  a  high  shoe  and 
by  the  inclination  of  the  pelvis.  For  this  rea.son  only 
such  incisions  are  useful  which  will  expose  all  parts 
of  the  joint  and  enable  one  accurately  to  remove  only 
the  diseased  tissue.  To  obtain  this  exposure,  the 
transverse  incision  is  preferable  to  the  longitudinal. 
The  longitudinal  incisions  were  designed  to  save  the 
patella  and  to  aid  in  producing  mobile  joints,  but 
the  best  results  are  usually  those  in  which  ankylosis 
exists,  and  in  these  the  patella  is  not  necessary. 

The  operation  by  the  longitudinal  incision  is  difficult 
and  tedious,  and  in  disease  fails  to  expose  all  parts  of 
the  synovial  membrane.  For  this  reason  alone,  in 
disease,  the  transverse  is  to  be  preferred  to  the  longi- 
tudinal incision.  In  some  few  cases  of  injury  with 
partial  excision  of  the  bones,  the  longitudinal  incision 
is  indicated,  but  in  the  vast  majority  of  cases  no  inci- 
sion is  so  satisfactory  as  the  transverse. 

Method  of  Operation. — Typical  excision.     The  pa- 
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tient  lies  upon  the  back,  with  the  leg  at  the  end  of 
the  table,  so  that  in  flexion  at  the  knee  the  foot  may 
rest  on  the  taljle.  The  surgeon  stands  upon  the  side 
to  be  operated.  One  assistant,  opposite  the  surgeon, 
manages  the  thigh,  another  manages  the  leg.  A  third 
manages  the  sponging,  etc.  During  the  skin  incision, 
the  leg  is  held  firmly  flexed  upon  the  thigh.  The 
incision,  at  first  involving  the  skin  and  subcutaneous 
tissue,  passes  from  the  condyle  of  one  side  to  that 
of  the  other  in  a  broad  curve,  which  crosses  the 
ligamentum  patella?  midway  between  the  tvibercle 
of  the  til)ia  and  the  lower  margin  of  the  patella  (Fig. 
2l'0»).  This  incision  avoids  injuring  the  saphena 
magna  vein  and  the  internal  saphenous  ner\'e,  as  it 
approaches  the  internal  condyle.  The  flap  marked 
out  is  dissected  from  the  capsule  and  the  patella  and 
is  reflected  above  the  upper  border  of  the  patella.  An 
oval-shaped  piece  of  the  anterior  capsule,  including 
the  patella  and  the  synovial  membrane,  is  now  excised 
by  two  incisions  passing  from  the  posterior  borders 
of  each  lateral  ligament  across  the  upper  and  lower 
extremities  of  the  patella.  With  the  removal  of  this 
piece  the  joint  is  fully  exposed.  This  is  the  method 
of  procedure  in  non-tuberculous  processes,  in  injuries, 
and  in  deformities,  where  the  ultimate  aim  is  an- 
kylosis. In  tuberculosis  Kocher's  suggestion  is  the 
proper  one.  After  reflection  of  the  skin  and  subcu- 
taneous tissue  as  above,  an  incision  is  carried  through 
the  lateral  ligaments,  the  fascia  of  the  vasti  muscles, 
and  the  quadriceps  tendon  in  a  curve  above  the  pa- 
tella down  to  but  not  through  the  synovial  mem- 
brane. The  flap  above  is  cleared  from  the  synovial 
membrane  until  the  attachment  of  the  latter  to  the 
femoral  articular  cartilage  is  reached.  In  like  manner, 
the  flap  below  is  separated  from  the  synovial  membrane  i 
as  far  as  the  latter's  attachment  to  the  tibia,  the 
ligamentum  patellae  being  divided  at  its  attachment 
to  the  patella.  Thus  the  tuberculous  synovial  mem- 
brane, together  with  the  patella,  is  removed  in  one  i 
piece.  Whichever  way  one  has  proceeded  the  joint  I 
is  now  open  and  the  crucial  ligaments  are  seen.  With  i 
increased  flexion  by  the  assistant,  the  crucial  ligaments 
are  rendered  more  evident  and  the  division  of  the 
anterior  and  then  the  posterior  close  to  the  femur  is 
made.  The  leg  now  hangs  loosely  upon  the  femur. 
It  is  flexed  to  a  right  angle,  witli  the  foot  resting 
upon  the  table  and  the  femur  rai.sed.  In  this  position 
the  femur  is  cleared  of  its  soft  parts — including  the 
periosteum  if  desired  and  if  indicated  by  the  local 
condition — up  to  the  line  of  intended  section.  The 
popliteal  space  is  protected  by  a  broad  retractor  and 
the  bone  is  sawed  with  a  solid-bladed  saw.  The  plane 
of  section  is  sagitally  at  right  angles  to  the  axis  of  the 
femur.  Frontally  it  is  parallel  to  the  plane  of  the 
articular  surfaces  of  the  condyles.  This  is  in  "a  plane 
which,  as  regards  the  axis  of  the  femur,  is  oblique  from 
behind  forward,  from  below  upward,  and  from  within 
outward"  (Ashhiu'st).  The  importance  of  a  correct 
line  of  section  of  the  femoral  condyles  cannot  be 
overemphasized. 

The  tibia  is  now  pulled  forward  while  the  foot  still 
rests  upon  the  table.  The  popliteal  tissues  are  put 
upon  the  stretch  and  brought  into  a  lower  plane  than 
the  articular  surface  of  the  tibia.  This  is  exaggerated 
by  freeing  the  tibia  posteriorly  where  the  ligament  of 
Win.slow  is  attached.  The  tibia  is  now  held  firmly 
in  this  position  and  is  cleared  of  all  tissues  to  the  line 
of  bone  section.  It  is  sawed  at  right  angles  to  the  a.^is 
of  its  shaft.  The  section  in  the  bones  is  in  the  young  1 
always  within  the  epiphyseal  line;  in  the  adult,  the  I 
section  is  made  as  often  extraepiphyseally. 

The  tissues  in  the  popliteal  space  are  in  no  danger, 
since  they  are  placecl  at  a  lower  level  than  the  bone 
section,  owing  to  the  traction  upon  the  .leg  held  in 
the  vertical  position.  In  non-tuberculous  cases  and 
in  cases  of  deformity,  the  synovial  membrane  is  now 
dissected  from  the  bones  and  the  capsule.  It  is  usual 
to  begin  with  that  above  the  femur  and  beneath  the 
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quadriceps  tendon.  This  with  tlio  bursa  is  removed 
as  a  continuous  membrane  and  can  in  almost  all 
instances,  except  where  disease  has  advanced  beyond 
its  limits,  be  removed  without  further  incisions.  In 
the  more  extensive  cases  a  vertical  incision  nuist  be 
added  to  the  transverse  one.  So  infrequently  is  this 
the  case  and  so  thoroughly  can  one,  by  mean's  of  this 
additional  incision,  approach  without  excessive  injury 
the  space  beneath  the  vasti  and  tiuadriceps  muscles, 
that  all  incisions  with  their  curve  upward  (Ilahn), 
which  are  designed  more  fully  to  expose  this  region^ 
may  be  rejected. 

The  advantages  obtained  by  this  method  of  proce- 
dure are,  taken  all  in  all,  more  "than  those  derived  from 
incisions  destined  to  expose  the  space  beneath  the 
quadriceps  muscle  at  the  expense  of  the  rest.  The 
areas  next  in  importance  are  the  immediate  neighbor- 
hood of  the  tibia  and  the  popliteal  space.  The 
Bynovial  membrane  about  the  sides  and  front  of  the 
tibia  and  the  adjacent  synovial  membrane  are  now 
removed,  including  the  bursa  beneath  the  ligamentum 
patelliE.  At  this  stage  an  assistant  places  his  hand 
in  the  angle  formed  by  the  tibia  and  femur,  and  by 
pushing  apart  these  bones  puts  the  tissues  in  the  pop"- 
liteal  space  upon  the  stretch,  which  renders  the  re- 
moval of  the  bursa?  already  referred  4o  an  easier 
matter  than  when  their  tissue  is  not  firmly  stretched. 
If  removal  of  the  disease  in  the  rest  of  this  region  is 
now  undertaken  and  if  sinuses  exi.st  here,  it  is  best 
to  locate  first  the  position  of  the  artery  and  vein  and 
then  to  proceed  to  the  removal  of  the  diseased  parts. 
Providing  the  excision  has  been  an  extensive  one,  it 
is  well  at  this  time  to  remove  the  Esmarch  bandage 
and  to  tie  the  articular,  the  anastomotica  magna, 
and  the  recurrent  tibial  arteries.  All  hemorrhage 
from  the  bones  stops  when  they  are  apposed.  If  the 
operation  has  not  been  so  extensive,  then  in  all  prolja- 
bility  these  vessels  have  not  been  cut  or  at  most 
only  one  or  two  of  them;  under  these  circum.stanccs 
it  is  not  necessary  to  remove  the  Esmarch  bandage, 
but  to  rely  entirely  upon  the  firm  dressing  and  the 
elevation  of  the  limb  for  controlling  the  hemorrhage. 
Two  openings  are  now  drilled  in  the  femur  and  in 
the  tibia,  and  through  them  are  passed  large-sized 
chromicized  catgut  sutures,  which,  after  the  popliteal 
tissues  are  held  away  from  the  bones  and  after  the 
bones  are  apposed,  are  tied  tightly.  These  .stitches 
are  not  for  the  purpose  of  holding  the  bones  after  the 
operation  is  completed  but  rather  at  the  time  of  apply- 
ing the  primary  dressing.  They  enable  the  assist- 
ants to  feel  that  the  bones  remain  in  silu  and  have 
not  slipped  from  their  original  position.  Complete 
reliance  is  placed  upon  the  dressing  for  holding  the 
bones  in  position.  This  is  true  of  adults  b>it  in  the 
case  of  children  the  employment  of  metallic  sutures 
like  silver  wire,  as  originally  suggested  by  Gordon 
Buck  may  be  occasionally  advantageous. 

If  large  sections  of  the  femur  and  tiliia  have  been 
removed  a  piece  of  the  circumference  of  the  femur  may 
be  sawed  out  and  transplanted  to  the  space  between  the 
tibia  and  femur,  as  in  a  flap  operation  upon  the  soft 
parts.  Sykow  was  successful  in  one  case  in  preventing 
shortening  and  in  having  the  consolidation  of  the  liml) 
perfect  in  three  months.  His  success  may  well  be 
imitated  in  suitable  cases. 

After  the  suture  of  the  bones  the  capsule,  the  liga- 
mentum patelkr,  and  the  tendon  of  the  quadricejis 
femoris  are  united  with  catgut.  For  the  tendon  and 
the  ligament  u.se  chromicized  catgut,  which  lasts 
from  fourteen  to  twenty  days;  for  the  capsule,  use 
simple  catgut.  The  skin  is"  sutured  also  with  cat- 
gut or  silkworm  gut. 

Drainage  is  established  only  to  give  exit  to  the  excess 
of  blood,  so  that  the  einployment  of  Maas'  method, 
or  the  insertion  of  rubber  tissue  into  the  incision  wound, 
is  quite  sufficient. 

In  operating  upon  joints  which  are  flexed,  it  is  best  to 
straighten  them  as  much  as  possible  before  operating. 
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In  this  way  one  avoids  rcinoviii«  U>o  much  \>t>w  und 
at  the  same  time  removes  enoiiKli,  wj  that  tl..  i;--,,.^ 
in  the  popliteal  space  are  not  too  much 
This  stretching  tends  to  displace  the  fruKi,, 
by  closing  the  vessels  tends  to  produce  KiinKr4  i..  .,f  tin- 
foot  and  leg.  Tenotomy  of  the  hamstring  t<ii<l..nn 
may  be  done  with  i)rofit,  either  Ixfore  or  afUT  the 
excision,  in  certain  badly  flexed  knees. 

Hartley's  method  of  dressing  thes<-  raws  han  l)f<>n 
most  satisfactory.  It  consist.s  in  npplving  an  .v.n 
and  not  lumpy  dressing  of  gauze  from  the  ankU'  to  the 
upper  third  of  the  thigh.  I'pon  the  outer  hide  of  thin 
gauze  dressing  eight  to  twelve  thin  basH  or  white  wood 
splints  cut  in  strips  two  to  three  contiineters  wide  and 
boiled  until  they  are  not  onlv  aseptic  but  perfectly 
plialjle,  are  applied  over  the  joint  and  arc  bandaged 
quite  loo.sely  in  position.  Over  this  is  placed  a  sufTi- 
cient  cotton  dressing  which  is  fixed  with  pla»tcr-<,f- 
Paris  bandages.  This  plaster-of-Paris  i.s  not  thick; 
it  is  scarcely  more  than  two  bandages  thick  except 
where  it  covers  the  knee.  It  extends  from  the  toes 
to  the  upi)er  third  of  the  thigh.  The  limb  is  now 
placed  in  a  Volkmann's  splint,  which  can  be  su.spendcd 
or  raised  in  bed  to  the  n'tpiired  height.  No  dres.^lnK 
or  splint  holds  the  knee  so  firmly  and  without  undue 
pressure  as  does  this  combination.  The  wood  spllnt.4 
or  strips,  placed  directly  over  an  cvenlv  apjjlicd 
gauze  dressing,  can  be  trusted,  when  they  harden,  to 
render  slipjjing  of  the  bone  surfaces  inii)o'ssiblc.  The 
plaster-of-Parls  applied  outside  of  the  cotton  and  frnm 
the  toes  to  the  middle  of  the  thigh  holds  the  foot,  leg, 
and  thigh  immovable,  and  exerts  an  even  pressure 
upon  all  these  parts.  The  Volkmann's  splint  pri>- 
tects  and  sustains  the  plaster-of-Paris  dressing,  which 
on  this  account  need  not  consist  of  more  tlian  two 
thicknesses  of  bandage.  This  suffices  for  the  immodj- 
ate  dressing,  but  fixation  must  be  continued  for  a 
varying  period  after  operation.  Some  have  placed 
the  period  when  ankylosis  becomes  complete  at  two 
months  (Uiedel),  others  at  from  six  to  eight  months, 
and  still  others  at  one  year  (Hoffa).  During  this  pe- 
riod the  limb  must  be  kept  perfectly  straight,  and  for 
this  purpose  plaster-of-Paris  dressing  is  still  used  with 
perfect  satisfaction.  Windows  can  \x  made  where 
necessary  and  the  wound  kei)t  clean  and  healthy. 
The  essentials  of  a  good  splint  are  absolute  immo- 
bility of  the  limb  and,  in  some  instances,  ready  access 
to  the  wound.  There  seem  to  be  no  advantages  in 
the  How.se  or  Hodg.son  sjilints  which  are  not  found 
in  the  above  i)Iaster-of-Paris  dressing.  Almost  all 
the  splints  employed  have  the  disadvantage  of  being 
complex  and  dithcult  to  adjust.  .\ft<"r  splints  have 
been  removed,  a  leather  supjwrt  is  usually  api)lied. 
In  children  a  support  should  be  worn  for  from  two 
to  three  years. 

Results. — The  age  of  the  patient  is  important. 
The  results  are  best,  for  either  injury  or  disea.so,  l>e- 
tween  five  and  fourteen  years.  The  fourteenth  year 
is  the  best  year  of  life  for  knee  excision,  all  factors 
considered  (Holmes).  Esmarch  had  no  deaths  in 
30  cases,  V'olkmann,  no  deaths  in  20  cases.  Hahn, 
Maas,  and  Scliedc  have  had  similar  results.  In 
1898  Napalkow  reported  2G  ca.ses  operated  upon  be- 
tween seventeen  and  twenty-five  years  of  age.  with  no 
deaths.  These  statistics  for  tuberculosis  bring  the 
mortality  very  low.  The  general  mortiility  for  all 
cases  and  under  all  conditions  is  at  present  alntut  ton 
per  cent.  (Hothe.)  The  former  high  mortality  of 
7  per  cent,  for  gunshot  wounds,  40  per  cent,  for  in- 
jury, and  30  per  cent,  for  disease  is  Innng  gradually  re- 
duced by  a  better  selection  of  cases  and  an  improved 
technique. 

The  final  results  of  excisions  in  children  vip  to  the 
fourteenth  year  show  (llolTa)  that  t>  }>or  cent,  of 
failures  occur,  most  of  which  require  amputation; 
that  7  per  cent,  die  of  tulierculosis  in  other  organs  at 
a  subsequent  period;  that  .■)S.47  per  cent,  have  an 
ankylosis  in  the  straight  position,  with  neither  genu 
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valgum  nor  genu  varum ;  that  -11.53  per  cent,  have  a 
flexion  contracture  due  (1)  to  a  faulty  position  of  the 
leg  and  thigh  at  the  time  of  operation,  (2)  to  contrac- 
ture of  the  flexors  and  atrophy  of  the  quadriceps 
femoris,  and  (3)  to  the  weight  transmitted  through  the 
limb  in  faulty  position.  All  of  these  conditions  are 
avoided  by  obtaining  a  bony  ankylosis  in  the  extended 
position  before  the  limb  is  used.  Eighty-seven  per 
cent,  of  the  cases  were  permanent  cures  (54  per  cent, 
without  subsequent  fistulte,  33  per  cent,  with  fistukc 
requiring  from  one  to  twenty-one  months  to  cure). 
One  hundred  per  cent,  of  the  cases  show  some  inter- 
ference in  the  growth  of  the  limb,  yet  in  92  per  cent, 
this  is  not  greater  in  the  intraepiphyseal  excisions 
than  in  the  conservatively  treated  cases  {loc.  cil., 
p.  794).  In  8  per  cent,  of  the  cases  measured  by 
Bothe,  lengthening  had  taken  place.  The  final  results 
in  excisions  in  which  the  subjects  are  older  and  in 
which  the  operation  is  either  intra-  or  extra-epiphyseal, 
in  so[far  as  the  bone  section  is  concerned,  are :  In  opera- 
tions for  tuberculous  disease  (443  cases)  (Bothe,  I.  c). 
Healed  and  useful  limbs,  67.4  per  cent.;  incompletely 
healed,  13.7  per  cent.;  amputated,  8.8  per  cent.;  use- 
less, 17  per  cent.;  mortality,  10.1  per  cent.  In 
operations  for  gunshot  wounds.  Useful,  60  per  cent.; 
required  amputation,  24  per  cent.;  unknown,  16  per 
cent.  In  operatiotts  for  relief  of  deformity.  Perfect, 
19.5  per  cent.;  useful,  68  per  cent.;  unknown,  13.5 
per  cent. 

The  Atypical  Excision. — By  this  is  meant  the  method 
employed  by  Wright  under  the  name  of  erasion  and  by 
Volkmann  under  the  name  of  arthrectomy.  It  is  an 
operation  in  which  the  synovial  membrane  and  burss 
are  removed  entire  and  in  which  the  bone  foci  are 
gouged  out.  scraped  out,  or  chiselled  out,  while  all 
that  is  healthy  is  left  intact.  An  operation  of  this 
kind  in  more  favorable  eases  consists  of  a  synovial 
extirpation  with  the  gouging  out  of  one  or  more  small 
osseous  foci;  in  the  more  extensive  cases  it  consi.sts  of 
a  nearly  complete  removal  of  the  articular  cartilage, 
i.e.  of  an  almost  typical  excision. 

The  operative  technique  is  usually  carried  out  by  a 
transverse  incLsion  through  the  .skin,  subcutaneous 
tissue,  lateral  ligaments  and  fibrous  capsule,  down  to 
the  synovial  membrane;  reflection  of  this  flap  upward, 
and  extirpation  of  the  synovial  membrane  as  recom- 
mended by  Kocher  for  t.vpical  excisions.  It  is  now 
customary,  after  the  crucial  ligaments  are  divided  and 
the  menisci  removed,  to  examine  the  bones  carefully. 
In  order  to  determine  from  the  beginning  whether  a 
limited  destruction  of  the  articular  cartilage  will 
suffice,  or  whether  this  must  be  removed  in  greater 
part.  It  is  at  this  stage  that  it  is  determined  whether 
the  operation  is  to  be  the  erasion  or  the  intraepiphy- 
seal excision.  Provided  the  former  is  the  selection, 
the  foci  in  the  bones  are  removed  by  a  gouge  or  chisel, 
and  as  much  of  the  articular  cartilage  is  saved  as  is 
possible.  If  two-thirds  of  the  articular  surface  is 
intact,  an  attempt  to  obtain  a  movable  joint  (eighteen 
per  cent,  in  seventy  cases,  Maudry),  should  be  made, 
and  after  dissecting  away  the  posterior  synovial  mem- 
brane and  the  bursae,  the  capsule,  the  ligamentum 
patellae,  and  the  skin  should  be  carefully  sutured. 
The  joint  is  subsequently  treated  as  in  fractured 
patella,  with  absolute  rest  from  four  to  six  weeks. 
If  one-half  to  two-thirds  is  removed  by  the  gouge  or 
chisel,  the  remaining  articular  cartUage  is  removed  by 
eawing  intraepiphyseally  and  an  attempt  to  obtain 
an  immediate  bony  union  in  the  extended  position  is 
made.  The  atypical  and  the  typical  intraepiphyseal 
operations  should  be  combined  in  this  manner  to 
obtain  the  best  possible  result  of  each  method. 
Kocher,  in  order  to  avoid  the  cutting  of  the  quadri- 
ceps tendon,  makes  the  usual  cui-^'ed  anterior  incLsion, 
dividing  the  skin,  subcutaneous  tissue,  and  the  fascice 
of  the  vasti  muscles.  He  then  makes  upon  each  side 
of  the  Cjuadriceps  tendon  two  vertical  incisions,  which, 
meeting  the  incision  in  the  fasciae  of  the  vasti,  form 
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two  right-angled  flaps  which  are  retracted  outward. 
The  capsule  and  synovial  membrane  are  now  cleared 
as  in  the  typical  excision,  and  are  removed  together 
with  the  menisci  and  ligamenta  alaria  (Kocher). 
The  crucial  ligaments  having  been  previously  sep- 
arated at  the  tibial  eminence,  the  femur  is  dis- 
located outward  or  inward  in  order  that  the  pos- 
terior and  posterolateral  portions  of  the  capsule  be 
rendered  accessible  for  removal.  The  condyles  are 
now  examined,  and,  if  necessary,  foci  are  removed. 
The  patella  is  at  last  turned  completely  upon  itself 
and  cleared  of  all  tuberculous  or  diseased  tissue. 

C.  P.  Flint--  has  devised  an  excision  of  knee-joint 
by  the  closed  method,  the  purpose  of  which  is  to  re- 
move the  diseased  area  of  bone  and  cartilage  without 
opening  the  mass.  He  employs  a  long  U-shaped 
incision  with  its  base  well  above  the  knee  which  ex- 
poses a  large  surface  of  the  soft  jjarts,  and  a  short 
U-shaped  incision  through  the  rectus  to  expose  the 
subcrural  bursa.  All  muscular  attachments  to  the 
femur  are  cut  through  the  lateral  incisions.  A  metal 
guard  is  slipped  behind  the  head  of  the  tibia  and  this 
bone  is  cut  through  to  the  guard  by  the  saw  with  the 
limb  extended.  The  head  of  the  bone  is  then  seized, 
the  leg  is  flexed  and  the  soft  parts  are  freed  behind 
the  joint  until  a  point  well  above  the  condyles  of  the 
femur  is  reached.  A  saw  is  introduced  and  the  femur 
is  cut  through  from  behind  forward  and  slightly  down- 
ward so  as  to  clear  the  cartilages  behind  and  to  come 
out  on  the  margin  of  the  articular  edge  in  front.  It 
is  easy  to  make  too  wide  a  section  on  the  femur  The 
saw  is  withdrawn  before  complete  section  is  accom- 
plished, but  after  the  subcrural  bursa  is  raised  the 
saw  cut  is  completed  from  the  front.  The  entire 
mass  now  may  be  removed  and  the  bones  treated  as 
after  an  ordinary  excision  by  the  open  method. 

Dr.  J.  B.  Murphy'smethodofarthropla.sty  for  anky- 
losis of  the  knee-joint"  is  done  through  a  U-shaped  in- 
cision which  commences  five 
centimeters  abov^e  and  three ) 
centimeters  to  the  outer  side  of 
the  patella,  passes  downward  to 
about  the  level  of  the  tibial  tub- 
ercle, and  then  crosses  to  the 
inner  side  to  a  corresponding 
point.  (Fig.  2207,  aa' .)  This 
incision  is  deepened  to  expose 
the  joint  capside.  On  either 
side  flaps  of  suitable  size  and  U- 
.shaped  are  raised,  to  cover  the 
articular  surfaces  of  the  femur. 
The  flap  base  is  downward  on 
the  level  of  the  articulating 
surface  of  the  tibia  and  the 
convexity  is  upward.  Each 
flap  consists  of  the  lateral  por- 
tions of  the  capsule,  fascia, 
and  fat.  The  patella  is  next 
detached  and  displaced  later- 
ally in  order  to  expose  the  joint. 
The  cause  of  the  ankylosis  is 
now  determined  and  carefully 
removed.  If  it  is  a  simple 
fibrous  ankylosis  the  use  of  a  heavy  knife  suffices  to 
loosen  the  joint,  but  great  precautions  are  taken 
to  preserve  intact  the  intercondyloid  ridge  of  the 
tibia,  to  prevent  suljsequent  slipping  of  the  femur 
from  side  to  side.  If  the  ankylosis  is  osseous,  chisels 
are  used,  both  straight  and  curved,  and  if  the 
ankylosis  is  at  a  right  angle  it  may  be  necessary  to 
remove  considerable  bone  before  the  limb  can  be 
brought  to  a  straight  line.  Under  this  circumstance 
all  of  the  bone  is  removed  from  the  femur  and  none 
from  the  tibia,  and  the  end  of  the  cut  femur  is  re- 
shaped as  far  as  possible,  especially  creating  a  new 
intercondyloid  notch.  The  posterior  portion  of  the 
capsule  is  avoided  under  all  circumstances. 

The  inner  capsule-fascia-fat  flap  is  sutured  to  the 


Fig.  2207. 


REFEREXCE    HANDBOOK   OF    THE    MEDICAL   SCIENCES 


Kirltloni 


crucial  ligament  behind  in  such  a  way  as  to  he  inter- 
posed between  the  articulating  surfaces  of  the  inner 
condyle  of  the  femur  and  the  inner  tuberosity  of  the 
tibia.  The  outer  flap  is  similarly  sutured  in  place  over 
the  external  condyle  and  is  carried  far  enough  back 
to  overlap  the  inner  'flap  in  the  joint.  For  sutures 
Murphy  uses  very  fine  phosphor-bronze  wire,  size  12, 
and  finds  it  flexible  and  not  irritating.  In  order  to 
prevent  the  patella  uniting  to  the  condyles  by  fibrous 
union  a  flap  is  taken  from  the  vastus  internus  and 
sutured  in  place  beneath  it  while  the  remnant  of  the 
vastus  internus  is  used  to  fix  the  patella  in  place 
against  outward  displacement.  If  there  is  much  relax- 
ation the  patella  is  completely  turned  over,  thereby 
giving  an  additional  leverage  to  the  quadriceps,  as 
well  as  furnishing  a  smooth  surface  that  will  not  unite 
to  the  femoral  condyles. 

With  respect  to  the  technique  of  the  early  stages 
of  this  operation.  Murphy  makes  few  modifications 
if  any,  but  he  disposes  of  the  patella  by  several 
methods,  depending  on  the  case.  For  instance,  flaps 
from  the  vastus  internus  and  vastus  externus  may  be 
placed  under  the  patella.  Sometimes  the  patella  is 
split  into  two  parts  from  above  downward,  and  then 
the  upper  half  is  turned  under  the  lower  half,  bringing 
the  aponeurotic  surface  next  to  the  femur.  Again, 
the  vastus  internus  and  vastus  externus  attachments 
may  be  freed  for  a  distance  of  five  centimeters  above 
and  below  the  patella,  which  is  dislocated  from  side 
to  side  during  the  operation.  When  the  interposing 
flaps  are  in  place  the  patella  is  rotated  ISO  degrees 
and  the  vastus  internus  and  externus  are  sutured 
to  the  opposite  sides  of  the  patella  from  which  they 
were  freed.  Or,  finally,  a  free  fascial  graft  may  be 
taken  from  the  fascia  lata  and  used  to  cover  the  con- 
dyles of  the  femur  and  the  under  surface  of  the  patella, 
without  rotation  of  the  latter. 

In  suturing  care  is  taken  to  avoid  tension.  The 
limb  is  placed  in  a  wire  splint  or  a  moulded  plaster-of- 
Paris  splint,  Buck's  extension  is  used,  and  the  foot 
raised.  Massage  and  passive  exercise  are  commenced 
early  and  a  knee  support  is  worn  for  several  months. 

Success  depends  upon  the  most  absolute  asepsis, 
upon  the  integrity  of  the  circulation,  upon  the  accur- 
acy with  which  the  normal  relations  are  preserved  or 
reconstructed,  especially  the  intercondyloid  ridge 
and  notch,  and  upon  a  methodical  anci  persistent 
after-treatment.  In  some  cases,  otherwise  showing 
good  or  fair  mobility,  there  has  been  lamentable 
lateral  weakness  of  the  knee-joint;  in  practically  all 
cases  there  is  a  rather  extraordinary  amount  of  pain 
after  operation;  and,  finally,  it  must  be  borne  in  mind 
that  this  procedure  is  not  entirely  devoid  of  risk  to 

Excision  of  the  Patella. — Primary  disease  of  this  bone 
is  not  uncommon  and  may  demand  excision  or  resec- 
tion. Resection  is  usually  done  for  necrosis  and  par- 
takes of  the  nature  of  a  sequestrotomy.  Excision  in- 
volves opening  the  knee-joint,  and  therefore  all  precau- 
tions against  infection  must  be  taken.  As  the  patella 
is  practically  a  sesamoid  bone  developed  in  the  tendon 
of  the  quadriceps  extensor  muscle,  it  is  simply  shelled 
out  of  that  structure  through  a  longitudinal  incision. 
The  knife  passes  directly  to  the  bone  and  by  means  of 
the  sharp  rugine  and  periosteal  elevator,  the  quadriceps 
aponeurosis  and  periosteum  are  separated,  and  then  the 
pateDa  is  loosened  from  the  anterior  wall  of  the  capsule 
and  removed.  The  cut  edges  of  the  capsule  are  sut- 
ured longitudinally  by  chromicised  catgut,  the  split 
quadriceps  similarly  sutured,  the  wound  closed,  and 
the  limb  dressed  in  extension.  Recovery  should  be 
prompt  and  the  extensor  apparatus  should  be  little, 
if  at  aO,  impaired. 

Excision  of  the  I^muh. — In  dealing  with  the  femur 
it  must  be  remembered  that  it  is  the  most  importan 
of  the  long  bones  of  the  body  because  it  is  concernet 
■with  the  functions  of  weight^bearing  in  the  standing 


posture  and  with  locomotion.  IleiiiK  a  Hingle  Uine, 
it  has  not  the  advantage  <if  a  natural  oplint  whfn 
injured  or  di.seased,  a«  both  tlie  fibula  and  the  tibia 
have,  .so  that  because  of  its  own  size,  an  well  an  of  tho 

size,  wx'ight,  and  importance  of  the  limb  it  - 

and  becau.se  of  its  proxii'iiity  Ut  the  trunk,  wl., 
a  greater  degree  of  shock, "opcrationM  upon  t: 
must  be  undertaken  with  a  greatt-r  i«-n«e  of  rvHixmxt- 
bility  than  those  upon  the  other  long  boncH.  Tho 
teaching  up  to  twenty  years  agrj  wan  tliat,  except  in 
cases  of  osteomyelitis  where  limited  M-quextrotomy 
sufficed,  amputation  of  the  lr>wer  extremitv  t<hould  In? 
performed.  It  is  hard  to  realize  how  liianv  limbs 
have  been  saved  by  modern  methods  in  bone  work  and 
by  advances  in  bone  pathology,  an  in.stanced  bv  the 
tendency  to  ablat<;  or  resect  inHt<>ad  of  aniputaU-  in 
sarcoma  of  the  femur.  While  in  a  small  wries  of  cano* 
excision  (total  removal)  of  the  femur  Mubi<orioirt<>allv 
performed,  and  especially  in  the  young,  ha«  Ijocn 
followed  by  reformation  of  bone  with  complete  or 
incomplete'  restoration  of  function,  vet  it  is  bv  re- 
section (j)artial  removal)  that  most  limbs  liave 
been  saved,  particularly  by  the  use  of  bone  trans- 
plants. 

The  incision  for  excision  begins  above  at  the  base  of 
the  great  trochanter,  enters  the  groove  Ijotween  the 
biceps  behind  and  the  vastus  externus  iK-fore,  and 
follows  it  to  terminate  at  the  external  condyle  l)olow. 
(Fig.  22();{,  a,  h.)  The  bone  is  reached  bv  pastiing 
through  this  intermuscular  plane,  and  is  dealt  with 
as  in  excision  of  any  other  long  bone.  Fixation  and 
extension  are  most  important  aft<T  operation. 

The  incision  for  resection  is  made  along  part  of  the 
course  of  that  for  excision. 

Excision-  of  the  Hip-joint. — This  operation  was 
first  performed  by  Whyte  for  deformity  in  1S18,  for 
disease  by  Hew.son  in  1822  or  by  Brodie  in  1830,  and 
for  gunshot  injury  by  Oppenheim  in  1829.  The 
excisions  are  classed  as  complete  when  the  acetabulum 
is  partially  removed  together  with  the  femur;  as 
partial  when  only  the  femur  or  the  acetabulum  ia 
removed.  They  arc  typical  or  atypical,  according  to 
the  modifications  in  the  method  of  approach  and  the 
manner  of  attacking  osseous  ti.ssue. 
The  indications  for  the  operation  are: 

1.  Gunshot  wounds,  where  partial  and  atypical 
excisions  rather  than  typical  and  complete  methods  are 
undoubtedly  indicated.  With  the  new  projectile), 
conservative  methods  rather  than  operative  should  Ix! 
employed  miless  the  o])erative  interference  is  con- 
fined to  a  correction  tending  to  production  of  tjcttor 
wound  healing. 

2.  Tuberculosis,  where  operative  procedure  is  not 
to  be  delayed,  and  more  conservative  incisures  fail. 

3.  Deformities  from  injury  or  disease.  Here  partial 
or  complete  excisions  are  alone  indicated  when  ost<"- 
otomy  cannot  correct. 

4.  bid  dislocations  from  disease  or  traumatism, 
where  partial  operations  are  quite  sufficient. 

5.  Intraca|)sular  fracture  of  the  neck  of  the  femur 
followed  by  disability  and  pain.  Here  the  partial 
excision  confined  to  the  femur  is  beneficial.  To  drive 
a  nail  through  the  trochanter  into  the  femoral  head 
generally  accomplishes  the  sjime  purpose, 

6.  In  dislocation  of  the  head  and  fracture  of  the 
neck  of  the  femur.  Here  removal  of  the  dislocated 
head  is  sufficient. 

7.  Congenital  dislocations  in  adult*  which  have 
failed  of  reduction  bv  manipulation.  (Lorcni  and 
Iloffa.) 

S.  In  acute  infectious  arthritis.  Here  arthrotomy 
rather  than  excision  will  be  found  to  !«  more  l>ene- 
ticial.  In  modern  practice  cxten.sion  with  aspira- 
tion, and  injection  of  two  per  cent.  s.ilutiT>n  of  for- 
malin in  glycerin,  after  the  method  of  Murjjhy,  is 
recommended. 

JicsuUs. — The   mortality   of  excisions  for  gunshot 
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wounds  is,  according  to  Culbertson,  89.07  per  cent., 
while  according  to  Ciurlt  it  is  88.23  per  cent.  Ciurlt 
classifies  this  mortality  as  follows:  92. 08  per  cent,  for 
primary  excisions;  94  per  cent,  for  intermediary  exci- 
sions; 89.39  iKT  cent,  for  secondary  excisions;  00  per 
cent,  for  late  excisions.  Otis  gives  a  mortality  of 
90.9  per  cent,  in  the  primary  excisions,  while  similar 
cases  treated  conservatively  give  98.8  per  cent.,  and 
by  exarticulation  83.3  per  cent. 

The  mortality  for  di.sease  is  low.  Culbertson  gives 
44.8  per  cent.,  of  which  G.93  per  cent,  represented 
deaths  from  oiieration  directly,  leaving  37.89  per  cent, 
for  deaths  from  the  di.sease  and  its  complications. 
Grosch  gives  a  mortality,  in  120  cases  of  tuberculosis 
treated  ascpticall.v  and  observed  to  the  end,  of 
36.7  per  cent.,  which,  compared  with  the  results  of 
Culbertson  in  pre-anti.septic  times,  shows  that  the 
cases  dying  from  operation  have  been  excluded  l)y 
the  present  methods  of  operation,  but  that  the  deaths 
from  the  disease  have  not  been  diminished.  Nor  can 
it  be  said  that  the  time  of  after-treatment  is  shortened, 
nor  is  the  functional  result  better.  These  statistics 
include  only  cases  operated  upon  late  in  the  disease. 
The  results  of  the  operative  treatment  are  better  in 
proportion  as  the  operation  is  early  performed,  and 
better  in  children  than  in  adults.  The  mortality 
in  the  first  stage,  i.e.  in  the  stage  in  which  the  changes 
in  the  joint  are  slight  and  in  which  sinuses  have  not 
formed,  is  nil.  The  mortality  in  the  second  stage,  i.e. 
in  the  stage  in  which  fistula'  have  formed  and  pus  is 
present,  is  24.1  per  cent.  The  mortality  in  the  third 
stage,  i.e.  in  the  stage  in  which  the  patients  are 
already  debilitated  by  long-standing  sujjpuration  and 
fistuliF,  is  67.5  per  cent.  Two-thirds  of  the  deaths 
following  operation  are  due  to  general  tuberculosis  or 
tuberculosis  of  other  organs;  one-third  is  due  to  septic 
infection,  suppuration,  and  amyloid  degeneration 
(Bruns).  The  mortality  at  present  is  in  the  neigh- 
borhood of  five  per  cent.  (Wright,  3  :  100). 

Functional  Results. — Baehr  reports  44  case  sof  exci- 
sion which  were  able  to  walk:  S  with  perfect  motion, 
18  per  cent.;  23  with  restricted  motion,  52  per  cent.; 
11  with  ankylosis,  25  per  cent.;  1  with  a  flail  joint, 
2.5  per  cent.  Baehr  also  found  that  excision  of  the 
head  alone  gave  0.9  centimeters  shortening;  of  the 
head  and  neck,  1.5  centimeters.  Subtrochanteric 
section  gave  a  shortening  of  4  centimeters.  His 
views  substantiate  Riedel's,  namely,  that  the  early 
excisions  give  less  shortening  than  the  continuance  of 
the  disease  will  give,  and  that  motion  in  the  joint  is 
equally  good  or  better.  Mauninger  gives  the  statis- 
tics of  41  cases  carefully  ob.served.  The  shortest  time 
during  which  a  patient  was  kept  under  observation 
after  operation  was  one  year  and  sLx  months.  The 
following  are  the  classified  results:  41.02  per  cent, 
were  healed  without  fistula';  17.07  per  cent,  were 
healed  after  treatment  for  fistulse  or  after  subsequent 
operations;  9.75  per  cent,  were  healed,  but  now  and 
then  a  fistula  would  open  and  close.  The  general 
health  of  these  patients  was  good.  In  67.84  per  cent, 
the  results  were  good.  In  11.19  per  cent,  of  the  cases 
the  health  was  bad,  and  the  wounds  suppiu'ated  pro- 
fusely; 21.95  per  cent  of  the  patients  died.  The  re- 
sults were  bad  in  33.14  per  cent,  of  the  cases.  Of  the 
deaths  (21.95  per  cent.),  1  was  due  to  fat  emboli  in 
the  lungs.  In  about  10  per  cent,  thecause  was  miliary 
tuberculosis,  which  followed  the  operation  in  from 
one  to  five  months,  and  the  development  of  which  was 
probably  hastened  by  the  operation.  In  another  10 
per  cent,  of  the  cases  death  was  due  to  tuberculosis 
of  internal  organs,  the  disease  developing  from  one 
to  ten  years  after  the  operation. 

Functional  results  in  these  cases  must  be  considered 
with  reference  to  the  condition  of  the  extremity  at  the 
time  of  operation.  In  no  case  had  the  disease  in  the 
hip  lasted  less  than  two  and  three-fourths  years,  so 
that  the  operation  had  to  deal  with  (1)  the  .shortening 
of  the  extremity  due  to  an  atrophy  from  inaction — 
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4  to  8  centimeters;  (2)  slipping  upward  of  the  head 
of  the  fcnuir  upon  the  ilium — 2  to  3  centimeters;  (3) 
contracture  of  the  soft  parts  (muscles,  etc.),  usually 
a  flexion-contracture  of  thirty  degrees  and  an  adduc- 
tion-contracture  of  twenty  degrees;  (4)  atrophy  of 
the  musculature  of  the  pelvis  and  femur.  Yet,  in 
spite  of  this  condition  of  affairs,  in  50  per  cent,  of 
the  cases  in  which  good  results  were  obtained  good 
motion  was  present;  in  .50  per  cent,  of  these  cases  a 
cane  with  or  without  a  high  shoe  was  used  in  walking. 
With  the  exception  of  one  case,  all  limped  more  or 
less;  i.e.  most  patients  walked  from  two  to  four  hours 
without  pain  or  special  fatigue.  All  followed  their 
vocations.  In  50  per  cent,  their  general  health  was 
good;  in  50  per  cent,  it  was  very  good.  With  the 
exception  of  one  ease  in  which  multiple  caries  existed, 
no  case  was  suspected  of  having  tuberculosis  in  other 
organs.  Mauninger  collected,  in  addition  to  these 
cases,  304  ca.ses  which  were  operated  in  the  aseptic 
period  of  surgery.  Permanent  healing  took  place  in 
65.8  per  cent.  The  mortality  was  17.4  per  cent. 
The  question  to-da_v  is  whether  conservative  treat- 
ment will  give  as  good  or  better  results  than  the 
operation. 

The  statistics  of  Gibney,  Waterman,  and  Reynolds," 
of  114  cases  examined  five  years  and  upward  after 
leaving  the  ho.spital,  show  that  107  were  cured  and 
able  to  follow  an  occupation  without  trouble;  7  cases 
were  cured,  but  with  considerable  deformity,  for  which 
osteotomy  or  excision  was  done.  About  i4  per  cent, 
showed  perfect  motion,  20.5  per  cent,  good  motion, 
38  per  cent,  limited  motion,  and  no  motion  in  about 
8  per  cent.  Shortening  of  the  limb  averaged  1.75  in. 
(4  centimeters)  in  all  the  cases  except  in  21  in  which 
it  was  absent,  i.e.  19.5  per  cent. 

The  statistics  of  Mauninger,  obtained  for  the  con- 
servatively treated  cases,  give  the  following  results 
as  regards  the  cures  and  deaths:  purulent  ca.ses,  27.1 
per  cent,  healed,  4S.8  per  cent,  mortality;  non-puru- 
lent cases,  74.2  per  cent,  healed,  16.5  per  cent. 
mortality. 

The  results  of  conservative  treatment  are,  therefore, 
with  reference  to  mortality,  no  better  than  those  ob- 
tained by  the  operative  method,  for  even  if  the  cases 
of  death  due  to  operation  alone  or  induced  by  the 
operation  be  included,  still  the  operative  cures  present 
a  mortality  of  only  17.4  per  cent,  as  against  16.5  per 
cent,  in  the  non-suppurative  cases  and  48.8  per  cent, 
in  the  suppurative  cases  treated  conservatively.  If 
in  this  comparison  cases  be  deducted  in  which  the 
disease  is  attacked  early  before  suppuration  exists,  the 
mortality  ranges  from  0  (Bruns)  to  3  per  cent. 
(Wright) — a  result  far  superior  to  that  shown  by  the 
statistics  of  the  cases  treated  conservatively,  and  even 
better  than  the  results  obtained  by  Gibney  (8.8  per 
cent.)  or  by  Marsh  (6  to  8  per  cent.)  for  the  conserva- 
tive treatment. 

The  functional  results  are  quite  as  good — perfect 
motion  being  obtained  in  18  per  cent,  of  the  operative 
cases  (Baehr),  in  14  per  cent,  of  the  conservative 
(Gibney,  et  al.).  Even  in  the  cases  reported  by  Mau- 
ninger, operated  after  two  and  three-fourths  years  of 
the  disea.se,  67  per  cent,  were  good  results;  one-half  of 
these  patients  had  motion  and  one-half  walked  with 
a  cane.  All  could  follow  their  vocations.  These 
excellent  results  obtained  by  both  methods  of  treat- 
ment depend  much  upon  two  factors.  In  the  first 
place,  in  the  conservatively  treated,  some  cases  of 
restitutio  ad  integrum  are  due  to  the  fact  that  the  dis- 
ease was  non-tuberculous  (Karewski).  Again,  in  the 
cases  treated  by  operation  much  will  depend  upon  the 
time  at  which  the  operation  is  performed.  Opera- 
tions are  not  to  be  performed  because  conservative 
treatment  has  failed,  but  at  an  early  stage  when 
fistuloe  and  .suppuration  are  not  present,  or,  if  they 
are  present,  only  to  a  small  extent. 

The  shortening  in  the  limb  is  less  by  the  operative 
treatment  than  b)-  the  conservative  treatment.     In 
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the  older  cases  the  average  shortening  from  operative 
procedures  is  not  increased  over  tliat  wliich  is  present 
at  the  time  of  operation  and  wliich  is  due  to  the 
atrophy  of  inaction,  the  slipping  upward  of  the  head 
of  the  femur,  and  the  contracture  of  the  limb.  In  the 
early  cases, the  statistics  of  Baehr  show  that  shortening 
for  any  section  made  on  a  line  situated  higher  u]) 
than  below  the  trochanter  is  very  slight  (0.9  to  1..5 
centimeters),  while  average  short4?ning  in  the  con- 
Bervative  treatment  is  4  centimeters,  with  19  jjer 
cent,  of  the  cases  showing  practically  no  shortening 
(Gibney),  i.e.  less  than  one-half  incli  or  1.2.5  centi- 
meters. Operation  should  be  carried  out  as  soon  as 
it  is  clear  that  conservative  measures  cannot  prevent 
suppuration.  An  excision  is  indicated  so  .soon  as 
suppuration  exists  in  the  joint  and  before  fistula;  are 
present  (Konig). 

In  the  wealthy  class,  where  long-continued  mechan- 
ical treatment  can  be  carried  out  and  where  iodoform 
injections  can  be  made  as  indicated,  suppuration  can 
oftentimes  be  prevented  and  a  result  obtained  which, 
as  we  have  seen,  gives  perfect  motion  in  fourteen  per 
cent.  of  the  cases.  In  the  poorer  class,  who  cannot 
afford  or  will  not  carry  out  this  long-continued  me- 
chanical treatment,  suppuration  is  more  frequent,  the 
deformity  is  greater,  and  the  destruction  of  the  bones 
is  more  marked  than  is  the  case  in  those  who  have 
been  able  to  command  mechanical  treatment  and  have 
followed  it  faithfully.  In  these  latter  cases  operative 
treatment  is  frequently  indicated  and  will  give  results 
superior  to  those  offered  by  the  conservative  treat- 
ment, both  in  respect  to  function  and  in  respect  to 
mortalitv.  when  like  degrees  of  disease  are  compared. 
Anatomy. — The  hip-joint  is  deeply  placed  and  is 
immediately  surrounded  by  the  psoas  and  iliacus  mus- 
cles before;  by  the  quadratus  femoris,  the  obturator 
Internus,  the  gemelli,  and  the  pyriformis  behind;  by 
the  gluteus  medius,  gluteus  minimus,  and  rectus 
femoris  externally;  and  finally  by  the  pectincus  and 
obturator  externus  internally.  Beneath  these  mus- 
cles is  the  thick  capsule,  the  auxiliary  bands  of  which 
are  the  iliofemoral,  the  pectineofemoral,  and  the  ischio- 
femoral, the  border  of  which  latter  is  known  as  the 
zona  orbicularis.  Between  the  ilio-  and  ischiofemoral 
bands  the  capsule  is  strong;  opposite  the  lower  and 
back  part  of  the  femoral  neck  and  opposite  the  coty- 
loid notch  it  is  thin.  Within  the  joint  is  the  liga- 
mentum  t<?res,  a  round  band  extending  from  the  ace- 
tabular notch  to  the  depression  in  the  head  of  the 
femur.  The  cotyloid  filjrocartilage  and  the  trans- 
verse ligament  complete  the  ligamentous  structures. 
The  synovial  membrane  lines  the  capsule  and  pas.ses 
over  the  border  of  the  acetabulum  to  cover  the  round 
ligament.  The  bursae  are  numerous  and  of  frequent 
occurrence;  upon  the  outer  and  anterior  surifaces 
there  are  five,  while  upon  the  posterior  surface  there 
are  four. 

The  bones  consist  of  the  innominate  and  the  femur. 
The  former  contains  the  acetabulum,  a  hemispherical 
cavity  which  receives  the  femur.  The  latter  presents 
a  rounded  head  and  a  neck,  which  is  long  and 
joins  the  shaft  obliquely,  i.e.  at  an  angle  of  12.5  degrees. 
Ossification  occurs  in  the  head  of  the  femur  and  in  the 
greater  and  lesser  trochanters,  respectively,  at  the 
first,  fourth,  and  thirteenth  years.  They  join  the 
shaft  in  the  reverse  order  at  the  eighteenth,  eighteenth 
and  a  half,  and  nineteenth  years.  The  acetabulum 
ossifies  at  the  sixth  year  from  the  Y-shaped  cartilage 
occupying  its  center.  At  the  fourteenth  the  ilium 
and  ischium  unite  with  the  acetabulum.  The  pubis 
does  so  at  the  fifteenth  year.  Ossification  is  completed 
in  the  acetabulum  at  the  seventeenth  year. 

Owing  to  the  obliquity  and  the  length  of  the  neck  of 
the  femur,  the  muscular  attachments  to  the  bony 
prominences  have  great  leverage,  and  a  wide  range  of 
motion  is  possible.  When  the  head  is  removed  these 
muscles  tend  to  draw  the  femur  upward  unless  the  neck 
is   engaged   in    the   acetabular   cavity.     If  the  neck 
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13  also  removed,  abduction  and  roUtion  of  the 
femur  are  lost.  Contraction  of  all  muittleii  pan 
sHig  between  the  pelvis  and  the  femur  cau«-H  the 
femur  to  ascend,  which  ascent  i.s  limiu-d  onlv  by 
the  tension  of  the  capsule.  The  «hort<-niiiK,  t'lien 
in  any  excision  will  deoi-nd  upon:  (1;  The  Ions  of  the 
epiphy.seal  cartilage,  rhisisslight.  (2)  The  mi,.,iitil 
of  bone  removed.  (.3;  The  muscular  di.Mpla.cm.nt 
of  the  femur.  (4)  The  atrophv  of  the  limb  from 
disu.se.  This  shortening  is  partlv  corrccu-d  by  the 
inclination  of  the  pelvis  on  the  side  ofK-ratod.  The 
object  to  be  acquired  in  an  excision  is  a  ncarthroaia 
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or  a  tight  pseudarthrosis.  They  give  the  best  results 
in  walking.  To  obtain  either,  the  neck  must  l)C 
retained  in  the  acetabulum  or  in  apposition  with  the 
bone  at  this  level,  and  not  allowed  to  ascend.  Owing 
to  the  inclination  of  the  pelvis  ixtier  shortening,  the 
femur  must  be  retained  slightly  flexed  and  al)ducted 
upon  the  pelvis.  The  main  points,  then,  are  to 
preserve  the  greatest  po.ssilile  length,  to  obtain  a  stable, 
slightly  mobile  union  with  the  acetabulum,  and,  lastly, 
to  preserve  the  proper  position  in  the  limb. 

Slelhods. — The  hip-joint  has  been  removed  by 
several  methods  of  incision.  1.  By  the  external  in- 
cision. Fir.st  proposed  by  Charles  White  in  1760, 
and  modified  by  Langenbeck  in  lSt>7.  by  Sayre  in 
1<S74,  and  still  later  by  Oilier  and  Kuchcr.  2.  By 
the  ant<>rior  incisions.  {»)  The  longitudinal;  {h\  the 
transverse.  3.  Posterior  incisions,  Ilueter;  Gui^rin, 
BidiitT.  4.  Superior  incisions,  Bardenheucr,  H. 
Schinid,   Sprengel. 

In  addition  to  these,  there  are  fmm  fifteen  to  eight- 
een other  modifications  of  these  methods  of  appro.Hch- 
ing  the  joint  (Farabccuf').  They  are  of  little  value. 
Of  these  methods  of  entering  the  joint  three  are 
selected:  1.  The  external  incision.  2.  The  anterior 
longitudinal  incision.     3.  The  superior  incision. 

1.  Operation  by  the  Eilernnl  Iiicision. — The  patient 
lies  upon  his  sound  side  with  the  thigh  flexed  upon  the 
pelvis  at  an  angle  of  forty-tive  degrt>es.  It  is  also 
rotated  inward.  One  assistant  holds  the  limb  with 
one  hand  upon  the  knee  and  the  other  upon  the  foot 
and  produces  the  required  positions  during  the  opera- 
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tion.  The  operator  stands  liehind  the  thigh  and  is 
usually  aided  by  two  assistants. 

An  incision  is  made  which  may  correspond  to  that 
of  Langenbeck,  Sayre,  Oilier,  or  Kocher.  If  Langen- 
beck's  is  selected,  it  passes  from  the  posterior  sviperior 
iliac  spine  over  the  great  trochanter  behind  its  center 
and  follows  the  axis  of  the  femur.  Two-thirds  of  this 
incision  is  above  the  trochanter,  one-third  is  below  it. 
If  Sayre's  incision  is  selected,  it  passes  from  a  point 
midway  between  the  anterior  inferior  spine  and  the 
trochanter  acro.ss  the  top  of  the  great  trochanter 
behind  the  center,  and  curves  thence  forward  and 
inward.  If  OUicr's  incision  is  selected,  we  flex  the 
thigh  on  the  pelvis  at  125  degrees.  From  a  point  four 
fingers'  breadth  behind  the  anterior  superior  spine 
and  the  same  distance  below  the  crest  of  the  ilium,  the 
incision  passes  downward  and  forward  in  the  direction 
of  the  fibers  of  the  gluteus  medius  to  the  trochanter, 
thence  forward  and  downward  in  the  axis  of  the  femur. 
If  Kocher's  incision  is  selected,  it  commences  at  a 
point  opposite  the  iipper  border  of  the  great  sciatic 
notch  in  a  line  connecting  the  posterior  superior  spine 
of  the  iliiun  and  the  center  of  the  trochanter  major, 
and  descends  parallel  to  the  fibers  of  the  gluteus 
maximus  to  the  trochanter  major  on  its  external 
surface.  From  this  point  it  bends  backward  and 
downward.  The  upper  limb  of  this  curve  is  usually 
eight  centimeters  in  length,  the  lower  six  to  eight 
centimeters.     (Fig.  220.8,  EF.) 

Of  these  incisions  Kocher's-"  is  to  be  preferred, 
because  of  the  ready  exposure  of  the  parts  which  it 
affords,  and  the  easy  access  which  it  gives  to  the  joint 
through  the  muscular  interstices,  thereby  avoiding 
the  arterial  and  nerve  supply  of  the  muscles. 
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Having  selected  the  latter  incision,  the  surgeon 
should  divide  the  skin  and  deep  fascia  and  thus  expose 
the  fibers  of  the  gluteus  maximus  in  the  upper  two- 
thirds  of  the  cut.  These  are  divided  parallel  to  their 
length  and  in  the  line  of  the  skin  incision.  Two  or 
three  branches  of  the  gluteal  artery  are  usually  cut 
here  in  their  middle.  Two  retractors  are  introduced, 
the  gluteus  medius  and  pyriformis  are  exposed  beneath 
this  muscle  internally,  while  externally  the  trochanter 
is  felt.  The  knife  "now  divides  the  strong  fascial 
attachment  of  the  gluteus  maximus,  passing  over  the 
trochanter  and  descending  in  the  interstice  between 
the  va.stus  externus  and  the  quadratus  femoris.  In 
this  incision  the  tendon  of  the  gluteus  maximus 
is  in  part  divided,  and,  this  division,   by  reason  of 
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the  resulting  retraction,  exposes  the  muscles  covering 
the  joint  behind  and  the  trochanter  in  front.  It  is 
here  that  the  external  circumflex  artery  is  sometimes 
cut.  The  interstice  between  the  pyriformis  behind 
and  below,  and  the  gluteus  medius  above  and  m  front, 
is  seen  in  the  anterior  part  of  the  exposed  area.  Below 
this  is  seen  the  interstice  between  the  pyriformis  above 
and  the  gemelli  and  obturator  internus  below.  It  is 
between  the  latter  muscles  that  the  incision  is  deep- 
ened, since  in  the  upper  retracted  fia])  will  be  the  glu- 
teus medius  and  pyriformis  sujiplied  l)y  the  superior 
gluteal  nerve,  while  in  the  lower  retracted  flap  will 
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be  the  obturator  internus  and  gemelli  supplied  by  the 
inferior  gluteal  artery.  The  joint  capsule  is  now 
expo.sed  throughout  its  length  and  should  be  divided 
by  an  incision  which  runs  parallel  to  the  axis  of  the 
neck  of  the  femur,  and  at  the  same  time  divides  the 
periosteum  of  the  neck,  the  orbicular  zone  of  the  ischio- 
femoral band,  the  capsule  and  the  circumferential 
fibrocartilage  of  the  acetabulum.  This  incision  is 
usually  sufficient  to  allow  dislocation  of  the  head  of 
the  femur,  but,  if  it  does  not  suffice,  a  transverse  inci- 
sion may  be  added  near  the  acetabular  margin.  The 
internal  circumflex  artery  is  usually  cut  here  as  it 
passes  over  the  capsule.  The  incision  in  the  peri- 
o.steum  of  the  neck  is  now  continued  over  the 
trochanter  major  upon  its  posterior  l)order,  and  the 
periosteum,  together  with  the  attachment  of  the  glu- 
teus medius  above,  the  pyriformis  internally,  the 
gluteus  minimus,  the  vastus  externus,  and  the 
Y-ligament  anteriorly,  is  separated  with  the  rugine. 
This  separation  is  greatly  facilitated  by  flexion  and 
rotation  outward  of  the  thigh.  It  is  here  that  the 
external  circumflex  artery  is  often  cut  a  .second  time. 
This  flap  can  now  be  pulled  forward  over  the  trochan- 
ter. It  contains  within,  if  we  exclude  the  small 
portion  of  the  vastus  externus,  only  those  muscles 
which  are  supplied  by  the  superior  gluteal  nerve. 
The  thigh  is  now  less  "flexed,  adducted,  and  rotated 
inward.  The  tendons  and  the  periosteum  are 
separated  with  the  rugine  from  the  apex  and  posterior 
half  of  the  trochanter  as  far  as  the  origin  of  the 
quadratus  femoris  from  the  linea  quadrati._  These 
tendons,  namely,  the  gemelli,  the  obturator  internus 
and  externus,  and  as  much  as  is  necessary  of  the 
quadratus  femoris,  are  now  retracted  backward  and 
downward  with  the  capsule.  The  nerves  to  these 
muscles  are  thus  uninjured. 
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When  these  capsulo-periosteal  flaps  are  freely  re- 
tracted the  posterior  surface  of  the  head  of  the  femur, 
its  neck,  and  the  trochanter  are  in  view.  The  sciatic 
nerve  is  free  from  danger,  being  carried  away  from 
the  joint  when  the  obturator  internus,  the  obturator 
externus,  and  the  quadratus  femoris  are  divided  and 
retracted. 

The  thigh  is  now  strongly  flexed,  adducted,  and  ro- 
tated inward.  The  round  ligament  is  divided  if  in- 
tact and  the  head  is  luxated.  The  remaining  peri- 
osteum and  capsule  upon  the  neck  are  separated  with 
the  rugine.  The  head  is  now  held  firmly  with  the  lion- 
jawed  forceps,  the  soft  parts  are  protected  by  the 
retractors,  and  the  bdVie  is  sawn  with  the  Gigli  saw 
just  below  the  level  of  disease  or  injury. 

The  acetabulum  is  next  removed  with  the  gouge, 
chisel,  or  Volkmann's  spoon,  according  to  the  indi- 
cations. The  synovial  membrane  and  parts  of  the 
capsule  are  removed  after  the  bones  are  cleared  of 
disease.  If  sinuses  are  present  they  must  be  excised 
or  curetted.  Hemorrhage  usually  consists  of  oozing, 
and  can  be  stopped  by  hot  saline  solution;  if  it  is 
very  troublesome,  the  wound  may  be  packed  with 
gauze.  Where  no  oozing  is  present  and  no  sinuses 
exist  the  wound  may  be  closed  directly.  If,  however, 
abscesses,  sinuses,  or  great  oozing  is  present,  it  is  best 
to  drain  with  rubber  or  pack  with  gauze,  for  a  time 
at  least. 

The  section  in  the  bone  should  be  made  in  the  neck 
if  possible;  if  not,  through  or  beneath  the  troclianter 
major,  because  of  the  shortening  which  is  liable  to 
ensue.     (Fig.  2212,  a,  b.) 

A  nearthrosis  is  best  secured  when  the  section  passes 
through  the  neck  near  the  head,  yet  subtrochanteric 
sections  have  given  as  good  results  in  the  restoration 
of  the  joint.     Such   cases  are  seen  in  the  autopsy 
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shown  by  J.  Israel  and  in  the  collection  made  by  Sach. 
In  some"  of  these  cases  a  newly  formed  head  covered 
with  fibrocartUage,  a  new  trochanter,  and  synovial 
membrane  were  reproduced  to  a  considerable  extent. 
To  obtain  the  best  results,  one  must  operate  early  in 
the  di-sease,  early  in  life  (three  to  fifteeen  years), 
and  subperiosteailv,  and  must  preserve  as  much  of 
the  bones  as  possible,  so  as  to  diminish  the  shortening. 
When  a  nearthrosis  is  not  attainable  or  is  inadvis- 
able, the  after-treatment  should  secure  the  retention 


of  the  limb  in  abduction  with  ttur  ttlif^liteia  flexiuo. 
This  eivcH  a  very  good  and  um-ful  limb. 

2.  Operation  by  lite  Anterior  /n<n>i««.^Thc  only 
incision.s  here  considered  are  thoHC  which  are  lonK>- 
tudinal.  The  tranuverse  are  too  deDtructivc  of  the 
soft  part.s. 

According  to  Liicko  and  .Schedo,  the  incinion  com- 
mences one  finger's  breadth  below  anil  to  th<-  iiiKir 
side  of  the  anterior  spine  anrl  dcHcendw  in  the  li.ti({ 
axis  of  the  femur  for  a  dixtanoe 
of  ten  to  twelve  centimetcrH  ( Fig. 
221 1).  As  it  is  deepened  it  pa.sscH 
to  the  inner  side  of  the  .sartoriiis 
and  the  rectus  muscles  and  to  the  [ 
outer  side  of  the  iliopsoas  mus-| 
de.  The  anterior  crural  nerve 
and  the  external  circumflex 
artery  are  avoided.  The  a.xsi.st- 
ant  flexes,  abducts,  and  rotateH 
outward  the  thigh.  The  sar- 
torius  and  rectus  muscles  are 
drawn  outward,  the  iliop84)as 
muscle  and  the  crural  nerve 
inward.  The  capsule  of  the 
joint  is  exposed  and  is  diviaed 
by  a  cros.sed  incision,  the  trans- 
verse portion  parallel  t<j  the  neck 
passing  from  the  acetabulum 
over  to  the  anterior  intertro- 
chanteric line,  while  the  vertical 
portion    crosses   this   line   at   a  Fio.  2212. 

right   angle.     The   neck   is  now 

sawn  with  a  Gigli  saw  and  the  head  is  extracted  after 
dividing  the  ligamentum  teres  by  Lobker's  sjHton- 
elevator  or  by  a  lion-jawed  forceps.  For  the  extrac- 
tion of  the  head  alone  this  incision  may  suffice,  but  if 
we  wish  to  reach  the  trochanter  in  addition  we  mu!^ 
advocate  the  incision  of  Hueter  which  has  l)een  much 
used  and  strongly  advocated  by  Barker.  In  this  latter 
method,  the  patient  rests  supine  with  the  thighs  ex- 
tended; the  surgeon  makes  an  incision  wliich,  accord- 
ing to  Hueter,  passes  from  the  middle  of  a  line  drawn 
from  the  anterior  superior  iliac  .spine  to  the  trochanter 
major,  downward  and  slightly  inward  along  the  outer 
border  of  the  sartorius.  In  children  the  incision  is  si\ 
to  eight  centimeters;  in  adults  ten  to  fifteen  centi- 
meters in  length.  According  to  Barker,  the  incision 
commences  in  the  anterior  surface  of  the  thigh,  one- 
half  inch  below  the  anterior  sviperior  spine  of  the  ilium, 
and  runs  downward  and  inward  for  three  inches. 
With  either  incision,  the  di.s.secUon  is  carried  on  in 
the  space  between  the  sartorius  anteriorly,  and  the 
tensor  fasciie  femoris  and  the  gluteus  medius  be- 
hind. The  incision  is  deepenc<l  to  the  bono  and 
some  fibers  of  the  vastus  externus  are  divided.  In 
the  lower  angle  of  the  wound  is  seen  the  external 
circumflex  artery,  which  may  be  divided.  These 
muscles  are  retracted,  the  joint  capsule  is  soon  and  is 
incised  bv  the  same  cross  incision  mentioned  in  the 
Schede-Liicke  method.  After  this  exjwsure  of  tho 
head  and  neck,  the  spoon-elevator  may  t>e  u.s«>d  and 
the  trochanter  freed  of  its  muscles  sufficiently  to 
allow  an  easy  exposure  of  the  joint.  The  di.s«'.i!»<I 
head  is  now  "removed  after  encircling  the  neck  and 
dividing  it  with  the  Gigli  saw.  The  remov.il  of  tho 
head  is  often  difficult  unless  it  tje  much  disease*!. 
The  easiest  method  is  to  pry  the  head  out  of  the  ace- 
tabulum bv  introducing  a  strong,  gently  curbed  ele- 
vator or  Liibker's  spoon  in  the  space  l>etwe»-n  the  head 
and  the  acetabulum,  and  after  the  ligamentum  terM 
has  been  divided  the  head  is  then  easily  removed. 
The  bleeding  bv  this  anterior  incision  is  .small  m 
amount  if  one  .a'voids  the  anterior  circumflex  artery. 
Drainage  of  the  wound  will  require  not  infn^f|uently 
a  posterior  opening,  but  in  many  c.-ises  ojierated  early 
all  neccs.sary  drainage  can  be  secured  through  the 
anterior  incision.  ,     .      .     .  . 

In  neither  of  these  methods  by  the  anterior  incision 
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are  muscles  cut.  Neither  nerves  nor  vessels  are  in- 
jured. In  both  methods  the  route  to  the  joint  is  a 
direct  one.  The  advantage  of  the  Hueter  incision 
over  the  Liicke-Schede  incision  is  that  the  trochanter, 
as  well  as  the  head  and  neck,  can  be  reached. 

When  the  acetabulum  is  primarily  involved,  or  the 
x-ray  and  the  clinical  symptoms  show  that  the  disease 
which  affects  it  must  be  especially  attacked,  the 
methods  introduced  by  Bardenheuer  and  Schmid 
give  the  best  chances  for  radical  cure.  As  u.sual 
methods,  these  procedures  are  considered  at  present 
too  extensive.  In  Bardenheuer's  hands,  the  mortality 
due  to  the  operation  alone  was  4.3  per  cent.  In 
Schmid's  hands,  the  recurrences  were  not  lessened  by 
the  procedure,  two  of  the  four  cases  dying  of  con- 
tinued tuberculosis.  In  the  large  majority  of  cases 
the  Kocher  incision  will  give  sufficient  exposure  to 
enable  us  to  chisel  or  gouge  away  the  diseased  ace- 
tabultim;  and  as  this  method  is  less  extensive  and  more 
easily  accomplished  it  should  be  preferred. 

Operation  by  the  Superior  Incision. — In  a  few  cases, 
Kocher's  operation  is  not  sufficient,  and  we  recommend 
for  these  the  suggestion  of  Sprengel,"  which  consists 
in  making  an  extensive  incision  along  the  crest  of  the 
ilium  from  the  posterior  superior  spine  of  the  ilium 
to  the  anterior  superior  spine.  (Fig.  2208,  ABC.) 
This  incision  divides  the  muscles  and  the  perios- 
teum. At  the  border  of  the  gluteus  medius  and  the 
tensor  vaginse  femoris  this  incision  descends  to  the 
trochanter  major.     This  quadrilateral  flap  is  removed 


Fig.  2213.  • 

subperiosteally  from  the  ilium  until  the  joint  is  op- 
ened and  the  head  and  neck  of  the  femur  are  exposed. 
As  the  nerves  and  vessels  are  avoided  by  this,  the 
muscular  paralysis  and  hemorrhage  are  practically 
nil.  If  the  disease  is  well  forward  in  the  acetabulum 
and  pubis,  especially  if  a  flexion-contracture  exists, 
the  incision  is  made  in  front  of  the  tensor  vaginae 
femoris,  sartorius  and  rectus  and  these  muscles  are 
separated  with  the  rest  (Fig.  2208,  AIW).  After 
exposing  the  head  of  tlie  femur,  it  is  rotated  inward 
or  outward,  as  occasion  demands  and  adducted 
strongly.  If  the  acetabulum  alone  is  to  be  removed, 
this  can  be  easily  accomplished  with  the  chisel  or 
gouge  through  the  incision  first  recommended  (ABC). 
IS  the  disease  requires  an  excision  of  the  acetabulum 
and  the  surrounding  bone,  the  second  incision  is  used 
(ABD).  In  this  latter  case  the  outer  surfaces  of  the 
Uium,  the  acetabulum,  and  the  outer  margin  of  the 
great  sciatic  notch  are  bared  of  their  periosteum.  In 
like  manner  the  internal  surface  of  the  ilium,  the 
iliac  fossa,  is  freed  from  the  pelvic  fascia  and  muscles 
until  the  great  sciatic  notch  is  reached.  A  Gigli  saw 
is  then  inserted  through  the  sciatic  notch  beneath 
the  iliac  muscles  and  over  the  anterior  inferior  spine 
of  the  ilium  and  the  bone  is  sawn  (Figs.  2213  and  2215 
ab).  The  horizontal  ramus  of  the  pubis  is  next 
cleared  of  its  periosteum,  carrying  with  it  the  vessels, 
which    are   displaced   from   one   to   two   centimeters 
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internally.  An  aneurysm  needle  now  carries  a  Ciigli 
saw  around  the  ramus  and  out  of  the  obturator  fora- 
men (Fig.  2215,  cd).  The  bone  is  sawn.  As  the 
bone  is  now  cut  ujion  two 
sides,  it  can  be  displaced 
somewhat  outward.  The 
periosteum  is  next  re- 
moved from  the  body  of 
the  ischium  from  above 
downward  with  great  care 
to  avoid  injuring  the  vessels 
and  nerves  as  they  pass  out 
of  the  pelvis.  The  Gigli  saw 
is  passed  around  the  body 
at  a  point  one  finger's 
breadth  below  the  acetab- 
ulum (Figs.  2213  and 
22 1 5,  ef) .  The  bone  is  sawn . 
The  acetabulum  and  sur- 
rovmding  bone  can  now  be 
quite  easily  removed  with 
the  heavy  lion-jawed  for- 
ceps. If  the  head  of  the 
femur  is  to  be  removed 
with  the  acetabulum,  it  is 
best  removed  before  we  at- 
tempt the  excision  of  the 
acetabulum. 

After  the  hemorrhage  has 
been  controlled  the  wound 
isclosed  with  sutures,  except 
in  some  portion  where  the 
packing  emerges.  It  is  best 
in  aU  cases  to  pack  the 
large  wounds  from  twenty- 
four  to  forty-eight  hours, 
in  order  to  control  hemor- 
rhage completely.  After 
this,  that  portion  from 
which  the  gauze  emerges  can 
be  left  for  drainage  or  it  may 
be  sutured  at  this  time. 

After-treatment . — The 
after-treatment  in  excision 
of  the  hip  is  important.  An 
aseptic  dressing,  equable 
compression,  and  rest  for 
the  wound  are  the  prime 
desiderata.  The  position 
to  be  maintained  is  that  of 
extension  and  adduction  of  the  thigh,  with  the  neck 
or  the  trochanter  closely  applied  to  the  acetabulum 
or  ilium.  During  the  first  three  weeks,  since  these 
wounds  are  packed  with  gauze  and  require  secondary 


Fig.  2214.— A  Patient  Three 
and  a  Half  Years  after  Re- 
moval of  One-half  the  Pelvis 
and  the  Head  of  the  Femur. 
(Kocher.) 


Fig.  2215. 


suture  or  dressings,  a  Buck's  or  Volkmann's  extension 
apparatus  with  plaster-of-Parisspica  passing  to  the 
knee   is   most   frequently   used.     After   this   period, 
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when  the  packing  is  removed  or  tlie  wound  in  healed 
in  great  part,  a  Thomas  splint  or  the  plaster-of-Paris 
dressing  may  be  used  for  the  next  three  weeks.  If 
the  patient  is  up  and  about  upon  erutelies  (children), 
a  Thomas  splint  is  very  inexpensive  and  satisfactory. 
If  the  patient  is  confined  to  bed,  a  plast(^r-of-Paris 
splint  which  can  be  readily  removed  for  the  active 
exercise  of  the  joint  is  the  more  useful  form  of  splint. 
During  this  period  of  three  weeks,  active  exorci.se 
in  the  new  joint  is  made  every  two  or  three  days. 

During  the  following  three  to  six  weeks  patients 
are  allowed  to  walk  with  their  splints,  and  during 
this  time  the  Taylor  hip  sjilint  or  some  modification 
of  it  is  substituted  for  the  former  apparatus.  The.se 
splints  allow  flexion,  extension,  and  abduction  when 
applied,  and  the  surgeon  mu.st  continue  the  extension 
and  abduction  of  the  limb  for  a  long  time  to  overcome 
the  constant  tendency  to  flexion  and  adduction.  It 
is  only  by  this  careful  after-treatment  that  a  good 
functional  result  can  be  ol)tained. 

Ankylosis  of  the  hip-joint  in  good  position  usually 
represents  the  best  results  obtainable  in  many  cases, 
but  there  is  still  a  large  class  of  patients  in  whom  there 
is  ankylosis  in  .such  faulty  position  that  operative 
measures  are  demanded.  Formerly,  the  most  that 
could  be  offered  these  unfortunates  was  a  resection 
or  excision  of  the  hip-joint,  or  an  osteotomy  of  the 
neck  of  the  femur,  with  correction  of  the  deformity 
and  sometimes  an  attempt  to  secure  partial  mobility 
by  the  after-treatment.  With  the  introduction  and 
development  of  the  interposition-flap  method  of  treat- 
ing ankylosis,  a  decided  advance  has  been  made  and  the 
recon.struction  of  the  hip-joint  is  now  recognized  as 
a  sound  and  successful  procedure. 

Enoiigh  has  been  said  elsewhere  concerning  the 
general  principles  involved,  and  emphasis  has  been 
laid  upon  the  importance  of  experience,  sound  judg- 
ment and  thorough  knowledge  of  anatomy  and  path- 
ology on  the  part  of  the  operator.  The  hip-joint  is 
not  an  unfavorable  joint  for  the  application  of  inter- 
position methods ;  in  fact,  it  is  one  of  the  most  favorable 
in  the  body  and  the  results  obtained  by  Murphy  and 
others  have  been  highly  gratifying  in  the  main. 

No  attempt  will  be  made  to  describe  in  accurate 
detail  the  operation  since  in  this  joint,  as  elsewhere, 
a  wide  latitude  is  not  only  permissible  but  incumbent 
upon  the  surgeon.  As  a  rule  the  posterior  incision 
of  Kocher  provides  the  best  access  to  the  involved 
area  and  is  less  liable  to  endanger  im|)ortant  struc- 
tures. By  cutting  through  the  aponeurotic  in.sertion 
of  the  gluteus  maximus  on  the  outer  aspect  of  the 
trochanter,  the  interval  is  reached  between  the  lower 
border  of  the  gluteus  medius  and  minimus  above  and 
the  pyriformis  below.  From  this  point  the  peri- 
osteum is  incised  along  the  anterior  intertrochanteric 
line  and  detached  forward,  carrying  with  it  the 
insertions  of  the  gluteus  medius  and  minimus  and  the 
iliofemoral  ligament.  The  insertion  of  the  pyri- 
formis is  similarly  rai.sed,  and  then  the  external 
rotators  are  retracted  backward  with  the  periosteum. 
The  capsule  is  opened  along  the  upper  border  of  the 
tendon  of  the  pyriformis.  In  ankylosis  these  struc- 
tures are  rudimentary,  but  it  must  be  remembered 
that  with  restored  mobility  each  tendon  and  muscle 
will  be  expected  to  do  its  part  in  restoring  function  and 
that  observance  of  the  posterior  method  of  approach 
where  possible,  together  with  strict  subperiosteal 
detachment  of  muscles  and  tendons,  will  be  consers-ing 
factors  of  great  importance.  Long  before  the  actuMl 
ankylosed  joint  is  reached  pathological  changes  will 
be  in  evidence,  but  the  exact  cause  of  the  ankylosis 
must  be  determined  at  the  joint.  If  it  is  due  to 
fibrous  adhesions  they  may  be  entirely  severed  without 
greatly  disturbing  the  joint  relation's.  On  the  other 
hand,  if  it  is  due  to  osseous  ankylosis  the  curved  and 
straight  chisels  are  required,  first,  to  .separate  the 
head  of  the  femur  from  the  acetabulum,  and  then  to 
reshape  the  component  structures,  or  in  other  words 


to    construct   a    ball-and-Hooket   joint.     It    may    \ie 
necessary  to  remove  a  part  or  all  of  tlie  fi-ir-  -   '  '       I 
or  to    gouge   out  a   new   iicetJibultnn,  bi.i 
is    done    it    is   obligatcjry    not  only    t<>    r^  ..r 

relations  but  al.so  the  Hhupe  as  for  iih  poiutiljle. 
When  this  i.s  done  the  next  Ht<!p  in  t«  wcurv 
an  interposing  structure  which  will  help  either  to 
form  a  new  joint  or  to  create  a  relatively  loo*-  tibroii* 
ankylosis  wtiich  will  permit  of  motion.  For  thin 
purpose  a  flap  of  the  fa.-icia  lata  \»  loos<-ned  urid 
turned  up  to  act  as  an  interposing  nieiiibriine;  or 
an  entirely  detached  portion  of  the  fascia  lata  m«y 
be  used;  or  a  part  of  tlie  aponeurotic  {n.-v^rtion  of  the 
gluteus  maximus  and  some  of  that  muHcle  mav  wne; 
or,  finally,  Baer's  animal  membrane  (chnmiicized 
pig's  bladder)  may  be  employed.  Whatever  rtructure 
is  selected  it  must  be  rather  loosely  placed  around  the 
femoral  head,  avoiding  t<-nsion,  anil  sutured  in  place 
to  the  margins  of  the  cajisule.  W  ith  the  exception 
of  the  extern;d  circumflex  arterj-  there  (should  \k  no 
bleeding  point  re<|uiring  a  ligature.  The  capsule  is 
closed  if  there  is  enough  left,  the  periosteum  and  the 
attached  muscles  restored  to  the  normal  fjosition  and 
the  wound  clo.sed  with  a  twenty-four  hour  drain. 
Tlu^  limb  and  pelvis  are  fixed  iii  a  plaster-of-I'ariH 
case  with  the  limb  in  abduction  and  the  femoral  head 
in  contact  with  the  acetabulum.  (Jen tic  ma-Hsage 
and  passive  exercise  may  be  commenced  in  ten  days 
or  two  weeks. 

ExcKsiON  OF  THB  In.nomi.nate  Bo.se. —  Resections 
of  the  pelvis  are  not  infreipiently  performed,  but 
excision  of  the  innominate  bone  is  a  rare  opera- 
tion. It  was  first  done  by  Dr.  Theodor  Kocher 
in  1.SS4  for  osteochondrosarcoma  of  the  pelvis  in  a 
man  of  fifty -one  years.  The  pubis  and  ischium  wi-n* 
divided  two  centimeters  internrd  to  the  acetabuhiin, 
and  the  ilium  separated  pcjstcriorly  at  the  sjicroiliae 
synchondrosis,  .-\bout  twenty-tive  years  later  a 
similar  operation  was  performed  by  Kocher  on  a  boy, 
aged  thirteen,  for  sarcoma  of  the  pelvis. 

The  incision  begins  at  the  sacroiliac  joint.  pns,«e« 
along  the  iliac  crest,  and  thence  along  Poupart's  liga- 
ment. (2209,  AC.)  The  abdominal  muscles  are  divid- 
ed from  their  attachments  along  this  incision,  and  the 
transversalis  fascia  and  peritoneum  are  separated  t\* 
far  as  the  iliac  vessels. ind  retracted  still  further  inward 
The  muscles  beneath  I'oupart's  ligament  and  external 
to  the  iliac  vessels  are  divided.  The  rectus  femoris, 
sartorius,  tensor  fascia'  femoris,  and  the  attachment 
of  the  gluteus  medius  anil  minimus  to  the  ilium  are 
detached  and  divided  as  far  back  as  the  sacroiliac 
joint.  The  iliopsoas  and  the  capsule  of  the  joint  an- 
then  divided  and  the  pubis  and  ischium  are  cut 
by  a  Ciigli  .saw  or  strong  forceps.  The  .sacroiliac  joint 
is  now  split  from  aliove  downward  and  the  innominate 
dislocated  downward.  The  posterior  asjiect  of  the 
pelvis  is  exposed  and  the  flexor  miiscles  detached. 
P'inally,  the  greater  and  le.sser  siicrosciatic  ligament.s 
are  cut  and  the  bone  is  free.  Hemorrhage  is  not 
excessive  but  Kocher  recommends  that  the  intirn.-d 
iliac  vessels  be  tied  when  exposed.  Both  of  Kocher's 
patients  recovered.     (Fig.  2214.) 

E.xci.sioN  OP  THE  Temi'ouom.\.\ii.i.\ry  Joist. —  In- 
flammations of  this  joint  are  comparatively  rare  and 
are  usually  metastatic  in  origin.  When  they  occur, 
however,  almost  invariably  ankylosis  resultjs  and.  n.i 
ankylosis  at  this  [loint  is  highly  disjibllng.  o|H>ratinn 
is  re<|uired.  If  articul.ar  ankylosis  occurs  in  child- 
hood, as  frequently  happens,  the  loss  of  function  in 
the  jaw  retards  its  development  and  resultji  in  a  re- 
ceding chin  which  gives  a  "bird-like"  protile.  Habit- 
ual and  unreduced  dislocations  of  the  mandible  are 
also  indications  for  exci.sion.  .\  true  ankylosis  of 
one  side  is  sullicient  to  limit  entin-ly  the  motion  of  the 
jaw.  and  a  reference  to  the  history  is  neeess^iry  to 
determine  whether  imilMt.r.il  or  bilateral  excision  is 
neces.sary. 
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In  former  times  surgeons  resorted  to  osteotomy, 
sometimes  of  the  ramus  of  the  jaw,  sometimes  of  the 
neck  of  the  condyle,  sometimes  of  the  coronoid  proc- 
ess, and  sometimes  of  combinations  of  these,  but 
modern  surgery  tends  toward  excision  of  the  condyle 
with  the  introduction  of  measures  to  ensure  moliility. 
The  chief  danger  in  the  operation  as  done  to-day  lies 
in  injury  to  the  facial  nerve,  especially  the  malar 
branches.  The  auriculotemporal  nerve  lies  behind 
the  condyle  and  the  internal  maxillary  artery  crosses 
below  the  neck.  Steno's  duct  is  two  centimeters 
below  the  zygoma.  The  introduction  of  an  inter- 
position flap  to  prevent  recurrent  ankylosis  dates 
from  1S60  when  Verneuil-'*  placed  a  flap  of  temporal 
muscle  and  fascia  between  the  condyle  and  the  glenoid 
cavity.  In  1893  Helferich  similarly  treated  a  one- 
year-old  child  after  resecting  the  malar  lione.  Miku- 
licz and  Rochet  employed  the  masseter  for  the  same 
purpose  and  avoided  malar  resection.  Brackett-' has 
successfully  employed  Baer's  chromicized  pig's  bladder 
(forty  days)  at  the  temporomaxillary  articulation. 

Among  the  many  operations  which  have  been  de- 
vised for  excision  of  this  joint  none  seems  to  possess 
greater  merit  or  wider  applicability  than  that  first  sug- 
gested by  Dr.  Howard  Lilienthal,^"  of  New  York.  An 
angled  incision  is  made,  the  horizontal  portion  extend- 
ing five  centimeters  along  the  zygoma,  and  the  vertical 
portion  running  downward  four  centimeters  in  front  of 
the  ear  toward  the  angle  of  the  jaw.  The  horizontal  in- 
cision goes  down  to  the  periosteum  but  the  vertical  in- 
cision only  passes  through  the  skin.  The  triangular 
flap  thus  formed  is  dissected  loose  and  retracted  for- 
ward. (Fig.  2216.)  A  strong,  curved,  rather  blunt 
needle  is  passed  beneath  the  posterior  part  of  the  zyg- 
oma and  emerges  above  it.  This  needle  is  threaded 
with  coarse  silk  which  serves  to  draw  through  a  fine 


Fia.  2216.— (.«ter  Lilienthal.) 

Gigli  saw  and  the  zygoma  with  its  periosteum  intact  is 
cut  through  with  the  section  running  upward  and  back- 
ward. (Fig.  2216.)  In  a  similar  manner  the  Gigli  saw 
is  drawn  under  the  anterior  portion  of  the  zygoma  and 
a  section  is  made  running  upward  and  forward.  The 
severed  section  of  the  zygoma  is  now  turned  downward, 
carrying  with  it  the  attached  masseter  muscle,  part 
of  the  parotid  gland,  and  the  facial  nerve.  The  area 
of  the  articulation  is  now  perfectly  exposed,  the  cause 
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of  the  ankylosis  may  be  clearly  demonstrated  and 
removed.  Excision  of  the  condyle  may  be  done  by 
bone  forceps,  or  better,  the  chisel  (Putti). 

The  section  of  the  zygoma  when  replaced  is  apt  to 
remain  in  position,  but  Lilienthal  suggested  that  it 
be  sutured  by  one  or  two  fine  chromic  catgut  sutures 
in  case  of  doulit.  The  simplicity  and  safety  of  this 
operation  strongly  commend  it  and  the  resultant 
scar    should    be    scarcelv    noticealjle.     There    is    an 


Fiu.  2217. 

appreciable  risk  of  infection  on  account  of  the  prox- 
imity to  the  hair  line,  but  this  may  be  avoided  by 
scrupulous  asepsis.  J.  H.  .lopson  has  refined  Lilien- 
thal's  operation  practically  by  insuring  subsequent 
free  mobility  through  the  use  of  an  interposing  flap 
taken  from  the  temporal  fascia.  The  after-treatment 
consists  chiefly  of  systematic  exercise  in  season  and 
out  of  season;  but  in  this  excision  the  maximum 
degree  of  improvement  is  more  quickly  reached  and 
sustained  than  at  any  other  joint,  usually  in  eight  or 
ten  weeks. 

If,  for  any  reason  the  section  of  the  zygoma  is 
deemed  inadvisable,  the  condyle  may  be  removed 
through  an  angular  incision  after  the  method  of  .-Vbhe. 
(Fig.  2217,  h.)  This  consi-sts  of  a  horizontal  incision 
along  the  lower  border  of  the  zygoma  for  the  distance 
of  four  centimeters,  and  a  vertical  cut  downward  and 
in  front  of  the  temporal  artery  to  a  point  just  above  the 
transverse  facial  artery  (two  centimeters  below  the 
zygoma).  The  triangular  flap  is  turned  downward 
and  forward  and  if  the  lower  angle  of  the  wound  is 
retracted  downward,  Steno's  duct,  the  facial  nerve, 
and  the  transverse  facial  artery  are  kept  secure.  It 
is  also  necessar.v  to  draw  backward  the  vertical  wound 
to  avoid  the  anterior  margin  of  the  parotid  gland. 
A  few  fibers  of  the  masseter  muscle  should  be  divided 
from  the  zygoma  when  the  capsule  of  the  joint  appears. 
This  is  divided  vertically  and  the  neck  of  the  condyle 
is  cleared  by  closely  hugging  it.  With  bone-cutting 
forceps,  or  a  chisel,  or  the  Gigli  saw,  the  neck  ia 
severed  as  close  to  the  condyle  as  possible.  The  latter 
is  then  removed  with  minimum  damage  to  the  capsule. 
The  capsule  is  sutured  w-ith  fine  chromic  catgut, 
the  divided  masseter  fibers  stitched  to  the  zygomatic 
periosteum,  and  the  wound  closed  with  temporary 
drainage. 

As  a  rule,  with  this  operation  the  glenoid  cavity 
and  the  interarticular  cartilage  are  left  undisturbed. 
If  interposing  structures  are  used  to  reconstruct  a 
joint,  the  masseter  muscle  and  Baer's  membrane  are 
available,  but  with  the  Lilienthal  method  or  some 
variation  of  it,  such  as  that  of  Murphy,  where  the 
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zygoma  is  removed,  the  t<>mpora!  fascia  can  be  used. 
The  consensus  of  surgical  opinion  seems  strongly  to 
prefer  the  latter. 

In  the  majority  of  cases  unilateral  excision  will  not 
suffice  to  render  the  jaw  freely  movable,  and,  under 
these  circum.stances,  bilateral  excision  should  be  done 
at  the  same  seance.  Infrequently  osteotomy  of  one 
or  both  coronoid  processes  is  needed  to  supplement 
bilateral  excision. 

Excision-  of  the  Sdperiou  M.\xilla. — Partial 
removal  of  the  superior  maxilla  for  alveolar  growths, 
necrosis,  disease  of  the  antrum  of  Highmore,  etc., 
has  probably  been  practi-sed  for  a  very  long  time,  but 
the  complete,  formal  excision  of  this  bone  appears  to 
have  been  first  proposed  by  Lizars  in  1820.  In  the 
following  year  Gensoul,  quite  independently  of  Lizars' 
suggestion,  performed  the  operation,  and  therefore 
seems  entitled  to  the  credit  of  having  first  executed 
this  procedure. 

The  indication  for  excision  of  the  upper  jaw  is 
almost  invariably  the  presence  of  a  new  growth. 
Hueter  states  that  the  jaws  are  more  frequently 
the  seat  of  tumors  than  any  other  bones  of  the 
skeleton.  Almost  every  variety  of  neoplasm  is  found 
in  connection  with  these  bones.  Benign  tumors 
such  as  cysts,  epulis,  adenomas,  fibromas,  chondromas, 
osteomas,  etc.,  require  partial  excision  only,  merely 
enough  of  the  bone  being  removed  to  give  access  to 
the  tumor  or  to  effect  the  complete  removal  of  the 
latter.     Complete  excision  of  the  superior  maxilla  is 


Fig.  221S. 

usually  done  for  malignant  growths,  i.e.  carcinomas 
and  sarcomas,  affecting  the  bone.  They  occur  with 
about  equal  frequency.  The  majority  of  the  former 
begin  in  the  alveolus. 

Anatomy. — The  superior  maxilla  is  the  largest  bone 
of  the  face,  the  lower  jaw  (mandible)  excepted,  and 
with  its  fellow  forms  the  whole  of  the  upper  jaw. 
Each  bone  forms  a  part  of  the  wall  of  three  cavities: 
the  mouth,  the  na.sal  fossa>,  and  the  orbit.  It  is 
hollow,  its  cavity  being  known  as  the  antrum  of 
Highmore,  which  communicates  by  an  aperture  with 
the  middle  meatus  of  the  nasal  fossa.  Any  of  these 
cavities  may  be  the  seat  of  new  growths  which  involve 
the  maxilla,  the  mouth  and  the  antrum  being  most 
frequently  affected.  The  mucous  membrane  of  the 
antrum  is  frequentlv  the  seat  of  a  catarrhal  or  puru- 
lent inflammation,  giving  rise  to  an  excessive  discharge 


through  the  nose,  or  if  the  fluid  is  prfvcnt/-d  from 
escaijing,  the  thin  walls  of  the  iKine  yichj,  and  protrude 
toward  the  cheek,  t<iward  the  mouth,  or  in  Ixjth  din-c- 
tions,  the  appearances  then  siniuluting  those  ot>it<Tve<J 
in  solid  growths  of  the  bone. 

Inxtrumiiitls  IttquiTnl. —  .Mouth  Rag,  sponge  holdeni, 
scalpels,  t<jothed  di.s.secting  forceps,  hemostatic 
forcejjs,  scissors,  keyhole  saw,  Hey's  saw,  tooth 
forceps,  bone-cutting  forceps  of  different  aiiKle*, 
chisels  and  mallet,  lion-jaw  forceps,  Hoque.itniin 
forceps,  Paquelin  or  electric  cautery,  tracln-otomv 
tube,  needles,  straight  and  cun-cd,  ligaturcH,  guturm, 
gauze  sponges. 

Renectiim  for  alveolar  tumors  and  necrosis  rjiay 
be  performed  through  the  mouth  in  most  in.stamei, 
without  making  any  external  incisions.  The  removal 
of  other  benign  growths  must  be  carried  out  on 
general  surgical  principles.  The  affectf-d  part  is 
approached  by  incisions  designed  to  avoid  im|>ortant 
structures  and"  to  give  the  be.st  exposure  with  the  mini- 
mum resulting  deformity,  and  the  neopla>ini,  together 
with  the  bone  to  which  it  is  attached,  is  then  removed. 
If  the  tumor  is  ojien  to  the  suspicion  of  being  malig- 
nant, a  generous  portion  of  the  adjacent  hone  in  all 
directions  should  be  removed,  or  the  complete  ex- 
cision may  be  advisable. 

The  dangers  of  excision  of  the  superior  maxilla  are 
hemorrhage,  the  entrance  of  blood  into  the  air  pa.*- 
sages,  and  septic  pneumonia.  Various  means  have 
been  adopted  by  different  operators  with  the  view  of 
controlling  the  hemorrhage.  The  internal  maxillary 
and  temporal  arteries,  and  the  external  carotid 
artery  have  been  ligated  as  a  preliminary  stop  in 
the  excision.  The  common  carotid  has  t)oen  com- 
pressed and  subjected  to  temporary  and  permanent 
ligation.  Crile  has  devised  a  clamp  to  lie  applied 
to  one  or  both  common  carotids,  as  may  l>e  necessary, 
for  the  temporary  control  of  bleeding  during  opera- 
tions on  the  head  and  face  if  serious  hemorrhage  \» 
probable.  As  the  indications  for  complete  excision 
are  usually  found  with  malignancy,  a  preliminary  dis- 
section of  cervical  lymph  nodes  is  usually  demanded, 
and  when  that  is  done  a  temporary  ligature  or  clamp 
may  lie  put  on  the  external  carotid  artory. 

With  the  view  of  preventing  the  blood  from  flowing 
into  the  air  passages.  Rose  advises  that  the  patient's 
head  be  allowed  to  project  beyond  the  end  of  the  table, 
and  to  drop  well  down  so  that  the  vertex  points  ver- 
tically to  the  floor.  In  this  position  the  mouth  and 
nose  are  on  a  lower  level  than  the  larynx  and  the  blood 
would  escape  from  them  before  it  would  enter  the 
latter.  The  objection  to  this  position  is  that  the 
surgeon  is  obliged  to  work  at  a  great  disadvantage, 
and  the  hemorrhage  is  greater  when  the  head  is  de- 
pendent than  when  it  is  elevated. 

Some  surgeons  have  performed  a  preliminary 
tracheotomy,  introducing  a  tube  and  continuing  the 
anesthesia  through  this,  so  that  the  pharynx  could  \ie 
packed  with  gauze  sponges  to  which  stout  strings  had 
been  attached  to  assist  in  their  withdrawal.  Of  this 
procedure  it  may  be  said  that  while  a  cart>fully  per- 
formed tracheotomy  that  is  well  cared  for  aft<Tward 
does  not  add  much  to  the  dangers  of  the  operation. 
it  is  an  additional  complication,  and  is  u.«ually 
unneces.'^ary. 

Since  the  introduction  of  the  intratracheal  method 
of  anesthesia  practically  all  difficulties  in  the  preven- 
tion of  blood  entering  the  air  pa.<sages  have  dis.ii>- 
peared.  Ether  anesthesia  is  started  in  the  ordinary 
wa  v  and,  when  the  patient  is  unconscious,  the  trache.il 
tube  is  introduced  by  the  Chevalier  Jacks<in  s|H>culum 
and  the  mixture  of  ether  and  air.  or  ether  and  oxygen, 
is  turned  on.  The  pressure  of  this  current  may  easily 
be  regulated  to  absolutely  preclude  any  blood  or  oral 
discharge  getting  into  the  lungs,  and  at  the  same  time 
an  easv,  smooth  anesthesia  is  iixsured. 

To  summarize,  it  may  be  sjiid:  (1)  That  Roses 
position  is  not  to  be  recommended.     (2)  The  intra- 
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tracheal,  positive  pressure  method  of  anesthesia  is 
ideal  in  keeping  the  air  passages  free  of  blood  and 
discharges.  If  this  is  not  available  it  is  advisable 
to  give  a  preliminary  maximum  dose  of  morphine  and 
then  administer  just  enough  ether  to  give  a  semi- 
narcosis,  through  wliicli  the  patient  may  cooperate 
with  the  surgeon  in  keeping  the  air  passages  clear. 
(3)  In  performing  the  ojieration  for  vascular  tumors 
affecting  the  bone,  or  when  for  any  other  reason  un- 
usually free  bleeding  may  be  expected,  it  will  be 
advisable  to  pass  a  loop  of  silk  about  the  external 
or  common  carotid  artery,  traction  upon  which  will 
occlude  the  vessel,  or,  if  at  hand,  one  of  Crile's  clamps 
may  be  applied.  In  either  case,  especial  care  must  be 
exercised  to  prevent  infection  of  the  wound  exposing 
the  artery,  as  such  an  occurrence  maj'  readily  be 
more  serious  than  the  excision  of  the  bone.  (4)  If 
there  is  no  reason  to  expect  serious  hemorrhage,  these 
precautions  become  unnecessary.  On  the  other  hand, 
if  a  more  deliberate  operation  is  required,  as  in  cases 
in  which  tumors  have  passed  the  limits  of  the  maxilla 
and  must  be  followed  in  whatever  direction  they  have 
taken,  the  advantage  of  having  a  dry  woimd,  so  that 
every  portion  may  be  inspected  without  being  ob- 
scured by  blood,  cannot  be  overestimated.  In  these 
instances  some  method  of  controlling  the  circulation 
is  of  inestimable  value. 

Scplif  pneumonia  is  best  prevented  by  having  the 
nasopharynx  treated  before  the  operation  by  cleans- 
ing sprays,  douches,  and  gargles,  and  by  keeping 
the  cavity  clean  after  the  operation.  Dental  sepsis 
also  should  be  corrected.  The  patient  should  l)e 
gotten  out  of  bed  as  early  as  possible,  as  early  as  the 
second  or  third  day. 

Operation . — A  number  of  methods  have  been  devised 
for  resecting  the  superior  maxilla,  and  many  of  them 
have  been  named  after  the  operator  who  devised 
them.  The  chief  variation  is  in  the  skin  incisions 
emploved  to  expose  the  bone,  the  mode  of  actually 
removing  the  latter  being  essentially  the  same  in  all. 


Fio.  2219. — Resection  of  the  Superior  Maxilla.  1.  The  median 
incision  (also  called  Fergusson's,  N61aton's,  Liston's,  and  Weber's) 
2,  Langenbeck's  incision;  3,  Lizars'  or  Velpeau's  incision. 

In  the  classical  excision,  the  incision  variously  known 
as  the  median,  Fergusson's,  N61aton's,  Liston's, 
Weber's,  etc.,  is  beyond  question  the  best.  It 
gives  ample  e.xposure  and  is  followed  by  less  disfigure- 
ment than  is  any  other  incision.  For  resections  and 
special  cases  some  of  the  other  incisions  may  be  more 
suitable. 

The  incision  from  the  angle  of  the  mouth  to  the 
malar  bone  has  been  ascribed  to  Lizars  and  to  Vel- 
peau  (Fig.  2219,  3).  Langenbeck  exposed  the  bone 
by  a  U-shaped  flap,  beginning  at  the  side  of  the  nose, 
at  the  point  of  junction  of  the  nasal  cartilage  and  bone, 
and  carried  downward,  outward,  and  upward,  termi- 
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nating  at  the  middle  of  the  malar  bone  (Fig.  2219,  2). 
Liston's  incision  extended  from  the  angle  of  the  mouth 
to  the  external  angular  process  of  the  frontal  lione. 
Gcnsoul  made  three  incisions:  Thefirstfrom  just  below 
the  inner  canthus,  down  the  side  of  the  nose,  and 
tlirough  the  upper  lip;  a  second  at  right  angles  to 
this,  on  a  level  with  the  floor  of  the  nose,  as  far  out 
as  a  line  perpendicular  to  the  external  angular  process 
of  the  frontal  bone;  and  a  third,  from  the  termination 
of  the  second  to  the  external  angular  jjrocess.  Koch- 
er's  incision  is  a  modification  of  Weber's. 

The  patient  should  be  placed  on  his  back,  with  the 
head  and  shoulders  raised  on  pillows,  the  affected  side 
being  uppermost.  His  face  should  have  been  cleanly 
shaven. 


Fig.  2220. — Resection    of    the   Superior   Maxilla.     A,    Gensoul'a 
incision;    B,    Langenbeck's    incision    for    osteoplastic    resection. 

The  median  incision  is  made  in  the  following 
manner:  The  knife  should  enter  the  skin  about  half 
an  inch  below  the  inner  canthus,  and  the  incision 
should  then  be  carried  downward  in  the  line  of  junc- 
tion of  the  nose  and  cheek  to  the  ala  nasi,  around  and 
close  to  the  latter,  and  it  should  stop  just  short  of  the 
middle  line  of  the  lip,  from  which  ])oint  it  should  be 
extended  vertically  through  the  lip  to  its  free  border 
(Fig  2219,  1).  The  incision  should  be  carried  down 
to  the  bone  at  once,  all  bleeding  points  lieing  cauglit 
by  pressure  forceps.  Finally,  a  second  incision  is  to 
be  carried  along  the  lower  border  of  the  orbit  from  the 
beginning  of  the  first  to  the  malar  bone. 

The  flap  thus  outlined  should  be  rapidly  dissected 
from  the  bone,  all  bleeding  points  being  .secured  by 
forceps  or  bj'  sponge  pressure. 

At  this  stage  it  is  well  to  tie  off  such  forceps  as  in- 
terfere with  the  subsequent  steps,  and  to  arrest  all 
bleeding  so  far  as  possible.  The  malar  bone  is  next 
divided  at  about  its  middle  by  Hey's  saw.  If  it  is 
proper  to  leave  the  orljital  plate  a  second  saw  cut  is 
made  in  the  line  of  the  second  incision,  beneath  the 
orbit  as  far  as  the  nasal  process.  If  the  orbital  plate 
is  to  be  removed,  the  periosteum  is  incised  along  the 
lower  border  of  the  orbit  and  carefully  separated 
from  the  Ijone  as  far  back  as  is  necessary,  and  the  floor 
of  the  orbit  divided  at  the  proper  line  with  a  chisel 
and  mallet;  or  if  it  is  necessary  to  remove  the  orbital 
plate  entire,  the  periosteum  is  fully  separated  and 
it  is  wrenched  from  its  connections  at  the  time  of 
removing  the  maxilla. 

The  nasal  bone  and  nasal  cartilage  are  next  sepa- 
rated from  the  maxilla  by  means  of  a  saw  or  chisel. 
The  upper  central  incisor  tooth  in  the  affected  maxilla 
must  now  be  extracted  and  the  mucoperiostcum  cover- 
ing the  hard  palate  divided  near  the  middle  line  from 
before  backward;  the  soft  palate  should  also  be  sep- 
arated by  a  transverse  incision  along  the  posterior 
border  of  the  hard  palate  on  the  diseased  side.  By 
means  of  a  keyhole  saw  introduced  into  the  nostril 
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the  hard  palate  is  divided  in  the  line  of  the  incision  in 
the  mucoperiosteum  as  rapidly  as  possible.  The  bone 
is  then  grasped  by  lion-jaw  forceps  and  wrenched 
from  its  remaining  attachments,  the  principal  one 
being  the  pterygoid  process.  At  this  stage  the  use  of 
the  bone-cutting  forceps  bent  at  an  angle  may  be  re- 
quired to  sever  any  firm  connections.  Sponges  should 
be  instantly  thrust  into  the  cavity  and  pressure  exerted 
to  check  the  bleeding.  The  sponges  may  now  be 
removed  one  by  one,  and  the  bleeding  points  dealt 
with  by  ligation.  Usually  the  hemorrhage  will 
cease  after  a  few  moments' pressure.  (Fig.  2218,  ate.) 

It  will  be  necessary  to  pack  the  wound  with  gauze 
which  will  effectually  arrest  oozing,  but  it  mu.st  not 
be  depended  upon  to  Control  spurting  vessels.  Each 
piece  of  gauze  introduced  should  have  firmly  attached 
a  strong  thread  to  assist  in  its  removal.  After  the 
operator  has  assured  himself  that  the  hemorrhage  is 
controlled,  he  should  replace  the  flap  and  should 
suture  it  in  position  by  means  of  silkworm  gut. 
Especial  care  should  be  obser^'ed  in  adjusting  the 
free  margin  of  the  lip. 

If  the  bone  is  much  diseased  it  is  apt  to  break,  and 
must  then  be  removed  in  fragments.  In  such  cases 
every  portion  should  be  examined  for  evidences  of 
remaining  disease  and  all  such  tissue  removed.  The 
advantage  in  leaving  the  floor  of  the  orbit  when  pos- 
sible is  that  the  eye  is  not  disturbed.  When  it  is 
removed,  the  eye  drops  somewhat,  and  the  lower  lid 
is  apt  to  remain  red,  swollen,  and  distorted. 

The  removal  of  both  superior  maxillae  becomes 
necessary  in  rare  instances.  The  technique  is  the 
same  as  that  described  above  save  that  it  is  duplicated 
on  the  opposite  side. 

Afler-lrealment. — The  gauze  tampon  should  be 
removed  on  the  day  following  the  operation  unless 
there  is  reason  to  expect  free  hemorrhage,  when  it 
mav  be  allowed  to  remain  another  twenty-four  hours. 
The  mouth  must  be  kept  as  clean  as  possible  by  the 
frequent  use  of  washes,  douches,  and  sprays.  _  These 
should  consist  of  mild  antiseptics  like  solutions  of 
boric  acid,  salicylic  acid,  etc.  Nourishment  during 
the  first  few  days  is  maintained  preferably  by  nutrient 
enemata,  and  later  by  milk,  broths,  and  other  liquid 
foods  given  bv  the  mouth. 

Mortality.— This  varies  in  different  collections  of 
cases.  Butlin  in  1887  found  the  mortality  to  be  about 
30  per  cent.  Bryant's  collection  (1890)  showed 
14  per  cent,  of  deaths.  Of  66  more  or  less  complete 
unilateral  and  .5  bilateral  resections,  collected  by  White 
and  Wood  (1896),  but  6  per  cent,  died  as  a  result  of 
the  operation.  The  records  of  St.  Bartholomew's, 
St.  Thomas',  and  University  Hospitals,  London,  have 
been  examined  by  Butlin  (1900),  who  found  127  cases 
of  excision  for  malignant  disease  with  16  deaths 
(12.6  per  cent.).  Martens  (quoted  by  Butlin)  reports 
from  the  clinic  of  Konig,  in  Gottingen,  74  total 
excisions  from  1875  to  1896,  with  nearly  30  per  cent, 
mortalitv. 

Osteoplastic  resection  of  the  superior  maxilla  is  occa- 
sionally  performed  for  the  purpose  of  removing  naso- 
pharviigeal  tumors.  Nelaton's  method  consists  in 
the  division  of  the  soft  palate  anteroposteriorly,  and 
the  removal  of  the  posterior  half  of  the  hard  palate 
after  the  mucous  membrane  and  periosteum  have  lieen 
separated  from  the  middle  line  toward  the  alveolus 
on  either  side.  After  the  removal  of  the  polj-p  the 
palate  is  closed  bv  sutures. 

Chalot  separated  the  upper  lip  from  the  superior 
maxilla  until  the  nasal  fossae  were  opened,  then  ex- 
tracted the  two  upper  canine  t«eth  and  made  an  inci- 
sion through  the  mucoperiosteum  of  the  hard  palate 
from  the  point  occupied  by  the  extracted  teeth,  along 
the  alveolus  to  the  posterior  border  of  the  hard  palate. 
The  alveolus  and  palate  were  next  divided  by  a  mallet 
and  chisel  and  the  fragment  was  separated  from  the 
vomer  and  turned  down  into  the  mouth,  being 
attached  onlv  to  the  soft  palate.     -After  the  removal  of 


the  tumor  the  bone  should  be  replaced  and  held  by 
sutures. 

Several  methods  have  l>een  propoi*ed  by  difTerent 
surgeons  for  reaching  these  tumorH  by  K-iiiporary 
excLsion  of  portions  or  all  of  the  nose,  the  most  uwf  ul 
perhaps  being  that  of  Koiige.  Thi«  conni.itt  in 
separating  the  upper  lip  from  the  maxilla;  by  dividing 
the  mucous  membrane  clo.se  to  the  bone;  f  n 

and  the  ala;  are  also  detached  from  their  :i' 
to  the  bone  and  turned  upward  by  inverting  ;,.     .,.,,.  r 
lip  and  making  traction.     After  the  removal  of  the 
tumor  the  parts  fall  naturally  into  place. 

This  procedure  is  suitable  for  tumons  Bitiiat<>d 
anteriorly  chiefly.  Some  means  must  be  ado|)t<-d  for 
[)revcntiiig  the  blood  from  getting  into  the  larynx  and 
there  is  nothing  bettiT  than  intratracheal  anesthcHia. 
Langenbock  makes  two  inci.sions:  one  from  Ik-Iow  the 
iiuMT  canthus  to  the  malar  bone,  and  another  from 
the  nostril  to  join  the  outer  extremity  of  the  firi>t 
(Fig.  2220,  li).  The  bone  is  sawed  through  in  thelineii 
of  tlic  incisions.  The  l)one  still  attached  to  the  soft 
parts  is  then  raised  and  thrown  over  on  the  opposite 
cheek.  The  parts  are  restored  and  sutured  in  place 
after  the  tumor  is  removed. 

EXCISIOM       OF       THE       INFERIOR       Ma-XILLA. — Total, 

partial,  or  temporary  excisions  are  done  upon  the 
mandible.  In  total  excision,  the  arch  is  complete- 
ly divided  to  some  extent,  great  or  little;  if  thiM 
includes  the  articular  portion  it  is  spoken  of  an  a 
disarticulation.  With  resection  the  continuity  of 
the  arch  is  preserved  and  only  a  limited  area, 
usually  the  alveolar  i)rocess.  is  removed.  Usleoplanlic 
resection,  involves  the  division  of  the  jaw  in  such  a 
way  as  to  gain  access  to  the  floor  of  the  mouth  and 
pluirynx  with  the  subsequent  suturing  of  the  bone  in 
its  normal  position. 

In  total  excision  the  extent  and  location  of  the 
removed  bone  may  vary  widely,  .sometimes  a  portion 
may  be  taken  from  the  horizontal  limb,  sometimes 
from  the  middle  section  on  either  or  both  sides  of  the 
symphy.sis,  sometimes  half  the  jaw,  and  sometimes 
both  halves.  When  it  is  nece.s,sary  to  exci.se  near  the 
angle,  or  to  remove  half  of  the  jaw,  the  incision  of 
choice  lies  externally  along  the  inferior  and  po.storior 
borders;  but  in  o[)erations  upon  the  middle  portions 
ample  exposure  with  the  best  cosmetic  effect  is  olv 
tained  by  a  median  incision  of  the  lower  lip,  which 
may  be  "extended,  if  necessary,  as  far  as  the  hyoid 
boiie,  or  mav  branch  like  the  two  limbs  of  an  inverted 
Y  at  the  margin  of  the  chin  in  order  to  permit  of  a 
di.s.section  of  the  neck.  Infrequently,  it  is  possible 
to  avoid  all  external  scar  by  .scparatin(f  the  lower  lip 
and  soft  parts  from  the  jaw  through  an  incision  within 
the  mouth. 

There  are  certain  very  important  pomt-s  m  the 
t^hnique  of  operations  in  this  region  which  should 
always  be  remembered.  The  first  of  the.se  is  the  ma- 
terial value  of  the  periosteum,  es])ecially  in  the 
young,  in  creating  a  skeleton  frame  or  form  over 
"which  new  bone  may  grow.  It  therefore  follows  that 
the  bone  should  be  cleaned  subperio.steally  and  with 
the  muscular  attachments  intact,  excenting,  of  course. 
in  the  presence  of  a  malignant  neoplasm  where  the 
operator  must  sacrifice  all  adjacent  structures  regard- 
less of  effect.  Another  most  important  necessity  is 
the  immeilialc  replacement  of  the  resected  part  by 
artificial  prosthetic  means  in  every  ca.so  when;  there  is 
a  material  .solution  of  continuity.  Unless  this  is  done 
at  once,  there  is  apt  to  follow  immediately  after  the 
operation  danger  to  life  through  suffocation,  inabilitv 
to  chew,  to  swallow,  or  to  speak,  together  with  decided 
disfigurement,  while  the  remote  results  are  sc.-ircelv 
less  disastrous  bv  reason  of  the  inward  contraction  of 
the  stumps  and  the  consequent  narrowing  of  the  oral 
cavitv  to  such  an  extent,  that  the  later  use  of  apparatus 
is  unavailing.  Another  factor  to  be  considered  arises 
when  the  resection   .tfficts  the  fon'part  of  the  jaw. 
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When  the  geniohyoid  and  genioglossus  muscles  are 
cut  at  their  insertion  tlie  tongue  is  lialjle  to  fall  back 
and  threaten  suffocation  to  the  unconscious  patient. 
This  danger  sliould  be  anticipated  and  avoided  by 
passing  a  stout  looped  suture  through  the  tongue 
before  these  muscles  are  divided.  Ordinarily  hemor- 
rhage is  not  a  feature  of  serious  moment  save  perhaps 
with  certain  malignant  growths.  Siiu'e  with  these 
there  is  usually  reqinred  a  preliminary  dissection 
of  the  cervical  lymph  chains,  an  opportunity  is  readily 
afforded  for  a  temporary  or  permanent  ligation  of  the 
external  carotid,  if  deemed  necessary.  Hemorrhage 
from  the  sectioned  l)one  may  easily  be  checked  by  a 
plug  of  bone  wax  or  frayed  catgut.  In  disarticulation 
care  must  be  taken  to  avoid  injury  to  the  internal 
maxillary  artery  as  it  rounds  the  neck  of  the  condyle. 

The  excision  of  half  the  jaw  is  done  through  an 
inci.sion  which  begins  at  the  middle  of  the  chin  just 
below  the  free  portion  of  the  lip,  passes  downward 
across  its  edge  and  then  follows  the  border  of  the  jaw 
laterally  as  far  as  the  angle,  where  it  turns  upward  along 
the  posterior  border  of  the  ramus  as  far  as  its  middle. 
This  incision  is  deepened  at  once  to  the  bone  at  all 
points  save  over  the  facial  artery,  which  is  first  isolated 
and  then  divided  between  a  double  ligature.  Work- 
ing from  before  backward  all  the  soft  parts  are  raised 
from  the  jaw  subperiosteally,  first  on  the  outer  sur- 
face and  then  on  the  inner  as  far  as  the  alveolar  mucous 
membrane.  The  ascending  ramus  is  cleared  on  its 
outer  surface  oidy  and  the  masseter  muscle  detached 
from  its  firm  connection  with  a  sharp  rugine.  In 
separating  the  soft  parts  on  the  inner  side  of  the  jaw 
care  must  be  taken  to  avoid  injury  to  the  sublingual 
and  submaxillary  salivary  glands.  After  cutting 
through  the  mucous  membrane  at  the  alveolar  border, 
the  lower  lateral  incisor  is  drawn  and  the  bone  is 
divided  by  a  Gigli  or  Hey  saw,  slightly  to  the  involved 
side  of  the  midline  to  avoid  the  genial  tubercles.  The 
severed  end  is  seized  and  drawn  outward,  permit- 
ting the  structures  on  the  inner  surface  of  the  ramus 
to  be  detached  without  danger  at  this  stage — the 
internal  pterygoid  muscle,  the  inferior  dental  artery 
and  nerve,  the  superior  pharyngeal  constrictor,  and 
the  internal  lateral  and  stylomaxillary  ligaments. 
It  is  then  depressed  enough  to  expose  the  coronoid 
process,  which  may  be  cut  at  once  with  bone  forceps, 
or  the  temporal  muscle  carefully  cut  from  it  with 
curved  scissors.  As  the  jaw  is  still  further  depressed 
the  insertion  of  the  external  pterygoid  muscle  appears 
and  is  raised,  the  joint  capsule  is  divided,  and  the 
head  of  the  bone  is  disarticulated  forward.  The  divi- 
sion of  the  few  remaining  fibers  will  free  the  bone,  but 
caution  must  be  observed  at  this  point  that  the  jaw 
is  not  rotated  outward  lest  the  internal  maxillary 
artery  be  hooked  over  the  inner  condyle  and  dragged 
into  the  wound  and  perhaps  injured. 

When  all  bleeding  has  been  checked  the  soft  parts 
are  approximated  by  a  few  buried  sutures,  the  mucous 
membrane  is  carefully  stitched  with  catgut,  and  the 
external  wound  closed  with  a  subcuticidar  suture  to 
avoid  a  disfiguring  scar.  Temporary  drainage  is 
necessary  at  the  lower  angle  of  the  wound.  In  the 
selected  case  a  bone  graft — and  nothing  is  better  for 
tliis  purpose  than  a  curved  piece  of  rib — may  be  firmly 
contacted  with  the  sectioned  end  of  the  remaining 
half  of  the  jaw  and  buried  in  the  detached  periosteum. 
Wherever  possible,  at  the  time  of  operation,  some 
attempt  should  be  made  to  preserve  the  form  of  the 
new  jaw  which  may  be  created  from  the  periosteum. 
For  this  purpose  a  framework  of  gutta  percha  may 
be  fixed  in  place  after  the  method  of  Marten  of  Lyons. 

In  all  degrees  of  resection  between  the  ascending 
rami  the  median  incision  furnishes  the  best  exposure 
and  the  minim\im  disfigurement.  It  is  wdth  this  class 
of  work,  where  two  stumps  are  left,  that  the  immediate 
application  of  measures  to  prevent  contraction  and 
deformity  is  imperatively  demanded.  For  this  pur- 
pose internal  splints  of  gutta  percha,  or  gutta  percha 
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and  metal,  or  aluminum,  or  steel  must  be  firmly 
attached  to  the  ends  of  the  sectioned  bone.  What- 
ever splint  is  used  it  should  not  interfere  with  the  new 
growth  of  bone,  it  should  preserve  the  contour  of 
the  jaw,  it  should  be  cleansable  in  situ,  and,  finally, 
it  should  be  removed  after  the  shape  of  the  jaw  has 
been  fixed  and  wound  repair  has  been  com]jleted,  to 
be  replaced  by  an  artificial  plate  furnished  with  teeth. 
To  accomplish  all  of  this  to  its  best  effect  usually 
means  the  cooperation  of  a  dentist. 

Resection  is  usually  done  for  necrosis,  for  buried 
roots  of  teeth  after  extraction,  or  for  malerup- 
tion.  Operation  is  done  through  the  mouth  and  the 
diseased  area  is  removed  by  the  curette,  gouge,  or 
bone-cutting  forceps.  Hemorrhage  is  controlled  by 
gauze  packing  and  if  the  denuded  bone  is  at  all 
extensive  packing  maj'  be  used  for  several  days.  In 
the  majority  of  cases  of  necrosis  the  removal  of  the 
sequestrum  may  be  easily  accomplished  through  the 
mouth.  Even  where  the  disease  is  as  extensive  as  it 
is  in  the  phossy  jaw  of  the  phosphorus  worker,  some- 
times extending  from  one  condyle  to  the  other,  ex- 
ternal incision  is  not  required  and  the  dead  jaw  may 
be  lifted  from  its  bed  through  the  mouth.  The  in- 
volucrum  in  these  cases  is  usually  firm  enough  to 
sustain  the  shape  of  the  mandiljle  until  osteogenesis 
forms  a  new  bone,  but  if  there  is  any  doubt  upon  this 
point  it  is  well  to  keep  a  moulded  gutta-percha  splint 
in  the  wound  until  it  is  well  healed.  In  all  cases  of 
excision,  complete  or  partial,  a  painstaking  mouth 
toOet  by  the  frequent  use  of  mechanical  cleansing 
and  bland  antiseptic  washes  is  imperatively  demanded 
throughout  the  period  of  healing,  and  in  many  cases 
the  comfort  of  the  patient  is  greatly  aided  by 
tube-feeding  during  the  first  week  or  ten  days. 

Osteoplastic  resection  is  an  operation  devised  for 
the  exposure  of  the  mouth,  fauces,  and  pharynx  by 
the  temporary  division  of  the  jaw,  which  is  followed, 
after  the  purpose  is  effected,  by  suturing  of  the 
bone  in  its  place  again.  The  mandible  may  be 
divided  either  in  the  midline  or  just  in  front  of 
the  ascending  ramus.  According  to  Kocher,  the 
necessity  for  more  than  the  median  section  very 
seldom  occurs  as  ample  room  may  be  obtained  for 
practically  all  purposes  by  it. 

For  division  of  the  jaw  in  the  midline,  the  incision 
is  made  directly  through  the  lip,  across  the  edge  of  the 
chin,  and  extends  as  far  as  the  hyoid  bone.  After  the 
arteries  are  caught  the  entire  circiunference  of  the  jaw 
is  cleared  subperiosteally.  A  central  incisor  tooth 
is  drawn  and  a  Gigli  saw  is  passed  around  the  bone. 
Before  the  divi.sion  is  made,  however,  it  is  well  to 
drill  holes  on  either  side  of  the  proposed  saw  line  for 
the  sutures  which  are  to  come  later.  The  saw  cut 
should  spare  the  genial  tubercles  and  bevel  the  bone 
slightly  at  the  expense  of  the  inner  surface. 
The  two  sides  are  now  widely  separated,  preferably 
by  a  self-retaining  retractor  provided  with  a  screw, 
and  the  main  operation  is  proceeded  with  through  the 
gap. 

Where  the  division  is  made  m  front  of  the  ramus,  the 
incision  extends  from  the  tip  of  the  mastoid  process 
well  toward  the  hyoid  bone.  The  jaw  is  cleared  at  the 
anterior  margin  of  the  masseter  muscle,  after  the  facial 
artery  is  ligated.  Preliminary  drill  holes  are  suit- 
ably placed  and  the  Gigli  saw  divides  the  bone  ob- 
liquely both  forward  and  downward.  The  severed 
ramus  then  may  be  drawn  upward  and  the  horizontal 
portion  forward,  thus  securing  the  recjuisite  exposure. 

In  fixing  the  fragments  much  is  anticipated  prior 
to  division  by  the  correct  bevel  given  to  the  respect- 
ive ends  so  that  the  tendency  to  subsequent  displace- 
ment is  minimized,  but  in  addition  sutures  are  re- 
quired. For  this  purpose  absorbable  materials  are 
to  be  preferred  if  they  are  of  unusual  tensile  strength, 
such  as  exceptionally  strong  catgut  or  kangaroo 
tendon,  but  if  there  is  doubt  a  non-absorbable  suture 
like  silver  wire  may  be  threaded  through  the  drill 
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holes  and  fastened.  In  either  event  the  periosteiiin 
is  replaced,  the  mucous  menilirane  carefully  stitched, 
and  the  external  wound  closed  by  a  subcuticular 
suture.  MoRKis  Booth   Mii.lkh. 
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Exercise. — The  word  "exercise"  has  come  into 
wide  use,  especially  among  members  of  the  medical 
profession,  to  indicate  bodily  activity  deliberately 
carried  out,  without  reference  to  mental  exertion, 
whether  the  latter  be  involved  or  not.  Although 
the  graduates  of  medical  schools  are  made  to  realize 
in  a  vague  and  general  waj'  the  importance  of  abundant 
outdoor  exercise  for  the  maintenance  of  health,  few 
of  them  have  paid  enough  attention  to  physiology 
to  appreciate  the  relations  of  the  subject  to  a  vital 
and  effective  degree;  and  despite  much  advertising 
Ijy  the  graduates  of  schools  of  physical  education 
through  their  excellent  teaching  in  schools  of  every 
kind,  many  people  still  fail  to  realize  that  physical 
education  "is  more  than  "physical  culture"  in  the 
outworn  sense  of  twenty  years  ago.  _  The  physiology 
of  exercise,  now  almost  a  science  by  itself,  is  devoted 
to  setting  forth  and  explaining  the  effects  of  bodily 
exercise  on  the  individual  in  all  his  aspects — moral, 
mental,  and  physical. 

Effect  op  Exercise  on  Growth. — The  growth  of 
the  individual  depends  on  heredity,  nutrition,  and 
exercise,  but  since  these  are  inseparable  we  do  not 
know  just  how  much  exercise  alone  has  to  do  with 
growth.  The  following  principles,  however,  appear 
to  be  involved.  Systematic  exercise  stimulates 
growth,  but  growth  does  not  continue  for  more  than 
a  few  weeks  after  stimulation  ceases.  Increase  of 
weight  is  due  to  the  formation  of  fat  and  the  absorp- 
tion of  water.  Elaborate  chemical  analysis  is  the 
only  method  of  determining  the  increase.  An  ample 
and  varied  food  supply  makes  the  adolescent  taller 
and  heavier,  and  investigation  shows  a  great  dif- 
ference between  the  "favored"  and  ill-nourished 
t>-pes  of  child.  Exercise  increases  the  appetite  and 
stimulates  the  assimilative  processes.  Growth  is 
not  uniform.     Increase  in  height  and  weight  occur  in 


inverse  proportions,  that  i.s  the  Kreiit«-«t  iiirri-:i.s<-  in 
weight  is  not  accompanied  by  ctiual  Kfowth  in  hciKlit 
;inil  the  reverse  is  also  true.  The  rliythm  of  ulti-rnu- 
tion  bt'tween  action  and  rest  beconieM  more  unifurm 
and  tends  to  be  abolished  through  syHtcinutic  cxiTcij»o. 
The  thorax  is  developed  by  exercise  beyonrl  and  nlxive 
the  average  increase.  Cirowth  of  the  four  extrcniiticfl 
becomes  more  uniform  Ihrougli  systematic  exiTcinc. 
Exercise  e()ualizes  growth  of  dilferi'Mt  parts  ami  orgiin*. 
Heredity  determines  stature  more  tliun  any  other  one 
influence,  and  is  the  most  important  of  deterniinnntii, 
as  illustrated  by  the  "  laws  "  of  heridity.  Ample  nu- 
trition determines  increase  in  weight  more  than  In 
height.  Stature  is  attained  at  the  age  of  twenty-two 
years  in  males,  and  of  (ughteen  years  in  females.  It 
is  as  a  rule  determined  lietween  the  twelfth  and  twen- 
tieth years,  and  exercise  taken  during  this  period  ban 
the  most  beneficial  influence.  In  senescence,  i-xcrcisc 
taken  after  forty-five  tends  to  prevent  the  growth  of 
factors  that  induce  senility. 

Physical  training  is  growth  in  respect  to  phy.sical 
strength  and  endurance.  It  is  the  raising  of  the  stand- 
ard in  structure  and  function  of  motor  elFicienry. 
In  children,  physical  training  is  not  advisable.  Sys- 
tematic physical  training  tlevelops  the  digestive,  as- 
similative, respiratory,  and  circulatory  systems  to 
meet  all  the  bodily  needs.  Nutrition,  metjibolism, 
and  growth  are  raised  to  a  higher  plane  of  efficiencj', 
and  the  nervous  system  is  developed  ahmg  the  lines 
of  promptness  and  certainty,  especially  by  the  use  of 
marching  tactics  which  demand  jiromjjt  reaction 
and  are  thus  among  the  most  efficient  methods  for 
training  attention. 

By  jjhysical  training  the  mechanical  apparatus 
(muscles,  tendons,  and  joints)  is  enlarged  and  strength- 
ened. The  sarcomeres  are  distended  to  their  limit  by 
lymph  and  become  hardened.  This  is  an  important 
condition.  Dulling  of  the  pain-scn.se  and  habituation 
to  minor  pains  and  injuries  is  a  psychological  element 
in  the  process  of  physical  training.  Training,  how- 
ever, is  often  overdone  in  many  ways,  e.g.  through 
diet,  an  expensive  training  table,  trainers,  and  over- 
exertion. All  that  is  needed  is  an  ample  non-fat- 
producing  diet,  and  one  that  will  not  disarrange  the 
digestive  apparatus.  As  a  rule  there  is  more  disturb- 
ance of  digestion  when  a  man  is  under  a  course  of 
severe  mental  training.  Most  of  the  evil  effects  of 
training  are  due  to  overtraining,  especially  of  the 
heart.  Then,  when  training  stops  degeneration  takes 
place  in  the  unused  muscle-masses  of  the  heart  and 
evil  results  follow.  Many  are  certainly  overtrained 
to  a  harmful  degree. 

The  researches  of  Burge  (reported  by  Graham  Lusk, 
in  the  Airliii'cs  of  PAf/.si'o/ti;;;/,  HH)0)  on  the  effects 
of  training  on  mountain  climbers  in  Switzerland, 
showed  a  total  loss  per  kilo  of  body  weight  in  carbon 
dioxide,  the  index  of  metabolism,  as  follows: 


Trained  Men. 
2. 10  grams. 
2.27  grams. 
2.06  grams. 
2.21  grams. 


Vntrained  Moii. 
2.  43  grams. 
2.71  gr.ims. 
2.2.">  grams. 
2.44  grams. 


Obviously  the  untrained  individual  w.as  at  a  dis- 
advantage." The  greatest  ditTerence  between  ihe  two 
types  was  shown  at  an  altitude  of  3,000  meters. 

Effects  of  Exercise  ox  NrTRixiox. — Lack  of 
exercise  permits  the  accumulation  of  fat  in  the  body. 
Pathologicallv,  obesity  is  a  disease.  Some  arc  born 
fat;  others  achieve  fatness  (laziness):  and  others  have 
fatness  thrust  upon  them  (inability  to  exercise). 
Physiological  obcsitv  is  a  matter  of  lack  of  balance 
between  food  and  work.  The  proper  amount  of  ex- 
ercise maintains  tonicitv  of  the  entire  system:  and 
superfluous  fat  is  kept  out  of  all  the  muscles  and  organs. 

Londe  (ISt)O)  experimented  on  two  dogs  giving  full 
meals  to  both  and  immediately  afterward  making  one 
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exercise  violently,  while  the  other  was  in  complete 
rest.  After  two  hours,  the  intestines  of  the  first  were 
found  to  contain  food,  although  the  digestive  process 
had  not  begun.  After  the  same  period  food  in  the 
process  of  digestion  was  found  in  the  stomach  of  the 
second  dog.  Moderate  exercise  after  a  meal  may, 
therefore,  be  considered  not  harmful. 

Constipation,  which  may  be  due  to  a  variety  of 
causes,  may  be  cured  by  systematic  and  i)roper  ex- 
ercise. Exercise  increases  heart  action,  respiration, 
absorption,  assimilation,  and  elimination.  The  move- 
ments of  the  diaphragm  become  more  complete  and 
exert  a  viojorous  and  rhythmical  massage  on  the 
large  intestine.  The  liver  and  the  gall-bladder  also  are 
benefited.  Peristalsis  is  increased  through  increased 
tonicity  of  the  nerve  centers  and  the  increased  flow 
of  secretion  from  the  glands  softens  the  feces.  The 
strength  of  the  vegetative  muscles  is  greatly  increased 
by  systematic  exercise. 

There  is  no  evidence  that  moderate  exercise  exerts 
any  evil  influence  on  the  digestive  processes.  The 
excretion  of  nitrogen  is  apparently  not  increased  after 
exercise.  No  difference  in  the  thoroughness  of  diges- 
tion was  noted  in  the  same  subjects  when  at  rest  or 
when  hill  cimbing;  and  observations  on  dogs  have 
shown  that,  beyond  a  delay  in  the  secretion  of  pepsin, 
exercise  after  eating  was  a])parently  without  effect. 
Food  consumption  in  the  dogs  did  not  increase  through 
exercise,  and  the  protein  catabolism  was  somewhat 
lessened.  It  may  be  concluded,  therefore,  that  while 
violent  exercise  may  impede,  moderate  exercise  has 
no  effect  upon  digestion. 

Sugar,  being  an  immediate  muscle  food  has  been 
proved  to  be  the  best  food  during  excessive  muscular 
work,  though  it  should  not  be  taken  to  excess  or  near 
regular  meal  times.  Through  its  use  the  heart  may 
be  regulated  and  brought  to  a  good  condition.  Its 
value  as  a  muscle  food  is  shown  in  an  experiment 
carried  out  on  two  English  boys,  who  for  two  months 
practised  rowing  for  five  hours  daily  and  during  that 
time  were  fed  on  five  ounces  of  sugar  each  day.  At 
the  end  of  this  training  period  both  won  from  trained 
competitors  who  had  not  been  fed  on  sugar.  It  has 
been  estimated  that  the  ingestion  of  17. .5  ounces  of 
sugar  increases  the  active  power  of  work  from.  61 
to  70  per  cent. 

Effect  of  Exerclse  on  the  Nervous  System. — 
These  effects  are  by  far  the  most  important,  the 
least  obvious,  and  the  most  difficult  to  demonstrate. 
Exercise  gives  more  benefit  to  the  nervous  system 
than  to  any  other  organ.  It  is  estimated  that  the 
human  cortex  of  from  thirtv  to  fortv  grams  weight 
contains  3,000.000,000  to  G',000,000,600  nerve  cells. 
Exercise  involving  a  combination  of  the  large  mus- 
cles results  in  an  extreme  degree  of  neuromuscular 
coordination  which  induces  gracefulness,  skill,  and 
strength  by  giving  better  voluntary  control.  All 
this  depends  upon  the  relation  of  the  neurones  and 
the  complexity  of  the  nervous  system  which  is  due  to 
the  increase  of  neurites,  development  of  collaterals, 
etc.  On  the  average  there  are  twenty  muscle  fibers 
to  one  motor  neurone ;  in  the  eye  there  are  five  muscle 
cells  to  one  neurone;  in  the  gluteus  maximus  fifty 
muscle  fibers  to  one  neurone;  and  as  the  muscles 
increase  in  skill  the  neurones  increase  proportionally. 
The  vasomotor  system  is  enlarged  through  exercise 
and  a  better  adaptation  of  the  blood  supply  results. 
Exercise  develops  the  kinesthetic  (muscle  and  joint) 
sense,  an  important  factor  in  the  treatment  of  the 
feeble-minded.  Forbes  has  shown  that  muscle 
fatigued  through  one  afferent  path  can  be  stimulatcfl 
into  action  through  another;  and  exercise  is  thus  a 
means  of  using  and  stimulating  muscle  groups  through 
all  the  available  sensory  and  afferent  pathways.  It 
improves  the  nutrition  of  the  nervous  system,  stimu- 
lates the  circulation,  and  increases  the  mental  ability. 
The   brain   was    developed    as    a   motor   organ    and 


deliberate  exercise  is,  therefore,  now  more  and  more 
necessary  in  order  that  it  may  be  kept  in  good  con- 
dition. The  first  eight  years  of  life  should  be  wholly 
devoted  to  the  development  of  the  neuromuscular 
system.  Lack  of  exercise,  because  of  the  resulting 
poor  physical  tonicity  increases  sensibility  to  pain  and 
injuries,  and  the  results  of  college  football  training 
may  be  cited  as  an  extreme  instance  of  reverse  con- 
ditions. The  nervous  sj'stem  works  in  a  rhythm 
with  periods  of  efficiency  and  inefficiency,  and  exer- 
cise tends  to  abolish  the  rhythmical  moods  thus 
induced. 

The  effects  of  exercise  on  the  nervous  system  may  be 
enumerated  as  follows: 

1.  Exercise  helps  to  make  more  complete  the  inte- 
grating function  of  the  nervous  system  which  in  the 
last  analysis  is  the  latter's  sole  office. 

2.  The  second  effect  of  physical  exercise  upon  the 
nervous  system  lies  in  an  invigoration  of  the  nerves 
through  the  production  of  a  larger  amount  of  chroma- 
tin in  the  nerve  cells.  Physical  exercise  increases 
the  amount  of  chromatin  in  the  cell  nucleus  and  so 
serves  to  make  the  action  of  the  cells  more  vigorous 
by  furnishing  more  energy  to  the  nervous  impulse. 

3.  The  third  effect  of  physical  exercise  upon  the 
nerves  is  in  the  development  and  invigor.ation  of 
the  vasomotor  system  in  regard  both  to  its  action 
and  to  its  function,  so  that  the  nerve  centers  when 
they  require  it  obtain  a  more  abundant  supply  of 
blood. 

4.  A  fourth  effect  of  physical  exercise  lies  in  the 
improved  nutrition  of  the  nervous  system;  the 
circulation  is  stimulated,  and  the  brain  is  flushed  out 
more  rapidly.  Attention  has  been  called  to  the 
increased  flow  of  lymph  through  the  organism  as 
one  of  the  chief  causes  of  the  improvement  in  the 
efficiency  of  the  individual  following  physical  exercise. 

5.  The  nervous  system  may  also  be  benefited  by 
the  production  through  exercise  of  large  amounts  of 
hormones,  chemical  substances  produced  in  one  part 
of  the  body  for  use  in  another  part.  For  instance, 
the  secretion  of  the  hj'pophysis  cerebri,  which 
probably  h.as  vasomotor  connections  and  exerts  a 
powerful  influence  over  vasomotion  and  so  over 
blood  pressure,  seems  to  be  employed  in  maintaining 
the  proper  nutrition  of  some  of  the  tissues  of  the 
body  and  perhaps  the  nutrition  of  parts  of  the 
nervous  system. 

6.  It  is  a  true  saying  that  health  comes  in  by  the 
muscles  and  flies  out  by  the  nerves,  and  in  this  con- 
nection one  may  consider  the  different  conditions 
existing  in  a  manufacturing  town  of  to-day  from  those 
of  perhaps  sixty  years  ago,  comparing  the  amount  of 
exercise  obtained  by  the  workers  of  that  time  when 
all  the  industries  were  carried  on  by  hand,  with  that 
of  a  man  in  a  shoe  factory  of  to-day,  for  instance, 
where  each  man  does  perhaps  only  one-eighty-first 
part  of  the  process  necessary  for  the  completion  of  a 
shoe.  The  effect  of  this  lack  of  physical  exercise  on 
those  engaged  in  such  occupation  is  seen  in  the  nervous 
system.  In  the  first  place,  the  nervous  systems  of 
such  individuals  are  undeveloped  owing  to  their  lack 
of  variety  of  movements;  in  the  second  place,  their 
nervous  systems  are  overworked  in  those  particular 
parts  which  they  must  use  in  carrying  out  their  work; 
an  example  of  this  is  seen  in  writer's  cramp.  Such 
individuals  are  under  a  nervous  strain,  and  this  nerv- 
ous strain  is  usually  accompanied  by  a  disturbance  in 
the  coordinating  centers  of  the  nervous  s.vstem.  Some 
exercise  is  needed  by  many  men  and  women  whose 
work  is  physically  too  narrow.     (Stanley  Hall.) 

7.  In  addition  to  the  effects  already  enumerated, 
physical  exercise  has  another  influence  upon  the 
nervous  system;  that  is,  the  lessening  of  hyperalgesia 
or  excessive  sensitiveness  to  pain  and  hyperesthesia, 
or  excessive  sensitiveness  of  the  nervous  system. 
Physical  exercise  more  than  any  other  normal  means 
lessens  the  effect  of  the  sensitivity  of  the  nervous 
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system,  and  especially  sensitivity  to  pain  and  feeling 
in  general. 

8.  Another  effect  of  systematic  physical  exercise 
upon  the  nervous  system  is  the  shortening  of  the 
reaction  time;  and  anj-thing  that  shortens  reaction 
time  is  helpful  and  beneficial  to  an  extreme. 

9.  A  normal  amount  of  pure  muscular  exertion 
is  the  best  aid  to  natural  sleep. 

10.  The  whole  sympathetic  nervous  system  is  in- 
directly developed  by  phj'sical  exercise;  this  is  an 
important  thing,  for  the  sympathetic  system  (under- 
lying vegetative  functions  and  processes  of  the  or- 
ganisms) is  the  chief  determinate  of  the  individual's 
efficiency. 

11.  Another  effect  of  physical  exercise  upon  the 
nervous  system  lies  in  the  development  of  the  kines- 
thetic receptors  for  it  must  be  supposed  that  exercise 
increases  the  number  of  kinesthetic  end-organs  in 
the  muscles,  joints,  tendons,  and  bones. 

12.  Still  another  mode  in  which  the  nervous  system 
may  possibly  be  developed  by  systematic  exercise 
lies  in  the  development  of  the  motor  end-plates.  This 
last,  however,  is  purely  a  supposition,  but  serves 
to  complete  the  logical  demonstration  of  the  effects 
of  physical  exercise  upon  the  nervous  system. 

Effects  of  Exercise  on  the  Circulatiox. — Exer- 
cise may  be  considered  in  relation  to  (1)  heart  rate, 
(2)  regularity  of  heart  beat,  (3)  size  of  heart,  (4) 
relation  of  systole  and  diastole,  (5)  amount  of  blood, 
(6)  pressure  of  blood,  (7)  vigor  of  heart  and  arteries. 

The  heart  rate  is  always  increased  by  active  exer- 
cise, but  is  not  affected  by  passive  movements  and 
massage.  It  is  probable  that  the  heart  rate  is  not  a 
reflex  and  that  its  control  is  from  the  medulla  ob- 
longata, and  not  from  the  periphery  of  the  body.  A 
rapid  return  to  the  normal  rate  is  an  indication  of 
good  accommodation  and  training.  In  well-trained 
men  the  return  is  rapid,  occurring  often  in  fifteen 
seconds.  The  same  is  true  of  blood  pressure.  In 
men  who  are  physically  well  developed  a  slow  pulse  is 
usually  found. 

Regularity  of  Heart  Beat. — Cook  and  Pembrey 
have  shown  that  heart  beats  may  be  dropped  without 
any  disturbances  of  rhj'thm.  The  action  is  ap- 
parently similar  to  that  of  apnea  in  respiration.  In 
an  untrained  heart  the  irregularit.v  shows  in  the 
volume  and  rate  of  the  pulse  which  is  sometimes  fast 
and  again  slow.  Hill  has  shown  that  the  maximum 
efficiency  is  reached  when  the  heart  rate  is  1.50  per 
minute.  The  so-called  "second  wind"  is  due  to 
cardiac  influences  and  fatigue  antitoxins. 

Size  of  Heart. — There  are  two  types  of  changes: 
(1)  hypertrophy  of  normal  growth;  (2)  dilatation. 
The  heart  may  increase  in  all  directions,  as  in  preg- 
nancy; the  hypertrophy  is  normal  and  unavoidable, 
being  the  adaptation  of  the  heart  to  increased 
demands.  A  distinct  line  must  be  drawn  between 
dilatation  and  hjTjertrophj'.  In  the  former  there  is 
no  increase  but  only  a  stretching  of  the  tissues,  and 
there  is  lessening  of"  the  elasticity;  whereas  in  hyper- 
trophy the  entire  organ  is  enlarged  and  strengthened. 
Adolescents  should  not  be  allowed  to  indulge  in  heavy 
muscular  competition,  such  as  basket-ball,  rowing, 
long  distance  running,  or  any  exercise  in  which  the 
strain  is  long  continued.  Recent  research  suggests 
that  heart  leak  is  a  safety  valve.  The  chordae  ten- 
dineae  of  the  papillary  muscles  serve  to  jjrotect  and 
release  the  strain  on  the  valves.  Under  fatigue 
they  relax  and  permit  leakage  causing  regurgitation 
to  the  auricles.  Heart  murmurs  are  of  little  impor- 
tance after  exercise  provided  they  disappear  in 
normal  time. 

Relation  of  Systole  and  Diastole. — The  normal  rate 
is  about  seventy-five  per  minute.  In  exercise  there 
is  first,  a  lengthening  of  the  ventricular  systole; 
second,  a  gradual  shortening  as  exercise  proceeds; 
third,  a  gradual  lengthening  to  normal.     Systole  to 


diastole  is  as  one  to  three;  in  utrenuoUK  ■  •  -I 

after  exercise,  however,  the  dia.stolc  is  m  V. 

The  periods  almost  equalize,  Hhowing  h.,w  i  u<-  fit 
period  is  decreased.  The  same  result  comes  from  the 
use  of  alcohol. 

Amount  of  Blood. — A  dLstinction  must  be  drawn 
between  amount  and  pressure.  An  organ  may  rcquin- 
a  larger  amount  at  low,  less  blood  at  hiKh  pressure! 
The  size  of  the  arteries,  the  heart  rate,  the  size  of  the 
heart,  the  strength  and  vigor  of  the  ventricular  Bvs- 
tole,  the  elasticity  of  the  arteries,  and  osmosis  from 
the  capillaries,  all  determine  the  amount  and  pressure 
of  blood.  The  physical  balance  of  the  amount  and 
the  pressure  is  not  yet  known. 

Blood  Pressure. — Exercise,  systematic  and  adequate, 
normalizes  the  blood  pressure,  as  it  does  all  the  other 
functions.  If  blood  firessure  be  low  because  of  an 
undeveloped  heart,  exercise  tends  to  raise  it  somewhat 
to  a  certain  normal  maximum  of  efficiency,  about 
120  millimeters  of  mercury.  Norme  other  thing  seems 
to  represent  the  general  bodily  condition  of  a  person, 
as  well  as  the  time  required  after  exertion,  bo<lily  or 
mental,  for  the  blood  pressure  and  the  heart  rate  to 
return  to  their  previous  states. 

Force  of  Heart. — This  may  be  considered  in  rela- 
tion to  dilatation,  hypertrophy,  and  degeneracy.  The 
hypertrophied  heart  is  always  strong  and  forceful;  the 
dilated  heart  is  always  weak  and  uncertain;  the 
degenerated  heart  weak,  uncertain,  and  dangerous. 
With  increasing  age  the  conditions  become  more 
critical. 

Effect  of  Exerci.se  on  Body  Heat  axd  Work. — 
Muscular  exercise  of  average  amount  or  moderate 
degree  always  raises  the  temperature  a  little,  while 
active  muscular  exercise  raises  it  from  one  to  two 
degrees.  The  rectum  is  the  only  reliable  place  for 
taking  temperature,  as  the  heat  end-organs  of  the 
skin  are  always  much  warmer,  and  the  mucous 
membrane  of  the  mouth  is  cooler  through  evaporation. 
After  a  ride  of  one  hour  the  temperature  of  Floyd. 
static  bicycle  rificr,  rose  from  98.6°  to  99.7°,  returning 
to  nornuil  after  a  half-hour's  rest.  Sixteen  men  and 
boys  after  one  hour's  exercise  showed  a  maximum 
increase  of  0.5°  C;  after  mountain  climbing,  V2sO 
meters,  there  was  an  increase  of  1°  C.  In  an  obse^^■a- 
tion  on  JMarathon  runners  it  was  found  that  as  a 
result  of  the  overexcrcisc,  the  rectal  temperature  fell 
from  one  to  two  degrees,  due  to  the  lowering  of 
tonicity  and  metabolism.  These  men,  showed  in 
addition,  an  average  loss  in  weight  of  four  pounds, 
mostly  by  evaporation. 

In  general,  the  right  amount  of  exercise  develops 
efficiency,  strength,  promptness,  and  tirelc-vsne.ss. 
Quickness  of  recovery  of  normal  function  is  a  criterion 
of  the  efficiency  of  an  organ.  Walking  i.-!  the  most 
important  of  all  exercises,  since  two-thirds  of  the  Ixxly 
muscles  are  concerned  in  it.  With  oxygen  consump- 
tion taken  as  an  index  observations  were  made  to 
determine  the  most  economical  step;  the  experiment 
was  started  at  seventy-six  steps  per  minute  and  in- 
creased to  130  at  which  point  the  oxygen  consumption 
fell,  it  being  then  determined  that  this  was  the  most 
economical  step,  and  that  a  higher  i>r  lower  rate  was 
more  exjiensive  to  the  body.  At  this  rate  the 
carrying  of  a  burden  does  not  materially  decre.v>e 
efficiency.  The  gastrocnemius  and  soleus  through 
leverage  on  theos  calcis.  maintain  a  rhythmic  alterna- 
tion of  raising  and  lowering  of  weight.  The  average 
rise  in  height  in  walking  is  fifteen  millimeters.  _  Walk- 
ing, therefore,  is  not  an  extravagant  exercise.  In 
running  there  is  extreme  strain,  due  to  extension  of 
the  legs  and  forcing  of  the  body  weight  over  them. 
Dancing  is  an  important  exercise;  it  embodies  all 
the  factors  of  walking,  and  endless  variations,  from 
the  stately  minuet  to  athletic  dancing. 

ExcEssrvE  Exercise. — When  in  training,  exercise 
can  be  severe  and  of  long  duration  with  almost  no 
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limit  tu  the  umount  of  exortion.  It  must  be  very 
heavy  to  bo  physiologically  excessive;  so  severe  and 
terrific  that  there  is  actual  wear  and  tear.  College 
athletes  are  as  a  rule  far  overtrained.  A  mild 
subacute  fever  and  condition  of  stiffness  are  felt  after 
excessive  exercise;  in  severe  cases  the  constitutional 
symptoms  are  malaise,  insomnia,  loss  of  appetite,  and 
an  increase  of  tem])erature  of  one  degree.  The  causes 
of  these  conditions  are:  (1)  chemical  toxemia,  (2) 
wear  and  tear.  The  toxemia  is  caused  by  a  catabolic 
protein  produced  by  overuse  of  the  muscles;  urates 
are  found  in  the  urine,  which  is  highly  colored  and 
concentrated,  with  a  trace  of  albumin.  The  sarco- 
latic  acid  in  the  blood  is  increased  630  per  cent.,  and 
there  is  an  increase  also  in  the  muscles;  phosphates 
are  also  increased.  Absorption  of  toxin  causes  fever; 
wear  and  tear  cau.ses  soreness  in  this  condition.  Turn- 
fieber  can  be  avoided  by  following  the  common  sense 
rules  of  psychophysical  hygiene. 

Muscle,  biologically,  is  priznitive  tissue.  It  is  the 
most  healthy  of  the  entire  organism,  and  the  least 
apt  to  be  diseased.  Michael  Foster  claimed  it  as 
the  "master  tissue,"  and  it  is  by  all  means  the  most 
complex,  representing  movement,  the  fundamental 
essence  of  all  life  in  its  material  aspects. 

Few  persons  really  more  need  to  have  effective 
knowledge  of  these  matters,  for  use  both  on  their 
patients  and  on  themselves,  than  do  phj'sicians, 
little  as  they  as  yet  realize  the  fact. 

George  V.  N.  Dearborn. 


Exophthalmic  Goiter. — SeeGoiter,  Exophthalmic. 
Exostoses. — See  Periosteum,  Tumors  of. 


Expectorants  are  medicines  that  are  used  in  catar- 
rhal affections  of  the  larynx,  trachea,  and  bronchi,  to 
modify  secretion  and  facilitate  the  removal  of  morbid 
products.  As  a  group-term  this  word  seems  to  be 
disappearing  from  modern  therapeutics.  Its  current 
literature,  for  the  past  twenty  years,  has  been 
extremely  scanty,  and  no  monograph  exists  on  the 
subject.  Expectorants  are  at  present  largely  viewed 
as  necessary  evils,  if  indeed  necessary  at  all.  Not  a 
few  standard  works  on  therapeutics  exclude  the  terra 
outright,  along  with  some  of  its  fellows.  A  very 
large  number  of  drugs  have  expectorant  properties, 
but  when  they  are  prescribed  :t  is  usually  as  adjuncts 
to  more  or  less  powerful  sedatives,  like  heroine,  codeine, 
morphine,  chloroform,  or  hydrocyanic  acid.  No  valu- 
able new  expectorant  has  been  added  to  the  practi- 
tioner's armamentarium  within  recent  years.  The 
new  laws  against  selling  proprietary  medicines  con- 
taining drugs  which  cause  addictions,  or  are  danger- 
ous, naturally  tend  to  show  up  the  inferiority  of  mix- 
tures of  mere  expectorants. 

Edward  Preble. 


Expectoration. — See  Sputum. 


Extracta. — An  extract  {extractum)  is  a  preparation 
of  solid  or  semi-solid  consistence,  in  which  the  crude 
drug  is  acted  upon  by  a  solvent,  generally  alcohol  or 
diluted  alcohol,  and  the  resulting  solution  is  evapo- 
rated down  to  the  proper  consistence.  Extracts  are 
of  varpng  consistence,  some  being  sufficiently  hard  to 
admit  of  pulverization,  while  others — and,  indeed,  the 
majority — are  semi-solid  in  consistence,  and  of  just 
the  right  degree  of  stickiness  to  permit  of  ready  rolling 
into  pills.  Extracts  are,  for  this  latter  reason,  very 
commonly  prescribed  in  pill  form.  In  the  United 
States  Pharmacopoeia  there  are  twenty-eight  extracts; 
in  the  British  Pharmacopoeia,  twenty-two;  and  in  the 
National  Formulary,  twelve. 
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1                                   Dose. 

Extractum  Aconiti 

N. 

F. 

Extractum  Aloes 

r. 

s. 

P. 

Gr.  2  (0.12.5  gm.). 

ExTR.icTUM  Aloes  Barbadensis. 

B. 

p. 

Gr.  1  to  4  (0.005  to 
0.2.50  Km.). 

Extractum  Anthemidis 

B. 

p. 

Gr.  2  to  8  (0.125  to 
0.500  gm.). 

Extractum  Arnic*  Radicib"  .  .  . 

N 

F 

Extractum  Belladonna  Alco- 

B. 

p. 

Gr.  i  to  1  (0.015  to 

HOLICUM. 

O.OliS  gm.). 

Extractum  Belladonna  Folio- 

V. 

S. 

'' 

Gr.  i   (0.010  gm). 

rum. 
Extractum  Belladonna  Viride. 

B. 

P. 

Gr.  }  to  1  (0.015  to 
0.005  gm.) 

Extractum  Cann.^is  Indica.  . . 

U. 

s. 

P. 

Gr.  i  (0.010  Km.). 

Extractum  Cannabis  Indice.  .  . 

B 

p. 

Gr.  i  to  1  (0.015  to 
0,005  gm). 

Extractum  Cabcar.e  Sagrad.e.  . 

B. 

p. 

Gr,  2  to  8  (0.125  to 
0..500  gm.). 

EXTRACTU.M  CiMICIFUG.E 

U. 

s. 

P. 

Gr.  4  (0.250  gm.). 

Extractum  Cinchona 

N 

F 

Extractum  Colchici 

B. 

P. 

Gr.  i  to  1  (0.015  to 
0.065  gm.). 

Extractum  Colchici  Cormi 

U. 

s. 

P. 

Gr.  1  (0.065  gm.). 

Extractum  Colocynthidis 

U. 

s. 

P. 

Gr.  i  (0.030  gm.). 

Extractum  Colocynthidis  Co.m- 

u 

s. 

P. 

Gr.  7}  (0.500  gm.). 

POSITUM. 

Extractum  Colocynthidis  Com- 

B. 

P. 

Gr.  2  to  8  (0.125  to 

P08ITUM. 

0.500  gm.). 

Extractum  Conii 

N 

F 

Extractum  Digitalis 

U. 

s. 

P. 

Gr.  {  (0.010  gm). 

Extractum  Ergot.e 

U. 

s. 

P. 

Gr.  4  (0.2.50  gm.). 

Extractum  Ergot.e 

B. 

p. 

Gr.  2  to  8  (0.125  to 
0.500  gm.). 

Extractum  Euonymi 

V 

s. 

P. 

Gr.  2  (0.125  gm.). 

Extractum  Euonymi  Sicccm 

B 

P 

Gr.  1  to  2  (0.065  to 
0.125  gm.). 

Extractum  Ferri  Pomatum 

N 

F 

Gr.  10  (0.650  gm.). 

Extractum  Gentiana 

U 

S. 

P. 

Gr.  4   (0.250  gm.). 

Extractum  Gentiana 

B. 

P. 

Gr.  2  to  8  (0.125  to 
0.500  gm). 

Extractum  Gltctrrhiza 

U 

s. 

P. 

Gr.   15  (1.000  gm.). 

Extractum  Glycyrrhiza 

B. 

p. 

Extractum    Glycyrrhiz.e 

N 

F 

Gr.  15  (1.000  gm.). 

Depuratum. 

Extractum    Glycyrrhiza 

U. 

S. 

P. 

Gr.  15  (1.000  gm.). 

Pcrcm. 

Extractum  Hamatoxyli 

U. 

s. 

P. 

Gr,   1.5  (1,000  gm.). 

Extractum  Hyoscyami 

u. 

s. 

P. 

Gr.    1    (0.065  gm.). 

Extractum  Hyoscyami  Viride. 

B. 

p. 

Gr.  2  to  8  (0.125  to 
0.500  gm.). 

Extractum  Ihidis 

N' 

F 

EXTRACTU-M  JaLAPA 

B. 

P. 

Gr.  2  to  8  (0.125  to 
0..500  gm.). 

Extractum  Jalap.e 

N 

F 

Extractum  Juglandis 

r 

F 
S. 

P. 

Extractum  Kramehi.e 

Gr.  7!  (0.500  gm.). 

Extractum  Krameria 

B. 

P. 

Gr.  5  to  15  (0.325  to 
1.000  gm.). 

Extractum  Leptandr.e 

u 

S. 

P. 

Gr.  4  (0.2.50  gm.). 

Extractum  Malti 

r 

.s. 

P. 

3  4  (16.000  c.c). 

Extractum  Nucis  Vomic.e 

u 

R. 

P. 

Gr.  J  (0.015  gm.). 

Extractum  Nucis  Vomica 

B. 

P. 

Gr.  i  to  1  (0.015  to 
0.065  gm.). 

Extractum  Opii 

U 

S. 

P. 

Gr,  }  (0.030  gm.). 

Extractum  Opii 

B. 

P. 

Gr.  }  to  1  (0.015  to 
1.005  gm.). 

Extractum  Physostigmatis 

U 

s. 

P. 

Gr.  i   (0.008  gm.). 

Extractum  Physostigmatis 

B. 

P. 

Gr.  i  to  1  (0.015  to 
0.065  gm.). 

Extractum  Podophylli 

X 

F 

Extractum  Quassia 

U 

S. 

P. 

Gr.  1  (0.065  gm). 

Extractum  Rhamni  Purshiana. 

u 

s. 

P. 

Gr.  4  (0.2.50  gm.). 

Extractum  Rhei 

u 

s. 

P. 

Gr.  4  (0.250  gm.). 

Extractum  Rhei 

B. 

p. 

Gr.  2  to  8  (0.125  to 
0..500  gm). 

Extractum  Scopola 

u 

s. 

P. 

Gr.  i  (0.010  gm.). 

Extractum  Stramonii. 

u 

s. 

P. 

Gr.  J  (0.010  gm.). 

Extractum  Stramonii 

B. 

p. 

Gr.  }  to  1  (0.015  to 
0.065  gm.). 

Extractum  Stramonii  Seminis.  . 

N 

F 

Extractum  Strophanthi 

B. 

P. 

Gr.  }  to  1  (0.015  to 
0,065  gm.). 

Extractum  Sumbul 

U 

s. 

P. 

Gr.   4   (0.2.50  gm.). 

Extractum  Taraxaci 

u 

s. 

P. 

Gr.   15  (1.000  gm). 

Extractum  Taraxaci 

B. 

p. 

Gr.  5  to  15  (0.325  to 
1.000  gm.). 

Extractum  Uv.e  Ursi 

N 

F 

R.  J.  E.  Scott. 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Extrasystole. — See  Arrhythmia,  Cardiac. 

Extrauterine  Pregnancy.— Sec  Geslalion,  Ectopic. 

Exudation,  Patiiological. — One  of  the  chief 
phenomena  of  inflammation  is  tlie  passage  of  a  pordon 
of  the  fluid  and  cellular  constituents  of  the  blood  from 
the  blood-vessels  into  the  tissue  sjtaces  or  out  upon  one 
of  the  free  surfaces  of  the  body.  This  process  is  known 
as  exudation,  and  the  fluid  and  cells  which  have  left  the 
vessels  as  an  exudate.  Inflamuuitions  in  which  the 
passage  of  fluid  and  cellular  elements  of  the  blood 
from  the  blood-vessels  predominates  over  the  other 
phenomena  of  the  inflammatory  process  are  called 
exudative  inflammations.  Exultation  is  usually  dis- 
tinguished from  transudation  in  that  it  is  always  a  part 
of  an  inflammatory  process,  while  the  latter  term  is 
commonly  restricted  in  its  application  to  an  increase 
in  the  formation  of  lymph  not  due  to  inflammation, 
but  dependent  upon  changes  in  blood  pressure,  altera- 
tions in  the  blood,  or  in  the  vessel  wall  which  favor  an 
increased  lymph  production  (edema).  No  sharp  line 
can  be  drawn  between  them,  either  clinically  or  patho- 
logically in  so  far  as  their  cliemical  constitution  is 
concerned.  Exudates  as  a  rule  differ  from  transudates 
in  their  higher  albumin  content,  higher  specific  gravity 
(l.OlG-1.025),  and  their  greater  richness  in  cellular 
elements.  Transudates  have  a  low  specific  gravify 
(1.006-1.008,  rarely  reaching  1.012),  contain  but  few 
cells,  and  differ  but  little  in  their  composition  from 
that  of  normal  lymph,  their  albumin  content  being 
very  slight,  sometimes  lower  and  sometimes  slightly 
higher  than  that  of  lymph.  Transudates  rarely  con- 
tain fibrinogen,  exudates  are  usually  rich  in  this  con- 
stituent. The  salt-content  of  both  is  usually  that 
of  blood  serum,  but  may  be  higher;  other  soluble  sub- 
stances such  as  sugar,  urea,  cholesterin,  mucin-like 
substances,  etc.,  may  be  found  in  both.  Proteolytic 
enzymes  and  various  antibodies  may  be  found  in  exu- 
dates as  well  as  bacterial  and  protein  poisons.  Exu- 
dates are  usually  turbid  from  the  large  number  of 
leucocytes  contained  in  them,  wdiile  transudates  are 
usually  clear  or  but  slightly  cloudy.  The  most  im- 
portant point  of  differentiation  between  simple  transu- 
dates (edema)  and  inflammatory  exudates  is  the  pres- 
ence or  absence  of  signs  of  inflammation  (smooth, 
shining  translucent  serous  surface  when  there  is  no 
inflammation;  cloudy,  roughened,  injected  serous 
surface  showing  small  hemorrhages  or  fibrinous  de- 
posits when  the  process  is  inflammatory). 

The  source  of  both  the  fluid  and  the  cellular  constitu- 
ents of  exudates  is  the  blood,  and  the  escape  of  these 
from  the  vessels  is  due  to  some  alteration  in  the  vascular 
walls  which  forms  an  essential  part  of  the  inflamma- 
tory process.  Evidences  of  this  alteration  are  seen  in 
the  dilatation  of  the  vessels,  the  increased  resistance 
offered  to  the  blood  current  with  consccjuent  slowing 
of  the  circulation,  the  increased  adhesion  of  the  cellular 
elements  of  the  blood  to  the  vessel  wall,  and,  most  im- 
portant of  all,  the  increased  permeability  of  the  walls. 
The  composition  of  the  exudate  is  therefore  dependent 
upon  the  degree  of  pathological  alteration  as  well  as 
upon  the  peculiar  property  of  the  affected  vessel. 
The  greater  the  injury  the  greater  the  exudate  and  the 
amount  of  albumin  and  cellular  elements  contained  in 
it.  Moreover,  since  the  properties  of  the  blood-vessel 
walls  differ  in  different  regions  of  the  body,  the  char- 
acter of  inflammatory  exudates  in  different  parts  will 
also  vary;  thus  the  albumin  content  of  pericardial  and 
pleural  exudates  is  higher  as  a  rule  than  that  of  peri- 
toneal. E.xudates  differ  further  in  the  proportionate 
amounts  of  the  various  blood  elements  contained  in 
them.  In  one  case  the  exudate  may  be  almost  entirely 
fluid  with  a  very  small  number  of  cells  (serous  exudate) ; 
in  another,  the  leucocytes  may  be  so  numerous  as  to 
give  the  exudate  a  more  or  less  thick,  creamy  appear- 
ance (purulent  exudate) ;  or  the  escaped  fluid  may  con- 
tain large  amounts  of  fibrinogen  and  fibrin  ferment 
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(fibrinous  exudate).  On  imicout  lu.inljraiii-  • 
exudate  may  contain  mucu.-t  arising  from  a  in. 
degeneration  of  the  mucous  glundM  or  covi-rinx  ip,:;,.  - 
Hum  (catarrhal,  mucoscroun,  or  inucoimruliut  ixwlat. 
Further,  many  red  blood  cell.s  muv  e«cupe  l,v  rlif-M-  ..r 
diapedesjs  (hemorrhagic  exudate/,  or  larKe  numlHTs  i,{ 
blood  platcH  may  be  present  in  the  exufJule.  Com- 
bined characteristics  cxiHt,  mo  some  exudutcM  muy  Ihj 
pro])erly  styled  scrotibrinou.s,  Neropuruli'iit,  fibrino- 
IJUrulent,  etc.  iJeside.s  the  blood  coimtituent.t  in- 
flainnuitory  exudates  also  contain  tixisue  .li'brijt,  lluidn 
arishig  from  cellular  li(|uefactioii  and  lUm-uiTutuin, 
etc.  The  high  |)roportion  of  albumin  in  inunv  exu- 
dates is  due  partly  to  proteid.s  derived  from  cellular 
de.struct  ion.  In  exudates  there  muy  be  contained  aluo 
poisons  arising  from  tissue  destruction  or,  in  infective 
inflammations,  from  the  growth  of  microorgaiiLxmH; 
the  bacteria  themselves,  and  cells  ari.fing  from  the 
jiroliferation  of  fixed  cells  of  the  tissue,  muv  likewise  be 
present. 

The  various  problems  regarding  the  manner  of  i-jt- 
cape  of  the  exudate  from  the  blood-vessels  have  ofTered 
abundant  scope  for  investigation  and  speeulution,  unri 
a  survey  of  the  various  theories  evolved  to  solve  these 
problems  forms  one  of  the  most  interesting  historical 
chai)ters  in  the  development  of  pathology.  The  e\- 
isteiu'e  of  pathological  exudates  was  very  early  recog- 
nized. Rokitansky  believed  that  they  arose  from  an 
increased  permeability  of  the  wall  of  tlie  vessels  due  to 
thinning  from  overdistention.  Vogel,  Paget,  and 
others  explained  their  formation  as  being  due  to  an 
increased  attraction  between  the  tissues  and  the 
elements  of  the  blood.  Virchow  distingui.'ihefi  two 
kinds  of  exudates:  one  the  result  of  mechanical  pres- 
sure in  the  vessels,  pressed-out  blood  .serum ;  the  .second 
as  nutritive,  the  result  of  an  increased  attraction  be- 
tween the  tissues  and  blood  constituents.  The  cellu- 
lar portion  of  the  exudate  he  believed  to  originate  from 
a  proliferation  of  the  tissue  cells  in  the  inflamed  area. 

Dutrochet  in  1,S4'2  and  Waller  in  1S40  first  ob,served 
the  migration  of  leucocytes  from  the  vessels,  but  these 
observations  were  forgotten  until  Cohnheim  in  1807 
rediscovered  the  phenomenon.  This  ob.server  af- 
firmed that  the  pa.ssage  of  leucoc_\-tes  from  the  vessels 
formed  the  essential  feature  of  Inflammatory  exuda- 
tion; that  the  cells  in  inflamed  areas  did  not  arise  from 
the  tissue  cells;  and  he  explained  the  origin  of  the  fluid 
portion  of  the  exudate  as  due  to  a  molecular  change  in 
the  vessel  wall.  This  view  was  opposed  by  many, 
notably  Strieker,  who  held  that  the  greater  part  of  the 
cells  in  inflammatory  ex\idates  were  not  leucocytes 
but  new  cells  arising  out  of  the  irdlamed  ti.ssue,  pus 
cells  therefore  taking  their  origin  from  connective- 
tissue  cells. 

Heitzman  believed  also  that  the  cells  of  the  CXH- 
date  were  not  leucocytes,  but  were  embryonic  cells 
arising  from  the  softened  or  dissolved  intercellular  sub- 
stance. More  recently  Cirawitz  has  taken  a  similar 
position,  in  that  he  declares  the  cells  of  the  exudate  to 
arise  from  so-calU'd  "slumbering  cells"  in  the  inter- 
cellular siibstance  of  connective  tissue  which  under 
normal  conditions  are  not  visible.  The  views  of 
Strieker,  Heitzmann,  and  Grawitz  find  little  accept- 
ance at  the  present  time,  the  almost  universally 
accepted  opinion  being  that  the  chief  part  of  the  cells 
of  inflammatory  exudates  at  least  arises  from  the 
blood. 

Heidenhain  explains  the  formation  of  lymph  .-js  a 
process  of  secretion  on  the  part  of  the  cells  of  the 
vessel  walls  and  not  as  a  pure  liltrat  ion  process.  Patho- 
logical stimulation  of  this  process  or  alterations  in  the 
vascular  walls  will  change  the  amount  and  character 
of  this  secretion.  A  portion  of  the  fluid  of  exudates 
at  least  must  bo  regarded  as  being  of  the  nature  of 
a  pathological  cell  secretion,  .\ecording  to  .\rnold, 
Thoma.  and  Engelmann  the  formation  of  the  exudate 
is  due  chiefly  to  changes  in  the  lines  of  cement  sut>- 
stance  lying  between  the  endothelial  cells  of  the  ves- 
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sel  wall.  Through  distention  of  the  vessel  the  cement 
substance  may  be  so  tliinned  as  to  form  small  openings 
through  which  both  fluid  and  cellular  elements  escape. 
Other  writers  hold  that  the  escape  of  the  leucoc_vtes 
is  not  due  to  alterations  in  the  vascular  walls  but  to 
chemotactic  influences  acting  from  outside  of  the 
vessels  and  causing  the  cells  to  pass  through  the  wall. 

At  the  present  time  the  exact  nature  of  the  process 
by  which  exudates  are  formed  cannot  be  said  to  be 
definitely  fixed.  The  most  commonly  accepted  view 
is  that  the  chief  part  of  the  fluid  and  cellular  elements 
comes  from  the  blood,  and  that  both  pathological 
secretion  and  alterations  in  the  wall,  as  well  as  chemo- 
taxis,  play  parts  in  the  formation  of  the  exudate. 
The  escape  of  the  leucocytes  is  generally  considered  an 
active  process  brought  about  by  means  of  their 
ameboid  power  in  response  to  chemotactic  stimuli. 
Against  this  view  is  the  fact  that  in  many  inflamma- 
tions lymphocytes,  red  blood  cells  and  blood  plates 
also  escape  from  the  vessels  into  the  tissues.  Lu- 
barsch  and  others  hold  that  the  escape  of  both  fluid 
and  cells  is  purely  passive,  that  as  the  result  of  the  in- 
crease of  pressure  in  the  blood-vessels,  and  the  greater 
permeability  of  the  wall  fluids  and  cells  are  forced  out 
of  the  vessels.  Schridde  is  one  of  the  most  recent 
writers  to  affirm  that  chemotaxis  is  the  chief  factor  in 
the  migration  of  the  leucocytes  from  the  vessels. 
Chiari  and  Jannuschke  have  shown  that  the  formation 
of  transudates  and  exudates  can  be  inhibited  by  cal- 
cium salts.  It  follows  from  the  results  of  their  experi- 
mental work  that  the  chemical-physical  conditions 
of  the  vessel  wall  are  of  the  greatest  significance  in  the 
formation  of  exudates.  In  the  very  earliest  stages  of 
the  inflammatory  process  the  cells  of  the  exudate  are 
wholly  leucocytes;  later,  tissue  proliferation  begins 
and  a  part  of  the  cells  of  the  exudate  may  thus  be  de- 
rived from  tissue  cells. 

Much  attention  has  been  given  to  the  closer  study 
of  the  leucocytes  found  in  exudates.  Lubarsch  di- 
vides the  cells  of  inflammatory  exudates  into  hemotog- 
enous  wandering  cells  and  histiogenic  wandering  cells, 
in  the  former  case  descendants  of  immigrated  cells,  in 
the  latter  arising  from  fixed  connective-tissue  cells. 
The  relative  proportion  of  these  cells  varies  in  differ- 
ent forms  of  infiammation,  and  in  different  stages  of 
the  same  form ;  but  the  immigration  of  leucocytes  forms 
the  most  prominent  feature  of  the  majority  of  inflam- 
mations. Until  recently  it  was  affirmed  that  the 
migrating  leucocytes  were  chiefly  polynuclear  forms 
and  that  these  only  possessed  the  power  of  active  move- 
ment. Welch,  Councilman,  and  others  have  shown 
that  lymphoid  cells  may  also  migrate,  a  fact  which  was 
formerly  denied.  The  so-called  plasma  cell  also 
appears  to  play  an  important  role  in  many  exudates, 
particularly  those  of  chronic  inflammation.  These 
cells  are  regarded  in  part  as  derivatives  of  lympho- 
cytes, and  in  part  as  of  connective-tissue  origin.  The 
plasma  cell  is  characterized  by  a  protoplasm  staining 
blue  with  methvlene  blue,  an  eccentrically  placed 
nucleus,  a  perinuclear  clear  space,  and  a  nucleus 
possessing  a  number  of  coarse  particles  of  chromatin 
arranged  on  the  inner  surface  of  the  nuclear  membrane. 
Plasma  cells  occur  in  large  numbers  in  the  cellular  exii- 
date  of  chronic  inflammations,  particularly,  as  Coun- 
cilman has  shown,  in  the  interstitial  nephritis  of 
scarlatina.  This  observer  believes  that  they  are  lym- 
phocytes which  migrate  as  such  or  as  plasma  cells  from 
the  blood,  and  multiply  outside  of  the  vessels  in  re- 
sponse to  chemotactic  stimuli.  It  would  appear, 
then,  that  there  are  selective  chemotactic  stimuli; 
part  influencing  the  migration  of  lymphoid  and  plasma 
cells,  part  the  polynuclears  or  other  varieties  of  leuco- 
cytes. Some  exudates  contain  large  numbers  of 
eosinophiles  and  mast  cells,  but  the  significance  of  such 
occurrence  is  not  yet  known.  It  is  still  a  question 
whether  the  large  "numbers  of  cells  with  eosinophfle 
granules  seen  in  some  inflammatory  exudates  and  in- 
filtrations came  from  the  blood  as  such  or  are  formed 

240 


in  the  tissues  outside  of  the  vessels.  As  a  rule  the 
eosinophiles  do  not  appear  in  the  early  stages  of  the 
inflammatory  process.  Leucocytes  with  basophils 
granulation  appear  in  chronic  exudative  inflamma- 
tions but  not  in  acute  ones.  The  klasmatocytes  of 
Ranvier  are  also  found  in  the  exudate  of  chronic 
inflammations. 

Wieniarski  confirms  the  assertion  of  Korczynski  and 
Wernicki  that  lymphocytes  predouiinate  in  exudates 
not  due  to  malignant  disease  or  showing  a  tendency  to 
become  purulent.  When  neutrophile  polynuclears 
predominate  the  exudate  is  caused  either  by  malig- 
nant disease  or  by  pus-forming  agents.  According  to 
these  observers  the  presence  of  eosinophile  cells  and 
red  blood  cells  in  exudates  is  without  significance.  In 
pleural  and  peritoneal  transudates  the  cells  are  almost 
exclusively  lymphocytes;  in  pleural  exudates  of 
serous  nature  they  are  also  lymphocytes;  the  predomi- 
nance of  polynuclears  always  indicating  a  purulent 
process  in  case  no  malignant  disease  is  present.  In 
one  case  in  which  but  few  leucocytes  were  present  in 
the  exudate,  but  these  all  polynuclears,  a  purulent 
exudate  developed  later;  in  another  case  in  which 
6,230  lymphocytes  were  present  in  a  cubic  milli- 
meter of  the  exudate  the  inflammation  did  not  become 
purulent  in  character.  The  same  facts  apply  also  to 
peritoneal  exudates.  In  serous  pleural  exudates  the 
number  of  lymphocytes  varies  from  270  to  9,270  per 
cubic  millimeter,  in  transudates  from  60  to  300.  In 
peritoneal  transudates  even  smaller  numbers  of  lym- 
phocytes are  usually  present.  During  the  absorption 
of  exudates  the  number  of  leucocytes  increases;  during 
fibrinous  exudation  they  are  found  in  smaller  numbers. 
In  a  general  way  it  may  be  said  that  polynuclear 
neutrophile  leucocytes  predominate  in  severe  and 
rapidly  developing  inflammations,  while  lympho- 
cytes are  the  more  abundant  the  more  slowly  the  in- 
flammation develops.  Much  work  yet  remains  to  be 
done  along  this  line,  as  many  important  prolilems  re- 
garding the  fate  of  the  migrated  cells  have  yet  to  be 
settled. 

The  fluid  and  cellular  exudates  from  the  vessels 
collect  first  around  these,  but  soon  spread  into  the 
lymph  spaces  of  the  neighboring  tissues  forming  an 
infiltration.  If  the  exudate  is  very  abundant  the 
neighboring  healthy  tissue  may  be  infiltrated  to  such  an 
extent  that  it  may  be  damaged  and  the  inflammatory 
process  spread.  The  tissue  elements  may  absorb  a 
portion  of  the  exudate,  and  become  swollen  or  vacuo- 
lated ;  or  all  of  the  tissues  may  become  dissolved  in  the 
exudate.  If  fibrinogen  and  fibrin  ferment  are  present, 
coagulation  may  take  place  either  before  or  after 
liquefaction  of  the  affected  tissue  takes  place.  Open 
spaces  in  the  tissues,  such  as  the  lung  alveoli,  may  be- 
come filled  with  the  exudate;  if  the  inflammation  in- 
volves a  body  surface  the  exudate  may  either  collect 
in  one  of  the  body  cavities  or  be  discharged  from  a  free 
surface. 

The  first  pathological  changes  which  find  expression 
in  the  formation  of  a  pathological  exudate  are  vascular 
phenomena  which  are  due  either  to  irritation  or  paral- 
ysis of  the  vasomotor  system,  or  to  a  direct  action  upon 
the  walls  of  the  vessels  themselves,  the  result  in  either 
case  being  a  dilatation  of  the  vessel.  This  change  may, 
however,  take  place  without  the  production  of  an  exu- 
date, but  it  always  precedes  exudate  formation  when 
the  latter  occurs.  Following  the  dilatation  of  the 
vessel  there  is  a  slowing  of  the  blood  stream  and  with 
this  a  marginal  collection  of  the  leucocj^tes  along  the 
vessel  wall;  and  finally  diapedesis  of  the  cellular  ele- 
ments takes  place  simultaneously  with  the  passing  out 
of  the  fluid  portion  of  the  exudate.  The  latter  is  in 
part  a  filtration-process,  and  in  part  a  vascular  secre- 
tion. The  passage  of  the  leucocytes  is  probably  an 
active  process  accomplished  by  means  of  ameboid 
movement,  and  is  only  an  increased  degree  of  a  proc- 
ess which  takes  place  to  a  limited  extent  normally 
(wandering  cells).     The    cause  of   the  increased  di- 
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apedesis  of  leucocytes  iti  iriflanimation  Ls  probably 
partly  chemotaxis  and  partly  changes  in  the  vessel 
wall.  According  to  Arnold  and  Thoma  the  leucocytes 
pass  through  the  endothelial  cement  substance  which 
is  stretched  and  thinned  by  the  distention  of  the  ves- 
sel. The  leucocyte  first  sends  a  ])roce.ss  through  the 
thinned  portion  of  the  wall,  and  through  the  opening 
thus  made  the  remainder  of  the  cell  bodv  slips  after. 
Through  the  opening  formed  in  this  manner  the  rerl 
blood  cells  and  fluid  elements  of  the  blood  may  also 
pass.  The  more  severe  the  alteration  of  the  vessel 
wall  the  more  marked  the  exudative  process. 

The  passage  of  a  serous  exudate  into  a  body  cavity, 
as  the  pleural  or  peritoneal,  is  spoken  of  as  a  serous 
effusinn.  Serous  exudates  on  mucous  membranes  are 
styled  catarrhs;  localizerl  collections  of  fluid  beneath 
the  horny  layer  of  the  skin  are  blUters,  rcsii-les,  huWe, 
or  blebs.  The  serous  infiltration  of  tissue  spaces  is  an 
inflammalory  edema.  On  mucous  surfaces  serou.s 
exudates  may  contain  a  large  percentage  of  mucin 
derived  from  mucous  degeneration  of  the  epithelium 
(mucous  catarrh) ;  or  a  loosening  of  the  epithelium 
into  the  exudate  may  occur  (desquamative  catarrh). 
If  flakes  of  fibrin  are  formerl  in  the  exudate  it  may  be 
styled  serofibrinous;  if  the  number  of  leucocytes  is  .so 
great  as  to  make  the  fluid  slightly  turbid,  serop\irulent. 
Serous  exudates  are  often  but  transitory  stages  of  in- 
flammatory ])rocesi3es  that  later  take  on  a  purulent  or 
fibrinous  character. 

Fibrinous  exudates  occur  either  upon  mucous  or 
serous  surfaces,  into  the  lung  alveoli,  or  into  tissue 
spaces.  On  mucous  membranes  they  form  whitish  or 
grayish  croupous  or  diphtheritic  pseudomembranes 
which  are  either  loosely  or  firmly  adherent  to  the 
tissues  beneath.  These  pseudomembranes  are  made 
up  chiefly  of  granular  or  fibrogranular  fibrin,  occa- 
sionally in  coarse  bands  or  hyaline  n.asses.  In  fibrin- 
ous eff'usions  large  masses  of  stringy  fibrin  may  float 
in  the  exudate,  while  the  .serous  surface  may  be  covered 
with  a  thick  layer  of  stringy  fibrin,  or  in  mild  cases  only 
small  strings  or  flakes  may  be  scattered  over  the  sur- 
face. In  the  lung  the  alveokii  spaces  may  be  com- 
pletely filled  with  a  network  of  fine  fibrin  fibrillre  en- 
closing leucocytes,  red  blood  cells,  and  desquamated 
epithelial  cells  in  its  meshes.  In  the  kidneys  fibrillar 
or  hyaline  fibrin  may  be  found  in  the  tubules.  In  the 
follicles  of  the  spleen  and  lymph  glands  the  spaces  be- 
tween the  cells  may  be  filled  with  a  fibrinous  exudate. 
The  intercellular  spaces  in  tubercules  are  also  com- 
monly filled  with  an  exudate  of  fibrin.  According  to 
Neumann  the  fibrinous  material  found  in  certain  in- 
flammations of  serous  membranes  is  not  an  exudate, 
but  the  result  of  a  "fibrinoid  degeneration"  of  the 
superficial  connective  tissue  of  the  membrane.  This 
theory  is  not  supported  by  the  actual  findings,  and  has 
not  been  generally  accepted. 

If  the  inflammatory  exudate  contains  a  large  num- 
ber of  leucocytes,  but  not  in  a  sufficient  number  to 
cover  up  the  .structure  of  the  tissue,  it  is  spoken  of  as  a 
small-celled  infiltraiion.  When  the  leucoc.vtes  in  the 
exudate  are  so  numerous  as  to  give  it  a  white  or  creamy 
appearance  it  is  called  pus;  such  an  exudate  on  mucous 
membranes  is  a  purulent  catarrh;  in  the  body  cavities  a 
"purulent  effusion  or  empyema.  Purulent  vesicles  are 
styled  pustules;  deep-seated  purulent  exudates,  ab- 
scesses. Seropurulent  exudates  may  infiltrate  the 
tissues  (purulent  edema).  Fibrin  is  a  very  frequent 
accompaniment  of  purulent  exudates  (fibrinopurulent 
exudate);  and  the  inflammations  of  serous  membranes 
usually  produce  exudates  of  this  kind.  Usually  with 
an  increase  of  pus  formation  the  amount  of  fibrin  de- 
creases and  the  fibrin  masses  present  in  the  exudate  be- 
gin to  dissolve.  Fibrin  coagula  infiltrated  with  leuco- 
c>i;es  become  white  and  friable.  The  presence  of 
large  numbers  of  red  blood  cells  (hemorrhagic  exudate) 
and  blood  plates  is  found  usually  in  association  with 
fibrinous  exudation,  but  they  may  also  be  present  in 
serous  inflammations. 
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The  exciting  causes  of  pathological  evudatioii  are 
tho.se    of    indammatioii.s    in    gciieriil.     .S<tou«,    imto- 

fibrinous,  and  fibrinou.s  exudates  inuy  b> '  bv 

thermal  and  chemical  mr'ans;  but  are  mo-'  ■  :y 

due   to    infection    with   the    Ihjdoroccun    ,  ,, 

lincillus  diphtluriir,  and  the  Streptococcus  pyogtut*. 
Purulent  exudates  may  al.so  be  cauBed  by  chemical 
action  (aseptic  pus),  but  are  most  frequently  the  rcHult 
of  infection  by  tho.  StreptocorruH  pi/oginen,  the  ntaptiv- 
lococci,  gonococcuH,  etc.  After  the  cauHCs  which  have 
produced  them  cease  to  opc-nite  exutlatcs  arc  flis- 
charged  from  the  body,  absorbed,  orgauized,  or  under 
certain  conditions  encapsulated  ami  calcified.  Auto- 
lysis, digestion  by  proteolytic  ferment.t  and  pliaKocyto- 
sis  are  inqjortant  factors  in  the  resorption  of  exuilat*-)*. 
In  the  proce.s.ses  of  repair  and  organization  it  ia  pos- 
sible that  the  exudate  may  serve  as  a  source  of  nutri- 
ment for  the  new-formed  ti.ssue  cells. 

The  signifieance  of  (lathological  exudations  Is  practi- 
cally that  of  inflammation  in  general.  The  old  view. 
and  the  one  still  accepted  by  some  clinicianN,  i.s  that 
they  are  essentially  harmful.  From  the  pathological 
side,  however,  inflammation  must  be  regarded  as  a  re- 
action on  the  part  of  the  body  to  local  injuries,  having 
for  its  purpose  protection  and  repair.  Though  Ixith 
jirotective  and  reparative  measures  may  be  imperfectly 
carried  out  and  even  many  tim<\s  in  themselves  cause 
further  damage,  it  must  be  granted  that  inflammation 
is  essentially  an  attempt  at  self-preservation.  In 
this  attempt  the  constitutents  of  the  exudate,  both 
cellular  and  fluid,  play  the  chief  part.  The  leucocytes 
of  the  exudate  act  as  phagocytes  and  as  sources  of 
bactericidal  and  antitoxic  substances,  or  may  even 
furnish  nutriment  to  formative  tissue.  The  fluids  of 
the  exudate  likewise  possess  important  germicidal  and 
antitoxic  powers;  they  serve  further  as  dilutinK  and 
irrigating  agents;  and  may  also  carry  nutriment  to  the 
newly  forming  cells.  Even  fibrinous  exu<lates  may 
serve  a  beneficial  purpose  in  limiting  the  action  of 
bacteria.  Masses  of  leucocytes  may  al.so  form  me- 
chanical barriers  to  the  spread  of  germ  growth. 

In  the  exudate  we  therefore  find  the  means  of  coun- 
teracting or  destroying  harmful  agents,  neutralizing 
their  poisons,  protecting  the  organism,  and  aiding  in 
healing.  Hut  in  the  attempt  to  fulfil  these  functions 
exudates  may  in  themselves  create  new  conditions  that 
may  damage  the  body.  The  pressure  upon  the  brain 
of  meningeal  exudates,  the  disturbance  of  respiration 
and  heart's  action  by  pleural  and  pericardial  effusions, 
the  closure  of  the  glottis  from  inflammatory  infiltra- 
tion, etc.,  are  examples  of  the  imperfect  adaptation  of 
the  ])rocess,  which  thovigh  in  the  main  intended  to  be 
beneficial  may  often  overreach  its  aim.  (See  also 
I nflammatinn.)  .Vldred  Scott  Warthix. 


Eye,  Anatomy  of  the. — General  .\RR.\-\nEMEXT. — 

The  eyeball  (see  Fig.  2221)  is  a  spheroidal  expansion 
attached  to  the  end  of  the  optic  nerve,  optically 
equivalent  to  a  camera  obscura  and  filled  with  fl\iid 
or  semifluid  contents.  It  has  three  concentric  envel- 
opes or  coats;  an  outer  one,  protective  in  char.icter, 
formed  of  fibrous  tissue,  called  the  .sr/fm  behind. 
where  it  is  white  and  opaque,  and  thecorncn  in  front, 
where  it  is  clear  and  transparent:  a  middle  one. 
nutritive  in  character,  composed  of  vascular  tis,siie 
intermingled  with  pigment,  called  the  chorioiii  lie- 
hind,  in  front  assisting  to  form  the  ciliary  body  and  the 
iris  or  diiqihragm  wliich  regulates  the  admission  of 
light  through  a  central  aperture,  the  pupil;  .in  inner 
one,  perci|)ient  in  character,  formed  of  nervous  ele- 
ments, and  called  the  retina. 

The  ravs  of  light  that  pass  through  the  pupil  are 
focused  dioptrically  by  the  refractive  action  of  a 
clear,  lenticular  bodv,  the  i-rystattine  /<«.■!.  which 
is  set  behind  the  iris  and  divides  the  cavity  of  the 
eyeball  into  two  compartments  or  chambers:  the 
oij»P(>((.s  chamber,  situated  in  front  and  containing  a 
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waterj'  fluid  called  the  aqueous  humor,  and  the  rilrcous 
chamber  behind,  containing  the  semifluid  vilreous 
humor  or  body.  The  aqueous  chamber  is  subdivided 
by  the  iris;  the  space  in  front  of  that  curtain  being 
known  as  the  anterior  chamber,  that  between  it  and 
the  lens  as  tlie  posterior  chamber. 

In  describing  the  eye  terms  applicable  to  a  spheroid 
are  used  (see  Figs.  2222  and  2223).  The  antero- 
posterior diameter  is  termed  the  axis,  the  ends  of 
that  diameter  the  poles.  The  equator  is  a  line  on  the 
surface    equidistant    from    these    poles:    circles    and 


conjunctiva 
lacrynial  caruncle 


transverse  diameter  23.6  millimeters,  and  its  vertical 
diameter  23.2  millimeters.  The  radius  of  curvature 
of  the  cornea  is  considerably  less  than  that  of  the  sclera 
and  a  slight  groove,  the  scleral  sulcus,  separates  the 
two  (see  Fig.  2224).  Individual  variations  may  lead 
to  visual  defects.  An  examination  of  the  annexed 
figures  (Figs.  2225,  2226,  and  2227)  will  show  that  a 
lengthening  of  the  axis  of  the  ball  may  cause  the 
rays  from  distant  objects  to  focus  in  front  of  the 
retina,  while  a  shortening  of  that  axis  may  focus  them 
behind    it.     The    average   weight   of   the   eyeball   is 

posterior  chamber 

ciliary  muscle 


vorticose  vein 


\orticose  vein 


■xt.  rectus 


Scale  of  Millimeters 
Fig.  2221. — Diagram  of  Horizontal  Section  of  Eyeball  Drawn  to  an  Accurate  Scale.     (Fleniming.) 


directions  parallel  to  it  are  termed  equatorial.  Circles 
drawn  from  pole  to  pole  are  termed  meridians, 
directions  along  these  are  meridional.  Any  half 
of  the  ocular  globe  is  called  a  hemisphere,  any  fourth 
a  quadrant.  The  lateral  aspects  of  the  globe  are 
distinguished  as  temporal  and  nasal. 

The  eyeball  is  not  a  perfect  sphere.     Its  antero- 
posterior   diameter    averages    24.2    millimeters,    its 

anterior  pole       scleral  sulcus 
equator 


nasal 


meridional  i      •^'^'V^li 
directions 


optic  nerve 


-temporal  side 


f  equatorial 
1  directions 


posterior  pole 


FlQ.  2222. — Diagram    of    Right    Eye,    as    Seen    from    Above,    to 
Illustrate  Terms  of  Orientation. 


about  seven  grams,  its  specific  gravity  about  1.022 
to  1.030.  At  birth  its  weight  as  compared  with  the 
rest  of  the  body  is  as  1  :  419;  at  maturity  it  is  as 
1:4,832. 

Relations. — The    eye    is    placed    just    within    the 
margin  of  the  pyramidal  cavity  of  the  orbit,  16  to  18 


equatorial  directions 


temporal  aspect- - 


superior  aspect 

vertical  meridiiin 


horizontal  meridian 


nasal  aspect 


inferior  aspect 

FlQ.  2223. — Diagram  of  Right  Eye,  as  Seen  from  Before,  to  Il- 
lustrate Terms  of  Orientation. 
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millimeters  from  the  optic  foramen  (Figs.  2228  and 
2229),  usually  a  little  nearer  to  the  upper  marRin  and 
to  the  temporal  sifle, 
though  equidistant 
from  the  upjjcr  and 
lower  walls  at  the 
equator  (Fig.  2230). 
Its  axis  makes  an  angle 
of  about  twenty  degrees 
with  the  axis  of  the 
optic  nerve.  It  fills 
about  one-fifth  of  the 
cavity,  the  remainder 
being  occupied  by  the 
ocular  vessels,  nerves 
and  muscles,  the  lacrymal  gland  and  the  bulbar 
fascia,  loose  orbital  fat  lying  in  the  interstices. 
The  edge  of  the  orbit  retreats  somewhat  on  the 


(Fig.  22.34).     The  place  of  rcflcctiun  in  knuwn  ax  the 
fornix   of   the   conjunctiva   and   in   situated  l.'j  niilli- 


Fio.  2224. — The  Eyeball  Com- 
pared with  a  Sphere. 


D- 


AO    AE    ethmoid  cells 


Fio.  2225. — .\n  Emmetropic  or  Normal  Eye.  Parallel  rays,  a  b,  are 
focused  upon  the  retina;  while  divergent  rays,  as  those  proceeding  from 
the  point  c,  come  to  a  focus  behind  the  retina,  as  at  D. 

temporal  side  so  that  the  eyeball  is  there  somewhat 
more  accessible  for  operation.  The  distance  of  the 
two  eyes  from  each  other  varies  from  55  to  61 
millimeters. 

In  front  the  eye  is  protected  by  two  movable 
folds    of    integument,    the    eyelids,    or   palpcbrcc, 
which,  when  open    (Fig.    22.31)    form   an  aperture 
known  as  the  rima  palpt-brarum  or  palpebral  open- 
ing that  exposes  nearlv   the  whole  of  the   cornea 
and  a  considerable  portion  of  the  sclera.     About  30 
millimeters   in   length    and    12  to    15   millimeters 
high,  it  is  curved  above  and  below,  uniting  inter- 
nally and  externally  at  the  angles  or  canthi  of  the 
eye.      The   external   angle   is   sharp,  the  internal 
rounded,    forming   a    slight   recess    known  a.s   the 
lacrymal   bay   ilacus  Iwri- 
mnlis).    It  is  here  that  are 
found  passages  for  the  re- 
moval   of    lacrvmal    fluid 
(Fig.   2232).      two   small 
openings,   the   puncia  lac- 
rimalia,  lead  into  the  short 
lacrymal  ducts  which  dis- 
charge through  the  nasal 
duct     into     the     inferior 
meatus  of  the  nose,     ^^'ith 
horizontally    directed 
vision   the   upper  lid   im- 
pinges  slightly   upon    the 
cornea,  the  lower  falls  near 
its    inferior    edge;     when 
looking  upward  a  strip  of 
sclera    is    visible      below. 
The  axis  of  the  palpebral 
opening  is  slightly  higher 
at    the    outer    angle,    but 
when  the  eves  are  closed 
(Fig.  2233)  the  outer  angle 
descends. 

The  lids  are  lined  by  a 
thin  epithelial  membrane, 
the  conjunctiva,  which  ex- 
tends from  them  over  the 
anterior  surface  of  the  ball 


Fio.  2220.— .\  Nryopie  or  Short-iiiiiht.-d  F.ye.  Parallel  ray.,  a  6  eoo- 
verge  before  reuchinn  the  retinu.  Uayii  iiiuat  be  Jitrri/rnl  in  order  to 
focus  there. 


meters  from  the  upper  lid,  9  millimcten)  from 
the  lower  one  when  the  eyes  are  open.  Its 
distance  from  the  cornea  is  li)  millimeterM  above, 
8  millimeters  below,  14  millimeters  at  the  outer 
angle,  and  7  millimeters  at  the  inner  angle 
(Testut). 

Within  the  orbit  a  thin  aponeurotic  sheet, 
the  bulbar  fancia  or  capsule  of  Tenon,  separates 
the  eyeball  from  the  orbital  fat  (Fig..  22.J5). 
This  invests  the  posterior  part  of  the  ball  with 
two  layers,  one  closely  adherent  to  the  sclera 
and  sometimes  called  the  epixdrrn,  the  other 
reflected  over  the  orbital  contents.  The  two 
layers  are  uniterl  by  fine  trabecuhe.  and  there 
is  between  them  a  loose  lacunar  interval,  the 
periscleral  space,  that  communicates  with  the 


Fig.  2227. — .\  Hypermetropic  or  Far-f.iKht<'d  Eye.    Parallel  rays  coovrrg* 
behind  the  retina.      Rays  must  be  convergent  in  order  to  focufl  thprv. 


nasal  bone 


'  na.ial  process 
of  sup.  max. 

AE    AO 


V  1 1  reous 
chamber 


eyeball 


malar  btme 


f  iiphenoid 
boor 


nasal  septum 
jnlemiil  carotid  artery 


nerve 
externiU  rtvUi> 
lnt»'m.tl  r»f*"- 


clii:i<rn:\  internal  c.irotid 

FlQ.  222S. — The  Eyes  and  Optic  Nerves  Seen  from  .\bove  after  Removal  ol 
AO,   Axis  of  orbit;  AE,  axis  of  eye. 


tin-  liooi   ,it  tt!f  nrl'ii. 
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perineural  space  of  the  optic  nerve.     Processes  from 
the  bulbar  fascia  invest  the  structures  that  pass  to 


levator  palpebrffi 


supraorbital  nerve 


—  oceipito-frontalis 


-- septum  orbitale 


inferior  rectus 


capsule  of  Tenon 


velopment  of  the  eye  is  more  complicated.  In  Ani- 
phioxus  there  appears,  toward  the  close  of  the  em- 
bryonic period,  on  the  swollen  anterior  end  of  the 
simple  tube  that  forms  its  central  nervous  system, 
a  pigmented  spot  that  is  believed  to  represent  an 
eye.  To  this  spot  rays  of  light  pass  through  the 
pellucid  jelly  that  covers  the  animal  externally, 

orbicularis  pal    ^nd,  arrested  by  the  pigment,  excite  directly  the 
pcbrarum       ^^jj^  ^j  ^y^^   ncural  tube  and  apparently  impart 

ebrow-  an   obscure   sensation  of  vision.       In  this  primi- 

tive form,  therefore,  vision  appears  to  be  a  direct 
function  of  a  specialized  portion  of  the  central 
nervous  system. 

An  examination  of  the  visual  organs  of  higher 
vertebrates,  including  man,  shows  that  here  too 
the  essential  element  was  primitively  a  portion 
of  the  central  nervous  system  which,  extending 
peripherally,  became  separated  and  associated 
with  other  elements  to  form  a  complicated  appa- 
ratus. The  retina  may  be  regarded  as  a  special- 
ized portion  of  the  cortex  of  the  brain,  the  optic 
nerve  as  a  fiber  tract,  the  lens  as  an  epithelial 
Invagination,  the  cornea,  sclera,  chorioid,  and 
contents  of  the  eyeball  as  connective-tissue 
derivatives. 

In  the  human  embryo  of  three  weeks  (corre- 
sponding to  the  chick  of  two  or  three  days)  the 


septum  orbitale 
inferior  oblique 


FlQ.  2229. 


-Sarittal  Section  of  the  Visual  Apparatus  Through  the  Summit     central    nervous    system    is    also    tubular,    being 

of  the  Cornea  and  the  Optic  Foramen.    (Merkel.)  formed  by  the  approximation  and  gradual  con- 


the  eveball.  Those  that  extend  upon 
the  o(3ular  muscles  are  of  considerable 
surgical  importance.  Extensions  also 
pass  to  the  fornices  of  the  conjunctiva, 
to  the  eyelids,  and  to  the  edges  of  the 
orbit.  As  the  latter  assist  to  retain 
the  contents  of  that  cavity,  they  are 
collectively  known  as  the  orbital  septum. 

DE^■ELOPMENT. — The  percipient  por- 
tion of  the  eye  is,  like  the  essential 
part  of  other  organs  of  sense,  derived, 
either  directly  or  indirectly,  from  the 
ectoderm.  In  its  simplest  form,  as 
seen  in  invertebrates,  it  consists 
merely  of  tegumentary  cells,  forming 
eye  spots  or  retinas,  surrounded  by 
pigment  and  communicating  by  fila- 
mentous processes  with  ner\'0us  gan- 
glia. Often,  by  a  thickening  of  the 
epidermis,  one  or  more  lenses  are  de- 
veloped in  connection  with  these. 

In  vertebrates  the  ectodermal  in- 
tegument becomes  infolded  to  form  the 
central    nervous    system,  and  the  de- 


superior       tarsal  part  1  upper  evelid 

eyebrow    orb. -pal.  sulcus    i      orbital  part  /     ^^       ^ 
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^  conjun  c  t  i  V  a  of 
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f  inner    angle   and 
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lacrymal  papilla 


pupil  lower  eyelid 


\  infrapal.  sulcus 

infer,  orbito-pal.  stjeus 


supraorbital  nerve 
levator  palpebrse         I  superior  rectus 


supratrochlear  nerv 
[superior  oblique 


infratroch.   nerve ^) 


internal  rectus  - 


inferior  rectus        supramaxillary  nerve 
Fig.  2230. — Frontal  Section  of  the  Eyeball  in  the  Orbit. 


FiQ.  2331. — The  Eye  as  Seen   with   Lids   Open.      (Toldt.) 

crescence  of  the  edges  of  a  groove.  The 
area  that  is  to  form  the  retina  lies  at  first 
along  the  outer  edges  of  the  groove,  in  the 
region  known  as  the  neural  crest,  from 
which  also  originate  the  cells  for  the 
sensory  nerves.  The  retinal  cells  differ 
from  the  latter  in  that,  as  the  edges  of 
the  groove  fold  over  to  form  the  tube, 
they  are  gradually  drawn  in  until  they 
lie  "along  the  sides  of  the  cavity  (Fig. 
22.36,  A,  B,  C,  D). 

This  peculiar  displacement  of  the  cells 
of  the  retinal  area  is  made  possible  by 
delay  in  the  concrescence  of  the  edges  of 
the  groove.  If  this  occurs  prematurely 
the  fetus  develops  but  a  single  orbital 
cavity,  a  teratological  phenomenon  known 
as  cyclopia,  which  differs  according  to  the 
stage  at  which  union  takes  place.  If  early, 
the  two  retinas  may  be  fused  together  to 
form  a  single  eye;  somewhat  later,  the  two 
are  imperfectly  united;  .still  later,  two  eyes 
exist  in  a  single  median  orbit. 


~—  temporal  muscle 
—  lacrymal  gland 


-  external  rectus 


-  inferior  oblique 


(Merkel.) 
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lacryniul 

papillae  with 

puncta 

lachmali;i 


f superior 
'  lacryniul 


shape  like  that  of  a  tliin  luAhtw  ru»ih<T  bftll 
with    a    marble   soiiiewhat   HMialler  in  hizc 
preHHe<I    a^aiiiHt    itn    Hurfare    (Kij;.    rj:JU) 
Becau.se  of  tliiH  change  of  form  it  U  htnc©^ 
forth  callerl  the  optic  eup  (Mcrondary  onjlar 
( inner       reside).    The  Kueeowive  cnaiiKf^  are  nhown 
{  palpebniljJ,'^KrammatifaIly   in    KiwH.    J2Mi   to   TJU. 
^  ligament  1  he  edge  of  the  cup  in  the  future  margin  <jf 
the  pupil;  its  walls  are  dtiuble.  the  inner  or 
nas.il''^**"^!  l^y^T  *J<^»nK  much  thicker  than   the 
duct  outer  one  in   which  pigment  in  <iepo«ited; 
they  are  at  this  sta^e  deficient  below  where 
growth  is   less  rapid  and  a  iiHsure  w  thus 
formed,    known    as    the     chorioidal    cleft, 
tlirough     which     wandering    meaenchymai 
cells  penetrate  between  the  retina  and  the 
lens  to  form  the  vitrer>us  body.     Tlie  inter- 
val between  the  layers  Ls  soon  obliterated. 
The  central  artery  of  the  retina  enters  the 
cleft  back  of  the  cup,  upon  the  optic  stalk. 
thus  bec(iming  finally  enclosed  within  the 


orbital  fat 


inferior  1 
oblique  muscle  J 


infraorbital 
foramen 


Fig.  2232. — The  Lacrymal   Passages. 

At  the  period  we  are  considering  the 
neural  tube  shows  at  its  cephalic  end  three 
bulbar  enlargements,  the  primary  cerebral 
A'esicles.  It  is  from  the  anterior  of  these, 
the  forebrain,  that  are  formed  the  parts 
immediately  concerned  with  vision:  the 
retinal  areas,  the  optic  nerves  and  tracts, 
the  corpora  geniculata,  and  the  optic 
thalami.  The  forebrain  now  widens  out 
laterally,  forming  two  hollow  protrusions, 
whose  bulbar  extremities,  containing  the 
retinal  areas,  are  called  the  primary  ocular 
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Fig.  2234  .—Widely  Opened  Eye  of  an  Elderly  Person :  Lower  Lid  Everted. 
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Fig.  2233.- 
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V         rima  palpebrarum 
lower  eyelid 
-Eyelids  of  Right  Eye  when  Closed. 


vesicles,  the  con.stricted  pedicles,  from  which  the  optic 
nerves  are  formed,  being  Ijnown  as  the  optic  stalks. 
The  cavitv  of  each  still  communicates  freely  with  that 
of  the  forebrain  (Figs.  2237,  2238). 

The  ocular  vesicles  in  their  outward  growth  soon 
reach  the  epithelium  or  ectoderm  of  the  side  of  the 
head  which,  at  the  place  of  contact,  becomes  thickened 
and  cupped.  This  cupping  or  invagination  continues 
until  another  vesicular  structure  is  formed,  the 
lenticular  vesicle,  from  which  develops  the  crystalline 
lens.  The  intrusion  of  the  lens  upon  the  growing 
end  of  the  ocular  vesicle  causes  the  latter  to  assume  a 


Fio.  2235. — Sagittal  Section  ot  the  Eye.  show-iiiK  the  Bulbar 
Fascia  and  its  Attachments,  a.  Prolonuation  of  bulbar  fascia:  ^, 
levator  palpebra?:  c,  rectus  superior;  rf,  perineural  gjwc*:  *,  r', 
septum  orbitale;  /,  tendon  of  levator;  i;.  tardus  superior;  *, 
cornea;  i,  tarsus  inferior;  k,  inferior  rectus  muscle;  L,  inferior 
oblique  muscle;  m,  prolongation  of  bulbar  fascia. 
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optic  nerve.  The  cleft  closes  early  but  a  trace  of  it 
may  often  be  found  in  the  adult.  If  the  closure 
is  incomplete  the  ocular  defect  known  as  colobonia 
occurs,  causing  distortion  of  the  pupil  or  a  defect  of 
the  visual  field. 


median  fiasuro 


rptinal  area 


lens  vesicle 


Fig.  2236. — Diasrama  showing  the  Diaplacement  of  the  Retinal 
Cells  and  their  Relation  to  the  First  Cerebral  Vesicle.  (Dejer- 
ine.)  A  and  B  show  the  early  development  of  the  first  primitive 
cerebral  vesicle;  C,  the  primitive  ocular  vesicle;  D,  the  secondary 
ocular  vesicle  and  the  lens  vesicle. 

The  retina  develops  like  a  part  of  the  cerebrospinal 
axis.  Spongioblasts  and  neuroblasts  arise  in  it,  the 
former  developing  into  the  supporting  tissue  of  the 
retina  or  fibers  of  Miiller  of  which  the  expanded  bases 
form  the  internal  limiting  membrane,  the  distal 
arborescent  extremities  the  external  limiting  mem- 
brane   in    which    spaces    are    left    which    eventually 
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are  occupied  by  the 
rods  and  cones. 
The  neuroblasts 
appear  first  in  the 
area  centralis, 
afterward  extend- 
ing peripherally  as 
far  as  the  ora  ser- 
rata.  Beyond  this, 
in  the  retinal  layer 
of  the  ciliary  region 
and  the  iris,  spon- 
g  i  o  b  1  a  s  t  s  alone 
occur.  The  neuro- 
blasts  develop 
axis-cylinder  proc- 
esses that  grow 
inward  along  the 
optic  stalk,  gradu- 
ally obliterating  its 
cavity  and  consti- 


//. 


Fig.  2237— Brain  of 
Human  Embryo  of  about 
Fifteen  Days.  (His.)  .1, 
Ocular  vesicle,  H,  first 
secondary  vesicle  or 
telencephalon;  Z,  dien- 
cephalon  or  second  sec- 
ondary vesicle:  M,  midbrain;  7,  isthmus 
between  mid-  and  hindbrain;  Hh,  fourth 
secondary  vesicle;  .V,  fifth  secondary 
vesicle;  Gh,  otic  vesicle;  Rf,  fourth  ven- 
tricle; Nk,  neck  curvature;  Bt,  pons  cur- 
vature; Pm,  mammillary  process;  Tt,  in- 
fundibulum. 


.Vt 


tuting  the  optic 
nerve.  The  percipient  elements  (rods  and  cones)  are 
the  last  to  develop,  not  appearing  until  the  fifth  month 
in  man  and  after  birth  in  kittens  and  rabbits. 

In  its  early  stages  the  lenticular  vesicle  is  propor- 
tionately larger  than  at  birth,  filling  the  cavity  of  the 


Lam, term.  > 


FlQ.  2239.— Model  showing 
Reconstruction  of  the  Optic 
Cup.  (Hertwig.)  p.  Outer 
wall  of  cup,  which  becomes 
the  pigmented  layer  of  the 
retina;  r,  its  inner  wall,  which 
becomes  the  retina;  s,  tempo- 
rary space  between  the  two 
walls;  V,  \'itreous  chamber;  /, 
lens;  ch,  chorioid  fissure;  op, 
hollow  stalk  of  cup  which  be- 
comes the  optic  nerve. 

optic  cup  SO  that  there  is  but  little  space  left  between  it 
and  the  retina.  Its  cells  are  soon  arranged  in  a  single 
.ayer,  those  on  its  outer  aspect  remaining  cubical  and 
forming  the  so-called  lens  epithelium,  while  those  on 


Fio.  223S. — Dorsal  View  of 
Head  of  Chick  of  Fifty-eight 
Hours.  (Mihalkovics.)  Lam. 
term..  Lamina  terminalis;  F.h., 
forebrain;  Opt.  v.,  ocular  vesi- 
cle; M.b.,  midbrain;  H,  heart. 


Fig.  2240. — Section  of  Head  of  Chick,  Second  Day  of  Incubation. 
(Duval.) 
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the  inner  or  retinal  aspect  become  (greatly  lengthened 
and  form  the  lens  fibers  (Fig.  2245).  By  this  process 
the  cavity  of  the  vesicle  is  finally  obliterated.     At  the 
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Fio,  2241. — Section  of  Head  of  Chick,  Third  Day  of  Incubation 
(Duval.) 


equator  or  edge  of  the  lens  there  is  a  transition  region 
where  proliferation  is  most  active.  The  lens  increases 
in  size  by  the  addition  of  successive  layers  of  fibers 
which  extend  from  the  anterior  to  the  posterior 
surface.  The 
structureless  cap- 
sule of  the  lens  is 
now  believed  to 
be  a  product  of 
the  cells  them- 
selves and  not 
of       mesoblastic 


ant.  cer.  1  _ 
vesicle.  / 


lens 
vesicle 


ocular  1 
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Fig.  2242. — Further  Development  of  Ret- 
ina and  Lens.  The  lens  vesicle  is  still 
attached  to  the  epidermis.     (Duval.) 


origin. 

Besides  the 
capsule  proper 
the  lens  is  in- 
vested during 
fetal  life  by  a 
vascular  mem- 
brane, the  tunica 
vasculosa  lentis. 
The  ves.sels  that 
supply  this  are 
derived  from  the 
hyaloid  artery,  a 
branch  of  the  central  artery  of  the  retina,  and  from 
the  long  and  short  ciliary  arteries  that  supply  the  iris 
(Fig.  2246).  The  supply  is  especially  great  around 
the  equator  of  the  lens  where  proliferation  is  active. 
The  portion  of  this  membrane  that  lies  in  front  of  the 

lens  s  tr  e  t  c  h  e  s 
over  the  pupil  or 
mouth  of  the 
optic  cup,  and  is 
known  as  the 
pupillary  mem- 
brane. The 
tunica  vasculosa 
begins  to  disap- 
pear about  the 
seventh  month, 
but  vestiges  often 
remain  after 
birth. 

Around  the 
optic  cup  and  the 
lens  the  meso- 
derm forms  a 
complete  invest- 

Fio.  2243. — Further  Development  of  Ret-  jj^gj^j;      jf,      which 

ina  and   Lens.     The  lens  vesicle  has  become  ,            lavers     mav 

entirely  detached  and  Ues  at  the  entrance  ^       ..   .-          ■  u    j. 

to  the  optic  cup.     The  inner  layer  to  the  be  distinguished, 

optic  cup  has  begun  to  thicken.  B,I1     mner,     more 


second. I 
ocular  I 
vesicle  ) 

(op.  cup)  J 


vascular  one,  which  becomes  the  choriuid  c/>at,  the 
ciliary  body,  the  chorioidal  part  of  the  irin  and  the 
puoiUary  membrane;  and  an  outer,  low  vaHcuUr  one, 


coDjunclIra 


pigmented  I 
layer     f 


Fin.  2244. — Further  Development  of  the  Retina  and  I-ciM.  The 
posterior  wall  of  the  lens  has  begun  to  thicken:  the  eitcrnml  Uyer 
of  the  optic  cup  is  charged  with  pignieut.     (Duv&l.) 

which  forms  the  sclera  and  cornea.  In  front  of  the 
lens  a  cleft  appears  which  enlarges  to  become  the 
aqueous  chamber  (Fig.  2247). 

The  eyes  have  first  a  lateral  po.sition  like  those  of 
fishes,  but  the  growth  of  the  superior  maxillary  and 
nasal  processes  causes  them  to  a.ssume  their  adult 
situation.  At  first  the  cornea  is  entirel}'  uncovered, 
the  lids  develop  as  folds  of  integument. 

The  nasolacrymal  duct  is 
formed  in  the  fold  between 
the  superior  maxillary  and 
nasal  processes  by  the  can- 
alization of  a  cord  of  in- 
folded ectodermic  cells. 

The  Outer  or  FtBRors 
Co.\T. — Analogous  to  the 
dura  mater  of  the  brain 
with  which  it  is  continuous 
through  the  dural  sheath  of 
the  optic  nerve,  this  tunic 
completely  invests  the  eye- 
ball except  where  penetrated 
by  vessels  and  nerves.  It 
is  composed  of  fibrous  tissue 
irregularly  arranged  behind, 
producing  the  white,  opaque 
sclera,  more  regularly  in  front,  forming  the  clear, 
transparent  cornea.  It  is  very  scantily  supplied  with 
vessels  and  nerves,  but  has  numerous  lymph  channels 
that  appear  to  afford  it  nutrition.  Associated  with 
those  and  lying  in  the  interstices  of  the  ti.-ssue  are 
•various  specific  forms  of  corpuscles.  The  density  and 
hardness    of  the  coat  efficiently  protect  the  eye  and 

papillary  membrane^ 

iris  "^v 


Fia.  224."). — Final  Stages  of 
Development  of  Lena.  The 
cavity  of  the  lens  vesicle  almost 
wholly  disappears.     (Duval.) 


FlQ.  2246— The 


Vascular    Tunic  of    the 
(Kollmaa.) 


Leii3  in    tho    Fetus. 
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contribute  to  its  shape,  which  essentially  depends, 
however,  \ii)on  the  tension  produced  by  the  enclosed 
contents. 


conjunctiva- 
outer  layer  optic  cup- 
inner  layer  optic  cup- 

cornea- 

anterior  chamber  - 

pupillary  membrane 


lena-  - 


Fia.  2247. — Formation    of    the    Anterior    Chamber. 

The  Sclera. — Four-tifths  of  the  surface  of  the  eyeball 
is  formed  bj-  the  dense,  opaque  structure  known  as  the 
"white  of  the  eye."     Its  dead  white  appearance  is  due 


posterior  pole  on  the  nasal  side  and  one  millimeter 
below  the  horizontal  meridian.  Since  the  fibers 
of  the  optic  nerve  lose  their  medullary  -sheaths  as 
they  pass  forward,  the  canal  contracts  funncl-wisc, 
from  without  inward,  termiuatinn  within  in  a  crest- 
like  ridge,  the  peclen  sclera.  Other  perforations  for 
vessels  and  nerves  occur,  viz.,  a  posterior  ciliary  set, 
arranged  about  the  optic  nerve  (Fig.  2248),  together 
with  those  for  the  long  ciliary  vessels  and  nerves 
lying  a  short  distance  farther  forward;  a  middle  set, 
comprising  the  vorticose  veins;  and  an  anterior 
ciliary  set  a  short  distance  behind  the  corneoscleral 
junction. 

The  sclera  attains  its  maximum  thickness  of  about 
one  millimeter  in  the  vicinity  of  the  optic  nerve  en- 
trance where  it  is  required  to  support  the  most  sensitive 
part  of  the  retina.  It  grows  gradually  thinner  for- 
ward until,  just  behind  the  insertion  of  the  recti 
muscles,  it  is  but  0.35  millimeter  thick.  The  tendons 
of  those  muscles  reinforce  it  to  some  extent  and  at  the 
corneoscleral  junction  it  measures  O.GO  millimeter. 


Fig.  2248. — Posterior  View  of  Right 
Eye,  showing  Entrance  of  Optic  Nerve. 
(Testut.)  .4.  Nasal  .side;  B,  temporal 
side:  1,  vertical  meridian;  2,  horizontal 
meridian;  .3,  optic  nerve;  4,  4,  ciliary 
vessels  and  nerves;  4'  4',  long  ciliary 
arteries:  5,  5',  superior  vorticose  veins;  6, 
6',  inferior  vorticose  veins. 


Fig.  2249. — Insertion  of  the  (.k'ular  Muscles  upon  the  Sclera  of  the  Right  Eye.  Drawn 
from  the  determinations  of  Fuchs.  A,  View  from  above;  B,  from  nasal  side;  C,  from 
below';  Z>,  from  temporal  side;  E,  from  the  front;  F,  from  behind;  a,  rectus  superior: 
b,  rectus  inferior;  c,  rectus  medialis;  d,  rectus  lateralis:  c.  obliquus  superior;  /, 
obliquus  inferior;  E  E,  equator;  xx,  axis.  In  F,  y  y,  horizontal  meridian;  xx,  vertical 
meridian. 


to  the  interference  of  light  occasioned  by  the  ir- 
regularly interwoven  bimdles  of  its  fibers.  In  children 
and  the  darker  races  the  underlying  pigment  shows 
through  it  slightly,  giving  it  a  bluish  cast.  In  old 
persons  it  is  yellowish 
from  the  deposit  of  fat 
within  it. 

Two  principal  open- 
ings occur  in  the  sclera : 
one  in  front,  where  the 
transparent  cornea  is  set 
into  it  like  the  crystals 
of  a  watch  into  its  frame, 
the  fibers  of  the  two 
mutually  interblending; 
one  behind,  where  the 
optic  nerve  enters  at  the 
so-called  optic  canal 
(porus  opticus).  Strictly 
speaking,  the  sclera  is 
not  wholly  deficient  in 
the  latter  situation,  as  it 
is  represented  by  a  per- 
forated sheet  of  connec- 
tive tissue,  the  lamina 
cribrosa,  through  which 
the  fibers  of  the  optic 
nerve  pass.  The  canal 
is  situated  about  three 
millimeters      from      the 


The  recti  muscles  are  inserted  by  means  of  flattened 
expansions  that  blend  intimately  with  the  sclera.  The 
adjoining  sketch  (Fig.  2249)  shows  that  their  insertions 
follow  a  spiral  line  running  at  a  distance  of  five  milli- 


Bulbar  fascia. 


Vessel  surround 
ed  by  lym 
pbatic  sheath. 


Lamina  fusca. 


Lamina  rascu- 

losa. 


Basilar  lamina. 


??r^^—  ChoriocapillariB. 


Fig.  2250. — Transverse   Section  of  the  Sclera  and  Chorioid.     (Testut.) 
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meters  from  the  corneal  margin  for  the  rectus  medialis 
to  eight  milUnieters  for  the  rectus  superior.  The  ob- 
lique muscles  are  Inserted  in  the  posterior  hemisphere, 
their  lines  of  insertion  being  diagonal  to  the  meridians. 
The  striated  fibers  of  the  inferior  oblique  are  in.serted 
directly  upon  the  sclera  without  the  Intervention  of  a 
tendon. 

The  density  of  the  sclera  is  considerable,  its  weight 
being  at  least  one-sixth  that  of  the  entire  eye. 


post,  limiting  layer— ^^  "^^     f  endo- 

l  thelium 
Fig.  2251. — Transverse    Section    of    Cornea    Slightly    Magnified 
(Gerlach.) 

The  sclera  Is  a  tj'pical  connective-tissue  structure, 
being  composed  of  white  fibrous  tissue  with  a  i^\Y 
yellow  elastic  fibers  intermingled  (Fig.  22.50).  On 
boiling  it  yields  gelatin.  The  bundles  are  in  all  parts 
of  it  irregularly  arranged,  though  equatorial  bands 
are  more  common  near  the  corneoscleral  junction. 
The  interstitial  spaces  are  small  and  cleft-like.  In 
their  walls  are  found  fixed  cells,  the  scleral  corpuscles, 
in  their   cavities   wandering  leucocytes.     Pigmented 


Fig.  2252. — .Section  through 
the  .\nterior  Portion  of  the 
Cornea  of  the  Calf.  (Wal- 
deyer.)  a.  Flattened  epi- 
thelial cells:  b,  prickle  cells; 
c,  polymorphous  cells;  d, 
basal  layer  of  club-shaped 
cells:  e,  anterior  elastic  lam- 
ina: /  and  g.  substantia  pro- 
pria of  cornea. 


Fio.  2253. — Isolated  Cells  from 
the  Corneal  Conjunctiva.  (Wal- 
deyer.)  A.  From  the  basal  layer; 
B,  polymorphous  cells;  C,  prickle 
cells:  D,  flattened  cells:  D\,  plane 
view;  Z>2,  side  \'iew;  E,  young  cells 
from  the  middle  layers:  Ei,  cell 
undergoing  diWsion;  E;,  cells  with 
one  nucleus;  Ei,  multinucleate 
cells. 


connective-tissue  cells  occur,  especially  in  the  deeper 
layers,  where  their  aggregation  gives  a  dark-brown 
color  to  the  tissue,  called  for  this  reason  the  lamina 
jusca.  Perivascular  and  perineural  lymph  channels 
extend  from  the  periscleral  space  into  the  tissue 
along  the  interpenetrating  vessels  and  nerves  and 
communicate  with  a  lymph  space,  the  perichorioidal 


apace,  that  occurs  between  the  Hclera  and  th<,-  ohorioid. 
It  is  mostly  by  the  lymphatic  circuhition  that  the 
sclera  is  nourished,  as  its  blooil-veHM-ls  are  very  few. 
Near  the  corneoscleral  junction  there  occurs  an 
equatorially  extending  channel,  called  the  iicUral 
ainuH  or  canal  of  Schlemm,  that  is  now  considered 
to  be  of  a  venous  character.  It  is  probably  by  thiji 
avenue  that  the  atjueous  humor  i.s  removed  from  the 
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Fl«.  22.">4. — Section  through  Iluriian  Cnrnen.  (Waldryrr.t  1. 
Conjunctival  epithelium;  2,  anterior  cla-'^tic  lamina;  .1.  AulutanttA 
propria:  4,  posterior  elastic  lamina:  5.  endotheliftl  layer;  a,  fibcn 
from  anterior  elastic  lamina  entering  substantia  propria;  fc. 
fibers  cut  transversely  and  fasciculi;  r,  corneal  corpuaclr*:  d, 
fasciculi  cut  lengthwise  and  therefore  appearing  homocenrou*; 
f,  e.  corneoscleral  junction. 

eye  and  the  proper  interchange  of  fluids  effected. 
It  appears  to  have  no  direct  communication  with  the 
chambers,  and  the  action  of  removal  must  be  by  inter- 
cellular transudation  (Leber). 

The  nerves  supplying  the  sclera  arc  few  in  number 
and  are  derived  from  the  ciliary  nerves. 

The  Cornea. — This  is  also  a  connective-tissue  struc- 
ture formed  of  superposed  and  .inastomosing  lamellae, 
closelv  applied  to  each  other  and  with  no  subst.inco 
intervening  that  can  vary  the  refractive  force  of  it.-j 
fibers.  Although  composed  of  many  different  units 
— epithelium,  limiting  membranes,  successive  layers 
of  connective  tissue,  lymph  channels,  corpuscles,  and 
nerves — all  have  the  same  index  of  refraction  and 
the  membrane  is  perfectly  transparent.  A  slight 
disturbance  tending  to  derange  its  mechanical  ad- 
justment, such  ;is  comi)re.-'sion  or  other  strains,  the 
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absorption  of  fluids,  etc.,  at  once  beclouds  it.     After 
death  it  gradually  becomes   opaque,  partly  because 


Fig.  2255. — Section  of  Human  Cornea  Stained  with  Chloride  of 
Gold,  showing  the  Corneal  Corpuscles  and  Nerve  Endings. 
fWaldeyer.) 

of  degeneration  of  its  epithelium,  partly  because 
it  absorbs  the  aqueous  humor. 

The  history  of  its  development  shows  that  its 
layers  may  be  classified  according  to  their  sources : 
(1)  conjunctival,  forming  the  exterior  layer  of  epi- 
thelium, derived  from  the  ectoderm;  (2)  scleral, 
forming  the  main  portion  of  the  structure  together 
with  its  anterior  elastic  lamina,  derived  like  the 
sclera  from  the  mesoderm  (mesenchyme);  (3) 
chorioidal,  forming  the  endothelium  lining  the 
anterior  chamber  together  with  the  posterior 
elastic  lamina,  also  of  ectoderraic  origin  but  cor- 
related with  the  middle  tunic  of  the  eye. 

Set  like  a  window  in  the  frame  of  the  sclera  its 
outline  is  slightly  elliptical,  its  horizontal  diameter 
being  11.6  millimeters,  while  its  vertical  one  is  but  11 
millimeters.  The  outer  and  inner  surfaces  are  un- 
equally curved,  the  inner  one  having  nearly  the  curva- 
ture of  a  sphere  with  a  radius  of  6  millimeters,  while 
the  outer  one  has  that  of  an  ellipsoid  with  a  horizontal 
radius  of  7.8  millimeters,  and  a  vertical  one  of  7.7  milli- 
meters, even  greater  variations  being  frequently  ob- 
served. The  surfaces  therefore  are  not  parallel,  and 
the  thickness  of  the  cornea 
varies  from  1.1  millimeters  at 
its  periphery  to  0.9  at  the  ocular 
axis.  It  attains  its  permanent 
dimensions  earh-;  its  weight 
averages  180  milligrams,  one- 
fortieth  that  of  the  entire  eye; 
and  its  specific  gravity  is  1.076 
(Daw).  Its  index  of  refrac- 
tion is  1.3523,thatof  distilled 
water  being  1.335S(Krause). 
When  boiled  it  yields  a  form 
of  chondrin  instead  of  gela- 
tin as  does  the  sclera.  Its 
percentage  of  water  is  72.75. 

The  main  substance  of  the 
cornea  is  a  lamellated  con- 
nective   tissue    lined    both 
without  and  within  by  clear 
structureless  elastic  lamina, 
then  clothed  without  by  the 
epithelium   of   the   conjunctiva, 
within   by   the   endothelium    of 
the     anterior    chamber.      Thus 
there  are  five  varieties  of  tissue 
to  be  considered  (Fig.  2251). 


The  corneal  conjunctiva  is  an  eijithelium  corre- 
sponding with  that  of  the  general  .surface  of  the  body, 
but  having  fewer  layers  of  cells  and  no  corneous  layer. 
The  deeper  cells  are  expanded  at  the  base  and  show 
signs  of  mitotic  division  (see  Figs.  2252,  2253).  Those 
of  the  middle  layer  ("prickle  cells")  are  surrounded 
by  intercellular  passages  that  permit  the  circulation  of 
lymph. 

The  anterior  elastic  lamina  (Bowman's  membrane, 
anterior  limiting  membrane)  is  a  clear  anhistous  sheet 
that  lines  the  cornea  under  the  conjunctiva  up  to 
near  the  margin,  sending  down  into  the  deeper  layers 
fibers  of  a  similar  character.  It  behaves  with  re- 
agents like  the  spiral  fibers  that  encircle  connective- 
tissue  bundles,  not  dilating  when  treated  with  acetic 
acid,  and  resembles  the  subepithelial  basement  layer 
of  many  membranes. 

The  proper  tissue  of  the  cornea  presents  from  sixty 
to  sixty-five  lamellae  (Fig.  2254)  composed  of  flattened 
bundles  of  white  fibrous  tissue  arranged  nearly  at 
right  angles  to  each  other.  Between  these  is  an  in- 
tricate   system    of   interfascicular   spaces    or    lymph 


Fig.  2256. — Meridional  Section  Showing  the  Connection  Between 
the  Cornea  and  the  Middle  Coat  of  the  Eye.  (Testut.)  a,  Poste- 
rior elastic  lamina:  b,  annular  Ugament;  c,  scleral  fibers;  d,  ciliary 
fibers;  e,  posterior  fibers  forming  the  pectinate  ligament;  /,  spaces 
of  the  angle  of  the  iris;  g,  scleral  sinus;  h,  meridional  fibers  of 
the  ciliary  muscle;  i,  annular  fibers  of  same;  k,  ciliary  process; 
I,  iris;  m,  cornea;  n,  angle  of  the  iris;  o,  sclera;  p,  scleral  vein. 

lacunae  connected  with  each  other  by  fine  canals  and 
containing  fixed  cells,  the  corneal  corpuscles  (Fig. 
2255).     These  have  a  resemblance  to  the  osteoblasts 


Fig.  2257. — The  looped  Marginal  Plexus  at  the  Periphery  of  the  Cornea.     (Waldeyer.) 
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of  bone  in  that  they  occupy  interstitial  spaces  and 
apparently  send  fiiie  branching  processes  along 
delicate  canals  that  communicate  with  other  spaces. 
Wandering  cells  are  also  found  in  the  passages  of  the 
cornea.  At  the  corneal  margin  these  passages  com- 
municate with  similar  ones  in  the  sclera. 

The  posterior  elastic  lamina  (membrane  of  Des- 
cemet,  of  Demours,  of  Duddcll,  posterior  limiting 
membrane)  is  also  an  anhistous  layer  but  apparently 
quite    different    in    character    and    origin    from    the 


this,  wounds  of  the  cornea  heal  rapidly,  nutrition  being 
afforded  by  the  copiou.s  supply  of  lymph. 

The  nerves  that  supply  the  cornea  are  derive*!  from 
the  anterior  ciliary  set  which  form,  near  the  corneo- 
scleral  junction,   a  close-meshed   plexus,   the   pUxxi* 


Sclera.— 


^4«r 


--% 
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Supra-     — 
cborioidea 


Lamina 
vasculosa. 
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Fig.  2258. — Xerve  Plexuses  of  the  Cornea.  (Testut.)  1,  1,  Two 
afferent  nerve  trunks:  2,  deep  stroma  plexus;  3,  subepithelial 
plexus:  4,  intraepithelial  plexus:  a,  cornea  proper;  6,  anterior  elastic 
lamina;  c,  anterior  epithelium. 

anterior  elastic  lamina.  It  [appears  to  act  as  a 
central  tendon  for  the  ciliarj-  muscle.  Its  increase 
with  age,  and  certain  irregularities  found  on  its  surface 
lead  to  the  conclusion  that  it  is  produced  by  the  en- 
dothelial cells  which  it  supports.  At  the  margin  of 
the  cornea  it  becomes  thickened  into  a  ring-like  zone, 
the  annxdar  ligament,  beyond  which  it  can  be  traced 
over  to  the  insertion  of  the  iris,  as  a  series  of  distinct 
bundles  of  fibers,  the  peciinate  ligament,  separated 
bv  minute  clefts,  the  spaces  of  the  angle  of  the  iris 
(Fig.  2256). 

The  endothelium  that  forms  the  posterior  boundarj' 
of  the  cornea  is  a  flattened  single  layer  of  cells  similar 


Fig.  2259. — Branched  Cells  of  the  Chorioid. 

to  those  usually  lining  serous  cavities.  It  is  con- 
tinuous over  the  acute  peripheral  portion  of  the  an- 
terior chamber  (known  as  the  angle  of  the  iris)  with 
the  endothelium  lining  the  anterior  surface  of  the  iris. 
In  the  healthy  cornea  there  are  no  blood-vessels, 
except  just  at  the  margin  where  vessels  from  the  sclera 
form  a  looped  network  (Fig.  2257).      Notwithstanding 


Fig.  21 


tiU. — rieclion  of   the   Human   (hi 
DaridoCr.) 
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annularis,  from  which  sixty  to  eighty  ncrve.s,  contain- 
ing both  meduUated  and  non-medullated  fibers,  pass 
to  the  cornea,  two-thirds  going  toward  the  anterior 
surface.  They  soon  lose  their  medullnrj-  .sheaths 
and  form  a  second  plexus,  the  deep  stroma  plexua 
(])rimary  plexus,  fundamental  plexus)  (Fig.  2258). 
Reaching  the  anterior  clastic  lamina,  perfurating 
fibers  from  this  plexus  penetrate  that  layer  and  unite 
to  form  a  third  or  subepithelial  plexus  from  which 
again  fibers  pass  between  the  epithelial  cells,  form- 
ing a  fourth,  or  intraejrilhelial  ptrius.  From  this 
as  well  as  from  the  subepithelial  plexus  terminal 
filaments  are  given  off  on  which  are  formed  end 
organs  shaped  like  rounded  bidbs,  hooks,  loops,  and 
platelets.  8o  rich  is  this  supply  that  it  appears  prob- 
able that  every  epithelial  cell  is  in  actual  contact  with 
a  nen'e  fiber  or  its  terminal. 


e  i  1  i  a  r  .V  \ 
muscle  j 


ciliary 
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Fio.  2261 . — The  Chorioid  Viewed  from  its  Outer  Surface.    (M«rk«l.) 

The  Middij;  oh  V.\.<ctl.«  Co.kt. — Considor<>d  from 
an  embrvological  point  of  view  this  coat  i.->  proinrly 
divided  "into  four  regions:  (1)  The  chorioid  pro|>or. 
comprising  the  i)igmentod  va.<cular  mombrano  that 
extends  from  the  optic-nerve  entrance  a.<  far  as  the 
boundaries  of  the  visual  retina  where  it  is  limited  by  .•> 
erenulate  line  called  the  ora  scrraUi;   (2)  the  ciliary 
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chorioid,  or  c-iliary  body,  a  thickened 
portion  containing:  muscular  tibers 
and  vascular  plexuses;  (3)  the 
chorioidal  part  of  the  iris,  comprising 
the  greater  portion  of  the  colored 
curtain  which  is  stretched  in  front  of 
the  lens;  (4)  the  corneal  chorioid, 
comprising  the  corneal  endothelium 
lining  the  anterior  chamber  and  its 
jjroduct,  the  posterior  elastic  lamina. 
These  last  have  already  been  de- 
scribed. 

This  coat  generally  offers  a  marked 
contrast  to  the  other  two  by  its  vas- 
cular and  pigmented  character,  and 
has  been  compared  to  the  pia  mater 
of  the  brain.  Its  function  is  essen- 
tially nutritive,  and  it  supplies  the  fluids  that  fill  the 
eyeball  and  preserve  its  tension.  It  is  soft,  yielding, 
and  easily  torn  or  injured. 

The  Chorioid  Proper. — This  portion  of  the  middle 
coat,  covering  about  two-thirds  of  the  eyeball,  is  a 


Fig.  2263. — The  Capillary  Network  of  the  Chorioid.  a,  Near  the  optic-nerve  en- 
trance; 6,  about  the  equator  of  the  eyeball;  r,  near  the  ora  .serrata.  The  veins  are 
striated  longitudinally,  the  arteries  transversely,  the  capillaries  are  black.  The  latter 
are  only  half  as  broad  as  they  ought  to  be. 

ber  of  blood-vessels  and  containing  many  irregularly 
branched,  pigmented  cells  (Fig.  22.59).  The  outer 
layer,  being  more  loosely  woven  and  containing  fewer 
vessels,  is  known  as  the  lamina  supracliorioidea;  that 
next  to  it,  containing  the  largest  vessels,  is  the 
latnina  vasculosa;  the  next  layer  having  an  ex- 
tremely rich  network  of  capillaries  is  the  lamina 
choriocapillaris;  while  the  anhistous  limiting  mem- 
brane that  separates  this  from  the  retina 
is  the  lamina  basalis  (Fig.  2260). 

While  the  suprachorioidea  is  not  itself 
remarkably  rich  in  vessels  and  nerves,  its 
loose  tissue  affords  an  avenue  by  which 
they  readily  penetrate  to  their  ultimate 
destinations.  The  long  ciliary  arteries 
and  nerves  lie  almost  wholly  in  this  layer 
in  their  transit  forward  to  supply  the  iris 
and  neighboring  structures  (Fig.  2261). 

The  arteries  of  the  lamina  vasculosa 
(Fig.  2262)  are  derived  mainly  from  the 
short  ciliary  set  that  penetrate  the  ball 
by  about  twenty  small  branches  in  the 
vicinity  of  the  optic  nerve.  The  main 
vessels  of  this  layer  are,  however,  the 
vorticose  veins,  from  four  to  eight  large 
trunks  formed  by  converging  whorls  of 
vessels.  They  are  usually  arranged  in  a 
nearly  symmetrical  manner  in  four  sets 
about  ninety  degrees  apart,  and  penetrate 
the  sclera  obliquely  near  the  equator. 
Owing  to  this  oblique  penetration  their 
discharge  is  li;ible  to  be  interfered  with  by 


Fig.  2262. — Partially  Diagrammatic  Representation  of  the 
Course  of  the  Vessels  in  the  Chorioid.  (Leber.)  Ch,  chorioid;  J, 
iris:  Mc,  ciliary  muscles;  Pc,  ciliary  processes;  Oc,  ciliary  ring;  O, 
optic  nerve  entrance;  Ab,  short  posterior  ciUary  arteries;  ,4/.  long 
posterior  ciliary  arteries;  Aa,  anterior  ciliary  arteries:  Cim,  greater 
arterial  circle  of  iris;  Vv,  vorticose  veins;  r,  r,  recurrent   arteries. 

loose,  vascular,  extensible  tunic  about  0.1  millimeter 
in  thickness  at  the  optic-nerve  entrance,  thinning 
gradually  to  about  half  that  at  the  ora  serrata.  It 
is  imperfectly  separated  from  the  sclera  by  the 
suprachorioidal  space,  intervening  bands  of  fibrous 
tissue  as  well  as  numerous  perforating  vessels  and 
nerves  uniting  the  two.  Its  inner  surface  is  smooth 
and  closely  applied  to  the  pigmented  layer  of  the 
retina. 

Its  color,  depending  on  the  pigment  deposited  in  its 
cells  and  the  amount  of  blood  in  its  vessels,  is  a  dark  or 
reddish  brown,  somewhat  lighter  in  the  old  than  in  the 
young. 

The  general  substance  or  stroma  of  the  chorioid  is 
composed  of  interwoven  trabecule  of  connective  tis- 
sue, both  \vhite  and  elastic,  supporting  a  large  nuni- 


FlG.  2264. — The  Origin  of  the  Chorioidal  Veins.  (.Arnold.)  1,1, 
One  of  the  hirger  veins;  2,  2,  communicating  veins;  3,  3,  "Stars  of 
Winslow,"  or  vortical  whorls  of  capillaries  by  which  the  veins 
arise  from  the  choriocapillary  layer. 


252 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


pressure  fri)in  without,  particularly  from  the  acti(jii  of 
the  ocular  muscles.  The  veins  are  jirovidcd  with  peri- 
vascular sheaths  that  assist  in  maintaining  an  equable 
pressure.  In  the  deepest  part  of  this  lamina  are 
found  wavy  bundles  of  elastic  tissue,  a  vestige  of  the 
tapelum  that  causes  the  metallic  sheen  observed  in  the 

sclera 


(horioid 

retina 

jra  serrata 

lliary  body 

rbiculu.s  ciliaris 


orona  radiata 
diary  process 


jra  serrati 


( iliary  body 
Fig.  2265. — The  Ciliary  Body  as  .Seen  from   Behind.      X  3. 

eyes  of  many  lower  animals  under  certain  conditions 
of  reflected  light. 

The  choriocapillaris  or  membrane  of  Ruysch  (Fig. 
2263)  is  a  close-meshed  network  of  capillaries,  so  close, 
in  fact,  that  the  space  occupied  by  the  vessels  is  greater 
than  the  intervals  between  them.  This  appears  to  be 
required  for  the  nourishment  of  the  closely  contigu- 
ous percipient  layer  of  the  retina,  i.e.  the  rods  and 
cones,  to  whicli  the  proper  arteries  of  the  retina  do  not 
penetrate.  The  vorticose  veins  begin  in  this  layer  by 
capillary  whorls,  the  slellul(F  vasculosae,  sometimes 
called  the  stars  of  Winsloiv  (Fig.  2264). 

The  basilar  lamina,  also  known  as  the  vitreous 
membrane,  or  the  membrane  of  Bruch,  is  structureless 
or  nearly  so,  and  appears  to  be  analogous  to  the  base- 
ment membrane  of  epithelium. 

The  long  and  short  ciliary  nerves  send  vasomotor 
twigs  to  the  chorioid,  and  lymphatics  gather  fluid  from 
its  numerous  interspaces. 

The  Ciliary  Body. — The  wavy  line  of  the  ora 
serrata  marks  the  limit  of  the  layer  of  rods  and  cones 
of  the  retina  and  of  its  trophic  layer,  the  chorio- 
capillaris (Fig.  2264).  From  this  line  to  the  border 
of  the  iris  curtain  the  middle  tunic  of  the  eye  is 
marked  by  finely  radiate  stri;i'  resembling  cilia,  hence 
the  name  that  has  been  applied  to  this  region.  The 
posterior  portion,  comparatively  smooth,  is  known  as 
the  ciliary  ring  or  orbiculus  ciliaris;  the  anterior  por- 
tion, thickened  and  plicated  in  a  meridional  direction. 
is  known  as  the  corona  radiata.  Between  these  and 
the  sclera,  in  the  more  superficial  portion  of  the 
middle  coat,  lies  an  annular  band  of  muscular  tssue, 
known  collectively  as  the  ciliary  muscle. 

The  ciliary  ring,  about  4  millimeters  broad,  is 
formed  of  nearly  straight,  unbranched  vessels  for 
conveying  blood  either  forward  to  the  corona  radiata 
or  backward  to  the  vorticose  veins,  united  by  a  loose 
stroma  like  that  of  other  portions  of  the  middle  coat. 
The  basilar  layer  is  continued  forward  and  is  even 
somewhat  thickened. 

_  The  corona  radiata  is  the  zone  lying  between  the 
margin  of  the  ciliarv  ring  and  the  outer  margin  of  the 
iris.  It  derives  its"  name  from  the  radiate  arrange- 
ment of  its  ch.aracteristic  features,  the  ciliary  proccs.'ic.-^, 
club-shaped  plications  from  2  to  3  millimeters  in 
length  and  0.12  millimeters  wide,  that  lie  in  a  me- 
ridional direction  (Fig.  2266).  They  resemble  the 
glomeruli    of    the    kidnev    in    containing    convoluted 
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blood-ves.selH,  and  doubtli-s«  iissist  in  the  production 
of  the  aqueous  humor.  The  Hu.-ipenw.rv  liKarncnt  of 
the  lens  (zonula  ciliari.s)  extends  buckwunl  over  them 
as  far  as  the  ora  serrata,  Home  of  itn  fiU-rs  Hprinninn 
directly  from  the  .stroma  of  the  prorcH.^-H.  A  markwl 
interval  separates  the  corona  from  the  iri«.  Th<' 
ciliary  processci  do  not  touch  the  Icna  but  lie  at  a 
distance  of  0..5  millimeter  from  it. 

The  ciliary  muscle  (Fig.  2267)  occupies  a  zone  0  to  7 
millimeters  in  width  and  triangular  in  meridional 
.section,  reaching  a  maximum  thickncMs  of  O.S  milli- 
meter. It  tak(w  its  origin  from  the  annular  ligament 
and  the  sclera  in  tlur  neighborhoofl  of  the  ncleral  hinuit 
and  is  inserted  upon  the  strom.-i  of  the  middle  coat 
in  the  region  of  thi!  ciliary  body  and  bevond.  Itii 
most  superficial  fibers  are  directed  mcridionally  and 
constitute  the  iensor  r.horioiilite  of  Briicke;  those  next 
succeeding  approach  more  and  more  a  radial  direc- 
tion as  they  get  deeper;  and  the  (Icci>e8t  of  all  are 
arranged  ecpiatorially,  constituting  the  compreimor 
lentis  of  H.  Miiller.  The  ollice  of  the  muscle  is  to 
draw  the  chorioid  forward  and  thus  relax  the  susrM>n- 
sory  ligament  of  the  lens,  which,  being  no  longer  held 
tense,  a.ssumcs  a  more  convex  shape  suitable  for  the 
refraction  of  diverging  rays  from  objects  near  at  hand. 
In  myopic  eyes  the  circular  fibers  are  fewer  in  num- 
ber or  wanting,  while  in  hypermetropic  eves  thev  arc 
greatly  increased. 

Many  ancient  anatomists  (Eusfachlus,  Scheincr. 
Plempius,  Descartes)  suspected  that  this  structure  wa.s 
muscular,  but  the  first  to  demonstrate  it  from  actual 
microscopic  examination  appears  to  have  been  an 
-Vmerican  oculist,  William  Clay  Wallace  of  New 
York  City,  who,  in  1835,  published  in  the  American 
Journal  of  Sciences  and  Arts  an  article  "On  the 
Accommodation  of  the  Eye  to  Distances,"  saying: 

"  .\t  the  base  of  the  ciliary  proce.s.ses,  upon  the  inner 
surface  of  the  chorioid  coat,  there  is  a  range  of 
muscular  fibers.  In  the  sheep  the  fibers  of  the  upper 
portion  run  transversely  to  the  ciliary  procestses; 
those  of  the  lower  i)ortion  run  parallel  to  them." 


Fia.  2266. — Injected  Ciliary  Proressea  \  irwr»i  (r\>m  Behind. 
(Sappcy.)  1,  2.  Venous  plexuses  composing  the  bulk  o(  ihe 
projections:  3.  3.  efferent  trunks  tributary  to  the  vorticose  vriD»; 
4,  -1,  venous  radicles  from  the  iris.     X  40. 

Briicke,  to  whom  the  credit  of  the  discovery  of  the 
meridional  fibers  is  usuallv  given,  did  not  dcscrilie  the 
muscle  until  KS46,  and  11.  Miiller.  usually  cn-ditrd 
with  the  discovery  of  the  etiuatorial  tibors.  published 
first  in  1855. 

The  muscle  is  supplied  by  the  long  ciliary  nerves 
from  the  nasal  branch  of  the  ophthalmic  and  by  the 
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short  ciliary  from  tlie  cili;iry  ganglion.  These  form 
within  the  substance  of  the  muscle  a  ring-like  plexus, 
the  ciliary  idixas  (orbiculus  gangliosus),  from  which 
pass  fibers  of  apparently  motor  function,  ending  free 
between  the  muscle  cells,  vasomotor  fibers,  and  also 
sensory  fibers  with  terminal  end  organs.  Some  of  the 
latter  are  believed  to  impart  an  accurate  appreciation 
of  the  contraction  of  the  muscle. 


insertion  of  super! 


millimeters   in   diameter,    according   to   the   state    of 
contraction  of  the  iridial  muscles. 

It  will  be  remembered  that  the  pupillary  border  of 
the  iris  forms  the  edge  of  the  optic  cup,  which  here 
doubles  back  upon  itself  and  becomes  invested  by 
the  vascular,  mesodermal  layer  that  produces  the 
chorioid.  Hence  the  iris  is  composed  of  two  genet- 
ically  distinct   portions:   a   retinal    one,    secondarily 


)ptical  part  of  retina 
berratLL 


sclera 


anterior  ciliary  arteries  and  veins 

greater  arterial  circle 
angle  of  the  iris 

sinus  venosus 


limbus  of  cornea 


anterior  clianiber' 


epithelium 


anterior  elastic 
lamina 


posterior  elastic  himina 


.  \      stroma  of  iris 

\       posterior  surface  of  iris 
sphincter  of  pupil 


Fig.  2267. — Meridional  Section  of  a  Portion  of  the  .\nterior  Part  of  the  Eyeball.     (Toldt.) 


The  Iris. — This  colored  diaphragm,  pierced  with  its 
central  aperture,  the  pupil,  hangs  freely  but  not  quite 
vertically  in  the  aqueous  chamber,  its  outer  or  ciliary 
border  attached  just  behind  the  corneoscleral  junction, 
and  its  free  or  pupillary  border  resting  a  little  anterior 
to  the  other  upon  the  lens.  Behind,  its  tissue  is 
continuous  with  that  of  the  ciliary  body,  in  front  with 
that  of  the  pectinate  ligament  and  the  angle  of  the  iris. 

Its  diameter  is  from  10  to  12  millimeters,  its  thick- 
ness 0.4  millimeter  when  lax,  increasing  to  double 
that  amount  when  contracted.  The  pupil,  slightly 
eccentric  toward  the  nasal  side,  varies  from   1  to  8 


derived  from  the  ectoderm,  belonging  to  the  optic  cup 
proper;  and  a  chorioidal  one,  mesodermic  in  origin 
(Fig.  2268).  Since  the  retinal  portion  contains  no 
percipient  elements  it  will  be  convenient  to  consider  all 
together. 

Viewed  closely,  the  anterior  surface  will  be  seen  tp 
present  two  concentric  zones,  pupillary  and  ciliary, 
separated  by  a  festooned  line,  the  lesser  arterial  circle, 
that  indicates  the  former  attachment  of  the  pupillary 
membrane  (Figs.  2269  and  2270).  Both  zones  are 
marked  by  radial  stria;,  caused  by  vessels  and  nerves : 
those    of   the   pupillary    zone    being   fine    and    close 
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radii  minores;  those  of  the  ciliary  zone  larger,  radii 
majores.  The  pupillary  border  shows  a  thin  black 
line  slightly  beaded  where  the  stri;e  reach  it.  In  the 
pupillary  zone  there  are  found  between  the  stri;e 
minute   clefts  that   penetrate   the   stroma  and   coni- 


FlG.  226S. — Meridional  Section  through  the  Pupillary  Zone  of  the 
Human  Iris,  a.  Pupillary  border  formed  of  epithelium,  arranged 
in  bead-like  processes:  1,  anterior  limiting  layer;  2,  stroma  or 
vascular  layer;  3,  pigmented  epithelium,  continuous  behind  with 
the  retina;  4,  sphincter  pupillse. 

municate  with  lymph  spaces.  The  ciliary  zone  is 
furrowed  by  concentric  ridges  that  indicate  where 
folds  are  formed  during  dilatation. 

Pigmented  cells  scattered  through  the  stroma  im- 
part color.  When  these  are  scanty  the  pigment  of 
the  posterior  epithelium  shows  through,  producing 
the  color  characteristic  of  blue  or  gray  eyes  accordini; 
to  the  thickness  of  the  translucent  stroma.  The 
stroma  pigment  is  scattered  in  flecks,  producing 
various  tints  of  green,  yellow,  or  brown  which  when 
very  deep  is  called  black.  In  albinos  pigment  is 
absent  even  in  the  posterior  epithelium  and  the  iris 
appears  reddish  from  the  hue  of  its  blood-vessels. 

The  posterior  surface  (Fig.  2271)  presents  a  series 
of  radial  ridges  cut  by  concentric  lines  into  rectangu- 
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Fig.  2269. — Segment  of  Anterior  Surface  of  Iris  with  Pupil  Con- 
tracted.     X  20.     (Fuchs.) 

lar  spaces.  Within  the  pupillary  zone  these  ridges 
contraction  folds)  are  increased  in  nunilier.  The  color 
of  the  posterior  surface  is  normally  uniform  and  dark 
from  the  pigmented  retinal  epithelium. 


In  minute  structure  the  iris  conHixtH  of  a  choriniilitl 
portion,  composed  of  a  loo.sc  Htroma  coii'luiwfl  Ijoth 
externally  and  internally  to  a  Ijoundarv  ineinbrane 
and  clothed  al.so  anteriorly  with  the  endotlielium  of 
the    anterior    chamber,    and    of    a    retinal    portion, 
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-Segment  of  Anterior  Surface  of  Iris  with  Pupil  DiUted 
X  20.     (Fuchs.) 

composed  of  two  layers  of  pigmented  cells  correspond- 
ing to  the  reflected  margin  of  the  optic  cup. 

The  anterior  epithelium,  clear  and  transparent,  is 
like  that  lining  the  posterior  surface  of  the  cornea. 

The  anterior  boundary  layer  is  composed  of  delicate 
interlacing  bundles  essentially  similar  to  the  con- 
nective tissue  of  the  stroma. 

The  stroma  is  much 
like  that  of  the  chorioid, 
being  composed  of  nu- 
merous vessels  and 
nerves  united  by  loose 
connective  tissue,  with 
interstitial  lymph  spaces 
and  muscular  fibers. 
The  latter  are  condensed 
near  the  i)upiUary  mar- 
gin to  an  annular  band, 
the  sphincter  puiiithi , 
while  an  imperfect  layer 
of  radially  arranged  bun- 
dles stretching  from  the 
sphincter  to  the  pectin;ite 
ligament  constitutes  the 
dilatator  pu}iilhv.  The 
long  cimtroversy  regard- 
ing the  existence  of  these 
fibers,  which  are  very 
difficvilt  to  demonstrate 
in  the  pigmented  iris, 
may  now  lie  regarded  as 
.settled.  The  sphincter 
appears  to  be  controlU-d 
by  the  oculomotor  nerve, 
the  dilatator  by  the  sym- 
pathetic. 

The   posterior  bound- 
ary layer  is  a  cont intui- 
tion of  the  basilar  lamina 
of  the  chorioid  and  like       y^^   j;ri.— .-■ci;:iunt  oi  I'.-i— 
it    is    a    very    thin    struc-    nor  Surface  of  Iris.  Medium  DUa- 

tu  re  less   membrane    tation  of  Pupi .    x  23.    (Fuch».) 
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formed  by  condensation  of  the  connective  tissue  of 
the  stroma. 

The  epitheHum  of  the  retinal  portion  of  the  iris  is  in 
two  layers,  of  which  the  outer  is  composed  of  fusiform 
cells,  the  inner  of  columnar  cells.  Both  of  these  are 
densely  crowded  with  pigment. 

A  vascular  network,  the  greater  arterial  circle  (Fig. 
2272),  formed  by  branches  of  the  anterior  and  long 
ciliary  arteries,  lies  at  the  ciliary  border  of  the  iris 
between  the  two  portions  of  the  ciliary-  muscle.  From 
this  arterioles  pass  radially  toward  the  pupil  and  on 
reaching  the  s])hincter  unite  in  another  anastomosis, 
the  lesser  arterial  circle,  from  which  are  given  off 
vessels  that  supijly  the  jjupillary  zone  and  the 
pupillary  membrane  of  fetal  life.  Venules  from  these 
networks  pass  radially  outward  and  finallj-  discharge 
into  trunks  that  reach  the  vorticose  veins. 

There  are  abundant  lymph  S])aces  within  the  stroma 
of  the  iris,  but  no  lymphatic  vessels  properly  speaking. 
The  nerves  of  the  iris  are  derived  from  the  ciliary 
plexus.  Their  fibers,  as  they  proceed  toward  the 
pupillary  border,  form  a  coarse  meshwork  from  which 
are  derived  motor  nerves  with  ultimate  filaments 
that  supply  muscle  cells,  vasomotor  nerves,  and  sen- 
sory nerves  that  lie  immediately  under  the  anterior 
endothelium. 


Fig.  2272. — Arteries  of  the  Iris.  (Sappey.)  1,  1,  Longpoaterio 
ciliary  arteries;  2,  3,  their  branches  of  bifurcation:  4,  recurren 
arteries  destined  for  the  chorioid;  5,  5,  6,  6.  anterior  ciliary  arterie 
anastomosing  with  the  long  ciliary  to  form  the  greater  arteria 
circle  of  the  iris;  7,  the  lesser  arterial  circle  of  the  iris. 

The  -Inner  or  Nervotis  Coat. — Being  formed  from 
the  duplicate,  invaginated  layers  of  the  optic  cup, 
originall}-  an  outgrowth  from  the  brain,  the  structure 
of  this  coat  bears  some  analogy  to  that  of  the  cerebral 
cortex.  As  the  ventricles  of  the  brain  are  lined  with 
epithelium  (ependyma),  so  the  lining  of  the  cavity 
of  the  optic  vesicle,  originally  continuous  with  them, 
retains  an  epithelial  character.  By  the  invagination 
of  the  optic  cup  this  cavity  becomes  obliterated,  but 
the  boundary  lining  remains  as  the  two  outer  layers 
of  the  retina.  The  outermost  of  these  is  a  single 
layer  of  highly  pigmented  epithelium;  the  inner  one 
becomes,  for  a  region  extending  from  the  optic-nerve 
entrance  to  the  ora  serrata,  a  highly  specialized 
neuro-epithelium  reinforced  by  a  large  number  of 
nervous  elements,  while  over  the  ciliary  region  and 
the  iris  it  too  is  reduced  to  a  single  layer  of  simple 
epithelium,  non-pigmented  in  the  former,  pigmented 
in  the  latter  region. 

We  may  therefore  distinguish  three  retinal  regions: 
(1)  The  retina  proper,  or  percipient  retina;  (2)  the 
ciliary  retina;  and  (3)  the  iridian  retina.  The  last 
has  already  been  described. 

The  Retina  Proper  is  a  smooth  tunic  that  covers  the 
posterior   two-thirds   of   the   interior   of  the   eyeball, 


reaching  to  about  5  millimeters  from  the  attachment 
of  the  iris.  When  the  interior  of  the  eye  is  viewed 
by  the  ophthalmoscope  it  appears  reddish  from  the 
blood-vessels  that  ramify  in  the  innermost  layers. 
Its  thickness  varies  from  0.4  millimeter  behind  to 
half  that  near  the  ora  serrata.     Its  outer  epithelial 


pigmented  layer 


ncuro-epithelial  layer 


er  of  bipolar  cells 


r  layer  of  multipolar 
\     cells 


Fig.  2273. — Schema  Showing  the  Arrangement  of  the  .Struc- 
tural Elements  of  the  Retina.  A.  Fiber  of  Miiller;  B,  nerve  and 
epithelial  cells.  1.  Membrana  Umitans  interna;  2,  layer  of  nerve 
fibers;  3,  g.anglionic  layer,  4,  inner  moleculai;  layer;  5,  inner 
nuclear  layer;  6.  outer  molecular  layer;  7,  outer  nuclear  layer; 
S.  membrana  Umitans  externa;  9,  layer  of  rods  and  cones;  10.  pig- 
mentary layer. 

layer  is  deeply  pigmented,  the  remainder  perfectly 

transparent  unless  deprived  of  light,  when  it  assumes 
a  purplish  hue  due  to  a  diffused  coloring  matter  known 
as  the  visual  purple  (rhodopsitt).  Its  transparency 
ceases  after  death  and  sometimes  during  life  from 
pathological  cau.ses.  It  is  also  normally  obscured 
where  the  fibers  of  the  optic  nerve  enter — the  opiic 
papilla,  and  in  an  elliptical  area  lying  in  the  optical 
axis — the  yellow  spot. 


Fig.  2274. — Cells  of  Pigment  Epithelium  from  the  Human 
Retina.  (Max  Schultze.)  a.  Surface  view;  h.  side  view  showing 
fringe-like  processes  that  extend  toward  the  layer  of  rods  and  cones; 
f.  a  cell  to  which  the  outer  portions  of  some  rods  are  attached. 

The  optic  papilla  (optic  disc,  porus  opticus),  situ- 
ated 1  millimeter  below  the  horizontal  meridian 
and  .3  millimeters  to  the  nasal  side  of  the  vertical 
meridian,  is  nearly  circular  in  form  with  a  diameter  of 
from  1.4  to  1.7  millimeters.  As  the  optic  fibers  pass 
through  the  lamina  cribrosa  they  lose  their  medullary 
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sheaths  and  diverge, 
center    of    the    disc, 


causing  a  depression  near  the 
termed    the    excavation.     The 


■■ 


Fig.  2275. — Sections  of  Frog's  Retina  Showing  the  Action  of  Light  upon  the  PiRmcnt  Cell."*, 
and  upon  the  Rods  and  Cones  (von  Gendesen — Stort.)  A,  From  a  frog  which  had  been 
kept  in  the  dark  for  some  hours  before  death:  B,  from  a  frog  which  had  been  exposed  to  light 
just  before  being  killed.  Three  pigment  ceils  are  shown  in  each  section.  In  A  the  pigment 
is  collected  toward  the  nucleated  part  of  the  cell,  in  B  it  extends  nearly  to  the  basis  of  the 
rods.  In  .-1  the  rods,  outer  segments,  were  colored  red  (the  detached  one  green),  in  B  they 
had  become  bleached.  In  A  the  cones,  which  in  the  frog  are  much  smaller  than  the  rods, 
are  mostly  elongated,  in  B  they  are  all  contracted. 

myelin  of  the  deep  fibers  shining  through  its  trans- 
parent   surface   gives    a    whitish    appearance   to   the 

disc  and  the  free  edges 
of  the  sclera  and 
chorioid  are  seen  as 
boundary  rings.  The 
central  artery  of  the 
retina  entering  at  the 
excavation  ram ifies 
upon  its  surface.  There 
being  no  percipient 
elements  in  this  area  it 
is  insensible  to  light, 
and  is  hence  sometimes 
called  the  punctum 
caecum  or  blind  spot. 

The  yellow  spot 
(macula  lulca,  spot  of 
Sommering)  is  a  red- 
dish-brown area 
nearly  circular  in 
form,  about  2  mil- 
limeters in  dia- 
meter. Near  its 
center  it  has  a  de- 
pression termed 
the  central  fovea 
{fovea  centralis), 
0.02  to  0.4  milli- 
meter in  diameter, 
which  is  the  seat 
of  the  most  acute 
vision.  The  per- 
cipient elements 
have  here  a  spe- 
cial arrangement 
which  will  be  here- 
after described. 
Rhodopsin  is  wanting 
here. 

The  retina  being  the 
onlv  sense  organ  di- 
rectly derived  from  the 


cerebral  cortex,  Khowg  combined  within  it  Htructurpii 
usually  widely  separated.     Its  cells  arc   :.:  '    in 

three  layers  that    c  -.; 

with  each  other  in  a  ■  .,.,!.-, ,^.1! 
8erie.s:  (1;  collective,  cuinprL-ini; 
the  neurf>-epitheliuiri  of  thi-  ro'ln 
and  cones  that  receive  the  pri- 
mary impulses  leadinK  t«  vixmn; 
(2)  traiismittive,  bipohir  cclU 
Sftmetimci  col-  ^ 
lectively  called 
the  ganglion  of 
the  retina;  (.'!) 
I  i  III  i  n  a  1 ,  large 
multipolar  cells 
lying  near  the  in- 
ner surface  of  the 
retina  and  .send- 
ing fibers  brain- 
warcl  through 
the  optic  nerve. 
Similar  mem- 
bers exist  in 
other  sense  or- 
gans; thus,  in 
the  organs  of 
common  sensa- 
tion we  have; 
(1)  the  epithe- 
lium surround- 
ing the  nerve 
terminal  in  the 
skin;  (2)  the  cells 
of  the  spinal 
ganglia,  convey- 
ing the  impulses  to  the  nervous  cen- 
ters; (3)  the  cells  of  the  receptive 
nuclei  in  the  spinal  cord  or  the  med- 
ulla oblongata. 

Besides  the  elements  of  the  retina 
already  mentioned,  which  arc  doubt- 
less the  main  apparatus  by  which 
visual  sensations  are  conveyed,  there 
are  certain  associative  cells  that  prob- 
ably serve  to  correlate  and  coordinate 
the  action  of  the  separate  neural 
chains. 

All  these  may  be  considered  active 
elements.  There  are  also,  in  the  central  ner%'ous 
system,  certain  passive  or  sustentacular  elements. 
These,  known  in  other  regions  as  neuroglia  cells,  are  in 
the  retina  called  the  fibers  of  Miiller. 

The  retina  is  often  described  as  consisting  of  from 
nine  to  eleven  layers.     There  seems  to  be  no  good 


Fio.  2277  —A 
Rod  and  a  Cunn 
from  the  llumaQ 
Retina.  /.  .Situa- 
tion of  the  mcm- 
brana  limitaua 
extcm&. 


Fig.  2276. — Xeuro-epithelium  of 
the  Human  Retina.  (Max  Schultze.) 
6,  Arborescent  processes,  forming 
the  appearance  known  as  the  "ex- 
ternal molecular  layer";  7.  nuclei 
of  the  epithelial  ceils,  forming  the 
"external  nuclear  layer";  8,  grill- 
work  formed  by  processes  of  the 
fibers  of  Miiller.  forming  the  "  mem- 
brana  limitans  externa";  9.  special- 
zed  processes  of  the  epithelium, 
forming  the  layer  of  rods  and  cones. 


Fig.  227S. — Distribution  of  the  Hods  nnd  Conos.  A.  From  Ih*  periph- 
eral portion  of  the  retina;  B,  from  the  rvgion  of  the  m»cuU  (ulc*. 
reason  for  this,  as  some  of  the  appearances  described 
as  hirers  are  caused  bv  the  interininiilinc  processes 
of  cells,  while  others.  thcso-calhHi  Umitiiifi  nicmbranos, 
are  expansions  from  the  supporting  cells  or  fibexs 
of    Muller.     Morphologically  speaking  there  are  but 
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four  layers,  the  three  already  mentioned  and  the  ex- 
ternal layer  of  pigmented  epithelium.  The  ac- 
companying diagram  presents  both  the  older  and  the 
more  recent  nomenclature  (Fig.  2273).  The  layers 
will  be  described  in  succession  from  without  inward. 


Fig.  2279. — Radiation  of  the  Optic  Nerve  Fibers  upon  the  Retina. 
A,  Optic  disc:  B,  macula  lutea. 

The  pigmented  layer  comprises  the  entire  outer 
lamella  of  the  optic  cup,  the  part  not  invaginated  in 
the  course  of  its  development,  and  is  composed  of  a 
single  layer  of  tesselated  polygonal  cells  (Fig.  2274), 
whose  protoplasm  is  crowded  with  colored  granules 
(the  fusein  of  Kiihne),  which  have  the  form  of 
minute  crystals  with  long  axes  perpendicular  to  the 
retinal  surface.  They  are 
somewhat  more  deeply 
colored  near  the  ora  serrata. 
The  outer  surface  of  the  cells, 
applied  to  the  basilar  lamina 
of  the  chorioid,  is  smooth  and 
devoid  of  pigment;  the  inner 
surface  is  not  well  defined,  for 
it  consists  of  fringe-lilie  fila- 
ments loaded  with  pigment 
that  extend  down  between  the 
outer  segments  of  the  rods 
and  cones  which  are  applied 
directly  against  it.  Experi- 
ments have  shown  that  the 
distribution  of  the  coloring 
matter  in  these  cells  varies 
with  exposure  to  light,  for 
during  prolonged  darkness  it 
is  withdrawn  into  the  cell 
bodies,  while  after  the  stimu- 
lus of  light  it  descends  like  a 
curtain  into  the  fringe  be- 
tween the  rods  and  cones 
(Fig.  2275).  The  visual  pur- 
ple (rhodopsin)  found  in  the 
outer  segments  of  the  rods 
appears  to  be  derived  from 
the  pigmented  layer. 

The  neuro-epithelial  layer, 
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or  layer  of  visual  cells  proper,  comprises  two  distinct 
elements,  the  rod  cells  and  the  cone  cells  (Fig.  2276), 
set  in  a  framework  (external  limiting  membrane) 
formed  by  processes  from  the  libers  of  Miiller,  and 
projecting  into  the  pigmented  fringe  already  described. 
These  cells  are  bipolar  in  form,  having 
elliptical  cell  bodies  (rod  and  cone  granules) 
with  large  nuclei  surrounded  by  a  small 
amount  of  protoplasm  from  which  processes 
extend  radially  in  either  direction.  The 
outer  one  of  these  expands  into  the  peculiar 
bacillary  forms  known  as  the  rods  and 
cones;  the  inner  one  extends  inward  for  a 
short  distance  and  ends  either  in  a  rounded 
knob  (rod  cells)  or  an  expanded  foot  (cone 
cells)  embraced  by  the  filamentous  termi- 
nals of  the  ganglion  cells  of  the  next  layer. 
The  bodies  of  the  rod  cells,  wh;ch  lie  at 
various  levels,  show  when  stained  under 
favorable  conditions  dark  and  light  bands. 
The  rods  themselves  are  divided  into  two 
nearly  equal  segments:  an  outer,  cuticular, 
doubly  refracting  one,  and  an  inner,  proto- 
plasmic singly  refracting  one;  the  former 
being  cylindrical,  staining  but  slightly  and 
having  a  tendency  to  break  up  into  super- 
imposed discs;  the  latter  slightly  elliptical 
in  outline,  staining  readily  and  showing  at 
its  outer  end  a  fibrillated  area  called  the 
ellipsoid,  more  apparent  in  the  lower  ani- 
mals than  in  man  (Fig.  2277).  The  outer 
segments  are  purplish-red  in  tint,  owing  to 
the  diffusion  through  them  of  I'isual  pvrple 
or  rhodopsin,  the  peculiar  coloring  matter 
of  the  retina,  which  quickly  bleaches  in  the 
presence  of  light. 

The  bodies  of  the  cone  cells  (Fig.  2276) 
are  contiguous  to  their  bacillary  processes 
or  cones.  The  latter  also  have  an  outer 
and  an  inner  segment.  The  outer  segment, 
apparently  similar  in  intimate  structure  to 
that  of  the  rods,  is,  however,  much  shorter,  ending  in 
a  blunt  point.  The  inner  one,  thick  and  flask-shaped, 
contains  also  an  ellipsoid.  During  prolonged  dark- 
ness the  cones  appear  to  stretch  outward  toward  the 
pigmented  layer  (Fig.  227.5).  They  do  not  contain 
rhodopsin. 

The  distribution  of  the  rods  and  cones  varies  in 


(Michel.) 


Fig.  2280. — Diagram  Illustrating  the  Relation  of  the  Retinal  Elements.  (Kalliua.)  A,  Layer 
of  rods  and  cones;  i?,  limitans  externa;  C,  outer  nuclear  layer  (bodies  of  ^-isual  cells) ;  D,  Henle's 
external  fibrous  layer  (composed  principally  of  rod  fibers);  iT,  outer  plexiforra  layer;  F,  inner 
nuclear  layer  (rod  and  cone  bipolars) ;  G,  inner  plexiform  layer;  //,  layer  of  large  ganglion  cells; 
./.fiber  layer;  A',  limitans  interna;  a,  supporting  fiber  of  Miiller;  b,  c,  rod  and  cone  visual  cells; 
il,  bipolars  belonging  to  rod  cells;  e—i,  bipolars  belonging  to  cone  cells;  k-m,  horizontal  nerve 
cells;  7i,  centrifugal  nerve  fiber;  o-t,  ganglion  cells  connected  with  optic  fibers;  ot-f,  amacnnes 
arranged  in  layers;  ^-,0  diSfuse  amacrines  7,  nervous  amacrine. 
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different  parts  of  the  retina  and  in  different  animals 
(Fig.  2278).  In  the  central  fovea,  the  region  of  the 
most  acute  vision,  cones  only  are  found,  but  from 
this  point  forward  the  proportion  of  rods  gradually 
increases,  until  at  the  ora  serrata  cones  arc  almost 
wholly  absent.  It  is  estimated  by  Krause  that  there 
arc  in  the  retina  about  7,000,000  cones,  or  seven 
to  each  fiber  of  the  optic  nerve,  and  that  the  number  of 
rods  is  about  130,000,000.  While  in  fishes  the  rofls 
far  exceed  the  cones  in  number,  in  birds  and  replilcs 
the  reverse  is  the  case,  lizards  possessing  cones  alone. 
As  cones  are  often  wanting  in  nocturnal  animals  and 
decrease  in  the  peripheral  portion  of  the  retina  where 
color  perception  is  least,  it  is  thought  that  it  is  by 
them  that  colors  are  distinguished. 

In  the  layer  of  bijjolar  cells  the  characteristic 
elements  are  fusiform  with  protoplasmic  processes 
that  surround  the  inner  terminals  of  the  visual  cells. 
They  may  therefore  be  distinguished  as  rod  biiiolurs 
and  cone  bipolars  according  as  they  are  related  to  the 
rod  or  to  the  cone  cells.  The  rod  bipolars  have  proto- 
plasmic processes  with  vertical  arborizations,  em- 
bracing from  three  to  twenty  bases  of  rod  cells,  and 
long  axis-cylinder  processes  that  penetrate  centrally 


Fio.  2281. — The  Course  of  Nerve  Fibers  Between  Retina  ami 
Brain.  (Ram6n  y  Cajal.)  A,  Retina;  B,  corpus  geniculatum; 
J,  central  ganglion;  a,  h,  c,  a  cone  system  composed  of  a  rod,  a 
bipolar  cell,  and  a  multipolar  cell;  m,  n,  o,  a  rod  system  composed 
of  a  rod,  a  bipolar  cell,  and  a  multipolar  cell;  s,  cells  of  the  corpus 
geniculatum  that  receive  excitations  from  the  retina  through  the 
optic  nerve;  p.  q,  r,  a  centrifugal  current  originating  in  the  brain 
and  passing  to  the  retina. 

as  far  as  the  bodies  of  the  multipolar  cells,  around 
which  they  ramify.  The  cone  bipolars  have  proto- 
plasmic processes,  with  horizontal  arborizations  that 
interblend  with  twigs  from  the  feet  of  several  cone 
cells,  probably  including  also  in  their  contact  area 
some  of  the  terminations  of  the  rods.  Their  axis- 
cylinder  processes  are  much  shorter  than  those  of  the 


Byr,  Anatamji  at 


rod  bipolars  and  terminate  on  five  difTercnt  and 
determinate  levels   by   blending   with   the  a*!e<  ; 
proces.ses  of  the  cells  of  the  next  layer. 

The  layer  of  nniltipolur  cells  consintH  of  laru*-, 
irregularly  oval  elements  with  protopliu<iiiie  pr.,<  .•>»«i 
that  intertwine  with  arborescenccw  of  cells  from  the 
outer  layers,  and  whose  axis-cylinder  jtroceH«e«  turn 


Fifi.  22S;-' — Diagrammatic  Section  of  the  Msrula  I.utc*  «nd 
Fovea  Centralis.  2.  Layer  of  acne  fibers;  3.  Liyer  of  mulli|»l«r 
cells;  4,  internal  molecular  layer,  compo.-k^d  of  intert«-imn»  .^fluor- 
escent processes;  .5.  layer  of  bipolar  cell;",  or  inlrrnal  irr»nul»r 
layer;  6,  external  molecular  layer,  composed  of  int<-rlwinin«  »r- 
borescent  processes;  7,  nuclei  of  epithelial  celU,  or  pitomal  (ranuUr 
layer;  S,  grillwork  formed  by  proe.-»!«'s  from  filiem  of  MOIIrr. 
often  called  the  "external  limiting  membrane";  9,  Uijir  of  rod* 
and  cones;  U),  layer  of  pigment  epithelium. 
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Fig.  22S3. — Diagram  of  the  Blood-vessels  of  the  Human  Retina.  (Leber, 
after  Jaeger.)  ans,  vns,  Superior  nasal  artery  and  vein;  ats,  r(s,  superior  tem- 
poral artery  and  vein;  ani,  vni,  inferior  nasal  artery  and  vein;  ati,  vli,  inferior 
temporal  artery  and  vein;  am,  vm,  macular  artery  and  vein;  ante,  vme,  median 
artery  and  vein. 

toward  the  optic  disc  and  become  fibers  of  the  optic 
nerve  (Fig.  2279).  The  cells  of  this  layer  are  classified 
according  to  the  arrange- 
ment of  their  proto- 
plasmic processes:  (1) 
monostratified,  those 
whose  processes  ramify 
in  but  one  level;  (2) 
multistratified,  those 
whose  processes  ramify 
in  more  than  one  level; 
(3)  diffuse,  those  whose 
protoplasmic  arbores- 
cences  arc  not  limited  to 
definite  levels. 

At  two  different  levels 
of  the  retina  associative 
cells  are  found:  (1)  in 
relation  to  the  rod  and 
cone  cells;  (2)  in  relation 
to  the  layer  of  bipolar 
cells  (Fig.  2280).  The 
first  class  run  parallel  to 
the  layers  of  the  retina 
and  hence  are  often 
called  horizontal  cells, 
three  varieties  of  which 
are  distinguished:  one 
small,  flattened,  stellate, 
co7ie  associalwes,  con- 
necting cone  terminals 
with  each  other;  another 
larger  and  placed  some- 
what deeper,  rod  asso- 
ciaiives,  connecting  by 
means  of  long  axis-cylin- 
der processes  rod  termi- 
nals; a  third,  large,  pyri- 
form  in  shape,  having 
descending  processes  that 
pass  centrahvard  as  far 
as  the  internal  ramifica- 
tions of  the  bipolar  cells. 

The    second    class    of 
associative   cells  is  situ- 


ated in  the  internal  ])ortion  of  the  layer  of 
bipolar  cells,  constituting  there  what  some 
authors  recognize  as  a  distinct  layer  of  the 
retina.'  W.  MiiUer,  supposing  them  to  be 
of  a  sustentacular  character,  called  them 
spongioblasts.  It  seems  desirable  to  dis- 
continue the  use  of  this  name  as  it  has  been 
applied  Ijy  His  to  totally  different  structures, 
the  primitive  cells  of  the  medullary  plate 
from  which  neuroglia  is  formed.  Ilanvier, 
who  regarded  these  elements  as  undoubtedly 
nervous,  designated  them  as  unipolar  cells. 
Cajal,  having  in  view  the  fact  that  they  do 
not  show  any  axis-cylinder  process  of  the 
typical  form,  called  them  amacrine  cells,  from 
a  privative;  m^k/jiSs,  long;  i's,  hS^,  nerve — i.  c. 
having  no  long  process.  The  name  is  not 
wholly  satisfactory,  as  homologous  struc- 
tures in  reptiles  and  birds  undoubtedly 
possess  a  distinct  axis-cylinder  process,  and 
in  man  a  considerable  difference  is  noted  in 
the  ramifications  on  two  sides  of  the  cells. 

These  cells  are  large  and  pyriform  with 
arborescent  processes  extending  inward,  and 
may   be  subdivided   into   diffuse  amacrines 
that  send  ramifications  throughout  all  levels 
where  the  terminals  of  the  bipolars  branch, 
and  stratiform  amacrines   that  confine  their 
ramifications  to  one  of  the  five  levels  at  which 
the  cone  bipolars  terminate.     Their  terminal 
filaments  appear  to  embrace  the  inoscula- 
tions of  the  bipolar  and  multipolar  cells. 
It  will  be  remembered  that  the  greater  part 
of  the  fibers  of  the  optic  nerve  originate  as  outgrowths 
from    the  cells  of  the  retina.      Some  "centrifugal" 


Fio.  2284.- 


-Blood-veasels  of  the  Macula  Lutea.     The  part  that  is  totally  free  from  vessels  is 
the  fovea  centralis. 
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2285. — Anterior  Surface  of  Adult 
Lens.     (Arnold.) 


fibers  do  however,  occur,  probably  for  conveying  im- 
pulses from  the  brain  to  the  retinal  cells  (Fig.  2281). 
Some  of  these  end  by  ramifications  about  tlie  amac- 
rine  cells,  others  at  various  levels  by  horizontal 
arborescence. 

During  the  early  development  of  the  neural  tube 
certain  cells,  called  by  His  spungioljlasts,  becotne 
shaped  into  rods  extending  throughout  the  entire 
thickness  of  the  wall  of  the  tube  and  constituting,  by 
interlacing  processes,  an  efficient  framework  for 
supporting  the  delicate  protoplasmic  nerve  cells  that 
they  surround.  These  elements  remain  as  the  neu- 
roglia of  adult  ner- 
vous ti.ssue.  The  ret- 
ina shows  its  genetic 
relation  to  the  medul- 
lary tube  by  the  pos- 
session of  shiiilar  sus- 
tentacular  elements 
which  are  known  as 
the  fibers  of  Muller 
and  the  spider  cells. 
The  fibers  (Fig. 
2280)  extend  radially 
throughout  all  jjor- 
tions  of  the  percipi- 
ent retina,  being 
especially  well 
marked  near  the  ora 
serrata  and  in  the 
macula  lutea.  They 
are  greatly  modified  and  elongated  cells,  whose 
nuclei  lie  at  the  level  of  the  layer  of  bijjolar  cells. 
At  the  internal  surface  of  the  retina  they  commence 
by  broad  and  often  forked  bases  that  unite  with  each 
other  to  form  a  continuous  boundary  known  as  the 
internal  limiting  membrane,  which,  however,  cannot  in 
any  way  be  considered  to  be  an  independent  structure. 
At  their  distal  or  external  ends  they  unite  to  form 
a  grillwork  around  the  rods  and  cones  which  project 
beyond  them.  This  fenestrated  structure  is  inaptly 
called  the  external  limiting  membrane.  Septa  from  the 
fibers  closely  invest  the  bodies  of  the  visual  cells,  and 
delicate  lateral  processes  are  also  given  off  by  them  for 
the  support  of  the  terminals  of  the  bipolar,  multipolar, 
and  amacrine  cells. 

Stellate  neuroglia  or  spider  cells  are  found  near  the 

inner  surface    of   the  

retina  between  the 
bundles  of  nerve 
fibers  and  among  the 
multipolar  cells. 

The  structure  of 
the  retina  in  the  mac- 
ula lutea  and  fovea 
centralis  varies  some- 
what from  that 
alreadv  described 
(Fig.  22S2).  In  the 
fovea  the  cones  are 
the  only  visual  cells 
found,  being  there 
much  narrower  and 
longer  than  in  other 
regions.  The  conical 
depression      of      the 

fovea  causes  the  fibers  of  the  cells  to  be  drawn  out 
obhquelv.  The  bipolar  and  multipolar  layers  disap- 
pear at'  the  center  of  the  fovea,  but  immediately 
about  it,  within  the  macula,  become  increased  in 
thickness. 

The  Ciliary  Retina.— .Ks  we  approach  the  ciliary 
region  the  highlv  specialized  structures  that  char- 
acterize the  fundus  of  the  retina  become  changed. 
The  cones  become  more  scanty,  the  multipolar  cells 
are  fewer,  the  rods  are  shortened  and  disappear. 
Finally,  the  elements  are  abruptly  reduced  to  a  simple 
layer  of  columnar  epithelium.     This  sudden  diminu- 


FlG.  2286. — Posterior  Surface  of  Adult 
Lens.     (Arnold.) 


tion  leaves  a  line  of  tlemarcatlon  known  as  the  ora 
serrata,  well  seen  by  tlie  ununslstcd  eye. 

The  retinal  blood-ves.sels   (Fig.  22Ha)   are   derived 
from  the  central  artery  of  the  retina,  which,  uk  air.     ! 
stated,  jjierces  the  nerve  at  from  fift^;en   to    tvi.  ■  ■ 
millimeters    behind  the  eyeball  and  appearn  i.r. 
disc  at  the  bottom  of  the  excavation.     It  iMiineilj     • 
breaks  up   into  two  branches,  the  nupmor  anii   in- 
ferioT  jtiijtUtary  arteries,  each 
of  which  8ul)dividc8  into  a 
temporal      and      a      nasal 
branch.     The  papillary  ar- 
teries also  send  small  twigs, 
the  macular  arteries,  toward 
the    region    of   the    yellow 
spot.     Except  at  the  optic- 
nerve    entrance,    where    a 
capillary    anastomosis    oc- 
curs with    twigs    from    the 
posterior  ciliary  arteries,  all 
these  vessels  form  a  system 
independent  of  that  of  the 
chorioid.         They     ramify 
mainly  in  the  layer  of  mul- 
tipolar   cells    and    do    not 
anastomose  with  each  other. 
At    the    central  fovea  the 
vessels    from    this  system 

are  wanting  (Fig.  2284),  as  might  be  expected  from 
the  absence  of  the  inner  lavers  at  that  place 

The  crystalline  lens  (Figs.  228.5,  228r.,  2287),  is  a 
transparent  biconvex  body  with  a  circular  margin, 
applied  to  the  opening  of  the  pupil,  touching  the  iris 
in  front  and  resting  behind  in  a  shallow  depression  of 
the  vitreous,  known  as  the  hyaloid  fossa.  Its  margin 
is  from  0..")  to  0.r>  millimeter,  from  the  ciliary  proc- 
es.ses  to  which  it  is  united  by  a  suspensory  ligament 
called   the    zonula.     Its   diameter   is   from    9   to    10 


Fio.  2287.— U-n«  of  a  Child 
at  Mirth  Seen  from  the  Side. 
(Arnold.) 


Via.  2280— Isolated 
Fibers  from  hens, 
(Arnold.) 


Fia.  22.S.-i. —  Meridional 
Section  Through  Lens  of 
Calf,     (Arnold.) 

millimeters,  and,  having  the  uniipie  ))roporty  of 
changing  its  form  under  the  intUiencc  of  the  ciliary 
muscle   for  adaptation   to  vision 

ol: "     " 


of   near  or  remote 


objects,  its  thickness  varies  from  3.7  to  4  niillimcters. 
While  not  mathcmaticallv  exact,  its  curvo.l  surfaces 
are  ncarlv  those  of  spheres,  the  radius  of  the  anterior 
one   varying  from    10  to  li  millimeters,  that  of  the 
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posterior  one  from  (i  to  o  millimeters,  according  as 
the  lens  is  accommodated  for  distant  or  near  objects. 
The  fetal  lens  is  nearly  circular;  in  old  age  it  becomes 
flattened. 

The  weight  of  the  adult  lens  is  from  0.20  to  0.25 
grams,  specific  gravity  1.121,  volume  0.2.5  c.c.  The 
central  core  or  yiucleus  is  more  condensed  and  less 
elastic  than  the  peripheral  part  or  cortical  substance, 
though  its  histological  structure  is  the  same.  This 
difference  does  not  exist   in  the  fetus  and   increases 


MM-W 


Fig.  2290. — Section  of  Frozen 
Lena  Showing  Hexagonal  Shape 
of  Fibers.     (Arnold.) 


Fig.  2291. — Lamination  of 
the  Lena  aa  Shown  .\fter 
Treatment  with  Dilute  Alco- 
hol. (.\rnold,)  1,  Former 
central  portion  called  the 
nucleus  lentis:  2,  2,  layers  of 
the  so-called  cortical  sub- 
stance. 


with  age,  depriving  the  lens  of  its  elasticity,  so  that 
the  eyes  of  elderly  persons  do  not  readily  accommo- 
date for  distance.  The  nucleus  refracts  more  than 
the  cortical  substance,  the  indices  being  1.4541 
and  1.4053  respectively,  that  of  distilled  water  being 
1.3342  (Krause).  The  lens  is  completely  enveloped 
by  a  structureless  clastic  capsule  thicker  in  front 
than  behind,  which  resembles  in  its  reactions  the 
sarcolemma  of  muscle  or  the  membrana  propria  of 
glands. 

The  development  of  the  lens  is  the  key  to  its 
structure.  It  will  be  remembered  that  it  is  formed 
from  an  invagination  of  the  external  epithelium  that 
becomes  isolated  as  the  lenticular  vesicle  and  thiit  the 
cells  of  the  anterior  wall  retain  their  epithelial  charac- 
ters, becoming  more  and  more  columnar  toward  the 
margin  or  equator  of  the  lens,  while  those  on  the 
retinal  aspect  become  lengthened 
into  flattened  fibers  that  vary  in 
size  and  length  in  the  central  and 
the  peripheral  portions  (Fig.  2288). 
The  superficial  fibers  are  from 
0.010  to  0.012  millimeter  wide, 
0.005  millimeter  thick,  and  8  milli- 
meters long,  while  those  of  the 
deeper  portion  are  0.0075  wide, 
0.0025  thick,  and  4  millimeters 
long.  In  the  middle  and  interior 
portions  of  the  lens  the  edges  of 
the  fibers  are  finely  serrated  (Figs. 
2289,  2290),  but  these  serrations 
do  not  fit  into  each  other  and 
there  are  thus  left  between  the 
fibers  fine  spaces  that  serve  for  the 
passage  of  lymph.  As  the  lens 
has  no  blood-vessels  such  a  pro- 
vision seems  necessary  for  its  nutrition.  Between 
the  epithelium  and  the  lens  fibers  is  the  original  cavity 
of  the  lenticular  vesicle  reduced  to  a  narrow  slit 
filled  with  semi-fluid  material.  This  rapidly  liquefies 
after  death  and  becomes  the  so-called  liquor  Morgagni. 

When  treated  by  appropriate  reagents  the  fibers 
of  the  peripheral  third  of  the  lens  may  be  separated 
into  concentric  layers  like  those  of  an  onion  (Fig.  2291). 
In  each  layer  the  fibers  have  approximately  the  same 
length  and  terminate  along  nearly  regular  radiating 
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lines  {radii  lentis)  producing  the  so-called  lens  stars 
(Fig.  2292).  In  the  young  lens  these  have  behind 
an  arrangement  like  a  Y,  in  front  that  of  the  same  letter 
reversed  (X).    They  are  more  coini)licated  in  the  adult. 

The  anterior  chamber  has  the  character  of  a  lymph 
space  developed  in  the  connective  tissue  that  primi- 
tively separates  the  lens  from  the  external  ei)ithelium. 
This  cavity  is  filled  by  the  aqueous  humor,  a  sparkling, 
transparent  fluid  containing  98.71  per  cent,  of  water 
and  having  a  considerable  similarity  to  lymph.  The 
quantity  of  this  is  from  231  to  323  cubic  millimeters 
and  remains  nearly  constant  during  life,  being  suffi- 
cient to  maintain  an  intraocular  tension  equal  to  that 
of  a  column  of  mercury  2G  millimeters  in  height.  Its 
specific  gravity  is  1.0053  and  its  index  of  refraction 
1.3420,  that  of  distilled  water  being  1.3342  (Krause). 
Apparently  it  is  constantly  renewed  by  a  secretion 
from  the  vessels  of  the  chorioid,  particularly  those  of 
the  ciliary  processes,  and  removed  from  the  chamber 
by  infiltration  through  the  spaces  of  the  angle  of  the 
iris  into  the  scleral  sinus  and  perhaps  by  the  lymph 
crypts  of  the  iris.  Normally  it  contains  no  morpho- 
logical elements. 

Behind  the  lens  the  cavity  of  the  eyeball  is  filled 
with  the  vitreous  body,  a  transparent,  jelly-like  ma- 
terial that  has  the  characters  of  a  primitive  form  of 
very  watery  connective  tissue,  showing  widely  scat- 
tered cells  embedded  in  a  matrix  of  gelatinous  material 
in  which  appropriate  reagents  demonstrate  a  rich  fib- 
rillary network.  Leucocytes  are  also  found  in  it,  es- 
pecially where  it  is  in  contact  with  the  retina.  It  has 
a  very  delicate  envelope,  the  hyaloid  membrane  ad- 
herent to  the  retina  at  the  optic  disc  and  the  ciliary 
region  where  arteries  enter  during  fetal  life.  This 
membrane  is  thickened  in  front  of  the  ora  scrrata  by 
radial  fibers  that  pass  forward  to  the  equatorial  region 
of  the  lens  capsule  and  are  collectively  termed  the 
zomda  ciiiaris.  This  is  composed  of  two  layers,  one 
of  which  lines  the  hyaloid  fossa;  the  other,  attached 
near  the  equator  of  the  lens,  is  termed  the  suspensory 
ligament.  The  intervals  behind  this  ligament  and 
between  the  fibers  are  known  as  the  spatia  zonularia. 
Being  easily  inflated  by  a  fine  blowpipe,  they  then 
form  a  moniliform  ring  about  the  lens  which  was 
formerly  known  as  the  canal  of  Petit.  The  ligament 
completely  encircles  the  lens,  serves  to  hold  it  in  posi- 
tion and  to  keep  the  capsule  tense.  In  front  the 
vitreous  has  a  depression,  the  hyaloid  or  patellar  fossa, 
into  which  the  lens  is  received.     The  hyaloid  mem- 


Fio.  2292. — Arrangement  of  the  Fibers  of  the  Lens  in  the  Fetus  and  at  Birth.  A,  Poste- 
rior surface;  B,  anterior  surface;  C,  side;  c,  center  of  the  lens  stars,  being  the  anterior  and 
posterior  poles  of  the  lens;   1  to  6,  course  of  fibers  taken  at  equal  distances. 

brane  appears  to  be  lost  upon  the  zonula  in  front  and 
not  to  be  continued  over  the  hyaloid  fossa,  the 
consistence  of  the  vitreous  at  that  place  being  main- 
tained by  a  condensation  of  its  substance.  From 
the  optic  papilla  forward  there  runs  in  fetal  life  a 
small  vessel,  the  hyaloid  artery,  for  the  nourishment 
of  the  lens.  This  is  represented  in  the  adult  by  a 
central  lymph  space,  the  hyaloid'  canal  (Fig.  2221). 
Just  in  front  of  the  papilla  this  canal  enlarges  to  a 
space  known  as  the  area  Martegiani. 
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The  refractive  index  of  the  vitreous  body  is  nearly 
that  of  distilled  water,  its  weight  is  from  0.7  to  8.3 
grams  and  its  specific  gravity  is  1.005.  Its  reaction 
is  alkaline,  and  the  proportion  of  water  found  in  it 
is  very  high,  being  98.40  to  98.64  per  cent. 

Frank  Bakeh. 


Eye,  Dioptrics  of  the. — The  optic  properties  of 
the  eye  were  not  understood  until  Kepler,  in  1002, 
evolved  the  theory  of  optical  in.struinents  in  gen- 
eral. The  importance  of  the  various  parts  of  the 
eye  in  refraction  was  further  elucidated  by  the  Jesuit 
Scheiner  in  1019.  Minor  additions  were  successively 
brought  out  by  the  labor  of  different  authors,  but 
it  was  only  after  Gau.ss  had  published  his  mathemat- 
ical investigation  of  the  cardinal  points  ("Dioptrische 
Untersuchungen,"  Gottingen,  1841)  that  the  complete 
theory  of  the  refraction  in  the  eye  could  be  deduced. 
This  was  done  succes.sfully  by  Listing,  in  the  article 
"  Dioptrik  des  Auge.s"  in  Wagner's  "  Handworterbuch 
der  Phy.siologie"  (185.3),  who,  by  a  critical  selection 
of  the  older  measurements  of  the  refractive  indices 
of  the  eye  by  Chossat  and  by  Brewster,  of  the  ana- 
tomical measurements  of  dimensions  and  curvature 
by  Kraus,  Kohlrau.sch,  and  others,  determined  the 
po.sition  of  the  ocular  cardinal  points  with  consider- 
able accuracy.  The  most  marvellously  accurate 
methods,  however,  for  measurements  of  the  living 
eye,  were  first  introduced  by  Helmholtz,  who,  in  his 
"  Handbuch  der  physiologischen  Optik"  (1867;  .second 
edition,  revised,  1896),  has  produced  a  masterly 
treatise  of  rare  originality,  which  every  student  of 
the  subject  must  consult  in  the  original.  Since  the 
publication  of  his  large  work,  the  first  part  of  which 
on  refraction  appeared  in  1856,  Helmholtz  has  pur- 
sued these  studies  with  the  aid  of  numerous  stu- 
dents, most  of  whose  .articles  have  appeared  in  the 
Archiv  fiir  Ophihalmologie.  In  an  article  by  Reich 
(.4rc/i.  /.  Ophth.,  1874,  vol.  xx.,  1),  Helmholtz  cor- 
rected some  of  his  former  measurements  and  figures, 
and  accepted  as  more  nearly  representing  the  values 
of  the  cardinal  points  in  the  average  eye  the  figures 
which  we  have  reproduced  in  the  text  of  this  article. 
Extensive  measurements,  especially  of  the  curvature 
of  the  cornea,  were  also  made  by  Donders  ("Anoma- 
lies of  Accommodation  and  Refraction,"  1864)  and 
by  Mauthner  ("  Vorlesungen  ueber  d.  optischen  Fehler 
des  Auges,"  1872),  and  later  by  Reu.ss  (Arch.  f.  Oph- 
ihalmologie, xvii.,  1,  p.  27).  The  entire  theory  of  the 
formation  of  images  in  the  eye,  including  physiological 
optics  in  general,  was  most  exhaustively  treated  in 
Aubert's  "  Grundziige  der  phys.  Optik,"  in  vol.  ii.  of 
Graefe  and  Saemi-sch's  "Handbuch  der  gesammten 
Augenheilkunde"  (1876),  while  important  additions 
were  made  in  Nagel's  "  Anomalien  der  Refraction,"  in 
vol.  vi.  of  the  same  work.  Very  complete  is  also  the 
treatise  of  Fick  in  vol.  iii.  of  Hermann's  "Handbuch 
der  Physiologic. "  An  excellent  compilation  with  many 
original  measurements  is  Tscherning's  "Physiological 
Optics,"  trans,  by  C.  Weiland.  Allof  these  works  must 
be  consulted  for  the  early  literature  of  the  subject.  In 
the  English  language  the  most  important  of  the  older 
treati.ses  is  the  work  by  Donders  on  "  .\nomalics  of 
Accommodation  and  Refraction"  (1804),  which 
book  marked  cpiite  an  era  in  our  knowledge  of  the 
physics  of  the  different  refractive  conditions  of  the 
eye.  In  connection  with  this  latter  subject  the  work 
of  Jaeger  ("  Einstellungen  d.  dioptrischen  .'Vpparats," 
1861)  must  also  be  mentioned. 

The  mechanism  of  accommodation  had  been  ex- 
tensively discu.ssed  by  former  authors,  by  whom, 
however,  no  facts  were  brought  forth  beyond  those 
taught  by  every-day  observation.  By  some  the 
accommod.ative  changes  were  referred  to  the  varia- 
tions in  the  size  of  the  pupil,  while  others  even  denied 
the  existence  of  any  accommodation.  The  most 
complete  mathematical  discussion  was  furni.shed  by 


Th.  Young  in  the  "Philosophical  Tran.sactionB"  of 
1801,  in  which  it  wa.s  shown  by  e.xpcrimenU  and  by 
deductions  that  the  accommodation  cannot  depend 
on  any  changes  except  those  in  the  form  of  the  leriH 
The  experimental  proof  that  such  changes  do  occur 
was  furnished  simultaneously  and  independently  of 
each  other  by  Cramer  (in  variou.s  publication.s  in  tho 
Dutch  language,  between  lS.il  and  Isr,',)  and  by 
Helmholtz  (Monalnherichte  d.  Berliner  AcmUmie, 
February,  1S5.5).  The  mode  of  action  of  the  ciliary 
muscle  was  first  explained  by  Helmholtz  theoretic- 
ally, and  was  later  confirmed  experimentally  by 
Hensen  and  Voelker.s,  who  likewi.se  studied  the  iii- 
nervation  of  the  accommodative  apparatu.s  ("  Kx- 
perimcntaluntersuchung  (iber  den  .Mcclianismus  der 
Accommodation,"  1808,  and  Archiv  f.  Ophthalmologir, 
1873,  vol.  xix.).  Important  mea.suretncnt.s  of  the 
changes  in  the  curvature  of  the  lens  during  accom- 
modation, and  a  mathematical  inquiry  into  their 
efficiency  were  published  by  Knapp  (.IrcAi'r  /. 
Ophth.,  1800,  vols.  vi.  and  vii.).  Various  doubt.1 
raised  concerning  tho  Helmholtz  theory  of  accommo- 
dation were  satisfactorily  answered  by  confirmatory 
researches  published  by  C.  He.ss  in  von  Graefe's  .\rchiv 
f.  Ophthalmologic  in  a  series  of  articles  from  1897  to 
1901.  Our  knowledge  of  the  range  of  accommoda- 
tion in  health  and  di.sease  is  due  mainly  to  the 
researches  of  Donders  ("  .\nomalies  of  .-Vccommoda- 
tion  and  Refraction").  An  account  of  the  work  that 
has  been  done  since  1904,  together  with  a  complete 
bibliography,  will  be  found  in  the  article  by  Hering 
on  "  Physiologische  Optik,"  chapters  12  and  13,  vol. 
iii.  (.second  edition)  of  the  Graefe-Saemisch  "Hand- 
buch der  ge.sammten  .Vugenheilkunde,"  1911,  and  in 
the  article  by  Hess  on  "Refraktion  and  Akkommo- 
dation,"  chapter  12,  vol.  viii.  (third  edition)  of  the 
.same  work,  1911. 

On  the  innervation  of  the  iris  there  exists  an 
extensive  literature,  scattered  throughout  numerous 
physiological  and  ophthalmic  .serials.  The  older 
literature  is  exhaustively  compiled  in  Budge'.s 
"  Bewegungen  der  Iris,"  1855.  The  present  writer 
presented  likewise  a  full  review  of  the  physiology  of 
the  iris  in  tho  Ch'n-.i^o  Journal  of  Nervous  and  .Mental 
Disea.'!es  (.\pril  and  July,  1874),  in  which  the  com- 
plete literature  up  fo  that  date  can  be  found.  What- 
ever of  importance  has  been  done  since  1874  is  ex- 
plicitly referred  to  in  the  text. 

Refraction. —  1.  The  term  refraction  refers  in 
physics  to  the  deviation  of  a  ray  of  light  from  its 
straight  path  on  passing  from  one  transparent  me- 
dium into  another  of  diflerent  nature.  In  physiolog- 
ical optics,  however,  this  term  is  used  with  a  special  sig- 
nificance, denoting  the  relation  of  the  focal  length  of 
the  eye  to  the  position  of  the  retina.  The  eye  h.as  .i 
normal,  or  emnu'tropic  (from  fti.tirr/wt,  according  to 
measure,  and  &','',  eye),  refraction,  if  images  of  distant 
objects  are  sharply  defined  on  the  retina;  tho  refrac- 
tion is  myopic,  or  near-sighted,  if  distant  object.s  form 
images  in  front  of  the  retina;  while  hypcrmelropia  is 
that  refractive  state  in  which  images  of  distant  objects 
can  be  sharply  defined  only  behind  tho  actual  place  of 
the  retina.  .\ny  refractive  state  other  thanommetro- 
pia  is  referred  to  in  general  as  ametropia  (from  Sntrpot, 
disproportionate,  and  Sn^;  eye). 

The  eye  of  all  vertebrates  is  an  optic  instnmiont.  the 
principle  of  which  is  illustrated  by  tho  photographer's 
camera  obscura.  By  means  of  a  convex  lens,  the  rays 
of  light  coming  fron"\  the  difTcront  points  of  external 
objects  are  .so  reunited  as  to  form  inverted,  but  geo- 
metrically correct,  images  of  those  objects  on  a  scnn-n. 
The  screen  is  the  retina,  while  the  convex  lens  is  con- 
stituted by  all  the  transparent  media  of  the  eyeball. 

.\  correct  knowledge  of  the  optic  properties  of  the 
eye  is  not  possible  without  .some  familiarity  witli  tho 
laws  of  phvsical  dioptrics.  Hence  we  must  Wgin  with 
a  rfcum^  Of  the  laws  of  the  refraction  of  light.     In 
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order  to  keep  this  article  within  the  allotted  space, 
we  will  not  attempt  to  follow  out  the  mathematical 
deduction  of  all  the  various  formute  of  which  we  must 
make  use.  For  the  complete  mathematical  proof  of 
all  the  statements  the  reader  must  consult  some  of  the 
works  mentioned  in  the  bibliography,  especially  those 
of  Helmholtz  and  Donders. 

The  paths  of  the  rays  of  light  entering  the  eye,  and 
the  influence  of  the  different  media  upon  them,  can  be 
deduced  from  the  following  optic  principles: 

2.  Law  of  Refraction. — From  every  point  of  a  lumi- 
nous or  illuminated  object  there  proceed  rays  of  light 
in  all  directions.  Every  ray  pursues  a  straight  course 
as  long  as  it  pa.sses  through  a  uniform  medium.  When 
a  ray  passes  from  one  transparent  medium  into  an- 
other of  different  optic  properties,  it  is  refracted  or 
deflected  from  its  straight  path,  except  when  its 
original  direction  is  vertical  to  the  surface  of  the 
second  medium.  The  extent  of  deflection  depends  on 
a  specific  property  of  each  medium,  viz.,  its  refractive 
power.  Tlie  relation  of  the  refractive  power  of  any 
one  medium  to  that  of  another  is  termed  the  refractive 
index,  and  is  usually  designated  by  the  letter  n.  Air 
is  taken  as  the  standard  of  comparison,  and  its  index 
of  refraction  is  called  1.  Compared  with  air  the 
refractive  index  of  water  is  1.334;  of  crown  glass, 
1.533;  of  flint  glass,  1.G64.  A  medium  having  the 
greater  refractive  index  is  said — in  a  somewhat  loose 
manner — to  have  a  greater  optic  density  than  another 
rarer  medium. 

The  extent  to  which  a  ray  of  light  is  deflected  from 
its  straight  path  by  refraction  depends  on  the  angle 
at  which  it  strikes  the  surface,  as  well  as  on  the  refract- 
ive indices  of  the  media. 

Let  A,  in  Fig.  2293,  be  air,  with  the  refractive  index 
=  n,  and  B  be  glass,  with  the  index  =n',  the  two  being 
separated  by  the  surface  s  s'.  A  ray  of  light,  having 
the  direction  a  c  in  the  air,  will  be  bent  in  the  direction 
c  d  on  entering  the  glass.  If  we  erect  the  normal  h  c  e 
vertical  to  the  surface  at  the  point  c,  the  angle  a  c  b  is 
the  angle  of  incidence  of  the  ray  a  c;  the  angle  e  c  dis 
the  angle  of  refraction.     The  latter  is  here  smaller 


Fig.  2293. 

than  the  former,  for,  in  the  denser  medium,  the 
refracted  ray  is  bent  toward  the  perpendicular.  The 
relation  of  one  angle  to  the  other  depends  on  the  rela- 
tion of  the  refractive  indices  of  the  two  media,  so  that 
the  sine  of  either  angle  is  to  the  sine  of  the  other 
inversely  as  the  index  of  the  corresponding  medium 
is  to  that  of  the  other,  or 


sine  a  c  b 


(1) 


sine  e  c  d     n 

Since  the  sine  of  an  angle  zero  is  likewise  zero  in  value, 
it  follows  that  when  the  incident  ray  is  itself  perpen- 
dicular to  the  refracting  surface,  it  continues  to  be 
perpendicular  after  its  entrance  into  the  second 
medium,  i.e.  it  is  not  deflected  at  all  from  its  course. 
The  path  which  a  ray  describes  in  pas.sing  through 
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one  or  more  refracting  surfaces  is  the  same,  whether 
that  ray  travels  forward  or  backward  from  any  gi\'en 
point  in  its  course. 

3.  If  the  denser  medium  is  in  the  form  of  a  plate 
bounded  by  parallel  surfaces  and  surrounded  bj'  the 
same  rarer  medium  on  both  sides,  a  ray,  after  passing 
through  the  plate,  follows  a  direction  parallel  to 
its  original  course,  but  is  displaced  laterally. 

For  in  Fig.  2294,  where  .4  represents  the  air,  and  B 
the  plate  of  glass,  the  ray  a  c  on  entering  the  glass  is 


.1 


D 


Fig.  2294. 


bent  toward  the  perpendicular  d  c  to  an  extent  exactly 
counterbalanced  by  its  deflection  from  the  perpendicu- 
lar e  f  on  leaving  the  glass.  Hence  the  ray  e  b  after 
passing  through  the  glass  is  parallel  to  the  prolonged 
direction  of  the  original  ray  a  c. 

4.  Refraction  by  a  Single  Refracting  Surface. — \Mien 
the  denser  medium  is  bounded  by  a  convex  sjjherical 
surface,  all  raj's  (except  one)  coming  from  an.v  point 
in  the  rarer  medium  are  deflected  in  such  a  manner 
as  to  be  less  divergent  after  their  refraction  than  they 
were  before.  The  one  ray  not  deflected  is  the  one 
striking  the  surface  vertically,  hence  coinciding  in  the 
radius  or  axis  of  that  point  of  the  surface.  It  is  hence 
termed  the  axial  ray. 

In  Fig.  229.5  let  a  be  a  point  in  the  air  from  which 
rays  proceed  toward  the  convex  surface  b  c  separating 
the  air  from  the  glass.  Let  o  be  the  center  of  curva- 
ture of  the  refracting  surface  b  c.  Let  the  ray  a  c  be 
vertical  to  the  surface,  i.e.  coinciding  with  the  direc- 
tion of  the  radius  o  c;  it  will  hence  not  be  deflected 
from  its  course.  The  ray  a  b  is,  however,  refracted. 
If  0  6  is  the  radius  of  the  surface,  and  is  hence  vertical 
to  the  point  b,  the  angle  of  refraction/  b  o  can  be  found 
by  the  formula: 

sine  f  b  o  :  sine  a  b  d  =  n  :  n' 

It  is  evident  from  Fig.  2295,  that  if  the  point  a  be 
not  too  near  to  the  refracting  surface,  the  refracted  ray 


Fig.  2295. 

')  /  will  verge  toward  the  undeflected  axial  ra.v,  and 
will  meet  it  in  some  point  which  we  will  designate  /. 
It  can  be  shown  by  a  mathematical  analysis,  not  only 
that  this  one  ray,  but  that  all  rays  proceeding  from 
the  point  a  toward  the  convex  surface  6  c  are  so  re- 
fracted as  to  meet  the  axial  ray  at  the  point  /,  \)X0- 
vided  we  limit  our  analysis  to  those  rays  only  which 
are  not  very  oblique  to  the  axis,  and  do  not  strike  the 
surface  far  from  the  axis.  With  this  provision,  the 
point  /  is  the  collecting  point  of  all  rays  coming  horn, 
a ;  the  point  /  is  therefore  the  image  of  the  point  a. 
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If  we  trace,  however,  the  course  of  the  rays  which  arc 
very  obUque  to  the  axial  ray,  or  which  strike  the  sur- 
face far  from  its  axis,  we  sliall  find  tliat  they  meet  the 
axial  ray  at  various  points  different  from  f.  Such  a 
want  of  exact  reunion  of  all  the  rays,  when  too  large 
an  extent  of  the  refracting  surface  is  exposed,  con- 
stitutes the  fault  of  optic  instruments  known  as  spher- 
ical aberration.  The  refraction  of  such  very  oblique 
ravs  is  represented,  in  a  somewhat  exaggerated  man- 
ner, in  Fig.  229G. 


Flo.  2296. 

5.  Focal  Length. — When  the  luminous  point  is  situ- 
ated in  the  rarer  znedium  at  a  distance  infinitely 
great  compared  with  the  dimensions  of  the  refracting 
surface,  the  different  rays  emanating  from  that  point 
strike  the  refracting  surface  with  so  little  divergence 
as  to  be  practically  parallel  to  each  other.  These 
parallel  rays  are  rendered  convergent  by  their  refrac- 
tion. The  point  where  these  refracted  raj's  meet  is 
called  the  principal  posterior  focus,  and  its  distance 
from  the  refracting  surface  is  the  posterior  focal  length. 
This  distance,  designated  usually  as  F",  depends  on 
the  relative  indices  of  refraction  of  the  first  and  second 
media  and  on  the  radius  of  curvature  of  the  refracting 
surface.  If  we  call  this  radius  r,  the  formula  for  the 
posterior  focal  length  is: 


(-') 

n   —  71 

The  plane  drawn  through  the  posterior  focus  vertical 
to  the  axis  of  the  refracting  surface  is  called  the  pos- 
terior focal  plane. 

As  the  luminous  point  moves  nearer  to  the  refract- 
ing surface,  so  as  to  make  the  incident  rays  more  and 
more  divergent,  their  focal  reunion  recedes  farther 
from  the  surface,  until  a  certain  point  in  front  of  the 
convex  surface  is  reached,  the  rays  proceeding  from 
which  are  so  divergent  that  they  can  no  longer  bo 
rendered  convergent  by  their  refraction,  but  only  par- 
allel. Their  point  of  focal  reunion  may  then  be  con- 
sidered as  infinitely  far  behind  the  surface.  The 
point  in  front  of  the  surface  from  which  these  rays 
proceed  is  the  principal  anterior  focus,  and  its  distance 
from  the  surface,  which  we  will  call  F',  is  the  anterior 
focal  length.  A  vertical  plane  laid  through  it  is  the 
anterior  focal  plane.     F'  can  be  found  by  the  formula: 

iP'=-,'^  C-'a) 

n  —  n 

A  comparison  of  formula;  (2)  and  (2a)  shows  that  the 

anterior  and  posterior  focal  lengths  are  not  alike  under 

the  circumstances,  but  that 

F'  :  F"   =  n  :  n'  (2b) 

Remembering  that  the  path  of  the  rays  is  the  same, 
■whether  they  travel  forward  or  backward,  we  may 
also  define  the  anterior  focus  as  the  point  in  which 
those  rays  unite  which  proceed  parallel  to  each  other 
in  the  denser  medium  toward  the  refracting  surface. 

6.  The  distance  of  the  focal  reunion  from  the  re- 
fracting surface  can  be  calculated  for  any  set  of  rays, 
coming  from  anv  point,  if  we  know  the  distance  of  that 
point  from  the  surface,  and  also  the  anterior  and  pos- 


terior focal  leiigth.s  of  the  refracting  surface.     If/'  h): 
the  known  distance  of  the  luminous  point,  the  dintancc 
of  the  corresponding  focal  reunion/"  will  !«•: 
F"/' 


/"■ 


f'-F' 


(3) 


Conversely,  the  distance  of  a  luminous  point  /'  run 
be  found,  if  we  know  the  di.stancc  of  il.s  curreHOoiidinK 
focal  reunion  or  image/",  according  to  the  loriiiula: 
F'  f" 

S'-j.,Jp,.  (■■«») 

A  very  convenient  formula  for  finding  the  place  of 
the  focal  reunion  of  rays  coming  from  a  point  at  a 
known  distance  can  be  obtained  by  the  transforma- 
tion of  (3)  and  (:ia).  If  we  designate  the  di.stancc 
from  the  luminous  point  to  the  anterior  focus,  viz., 
/'  —  F'  as  /'  (counting  /'  negative  if/'  is  nearer  to  the 
surface  than  F'),  and  the  distance  from  the  posterior 
focus  to  the  point  of  focal  reunion  of  the  rays  in  ques- 
tion, viz.,  /'  -  F"  as  /",  then 

V  I"  =  F'  P"  (3b) 

In  all  these  instances  the  relation  of  luminous  point 

and  corresponding  image  can  be  reversed  without 
change  of  position;  in  other  words,  if  the  point  x  is 
the  image  of  the  point  a,  then  for  rays  procecdinK  in 
(he  reverse  direction,  a  is  also  the  image  of  the  point 
X.  Any  two  points  having  such  a  relation  of  lumin- 
ous point  and  corresponding  image  are  called  conjugate 
points. 

7.  Virtual  Image. — When  the  rays,  coming  from  a 
point  nearer  than  the  anterior  focu.«i,  strike  the  refract- 
ing surface,  their  divergence  is  too  great  to  Ix;  entirely 
overcome  by  the  refraction.  They  cannot  therefore 
be  united  to  form  an  actual  image;  but  if  their  direc- 
tion, after  the  refraction,  be  prolonged  backward, 
their  prolongations  meet  to  form  a  rirliial  image. 
The  focal  reunion  of  such  rays  is  therefore  negative. 

Thus,  in  Fig.  2297,  if  F'  be  the  principal  anterior 
focus  of  the  refracting  surface  s  ■•<',  and/'  the  luminou.s 


f" 


F'      f 


Fio.  2297. 

point,  the  rays  proceeding  from/'  will  have  a  diver- 
gence after  their  refraction,  as  if  they  came  from  the 
point  f",  which  is  therefore  the  image  of/'.  8inco/" 
is  on  the  .same  side  of  the  surface  as/',  its  distance  i,-» 
counted  negative.  It  can  be  determined  by  formula 
(lia)  or  (:ib).  . 

8.  Formation  of  Images. — .■^lnce  an  object  is  made 
up  of  an  infinitely  great  number  of  points,  and  sincp 
of  every  such  point  in  front  of  the  refracting  surface  an 
image  is  formed  somewhere  behind  the  surface,  there- 
fore an  image  must  also  be  formed  of  the  entire  object. 
From  every  point  of  the  object  there  proceeds  one  ray, 
which  is  not  bent  from  its  course  by  refraction,  viz  . 
the  rav  which  strikes  the  surface  nernondicularly,  and 
hence' coincides  in  direction  with  the  radius  of  the 
point  of  the  surface.  Such  rays  are  termrtf  rny.t  cj 
direction.  Since  all  other  rays  prococnting  from  any 
one  point  of  the  object  meet  the  ray  of  .lireclion  at  the 
corresponding  distance  of  focal  reunion,  the  image  of 
every  point  of  the  object  is  situated  somewhert-  in 
the  path  of  the  ray  of  direction  coming  from  that 
point.     Since  every  ray  of  direction  coincides  with 
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one  of  the  radii  of  the  refracting  surface,  the  rays  of 
direction  must,  therefore,  like  tlie  radii,  intersect  at 
the  center  of  curvature  of  the  surface.  Since  the 
focal  length  of  a  refracting  surface  is  always  greater 
than  its  radius,  according  to  formula;  (2)  to  (3a), 
therefore  the  actual  images  of  objects  farther  off  than 
the  anterior  focus  are  formed  somewhere  beyond  the 
point  of  intersection  of  the  rays  of  direction,  and  are 
hence  inverted.     This  is  illustrated  by  Fig.  2298. 


The  point  where  the  rays  of  direction  cross,  viz., 
the  center  of  curvature  of  the  surface,  is  al.so  called  the 
opiic  ceyiter. 

9.  When  the  object  lies  in  a  plane  vertical  to  the  axis 
of  the  refracting  surface,  all  points  of  the  object  near 
the  axis  are  sensibly  at  the  same  distance  from  the 
refracting  surface,  as  measured  by  the  length  of  the 
rays  of  direction.  Their  images  are  therefore  likewise 
situated  at  equal  distances  behind  the  surface,  and 
hence  lie  in  a  plane  vertical  to  the  axis.  But  this  is 
true  only  as  long  as  the  angle  included  between  the 
ray  of  direction  coming  from  that  point  of  the  object 
and  the  axis  of  the  refracting  surface  is  so  small  as  to 
permit  the  substitution  of  its  chord  for  its  arc  without 
practical  error.  In  the  case  of  objects  of  dimensions 
exceeding  this  limit,  the  images  lie  in  a  curved  line, 
with  the  concavity  toward  the  refracting  surface,  as 
shown  in  Fig.  2299. 


FlQ.  2299. 

Such  extensive  images  are  blurred,  on  account  of 
spherical  aberration.     (See  Section  4.) 

10.  Circles  of  Diffusion. — .\n  image  is  sharply  de- 
fined only  in  the  plane  of  focal  reunion  of  the  rays. 
In  any  plane  anterior  to  this  the  rays  are  not  yet 
united;  in  any  plane  posterior  to  this  the  rays  diverge 
again.  Hence  a  screen  placed  in  front  or  in  the  rear 
of  the  focal  reunion  receives  a  blurred  image,  since 
every  point  of  the  object  is  represented — not  by  a 
single  point — but  by  a  circle  of  diffusion.  The  size 
of  the  circles  of  diffusion  increases  with  the  distance 
of  the  screen  from  the  point  of  focal  reunion  in  either 
direction,  and  with  the  extent  of  the  refracting  sur- 
face through  which  rays  pass.  This  is  evident  from 
Fig.  2300. 

11.  Size  of  hnages. — The  size  of  the  image  is  to  the 
size  of  the  object  as  the  distance  of  the  image  from 
the  optic  center  is  to  the  distance  of  the  object  from 
the  same  point.  If  we  designate,  in  Fig.  2301,  the 
distance  of  the  object  A  B  from  o,  the  optic  center,  as 
g',  and  the  distance  of  the  image  a  b  from  o  as  g",  we 
can  express  the  relation  of  size  by  the  formula: 

ab  lA  B  =-  g"  :g'  (4) 


the  truth  of  which  is  evident  from  the  .similarity  of  the 
two  triangles  A  B  o  and  aba.  For  certain  calcula- 
tions the  relation  of  size  can  be  more  conveniently 
stated  as 

ab  :  A  B  =f"  -  F"  :  F"  (4a) 

in  which  formula  F"  is  the  principal  posterior  focal 
length,  and  /"  the  distance  of  the  image  from  the 
.surface.  The  derivation  of  this  formula  is  shown  in 
Fig.  2302. 


Fig.  2300. 


For  if  we  draw  in  this  figure  the-ray  A  d  from  the 
point  A  parallel  to  the  axis,  it  is  refracted  as  if  it  were 
a  ray  coming  from  some  point  in  the  axis  at  an  infinite 
distance,  that  is  to  .say,  it  is  deflected  to  F"  the  poste- 
rior focu.s,  and  proceeds  beyond  F"  until  it  meets  the 
other  rays  coming  from  A  in  the  point  of  focal  reunion 
Thereby   are   formed    the    two   similar   triangles 


do  F' 


'  and  ab  F" 
a  b 


Hence, 
d c =f"  F" 


Via.  2301. 

Since  the  line  A  d  has  been  drawn  parallel  to  B  c,  the 
side  d  c  is  equal  in  .size  to  the  object  ^4  B.  If  we 
substitute  the  term  F"  for  the  line  c  F",  and  the 
term  f"  —F"  for  the  line/"  F"  according  to  our  prem- 
ises we  get  the  equation: 

ab  :  A  B  =/"  :  F" 
12.  Virtual  Images. — When  the  object  is  nearer  to 
the  refracting  surface  than  the  principal  anterior 
focus,  there  is  no  real  image,  but  only  a  virtual  image 
is  formed  on  the  same  side  of  the  surface  as  the  object 
is  itself.  In  this  case  /"  is  hence  negative,  otherwise 
the  same  formulas  apply  as  above.  Since  the  rays  of 
direction  do  not  cross,  this  virtual  image  is  erect,  and 


FlQ.  2302. 

since  it  is  always  farther  from  the  optic  center  than 
the  object,  it  is  larger  than  the  object.  The  amplifi- 
cation of  the  image  diminishes  as  the  object  approaches 
the  refracting  surface,  for  when  the  object  has  just 
passed  through  the  anterior  focus  the  image  is  at  an 
infinitely  great  distance,  and  is  therefore  most 
enlarged,  while  when  the  object  touches  the  refracting 
surface,  object  and  image  coincide  in  position  and 
size.  The  formation  of  virtual  images  is  shown  in 
Fig.  2303. 
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13.  All  the  facts  above  stated  with  roforenco  to 
images  formed  in  the  denser  medium  of  objects 
situated  in  front  of  the  refracting  surface,  are  equally 
true  conversely  of  images  formed  in  the  rarer  medium 
of  objects  situated  behind  the  refracting  surface. 

14.  Refraction  by  Concave  SurfaccH. — When  the 
refracting  surface  is  concave  on  the  side  of  the  rarer 
medium,  rays  coming  from  any  one  point  are  not 
reunited  in  an  actual  focus.  But  if  the  direction 
which  they  assume  after  their  refraction  be  prolonged 
backward,  the  prolonged  rays  will  meet  in  a  point 


f  ■''-------- _^_ 


»= 


Fig.  230.3. 

representing  the  focus.  This  focal  length  is  therefore 
always  negative,  that  is  to  say,  the  focus  is  always  on 
the  same  side  of  the  surface  as  the  object  itself.  The 
position  of  the  principal  foci  or  any  conjugate  point  of 
focal  reunion  can  be  found  by  the  same  formula:  a,s  in 
the  case  of  a  convex  surface,  but  these  values  are 
always  negative,  because  the  radius  of  curvature  of  the 
concave  surface  is  negative  in  direction.  The  images 
formed  by  a  concave  refracting  surface  are  hence 
always  on  the  same  side  as  the  object,  that  is  to  say, 
they  are  not  real,  but  virtual,  and  can  only  be  smaller 
than  the  object,  as  shown  in  Fig.  2304. 

1.5.  Refraction  by  Successive  Surfaces. — When  light 
passes  through  a  number  of  surfaces  of  different  media, 
the  above-developed  formulie  apply  to  the  refraction 
through  each  surface.  Thus  the  focus  of  the  first 
surface  forms  the  luminous  point  for  the  .second  refrac- 
tion, its  distance  being  counted  positive  when  it  is  in 
front  of  the  second  surface,  and  negative  when  it 
happens  to  be  behind  that  surface.  Similarly  the 
image  formed  by  the  second  surface  is  the  object  for 
the  third  surface,  and  so  on.  But  such  calculations 
become  very  cumbersome  if  we  try  to  follow  actually 
the  course  of  the  rays  through  their  successive  refrac- 
tions.    The  matter  is  simplified  by  treating  the  series 


of  surfaces  as  one  system  having  certain  fixed  points, 
the  position  of  which  determines  the  path  of  all  rays. 
These  are  called  the  cardinal  points.  Their  position 
remains  constant  in  anv  given  system,  and  can  be 
calculated,  if  the  refractive  indices  of  the  media,  the 
radii  of  curvature  of  all  the  surfaces,  and  the  distances 
of  all  the  surfaces  from  each  other  are  known,  provided 
the  centers  of  curvature  of  all  the  surfaces  lie  in  a 
straight  line,  the  axis  of  the  system.  If  the  latter  con- 
dition is  fulfilled,  the  system  is  said  to  be  centered 
The  cardinal  points  are  the  two  foci,  the  two  principal 
points  and  the  two  nodal  points. 

16.  The  Foci. — The  foci,  anterior  or  first,  and 
posterior  or  second,  are  the  two  points — one  on  either 
side  of  the  system — at  such  distances  that  rays  coming 


from  the  focus  are  rendered  panillel  to  each  other  by 
tlieir  last  refraction.  Coiiver.-M-ly  parallel  rayit, 
entering  the  system  from  either  Hide,  are  umt<?d  in  a 
point  in  the  focu.s  on  the  other  side,  a.s  haH  b<«n  Hhown 
to  occur  in  the  case  of  a  Bingle  n-fructing  «urfari'. 
The  distance  of  either  one  of  the  foci  of  a  compound 

system  from  the  surface  next  to  it  may  l>c  conij. i 

in  the  following  manner:  Let  Ji  Ijc  the  refractive  . 
of  the  first  ine(lium,  n,  of  the  Hccond,  ii,  of  the  t 
and  .so  on.  Let  .S,  be  the  first  refractine  mirface,  ami 
r,  its  radiu.s  of  curvature;  ,S,  the  hccoikJ  Burfacc,  and 
r.;  its  radius,  and  so  on.  The  value  of  r  in  positive  if 
the  surface  is  convex  on  the  side  of  the  luininoiifi 
point;  negative  if  it  is  concave.  Let  d,  be  the  distance 
from  the  first  surface  to  the  .second,  d,  from  the  m-vmid 
to  the  third,  and  .so  on.  Determine  the  foci  of  eaih 
surface  by  itself,  without  reference  to  the  other  «ur- 
fa<'(!s.  According  to  formula;  (2)  and  (2a),  we  get  for 
the  first  surface, 


F,'_— J-and 
n ,  —  H 

and  for  the  second  surface. 


n,—n 


F'-.JbZl. 
n,-n. 


F '=--■-'-  and 

The  posterior  focus  for  the  first  and  second  surfaeefi 
taken  together  will  now  be  found  by  considering  /'," 
as  the  luminous  point  for  S,;  and,  on  applying  the 
formula  (3), 

F"  f 
viz.,/"  =  f,_nt  we  get  the  equation: 

F{,+.)    -ld'-jrY')-F,'  ^^' 

which  states  the  distance  of  the  posterior  focu.s  of  the 
system  of  surfaces  .S,  and  .S,  from  .S'„  The  distance  of 
the  anterior  focus  of  .S,  and  .s',  together,  from  .S,,  is  simi- 
larly found  by  the  application  of  formula  (.3a),  viz., 

/'=- — 477a"d    following  the    light    in    the     revcre.s 

direction,  hence 

F,'{d,-F,') 

By  treating  the  surfaces  S^  and  S,  as  one  .system,  we 
can  then  proceed  to  determine  the  foci  for  S(,  +  ,)  and 
Sj,  and  so  on. 

The  foci  of  an  optic  system  having  been  determined. 
the  focal  length  is  now  measured  by  the  distance  of 
each  focus  from  its  corresponding  princip:J  point.  If 
we  call  the  anterior  or  first  principal  point  //',  and  the 
posterior  or  second  principal  point  //",  then  F'  It'  is 
the  anterior  focal  length,  and  //"  F"  is  the  po.sterior 
focal  length. 

17.  The  Principal  Points. — The  principal  points  arc 
the  two  points  where  the  axis  of  the  system  is  cut  by 
the   two  principal   planes.     The  significance  of   the 


Fio.  ''SO.'). 

))rincipal  planes  can  be  best  explained  on  comparing 
the  refraction  bv  a  .single  surface  with  the  course  of 
ravs  throush  a  compound  system.  In  the  ca.so  of  the 
single  surface  o  6,  Fig.  23t),i,  the  ray  F  a,  coming 
from  the  anterior  focus,  is.  by  its  refraction,  ni.ide  par- 
allel to  the  axial  rav  F'  F".  Incident  and  rcfracle.1 
ravs  intersect  here  in  the  plane  of  the  n-fraciing  sur- 
face.    The  same  is  true  of  the  ray  F"  b  coming  from 

267 


Eye,  Dioptrics  of 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


the  posterior  focus,  and  its  continuation,  6  c,  after 
refraction.  In  Fig.  2306,  however,  where  there  are 
two  refracting  surfaces,  a  h  and  a'  b',  the  ray,  F'  a, 
coming  from  the  anterior  focus,  is  twice  bent  from  its 
course,  viz.,  at  each  surface,  .so  as  finally  to  assume  the 
direction  a'  d,  parallel  to  the  axial  ray.  In  this  case 
the  incident  ray,  F"  a,  and  the  refracted  ray,  a'  d, 
do  not  intersect,  being  .separated  by  the  .space  between 
o  and  a';  but  if  we  prolong  them  through  this  space, 
their  prolongations  intersect  at  the  point  /('.  A  plane, 
h'  H' ,  laid  through  this  point,  vertical  to  the  axis,  is 
the  first  principal  plane.  Similarly,  if  we  prolong  the 
ray  F"  b' ,  which  jjroceeds  from  the  posterior  focus  to 
the  surface  a'  b' ,  it  will  cut  the  backward  prolongation 
of  the  refracted  ray  6  c  at  the  point  h",  which  point 


determines  the  position  of  the  second  principal  plane. 
It  is  evident,  from  Fig.  2306,  that  the  ray  which  before 
entering  the  system  is  directed  toward  the  point  h'  in 
the  first  principal  plane,  has  a  direction  after  its  last 
refraction  as  if  it  came  from  a  point  in  the  second 
principal  plane  at  the  same  distance  from  the  axis  as 
the  point  h' .  Likewise  the  ray  which  proceeds  in  the 
opposite  direction  from  F"  toward  the  point  h"  has 
a  direction,  after  its  last  refraction,  as  if  it  came  from 
a  point  in  the  first  principal  plane  at  the  same  dis- 
tance from  the  axis  as  the  point  h" .  This  mutual 
relation  of  the  two  principal  planes  is  the  same  for  all 
ray.s,  not  merely  those  coming  from  F'  or  F";  and  it  is 
true  also  for  any  distance  at  which  the  points  h'  and 
h"  may  be  from  the  axis  W'ithin  the  limitations  of 
Section  4.  In  other  words,  any  ray  which  is  directed 
toward  a  given  point  in  the  principal  plane  on  the  side 
from  which  it  comes,  apparently  emerges  from  the 
other  principal  plane  at  the  .same  distance  from  the 
axis.  We  can  thus  determine  by  construction  the 
direction  of  any  ray  after  its  refraction  through  a 
compound  .system,  and  thereby  find  the  places  of  the 
image  formed  by  such  rays,  if  we  know  the  position 
of  the  foci  and  the  two  principal  planes.  In  Fig. 
2307,  let  a  a'  be  the  first,  and  X  X'  be  the  last  refract- 
ing surface  of  a  compound  system;  let  H'  be  the  first, 


a  jni 

„\A- 
m    \ 

"~~~~^^~-             li 

jr^V-^^" 

F'^^^-^^X 

— 

/        ^^^"-----.^ 

"  \"1 

n"  /x' 

Pio.  2307. 

and  H"  bo  the  second  principal  point,  F'  the  anterior, 
and  F"  the  posterior  focus.  Draw  the  axis  F'  F" . 
From  the  point  B  there  proceeds  the  ray  B  a,  parallel 
to  the  axi.s,  and  verging  toward  the  point  m'  in  the 
first  principal  plane.  Hence,  after  its  last  refraction, 
that  ray  has  a  direction  as  if  it  came  from  the  point 
m"  in  the  second  principal  plane,  going  through  the 
posterior  focus  F".  .\nother  ray  convenient  to  follow 
is  the  one  coming  from  B  and  passing  through  F' . 
This  verges  toward  the  point  n'  in  the  first  principal 
plane.  Hence,  by  its  refraction,  it  is  turned  in  the 
direction  n"  b,  as  if  coming  from  ?i"  and  proceeding 
parallel  to  the  axis.     Where  the  two  refracted  rays 


meet,  at  the  point  6,  is  the  inuige  of  the  luniiuou.s 
point  B. 

Since  the  course  of  rays  is  determined  by  their 
relation  to  these  imaginary  principal  planes,  the  focal 
lengths  of  a  system  must  be  measured  b}'  the  distance 
of  each  focus  from  its  corresponding  principal  point, 
and  not  by  the  distance  of  the  foci  from  the  refracting 
surfaces.  Indeed,  for  all  subseciuent  purposes,  we 
can  practically  ignore  the  position  of  the  refracting 
surfaces  of  any  system,  after  we  have  once  determined 
the  position  of  the  foci  and  of  the  principal  planes. 
For  now  all  the  problems  relative  to  the  po.sition  of 
object  and  image  can  be  solved  by  the  same  formulae 
as  in  the  ca.se  of  a  .single  refracting  surface,  by  measur- 
ing the  focal  lengths  from  the  principal  planes. 

IS.  The  position  of  the  two  principal  points  is 
determined  by  the  position  of  the  two  planes  in  which 
the  images  of  a  certain  other  plane  are  of  equal  size 
and  direction.  In  every  refracting  system  there 
exist  only  two  such  planes,  and  these  are  the  principal 
planes;  and  there  exists,  moreover,  only  one  ])lane  of 
which  two  images  of  ecjual  size  and  direction  are 
possible.  Hence,  in  order  to  find  the  principal  points, 
we  must  determine  where  a  line  must  be  in  order  to 
ff)rm  two  images  of  the  same  size  and  direction,  and 
then  learn  the  place  of  these  two  images. 

This  proposition  can  be  demonstrated  by  means  of 
Fig.  2308,  in  which  we  have  a  refracting  system  bound- 
ed by  the  surfaces  s'  .S"  and  s"  S".     F'  is  the  first  and 


Fig.  2.308. 

F"  the  second  focus.  Draw  the  ray  F'  c,  which  is 
deflected  toward  s"  by  the  surface  s'  .S',  and  is  made 
parallel  to  the  axis  by  the  surface  s"  S".  By  the 
intersection  of  the  prolonged  incident  and  refracted 
rays  the  point  h'  determines  the  po.sition  of  the  first 
principal  plane.  Similarly  a  reverse  ray  going  from 
F"  to  e  is  bent  twice,  so  as  to  follow  ultimately  the 
direction  .s'  6  parallel  to  the  axis.  The  prolongations  of 
the  ray  before  entering  and  after  leaving  the  .system 
give  us  the  point  /(",  and  thereby  the  position  of  the  sec- 
ond principal  plane.  If  we  draw  a  line</  d'  vertical  to 
the  axis  from  the  point  d,  where  the  rays  coming  from 
each  side  inter.sect  after  their  first  refraction,  the 
virtual  image  of  d  d'  produced  by  the  surface  s'  S' 
coincides  with  the  first  principal  plane  h'  H' ,  while  the 
image  formed  by  the  surface  s"  S"  coincides  with  the 
second  principal  plane  h"  H",  as  is  evident  from  the 
refraction  of  the  rays  according  to  the  construction; 
and  the.se  two  images  are  alike  in  size.  The  distance 
of  d'  from  each  surface  is  determined  b}'  the  equa- 
tion (4a). 

a  b  (image)  :  A  B  (object)  =f"  -F"  :  F" 
or  more  conveniently,  on  account  of  the  erect  position 
of  the  virtual  image, 

ab:  A  B=F"-f"  :  F" 
Each  surface  is  here  considered  independently  of  the 
other.  Hence  it  can  be  deduced  that  the  distances  of 
d'  from  each  surface  must  be  to  each  other  as  the  focal 
lengths  of  the  surfaces,  in  order  to  have  the  images 
formed  by  the  two  surfaces  of  equal  size.  This  is 
shown  in  Fig.  2309,  where  P'  S"  is  the  focal  length  of 
the  surface  s"  S"  in  the  medium  between  the  two 
surfaces  and  P"  S'  of  the  surface  s'  S'. 

A  con.sideration  of  the  two  triangles  P'  S"  s"  and 
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P"  S'  s'  and  their  segmentation  Ijy  the  line  dd' proven 
that 

d'  S'  :  d'  S"  =  P"  S'  :  P'  S"  {(i) 

Hence,  in  order  to  find  the  principal  planes  of  a  sys- 
tem, determine  the  position  of  a  point  in  the  axis, 
the  distances  of  which  from  the  two  refracting  sur- 
faces are  to  each  other  as  the  focal  lengths  of  these 
surfaces  in  the  medium  between  them.  Then  calcu- 
late the  place  of  the  images  of  this  point  formed  by 
each  surface  independently  of  the  other,  according  to 
formula  (o). 


Fia.  2309. 

When  the  optic  system  consists  of  more  than  two 
refracting  surfaces,  determine  the  principal  points  for 
two  adjoining  surfaces,  and  then  divide  the  distance 
between  the  one  principal  point  next  to  the  third  sur- 
face and  the  third  surface  into  two  parts,  which  are  to 
each  other  as  the  corresponding  focal  lengths  in  the 
intervening  medium.  The  images  of  the  dividing 
point  formed  independently  by  the  third  surface,  and 
by  the  .sj'stem  of  the  other  two  surfaces,  are  then  the 
principal  points  of  the  system  of  three  surfaces. 

19.  The  Nodal  Points. — The  nodal  points  of  a  com- 
pound system  replace  the  optic  center  of  a  single 
refracting  surface.  For  while  all  rays  of  direction  pass 
undeflected  through  the  optic  center  of  a  single  sur- 
face, a  .second  surface  will  deflect  all  rays  with  the 
exception  only  of  the  axial  ray.  Hence  a  single  optic 
center  cannot  exist  in  a  compound  system.  But 
there  exist  two  points  in  the  axis,  viz.,  the  nodal  points, 
of  such  properties  that  a  ray  directed  toward  the  first 
before  entering  the  system  punsues  a  course  after  its 
final  refraction  as  if  it  had  passed  through  the  second 
nodal  point  parallel  to  its  original  direction. 

That  a  pair  of  points  of  such  properties  must  exist  in 
any  compound  system  is  evident  from  Fig.  2310,  where 
F'  is  the  first  and  F"  the  second  focus,  and  »«'  H'  n'  the 
first  and  m"  H"  n"  the  second  principal  plane.     A  ray 
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B  m' ,  coming  from  the  luminous  points  B,  forms  with 
the  refracted  ray  vi"  b  any  angle  of  less  than  ISO"  as 
seen  from  below,  while  the  ray  B  n'  forms  with  its 
refracted  prolongation  n"  h  an  angle  greater  than  ISO" 
as  seen  from  below.  Somewhere  between  m'  and  n' 
there  must  be  a  level  where  the  incident  ray  includes 
with  its  continuation  beyond  the  .second  principal 
plane  an  angle  of  1S0°  exactly,  in  other  words,  where 
the  two  are  parallel.  Let  this  be  at  the  level  V.  If  we 
prolong  the  incident  ray  B  I',  the  points  where  this 
prolonged  ray  and  the  refracted  ray  I"  b  cut  the  axis, 
viz.,  K'  and  K",  answer  the  requirements  of  the  nodal 
points.  The  position  of  the  nodal  points  relative  to 
fhe  principal  points  is  made  evident  in  Fig.  2311. 

In  this  figure  we  will  draw  the  line  B  F"  on  F'  verti- 
cal to  the  axis.     From  the  point  B  there  proceeds  a 


ray  of  direction  B   K'   to  the  first  nodal  point  A". 
.According   to  our  premises  the  ray   K"  b  tnu"'    t- 
parallel   to  B  K'  and  in  the  direction  K"  b  \\< 
image  of  B,  at  an  infinite  distance  from  the  opti. 
tcm.     Since   the  \w\ul  B  lies  in  the  anterior  focal 
plane,    every    ray    proceeding    from    it    in    rendrT<-d 
parallel  by  its  refraction  to  the  rav  of  direction  coi 
from  B.     Hence  the  ray  B  h'  p^rallr-l  to  the  a 
continued  after  passing  tlirough  the  .second  prin.  ,|,.., 


h-  h 
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plane,  as  h"  F"  parallel  to  K"  h,  and  hence  also  to 
H  K.  From  the  .similarity  of  the  triangle  B  F'  K'  and 
li"  II"  F"  it  is  evident  that  the  distance 

F'K'-H"F"  (7) 

and  by  reversing  the  figure  and  constructing  the 
course  of  rays  coming  from  the  posterior  focal  plane, 
we  can  similarly  learn  that  the  di.stance 

F"K"-irF'  (7a) 

and  that  hence 

H'H"  =  K'K"  (7b) 

,  which  latter  corollary  is  also  apparent  from  Fig.  2310. 
The  po.sition  of  the  nodal  points  can  hence  be  at  once 
learned  by  formuUe  (7)  and  (7a),  after  knowing  the 
position  of  the  principal  points  and  of  the  foci.  And 
thus  we  have  all  data  nece.ssary  to  follow  the  course  of 
rays  through  any  compound  optic  .system. 

20.  Lenses. — It  will  be  best  to  refer  briefly  to  the 
optic  properties  of  glass  len.ses  before  we  proceed  to  the 
eye  it.self.  .Vccording  to  the  curvature  of  their  sur- 
faces and  the  distance  between  them,  lenses  cither 
reunite  into  one  point  all  the  rays  coming  from  one 
point,  or  disper.se  them.  The  former,  or  collecting 
lenses,  have  a  positive  local  length.  They  form 
inverted  actual  images  of  distant  objects,  and  erect, 
virtual,  and  enlarged  images  of  objects  nearer  than 
their  focus.  The  latter,  or  diverging  len.se.s,  have  a 
negative  focal  length,  and  can  form  only  erect,  virtual 
images,  smaller  than  their  object.  When  both 
surfaces  of  a  lens  are  convex,  or  one  is  convex  and  the 
other  plane,  the  lens  belongs  to  the  former  variety; 
when  one  surface  is  concave  and  the  other  plane,  or 
when  both  are  concave,  we  have  a  diverging  lens  with 
negative  focus.  When  one  surface  is  convex  and  the 
other  concave,  the  positive  or  negative  value  of  the 
resulting  focal  longtli  depends  not  only  on  the  curva- 
ture of  the  two  surfaces,  but  also  on  the  distanct: 
between  them. 

The  refractive  index  of  the  glass  used  for  .spectacles 
is  so  near  1.5  that  we  can  calculate  on  that  basis  with- 
out important  error,  at  least  for  .spectacles.  Taking 
this  index  we  find  that  in  a  jilani>-concave.  or  plano- 
convex lens,  the  focal  length  is  twice  the  length  of  the 
radius  of  the  curved  surface,  measuring  from  the 
curved  surface,  according  to  formula  (2)  or  (2al.  The 
first  and  second  focal  lengths  arc  of  course  equal  to 
each  other,  when  the  lens  is  surrounded  by  the  Kime 
medium  on  both  .sides,  according  to  (2b).  The  dis- 
tance of  the  foci  from  the  plane  surface  is,  however, 
not  the  same  as  from  the  curved  surface,  for  the  focal 
lengths  are  measured  from  the  principal  point.";,  one  of 
which  coincides  with  the  curved  surface,  while  the 
other  is  between  the  two  surfaces.  But  for  most  of 
our  purposes  we  can  ignore  the  thickno.s-s  of  the  gla.ss 
lenses,  as  long  as  this  is  slight  compared  with  the  other 
dimen.sions,  and  practically  measure  the  focal  length 
from  the  surface,  or,  indifferently,  from  fhe  ct-nler  of 
the  lens.  If,  hence,  we  express  the  focal  length  of  a 
plano-convex  lens  as 

F'  ~F"  -1  T 
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we  get  for  a  biconvex  lens  the  formula 

]f  the  radii  of  curvature  of  the  two  surfaces  are  alike, 
we  find  the  focal  length  equal  to  the  radius,  provided 
the  index  of  refraction  is  practically  1.5.  This  applies 
similarly  to  biconcave  lenses,  F  being,  however,  nega- 
tive. In  lenses  with  one  convex  and  one  concave 
surface,  the  measurement  of  the  focal  length  is  not 
quite  so  simple,  because  the  thickness  of  such  a  lens 
cannot  be  ignored  without  error,  and  the  principal 
points  can  in  such  a  combination  be  outside  of  the 
substance  of  the  lens. 

The  so-called  strength  of  lenses  is  measured  dif- 
ferently, according  to  the  unit  which  we  adopt.  For- 
merly a  lens  of  the  local  length  of  one  inch — either 
negative  or  positive — was  taken  as  the  standard  and 
called  1.  Any  lens  of  longer  focal  distance  could  be 
named  only  in  fractions,  i  being  one-half  of  that 
strength;  that  is  to  say,  having  a  focal  distance  of  two 
inches,  and  ^^j  having  twelve  inches  focal  length,  while 
a  stronger  lens,  greater  than  1,  had  a  corresponding 
shorter  focal  distance.  Since  the  adoption  of  the 
metric  sj'stem  in  ophthalmology,  the  opposite  way  of 
enumeration  has  been  employed.  A  lens  of  the  focal 
length  of  1  meter  is  now  taken  as  unit,  and  called  one 
dioptric,  or  1  D.  Any  lens  of  longer  focal  length  is 
expressed  in  a  decimal  fraction,  thus,  0.25  D  means  a 
lens  of  4  meters  focal  length.  The  stronger  lenses,  on< 
the  other  hand,  are  measured  by  several  dioptrics; 
thus,  10  D,  being  a  lens  of  -^  meter,  or  10  c.c.  focal 
length.  Only  the  latter  system  is  now  in  use.  As 
regards  the  convenience  in  calculation,  for  which  pur- 
po.se  the  dioptric  system  was  introduced,  there  is  really 
not  much  difference  between  them.  In  order  to  con- 
vert the  number  of  a  lens  from  one  system  into  another, 
it  is  to  be  remembered  that  the  meter  is  equal  to  39.37 
English  inches,  or  36.94  French  inches.  On  account  of 
inaccuracies  in  grinding  glasses,  the  whole  numbers,  40 
(English),  and  30  (French),  are  close  enough  for  prac- 
tical purposes.  Hence,  to  get  the  dioptric  equivalent 
of  an  English  number,  divide  that  number  into  40, 
and  to  translate  a  certain  number  of  dioptrics  into  the 
French  inch  system,  divide  the  number  into  36. 

21.  In  order  to  examine  the  refraction  in  the  eye 
we  must  determine  the  refractive  indices  of  the  differ- 
ent media,  the  curvature  of  the  surfaces,  and  the 
distances  between  the  separate  surfaces. 

22.  Refractive  Indices  of  the  Media  of  the  Eye. — The 
refractive  indices  have  been  measured  by  various 
observers  in  dead  eyes  by  means  of  different  phj^sical 
methods.  On  account  of  less  perfect  methods  former 
results  must  be  taken  with  some  caution.     Even  the 


more  recent  determinations  made  with  Abba's  refrac- 
tometer  have  yielded  not  inconsiderable  discrepancies 
among  different  observers,  which  may  perhaps  be 
attributed  to  individual  variations.  The  table  of 
refractive  indices,  given  below,  is  copied  from 
Zehender  and  Matthieson.  It  is  the  most  complete 
of  all  recent  determinations. 

The  indices  of  cornea,  aqueous  humor,  and  vitreous 
body  are  so  nearly  alike  that  an  average  index  of  the 
three  can  be  used  as  a  basis  for  calculation  without  ap- 
preciable error.  Helmholtz  assumes  1.3365  as  the 
most  nearly  correct  average  in  his  latest  publication. 
While  the  index  of  the  capsule  of  the  lens  is  consider- 
ably above  this  figure,  this  membrane  is  so  thin  and  its 
surfaces  are  so  nearly  parallel  to  each  other  that  its 
influence  on  the  rays  can  be  neglected  without  error. 
The  index  of  the  lens  itself  increases  from  the  external 
layer  to  the  nucleus,  so  that  the  lens  really  consists  of 
a  "large  number  of  layers  of  increasing  optic  density. 
By  reason  of  this  stratified  arrangement  the  total 
refractive  power  of  the  lens  is  greater  than  it  would  be 
were  the  entire  lens  of  the  refractive  index  of  its 
nucleus.  For  each  layer,  as  we  proceed  toward  the 
nucleus,  increases  not  only  in  refractive  index  but  al.so 
in  convexity.  This  is  evident  when  we  compare  the 
following  two  lenses,  the  thickness  of  which  must  not 
be  more  than  a  small  fraction  of  the  focal  length.  Let 
one  of  these  lenses,  A,  be  homogeneous  and  have  the 
refractive  index  n",  the  index  of  the  surrounding 
medium  being  n,  while  the  other  lens,  B,  has  only  a 
core  or  nucleus  more  convex  than  the  surface  of  the 
lens  of  the  index  n",  the  superficial  layer  having  an 
index  n',  intermediate  between  re  and  n".  If  n'  is 
now  very  nearly  equal  to  n,  we  have  practically  a  lens 
of  the  sa'me  index  as  that  of  the  lens  A,  but  of  shorter 
radius  of  curvature,  and  hence  of  shorter  focal  length. 
If  7i',  however,  is  very  nearly  equal  to  n",  the  lens  B 
will  be  practically  of  the  same  strength  as  the  lens  A, 
but  never  less.  Hence,  no  matter  in  what  ratio  the 
index  increases  as  we  proceed  toward  the  nucleus,  the 
lens  gains  thereby  in  strength.  The  special  advan- 
tages of  this  stratification  over  a  homogeneous  lens  is 
the  more  regular  refraction  of  rays  very  oblique  to  the 
axis,  as  has  been  shown  mathematically  by  Hermann. 
Thereby  the  images  of  objects  situated  laterally  from 
the  axis  of  the  eye  are  not  distorted  as  they  would  be 
when  projected  by  a  glass  lens.  The  actual  refraction 
of  the  excised  human  lens  was  found  by  Helmholtz 
in  two  measurements  to  be  equal  to  that  of  a  homo- 
geneous lens  of  the  same  curvature,  but  with  a  refrac- 
tive index  =  1.4519  and  1.4414.  But  in  a  later  esti- 
mate he  adopted  1.4371  as  the  more  nearly  correct 
average  total  refractive  inde.x  of  the  lens  in  its  normal 
attachment  during  life. 


T.\BLE  OF  Refractive  Indices  (Zehender  and  Matthieson). 


Cornea. 

Aqueous 
humor. 

Anterior 

capsule  of 

lens. 

Lens. 

Posterior 

capsule  of 

lens. 

Vitreous 
body. 

Subject. 

Cortical 
layer. 

Middle 
layer. 

Nucleus. 

Distilled 
water. 

1.3953 
1.3853 

1.4087 
1.4067 
1.4044 
1.4044 
1.4056 
1.4062 
1.4076 

1.4121 

1.3455 
1.3658 

Moio    s;n  vAir-s  TI                     1   -■*77n 

1.3348 

1.4112 
1.4094 
1.4154 
1.4077 
1.4091 
1.4096 
1.4101 
1.4107 

1.3600 

1.3867 
1.3902 

Male.  I 

Unknown,  I. . 
Unknown,  II. 

i  3772 

1.3342 

1.3930 
1.3811 

1.4018 
1.4073 

Child  of  two  days,  I 

1.3721 

1.3338 

1.3821 
1  3780 

1.3503 
1.3572 

1.3340 

1 

1.3754 

1.333S     1      1.3734 

1.3886 

1.4059 

1.4106 

1     1.3547 

1.3343 

1.3326 
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23.  Curi'ature  of  the  Ocular  Surfaces. — The  curva- 
ture of  the  surfaces  cannot  be  measured  with  accuracy 
in  the  dead  eye,  on  account  of  the  altered  tension  of 
the  eyeball.  In  the  living  eye  the  curvature  can  be 
calculated  from  a  measurement  of  the  .size  of  images 
reflected  from  the  surfaces.  The  cornea,  for  instance, 
acts  as  a  polished  convex  mirror,  producing  diminu- 
tive images,  apparently  behind  its  surface.  The 
size  of  such  an  image  is  to  half  the  radius  of  curvature 
of  the  mirror  as  the  size  of  the  object  is  to  the  distance 
of  the  object  from  the  cornea.  The  size  of  the  image 
is  most  conveniently  measured  by  means  of  Helm- 
holtz's  ophthalmometer.  This  consists  of  a  telescope, 
in  front  of  which  there  is  a  thick  plate  of  gla.ss  with 
parallel  surfaces,  which  has  been  cut  in  two,  so  that 
the  line  separating  its  two  halves  exactly  bi.sects  the 
field  of  the  telescope.  The  two  plates  can  be  turned 
on  an  axis  vertical  to  the  line  of  separation.  As  long 
as  the  two  plates  are  practically  one,  that  is  to  say, 
lie  in  one  and  the  same  plane,  objects  are  seen  through 
them  in  their  natural  shape;  but  when  the  two  plates 
are  turned  in  opposite  directions,  the  objects  appear 
split  into  two  halves,  which  are  displaced  laterally  in 
opposite  directions,  in  proportion  to  the  rotation  of 
the  plates.  The  explanation  of  this  displacement 
has  been  given  in  Section  .3.  For  actual  use  the 
ophthalmometer  is  directed  toward  the  observed  eye, 
at  a  distance  of  .several  meters,  and  the  images  of  two 
lights,  one  placed  on  either  side  of  the  telescope,  or 
rather,  the  ideal  line  uniting  the  two  light.s,  are 
observed  as  reflected  from  the  cornea.  The  two 
lights  are,  of  course,  placed  in  the  prolongation  of  the 
line  separating  the  two  glass  plates  of  the  instrument. 
These  plates  are  then  turned  by  a  screw  until  the 
image  is  doubled;  that  is  to  say,  until  the  two  halves 
are  displaced  laterally  through  the  open  space 
i  occupied  by  the  image.  From  the  observed  degree 
'  of  rotation,  and  the  thickness  of  the  plates,  the 
I  extent  of  di.splacement,  and  hence  the  size  of  the 
image,  can  be  calculated,  and  therebj'  the  radius 
of  curvature  of  the  cornea  be  determined. 

The  radius  of  curvature,  measured  by  reflection 
from  the  middle  portion  of  the  cornea,  has  been  found 
to  vary  in  different  eyes  from  7  to  S.2  mm.,  an  average 
near  7.6  mm.  being  the  most  common.  No  definite 
relation  has  been  found  between  this  radius  and  any 
existing  ametropia.  On  observing  the  reflection 
from  the  marginal  portion  of  the  cornea,  it  can  be 
seen,  even  with  the  unaided  eye,  that  the  images  are 
larger  than  in  the  center;  that  is  to  saj-,  that  the 
convexity  of  the  cornea  diminishes  from  the  center 
toward  the  periphery'.  The  cornea  is  therefore  a 
segment  of  a  .sphere  only  in  its  central  area,  while 
toward  the  periphery  its  shape  approaches  that  of 
an  ellipse,  the  major  and  minor  axes  of  which  are  to 
each  other  in  the  ratio  of  about  9  to  10  or  11.  The 
posterior  surface  of  the  cornea  is  found  in  the  dead 
eye  to  be  nearly  concentric  with  the  anterior  surface. 
This  fact,  in  connection  with  the  rather  slight  differ- 
ence in  the  indices  of  cornea  and  aqueous  humor, 
allows  us  to  regard  the  cornea,  aqueous  humor,  and 
vitreous  body  as  one  optically  homogeneous  medium, 
bounded  by  a  single  surface. 

The  radius  of  curvature  of  the  anterior  surface  of 
the  lens  has  been  found  to  vary  between  9  and  12, 
and  exceptionally  even  14  mm.,  averaging  about 
10  mm.;  and  that  of  the  posterior  surface  between 
5.5  and  6.5.  The  images  reflected  from  these  sur- 
faces are  so  faint,  on  account  of  the  small  difference 
in  the  refractive  indices  of  aqueous  humor  and  lens, 
that  the  ophthalmometer  can  be  used  to  advantage 
only  with  sunlight.  The  apparent  size  of  the.se 
images  requires  a  correction,  for  the  cornea  and 
aqueous  humor  act  as  a  magnifying  lens,  interposed 
both  in  the  path  of  the  rays  from  the  object  to  the 
reflecting  surface,  and,  again,  between  the  latter  and 
the  ophthalmometer.  In  the  case  of  the  images 
reflected  from  the  posterior  surface  of  the  lens,  the 
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suBstance  of  the  lens  mu.'it  u\n<t  be  taken  into  a.count 
as  part  of  the  magnifying  «y.Htem.  It  ix  nec.-wary 
hence  to  know  the  distance  from  the  corm-a  to  the 
anterior  surface,  and  from  the  latter  to  the  i>o»t<-rior 
surface  of  the  lens  in  order  to  calculate  the  radii  of 
curvature.  The  posterior  .-(urface  of  the  1.-i,h  artn 
as  a  concave  mirror,  giving  an  inverted  and  very 
small  image. 

24.  DUlanceg  between  the  Refracting  Surfacet. — The 
distance  of  the  anterior  surface  of  the  lenn  from  the 
cornea  has  been  determined  according  to  vuriouK 
methods  by  Helmholtz  and  his  jjupils.  Uy  means  of 
a  focussing  microscope  with  graduated  screw,  or 
by  means  of  the  ophthalmometer  with  the  aid  of 
movable  lights,  it  was  learned  how  fiir  the  rim  of  the 
iris  appears  behind  the  cornea  and  the  true  position 
of  the  pupil  was  then  calculaK-d  from  the  known 
refractive  power  of  cornea  and  arjueous  humor. 
Values  between  .3.2  and  4  mm.  have  been  found  in 
different  eyes.  Helmholtz  adopted  .3.0  mm.  aa  a 
sufficiently  accurate  average  to  u.sc  in  his  diagram- 
matic eye.  The  distance  of  the  posterior  surface  of 
the  lens  from  the  cornea  can  be  mea.sured  only  by 
complicated  methods  based  on  the  observation  of  the 
parallax  between  the  reflection  from  the  cornea  and 
that  from  the  posterior  surface  of  the  lens,  and  by 
taking  into  account  the  influence  of  cornea,  aqueou.i 
humor,  and  lens  substance  on  the  ray.s.  It  has  been 
found  to  api>roximate  very  closely  to  7.2  mm.,  which 
gives  3.6  mm.  as  the  average  thickne.s-s  of  the  lens 
(while  the  eye  is  not  accommodating).  The  \ens 
taken  out  of  the  eye  increa-ses  in  thickness  on  account 
of  elastic  retraction,  as  will  be  explained  in  the 
section  on  Accommodation. 

25.  Diagrammatic  Eye. — We  learn  thus  that  there 
are  noticeable  differences  in  the  optic  constants  of 
normal  eyes,  so  that  two  eyes,  both  emmetropic,  are 
not  necessarily  identical  in  construction.  But  within 
the  latitude  of  emmetropic  eyes  the  deviations  of  the 
different  figures  from  the  average  counterbalance 
each  other,  so  that  the  object,  the  formation  of  sharp 
images  of  distant  objects  in  the  plane  of  the  retina,  is 
equally  attained  in  all.  From  numerous  measure- 
ments made  by  himself  and  others,  Helmholtz  has 
constructed  the  following  diagrammatic  eye,  corre- 
sponding to  the  average  figures  of  human  emmetropic 
eyes: 


.MilUiDFtrra. 


and 


10. 


6 


.1  6 
,1  6 


Rpfractive     inde.x     of     cornea,     »queoui>, 

vitreous  humor 1 .33A5 

Refractive  index  of  the  lens  as  a  whole. . ,  1 .4371 

Radius  of  curvature  of  the  cornea 7 .  829 

Radius  of  cur\*ature  of  the  anterior  surface  of 

the  lens 

Radius  of  curvature  of  the  posterior  surface  of 

the  lens ... 

Distance  from  the  anterior  surface  of  the  rtimea 

to  the  lens 

Thickness  of  the  lens 


From  these  data  are  computed: 

.\nterior  focal  length  of  the  cornea,  aqueous,  and 

vitreous  humor 

Posterior  focal  leJiitth  of  the  come*,  aqueous. 

and  vitreous  humor 

Focal  length  of  the  lens  (in  pLaec) 

Distance  of  first  principal  point  of  the  len.«  from 

its  anterior  surface 

Distance  of  second  principal  point  of  the  lens 

from  its  posterior  surface 

Distance  of  the  first  principal  point  H'  of  the 

entire  eye  behind  the  cornea 

Distance  of  the  second  principal  point  H"  of  the 

entire  eye  behind  the  cornea 

Distance  of  the  first  nodal  point  K'  of  the  entiiv 

eye  behind  the  cornea ^ 

Distance    of  the  second  nodal  point  A""  of  the 

entire  eye  behind  the  cornea 

.\nterior  focal  length  of  the  entire  eye 

Posterior  focal  length  of  the  entire  eye 


33.26« 

31   (MS 
.V)  671 

■2  12 

1   274 

1  7S0 

2  lis 

6  eao 

7. 331 
15  o08 
20.719 
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This  latter  figure  plus  the  distance  of  H"  from  the 
cornea  gives  us  22.834  ram.  as  the  optic  axis  from  the 
anterior  surface  of  the  cornea  to  the  sensitive  plane 
of  the  retina  and  adding  to  this  number  the  thickness 
of  the  sclerotic  coat,  viz.,  1.15  mm.,  we  obtain  about 
24.1  mm.  as  the  length  of  the  eyeball.  Anatomical 
measurement  has  shown  the  eyeball  to  vary  between 
22.5  and  27  mm.  in  length,  24  to  24.6  mm.  being  the 
most  common  limits.  Unfortunately  the.se  anatom- 
ical measurements  refer  mostly  to  eyes  the  refractive 
state  of  which  was  not  determined  during  life.     The 


Fig.  2312. 

diagrammatic  eye  of  Helmholtz  and  the  position 
of  its  cardinal  points  are  illustrated  by  Fig.  2312, 
amplified  twice. 

2(3.  In  the  calculation  of  the  size  of  retinal  images 
and  of  the  influence  of  glasses  on  sight,  in  fact  in  al- 
most all  the  problems  not  relating  to  the  changes  dur- 
ing accommodation,  we  can  arrive  at  results  suffi- 
ciently accurate  by  taking  as  a  basis  the  simplified 
diagrammatic  eye  of  Donders,  in  which  the  lens  is 
omitted.  It  consists  of  a  single  refracting  surface, 
representing  the  cornea  with  a  radius  of  curvature  of 
5  mm.  The  .single  internal  medium,  optically  iden- 
tical with  the  cornea,  has  a  refractive  index  of  1.333 
(f).  Thereby  we  deal  with  but  one  principal  point, 
viz.,  in  the  plane  of  the  cornea  and  but  one  nodal 
point,  the  center  of  curvature  of  the  cornea.  The  first 
focal  length  is  15  mm.,  the  second  20  mm.,  which  latter 
figure  represents  likewise  the  length  of  this  eye. 

The  human  eye  has  some  advantages  not  possessed 
by  artificial  optic  instruments,  but  also  various 
faults  which  a  skilful  optician  can  avoid. 

27.  Visunl  Field. — There  exists  no  instrument  which 
has  as  extensive  a  field  as  the  eye,  since  images  are 
depicted  on  the  retina  of  objects  situated  as  far  as  55° 
to  G5°  from  the  line  of  direct  sight,  and  on  the  tem- 
poral side  even  as  far  as  90°  to  100°.  The  fact  that 
images  formed  near  the  periphery  of  the  retina  are 
not  seen  distinctly,  is  due  principally  to  the  relative 
dulness  of  sensibility  of  the  peripheral  portion  of  the 
retina.  The  images  themselves  are  quite  .sharp,  as 
we  can  learn  by  examining  the  periphery  of  the  retina 
in  the  eye  of  another  person  with  the  ophthalmoscope. 
When  the  refraction  is  emmetropic  in  the  center  of  the 
retina,  it  is  very  nearly  so  also  in  the  extreme  periph- 
ery. This  is  due  to  the  curvature  of  the  rear  of  the 
eyeball  and  of  the  retina  (compare  Section  9).  More- 
over, the  elliptical  curvature  of  the  cornea  and,  still 
more,  the  stratified  structure  of  the  lens  prevent  the 
distortion  of  images,  which  ordinary  spherical,  homo- 
geneous lenses  would  produce  in  the  case  of  objects 
.situated  far  laterally  from  the  a.xis  of  the  .system. 


2,S.  Spherical  Aberration. — Spherical  lenses  do  not 
collect  in  the  common  focus  those  rays  which  are  very 
oblique  to  the  axis  or  strike  the  refracting  surface  far 
from  its  center.  This  spherical  aberration  is  shown 
in  Fig.  2296.  In  the  eye  it  is  almost  wholly  obviated 
by  the  elliptical  shape  of  the  cornea  and  the  stratifica- 
tion of  the  lens.  The  iris,  moreover,  serves  the  pur- 
pose of  a  diaphragm,  so  that  the  extreme  marginal 
rays  cannot  ordinarily  pass  through  the  pupil. 

29  Chromatic  Aberration. — The  chromatic  aberra- 
tion of  lenses  gives  rise  to  colored  rings  around  images 
otherwise  well  defined.  It  is  due  to  the  fact  that  the 
index  of  refraction  is  not  the  same  for  waves  of  light 
of  different  length.  Hence  there  is  necessarily  a  slight 
separation  of  the  different  colors  when  mixed  or  so- 
called  white  light  is  refracted  by  a  lens.  The  eye  is 
not  free  from  this  defect;  it  po.sse.sses  it  to  about  the 
same  extent  as  if  it  consisted  of  water.  If  either  end 
of  a  .sharply  defined  spectrum  be  observed  through  an 
achromatic  telescope  the  other  end  appears  diffuse 
until  the  adjustment  of  the  telescope  (or  of  the  eye)  is 
altered.  The  difference  in  adjustment  corresponds 
to  about  1.5  to  2  dioptrics;  that  is  to  .say,  an  eye  form- 
ing a  sharp  image  of  an  object  emitting  violet  light, 
requires  an  additional  convex  lens  of  some  75  to  50 
c.c.  focal  length,  in  order  to  bring  the  less  refrangible 
red  rays  into  a  focus  upon  the  retina.  Ordinarily  we 
are  not  conscious  of  this  defect,  because  the  eye  is  ad- 
justed for  the  middle  and  brightest  portion  of  the 
spectrum,  viz.,  yellow  and  green  to  blue,  while  the  red 
and  violet  rays  form  circles  of  diffusion  around  the 
image,  which  blend,  and  thereby  diminish  in  distinct- 
ness of  color,  being,  moreover,  much  less  bright  than 
the  sharply  defined  image  which  they  surround.  But 
we  can  see  these  colored  circles  of  diffusion  quite 
distinctly  on  looking  at  some  bright  object,  while 
covering  one-half  of  the  pupillary  aperture  with  an 
opaque  screen,  for  by  thus  cutting  off  half  of  the  pen- 
cil of  light,  we  prevent  the  blending  of  the  color  rings, 
and  the  object  shows  then  a  blue  edge  on  one  .side  and 
a  yellow  margin  on  the  other.  The  chromatic  aber- 
ration is  al.so  quite  noticeable  on  observing  a  luminous 
point  through  a  violet  glass,  which  absorbs  the  mid- 
dle part  of  the  .spectrum,  whereupon  we  see  either  a 
red  point  surrounded  by  a  blue  halo,  or  a  red  margin 
around  a  blue  point  of  light,  according  to  the  refract- 
ive state  of  the  eye. 

30.  Imperfect  Centering. — The  optic  system  of  the 
eye  is  not  perfectly  centered.  The  center  of  the  cor- 
nea coincides,  indeed,  with  the  vertex  of  its  ellipse; 
but  the  major  axis  of  this  ellipse  forms  an  angle  with 
the  visual  line,  or  line  of  direct  sight;  that  is  to  say, 
the  line  of  the  ray  of  direction  pa.ssing  from  an  ob- 
served point  through  the  nodal  points  to  the  center 
of  the  retina.  The  visual  line  deviates  toward  the 
nasal  side  of  the  corneal  axis  (proceeding  outward)  to 
an  extent  of  from  4°  to  8°.  This  relatively  oblique 
direction  of  the  corneal  axis,  when  extreme,  may  give 
some  eyes  a  fal.se  appearance  of  divergent  squint. 
Still  no  noticeable  deficiency  of  sight  can  be  attributed 
to  this  want  of  centering. 

31.  Astigmatism. — More  serious  defects  are  those 
due  to  irregularities  in  the  curvature  of  the  refract- 
ing surfaces.  We  have  so  far  considered  only  the 
refraction  of  rays  which  lie  in  one  plane,  with  the  tacit 
assumption  that  our  refracting  surfaces  are  the  sur- 
faces of  true  bodies  of  rotation,  that  is  to  saj',  that 
the  radii  of  curvature  are  equal  in  all  meridians.  For, 
in  this  case,  any  of  the  figures  illustrating  the  course 
of  rays  in  the  plane  of  the  paper  may  be  supposed 
rotating  on  their  axis  in  order  to  illustrate  the  course 
of  rays  in  all  planes.  But  this  assumption  is  scarcely 
ever  correct  in  the  case  of  the  human  eye.  On  measur- 
ing with  the  ophthalmometer  the  corneal  radius  of 
curvature  in  the  horizontal,  and  then  in  the  vertical 
meridian,  the  two  radii  are  found  to  differ  from  each 
other  to  a  trifling  extent  even  in  the  most  normal  eyes. 
More  commonly,  but  not  always,  the  radius  is  smallest 
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in  the  vertical  meridian.  The  two  nicridians  pre- 
senting the  greatest  discrepancies  are  not  necessarily 
horizontal  and  vertical;  they  may  have  any  inclina- 
tion. A  difference  of  0.1  mm.  between  the  radii  of 
two  meridians  at  right  angles  to  each  other  .separate.s 
the  focus  of  one  meridian  from  that  of  the  other  to  the 
extent  of  about  0.3  mm.  Differences  of  0.01  to  0.0.5 
mm.  in  the  radii  are  the  most  common.  The  cornea 
is  hence  the  segment  of  an  ellipsoid  with  three  unequal 
axes.  As  a  result,  the  focal  length  is  not  the  same  in 
any  two  meridians  of  unequal  curvature,  and  hence 
the  points  of  an  object  cannot  be  represented  by 
points  in  the  images  formed  in  such  an  eye.  If  in  Fig. 
2044,  A,  we  represent  the  ellipsoid  cornea  with  the 
horizontal  meridian  h  h  having  a  greater  radius  of 
curvature  than  the  vertical  meridian  v  v,  the  focus  in 
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the  former  meridian  /  /;.  must  be  farther  off  than  /  v, 
the  focus  of  the  vertical  meridian.  If  we  place  a 
screen  successively  in  the  positions  numbered  1,  2,  3, 
4,  and  5,  the  image  of  a  distant  point  would  appear 
as  shown  in  an  exaggerated  manner  at  B,  1,  2,  3,  4, 
and  5  of  the  same  figure.  The  refraction  by  such  an 
ellipsoid  cornea  can  be  imitated  by  means  of  an  or- 
dinary spherical  lens,  to  which  is  added  a  cylindrical 
lens,  the  segment  of  a  cylinder,  thereby  introducing 
a  difference  in  the  refractive  strength  in  the  two 
meridians,  of  which  one  is  parallel  with,  and  the  other 
at  right  angles  to,  the  axis  of  the  cylinder.  This 
defect  of  the  eye  is  known  as  the  regular  astigmatism 
(from  «,  privative,  and  (rrlyixa,  a  point).  There  are 
very  few,  if  any,  eyes  entirely  free  from  it.  When  the 
inequality  in  the  refraction  of  two  meridians  exceeds 
the  strength  of  about  one-half  to  one  dioptric,  it  may 
necessitate  correction  by  means  of  cylindrical  glasses 
(see  under  Astigmatism).  As  the  result  of  regular 
astigmatism,  lines  of  different  inclination  are  not  seen 
equally  distinctly.  If,  for  instance,  the  eye  be  accu- 
rately emmetropic  in  the  horizontal  meridian,  while 
the  sharper  curvature  of  the  vertical  meridian  brings 
the  focus  behind  the  retina  in  the  latter  meridian, 
then  only  vertical  lines  at  infinite  distance  will  be 
sharply  defined  on  the  retina,  while  the  more  a  line 
approaches  the  horizontal  direction,  the  more  diffuse 
will  be  its  retinal  image.  The  interference  with  sharp 
sight  increa.ses,  of  course,  with  the  degree  of  astigmat- 
ism. A  discrepancy  between  two  meridians  of  less 
than  half  a  dioptric  does  not  interfere  with  sight  to 
any  practical  extent. 

Irregular  Astigmatistn  gives  rise  to  such  slight  im- 
perfections of  retinal  images  as  the  radiation  of  "rays" 
around  stars  and  other  small  luminous  points.  It  is 
due  to  optic  inequalities  in  the  different  sectors  of 
the  lens,  whereby  some  of  the  rays  are  deflected  from 
the  path  which  they  would  pursue  in  a  perfect  eye. 
This  irregular  astigmatism  does  not  exist  after  the 
lens  has  been  removed. 

32.  Muscae  Volitantes. — Few,  if  any,  eyes  do  not  at 
times  see  flying  specks,  so-called   muscx  volitantes. 
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Ihcy  appear  in  Ine  form  of  Iran.sparont  rowH  of  lj<-:i<l< 
or  groups  of  granules,  or  .'*iinply  «hiulo»y  otn-akK 
floating  about  when  the  eye  is  moved.  They  are  due 
to  the  presence  of  similarly  shaped  objects  ffo.ititie  in 
the  vitreous  body,  cells  and  groups  of  coll.s,  and  «hre<l« 
of  membranes,  transparent,  but  of  an  index  of  n- 
fraction  slightly  different  from  that  of  the  iiiediuiii 
surrounding  them.  Their  rims  hence  ca.-tt  shadown 
similar  to  those  of  a  glass  ball  between  u  light  and  a 
screen.  These  shadow.s  are  most  marked  when  tho 
rays  of  light  are  parallel  in  the  vitreous  body,  when 
the  source  of  light  is  in  the  anterior  focus  of  the  eye. 
We  can  ob.scrve  them  well  by  u.^ing  as  .s<jurce  of  liglit 
a  pinhole  in  an  opaque  screen  held  clo.se  to  tlie  eyo 
and  toward  the  sky,  or  on  looking  into  a  niicro»copc. 
When  the  attention  has  once  be<;n  called  to  tliom  they 
mav  continue  to  annoy  nervous  persons,  mentally 
rather  than  optically.  These  shadows,  even  if  incon- 
venient, are  not  indicative  of  any  di.sca.se. 

33.  Ametropia. — The  last  and  most  important  im- 
perfection of  the  eye  is  the  not  uncommon  want  of 
harmony  between  the  focal  length  and  the  anatomical 
length  of  the  eyeball,  the  refractive  defect  known  u-s 
ametroi)ia.  We  have  .seen  that  tho  radii  of  curvature, 
the  distance  from  cornea  to  len.s,  the  length  of  tho 
eyeball,  and  perhaps  even  the  refractive  indice,s,  may 
vary  within  certain  limits  in  different  eyes.  It  is 
only  in  the  more  fortunate  instances  that  the  ideal 
result,  viz.,  the  coincidence  of  the  posterior  focal  piano 
with  the  position  of  the  retina,  is  obtained,  while  in 
many  eyes,  otherwise  healthy,  images  of  distant  ob- 
jects are  formed,  either  in  front  of  the  retina,  consti- 
tuting myopia,  or  behind  the  retina,  the  condition  of 
hypermetropia.  In  either  of  the.se  two  ca.ses  the  ret- 
inal images  of  distant  objects  are  blurred  in  propor- 
tion to  the  distance  of  the  retina  from  the  focal  piano, 
and  in  proportion  to  the  size  of  the  pupil.  The  lower 
degrees  of  ametropia  may  be  due  to  a  dispropor- 
tional  curvature  of  the  corneal  and  lenticular  sur- 
faces, while  the  length  of  the  eyeball  is  norniiil;  but 
when  the  anomalies  of  refraction  reach  any  high 
degree,  the  eyeball  is  found,  not  merely  relatively, 
but  absolutely  too  long  in  myopia,  too  short  In 
hypermetropia. 

While  emmetropia  is  the  most  fortunate  refractive 
condition,  it  is  not  necessarily  the  most  common. 
Statistics  show  that  in  the  upper  cla.-i.ses  of  .school.s, 
and  e.specially  high  schools,  in  European  countries, 
from  one-third  to  one-half,  and  sometimes  even  two- 
thirds  of  the  eyes  are  near-sighted,  and  some  five  to 
ten  per  cent,  are  far-sighted.  In  this  countrj-  the 
figures  are  a  little  more  favorable,  lus  regards  the  frc- 
quencj'  of  emmetropia. 

34.  Uefraclion  during  the  Growth  of  the  Eye. — In  the 
infantile  eye  all  the  dimensions  are.  of  course,  smaller 
than  in  the  adult  organ.  The  shorter  axis  of  the  eye- 
ball is,  however,  proportionate  to  the  shorter  radii  of 
curvature  of  cornea  and  lens,  so  that  emmetropia  can 
exist.  Indeed,  during  childhood  there  are  more  emme- 
tropic eyes  than  in  adult  life.  The  eye.s  of  babe.s, 
however,  are  most  frc(|uently  far-sighted,  as  shown 
by  ophthalmoscopic  examination.  Jaeger  formerly 
asserted  the  contrary,  having  found  seventy-<'ight 
eyes  myopic  out  of  one  hundred,  and  but  five  accu- 
rately emmetropic  in  new-born  babes.  He  .seems  to 
have  been  misled,  however,  by  the  accommodateii 
condition  of  the  infantile  eye,  for  later  ob.-iervers,  who 
paralyzed  the  accommodation  by  means  of  atropine, 
liave  arrived  at  different  results.  Tims  Eli  fonnu  but 
11  eyes  myopic,  17  emmetropic,  and  72  hypernii'- 
tropic  in  ioo  eyes  of  infants.  Bjerrum  noted  (>l 
hypermetropes,  23  emmetropes,  and  3  myopes  on  ex- 
amining S7  babes.  Horstmann  found  in  .50  new-born 
infants  .SS  far-sighted  eyes.  10  emmetropic,  and  but 
2  .short-sighted  eyes.  In  50  children,  of  the  .age  of 
one  or  two  years.  S4  eyes  were  far-sighted.  10  normal, 
and  0  short-sighted:  while  in  .50  children,  four  to  five 
years  old,  hypermetropia  had  diminished,  involving 
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7-1  eyes;  myopia  had  increased  to  13  eyes;  13  eyes 
being  emmetropic.  These  figures  show  that  the  re- 
fraction increases  ordinarily  as  the  cliild  advances  in 
years.  During  the  years  of  school  attendance  this 
growth  leads,  in  many  instances,  to  a  myopic  refrac- 
tion. Indeed,  as  we  pass  from  the  lower  to  the  higher 
classes  in  schools,  we  find  myopia  increasing  steadily 
in  frequency  and  in  degree.  The  refraction  remains 
stationary  from  the  time  of  puberty,  in  healthy  eyes. 
The  increase  of  myopia  so  often  noted  from  this  time 
on  until  about  the  thirtieth  year  must  be  considered 
a  morbid  change. 

3.5.  Beyond  the  sixtieth  year  of  age  the  refraction 
diminishes  again,  .so  that  emmetropia  turns  into  slight 
hypermetropia,  on  account  of  senile  changes  in  the 
lens. 

36.  AccoM.MODATioN. — According  to  the  laws  of  re- 
fraction, the  emmetropic  eye  can  form  sharp  retinal 
images  of  those  objects  only  which  are  situated  at  an 
infinite  distance  from  the  eye,  or  at  least  at  a  distance 
very  large  when  compared  with  the  dimensions  of  the 
refracting  surfaces.  Practically  this  amounts  to  any 
distance  beyond  five  meters.  But  every-day  ex- 
perience teaches  us  that  we  can  also  see  distinctly 
objects  quite  close  to  the  eye;  but  we  can  never  see 
equally  distinctly,  and  at  one  and  the  same  time,  two 
objects,  one  far  and  the  other  near.  On  looking  at  a 
distant  sign  through  a  veil  held  in  front  of  the  eye,  we 
can  get  alternately  sharp  images  of  the  distant  letters 
or  of  the  threads  of  the  adjacent  veil,  but  we  cannot 
see  them  both  distinctly  at  one  and  the  same  time. 
This  power  of  successive  adjustment  of  the  eye  for 
distant  and  adjacent  objects  is  termed  the  faculty  of 
accommodation. 

The  exertion  of  the  accommodation  increases  for 
the  time  being  the  refractive  strength  of  the  eye.  It 
is  evident  that  an  eye  accommodated  for  an  object 
four  inches  distant  must  be  equal  in  refractive  strength 
to  the  emmetropic  eye  plus  the  strength  of  a  convex 
lens  of  four  inches  focal  length.  For  were  the  eye 
deprived  of  its  power  of  accommodation  it  would  be 
necessary  to  add  to  it  the  strength  of  this  lens  in 
order  to  get  sharp  retinal  images  of  objects  four  inches 
off.  The  accommodative  effort  of  an  eye  can  there- 
fore be  represented  by  the  strength  of  a  convex  lens 
of  a  focal  length  equal  to  the  distance  from  the  eye 
to  the  object  accommodated  for. 

37.  Changes  in  the  Eye  during  Accommodation. — 
The  optic  changes  upon  which  accommodation  de- 
pends occur  solely  in  the  crystalline  lens.  Neither 
the  corneal  curvature  nor  the  position  of  the  retina  is 
altered.  Removal  of  the  lens  deprives  the  eye  com- 
pletely of  its  power  of  accommodation.  Any  eye, 
except  one  extremely  myopic,  becomes  highly  hyper- 
metropic upon  removal  of  the  lens,  requiring  then  a 
strong  convex  glass  in  order  to  see  distinctly  at  a  dis- 
tance. On  account  of  the  impossibility  to  accommo- 
date, the  strength  of  this  glass  must  be  increased  for 
near  object.s,  and  with  a  given  glass  accurate  sight  is 
possible  only  at  one  given  distance.  If  the  individ- 
ual can  read  at  different  distances,  it  is  done  by  ignor- 
ing the  circles  of  diffu.sion,  especially  when  they  are 
small,  on  account  of  a  narrow  pupil.  The  most  rigid 
test — whether  in  this  or  in  any  other  case  an  eye  is 
adjusted  for  a  certain  distance — is  known  as  Scheiner's 
experiment. 

38.  Scheiner's  Experiment. — If  some  luminous  point 
— for  instance,  a  pinhole  in  a  screen  in  front  of  a  light 
— be  viewed  through  two  pinholes  in  another  screen 
which  are  closer  together  than  the  diameter  of  the 
pupil,  the  only  effect  of  the  latter  screen  held  close 
to  the  eye  will  be  to  diminish  the  number  of  rays,  and 
thereby  reduce  the  brightne.ss  of  the  retinal  image, 
if  the  latter  be  sharply  defined  on  account  of  proper 
adjustment  of  the  eye  for  the  light.  But  if  the  eye 
is  not  adjusted  for  that  distance,  and  circles  of  diffu- 
sion are  formed  on  the  retina,  the  screen  with  two 


perforations  will  cut  off  the  rays  forming  the  middle 
portion  of  the  diffuse  image,  leaving  instead  two  sepa- 
rate images  of  the  luminous  point,  to  which  the  eye 
is  much  more  sen.sitive  than  to  the  circles  of  diffusion. 
Hence  any  want  of  adjustment  causes  the  luminous 
point  to  appear  double,  as  is  evident  from  Fig.  2314. 
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39.  Changes  in  the  Shape  of  the  Lens. — During 
accommodation  the  lens  becomes  more  convex, 
especially  its  anterior  surface,  which  also  moves 
forward  on  account  of  the  thickening  of  the  lens.  If 
we  place  a  light  .slightly  to  one  .side  of  an  ob.served  eye 
and  watch  the  images  reflected  from  the  various 
surfaces,  they  will  appear  as  seen  in  Fig.  2315,  A, 
while  the  observed  eye  looks  as  a  distant  object. 
When  the  eye  observed  is  then  adjusted  for  some 
near  object,  the  images  change,  as  seen  in  B,  Fig.  2315. 
The  corneal  image,  a,  remains  the  same  in  both  cases. 
The  reflection  from  the  anterior  surface  of  the  lens,  b, 
diminishes  in  size,  indicating  increased  curvature  of 
the  surface,  and  moves  laterally  toward  the  corneal 
image,  a  motion  referable  to  the  advancement  of  the 
anterior  surface  of  the  lens.  The  small,  sharply 
defined,  and  inverted  image  (c)  produced  by  the 
concave  posterior  surface  of  the  lens  shrinks  likewise 
slightly  in  size,  showing  that  the  radius  of  curvature 
of  that  surface  diminishes  as  well,  though  but  little. 
No  indication  of  any  motion  of  the  posterior  surface 
can  be  observed.  These  changes  in  the  curvature  of 
the  lens  have  been  more  accurately  measured  with 
the  ophthalmometer,  which  shows  that  the  radius  of 
curvature  can  be  reduced  during  a  strong  accommoda- 
tive effort  to  about  6  mm.  for  the  anterior  surface,  and 
about  5.5  mm.  for  the  posterior  surface  of  the  lens, 
while  the  thickness  of  the  lens  may  incrca.se  from 
3.6  to  -i  mm.  Thereby  the  focal  length  of  the  lens  in 
the  diagrammatic  eye  would  be  reduced  from  50.671 
mm.  during  rest  to  39  mm.  during  a  strong  accom- 
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modative  effort.  Calculating  on  this  basis  the  refract- 
ive strength  of  the  diagrammatic  eye,  we  shall  now 
find  the  principal  posterior  focus  1.644  mm.  in  front 
of  the  retina,  while  the  retina  itself  is  in  the  plane  of 
focal  reunion  for  rays  coming  from  an  object  146.6 
mm.  (not  quite  six  inches)  distant  from  the  first 
principal  point,  which  latter  is  1.566  mm.  behind  the 
cornea  in  such  an  accommodated  eye.  Mathematical 
analy.sis  thus  confirms  the  theory  that  the  incrca.sed 
curvature  and  the  advancement  of  the  front  surface 
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of  the  lens  suffice  to  account  for  the  accommodative 
changes. 

During  accommodation  the  pupil  diminishes  in  size 
The  utihtj'  of  this  contraction  of  the  iris  is  evident  on 
remembering  that,  according  to  Section  4,  the 
spherical  aberration  would  increase  with  the  diver- 
gence of  the  rays,  and  hence  with  the  proximity  of 
the  object.  On  account  of  the  advancement  of  the 
front  surface  of  the  lens  the  iris  is  also  moved  forward, 
which  can  be  seen  on  looking  in  profile  view  at  an 
eye  during  accommodation. 

40.  Mechanism  of  Accommodation. — The  accom- 
modative changes  of  the  lens  arc  brought  about  by 
the  action  of  the  ciliary  muscle.  The  lens  itself  is  not 
a  muscular  organ,  it  is  devoid  of  contractility.     It  is, 

however,  an  elastic  body 
kcjit  stretched  by  its  at- 
tachment to  the  annular 
ligament,  as    an   elastic 
hoop  would  be  flattened 
by  the  traction  of   two 
cords  attached    at    two 
opposite     points.        Re- 
lieved of  this  traction  the 
lens    increases    in    con- 
vexity and  becomes  more 
nearly  globular,  .so  that 
the   lens  removed    from 
the  eye  is  more  convex 
and  thicker  than  while  in 
place.        During 
the  accommoda- 
tion    effort     the 
ciliary    muscle 
contracts.      Its  meridio- 
nal fibers  pull  the  chorioid 
forward.     This  has  been 
.shown    by    Hensen   and 
Voclkors,   by  the  move- 
ments   of  a  needle   put 
through   the  sclera  and 
choroid   on   sending    an 
electric  current  through 
the  ciliary  mu.scle  in  the 
eyes  of  animals  and  in  a 
human    eye    extirpated 
on    account    of   disease. 
The  circular,   ring- 
shaped  muscular  fibers  of 
the  ciliary  body  on  con- 
tracting cau.se  the  ciliary 
processes  to  project  further  toward  the  center  of  the 
pupil,  which  movement  of  the  processes  is  favored  by 
the    above-described    traction   on    the   chorioid  and 
consequent  relaxation  of  its  anterior  insertion.     In 
eyes  in  which  a  sufficiently  extensive  segment  of  the 
iris  has  been  removed  by  the  operation  of  iridectomy, 
and  through  the  translucent  intact  iris  of  albinos, 
this  advancement  of  the  ciliary  processes  toward  the 
center  of  the  pupil  has  been  directly  observed.     Since 
the  ligament  of  the  lens  is  attached  to  the  ciliary 
proces.ses  the  crowding  of  this  ring-shaped  structure 
into  a  narrower  space  necessarily  relaxes  the  circular 
band  stretched  across  the  aperture  within  this  ciliary 
ring.     Thus  the  lens  is  permitted  to  retract  by  yield- 
ing to  the  ten.sion  of  its  own  elastic  substance;  for 
the  arrangement  of  the  fibers  of  the  lens  substance  is 
such  that  they  are  relaxed  by  the  approach   of  the 
lens  toward  the  globular  .shape,  while  the  flattening 
of  the  .same  by  traction  of  its  ligament  puts  them  on 
the  stretch.     The  changes  in  an  eye  during  extreme 
accommodation  are  shown  in  Fig.  2316,  in  which  the 
upper  half  represents  the  front  half  of  the  eye  at  rest, 
and   the   lower   half   the   contraction  of   the   ciliary 
muscle  and  its  effect  upon  the  .shape  of  the  lens. 

41.  Range  of  Accommodation. — The  most  distant 
point  of  which  the  eve  at  rest  can  form  a  sharp  image 
on  its  retina  has  been  termed  by  Donders  the  far 
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poinl  (puiicluin  rcinotuiii  -  IC)  of  the  eye  In  th«- 
ciniiietropic  eye  th<:  far  point  i»— according  to  our 
dchnition  of  eMiinetropia— at  an  infinite  dihtancc 
Ihe  myr)pio  eye,  however,  cannot  sec  distinctly 
beyond  a  certam  short  finite  di.-taiice,  d<-p<.ii<iitig  on 
the  degree  of  shortsightcdncM,  while  in  hy|.<Tini-tropia 
the  eye  cannot  bring  into  foial  reunion  on  the  retina 
any  but  convergent  rays,  and  the  far  point  is  therefore 
negative,  that  is  to  say,  situated  at  «onie  finite  dis- 
tance behind  the  eye.  The  fact  that  many  hyper- 
metrop('s  can  see  distinctly  at  a  distance  with  the 
unaided  eye,  is  due  to  their  using  a  part  of  thi-ir 
accommodation  continuou.sly  in  order  to  incre:i.sc  the 
actual  refraction  of  the  eye.  The  near  point  (punc- 
tum  jjroximum  =/'),on  the  other  hand,  is  the  nearest 
point  of  which  the  accommodated  eye  can  get  a  well- 
defined  image.  The  range  of  accommodation  is  the 
total  accommodative  power  which  an  individual  eve 
pos.sesses.  We  can  represent  it  bv  the  strength  of  the 
lens  equivalent  to  the  refractive  difTtTencc  between  the 
eye  at  rest  adjusted  for  the  far  point  and  the  eye 
accommodated  for  the  near  point.  Thus,  an  emm'e- 
tropic  eye,  which  can  .see  distinctly  an  object  a.s  close 
as  five  inches,  has  a  range  of  accommodation  repre- 
sentabli!  by  a  lens  of  five  inches  focal  length  or  of  the 
strength  of  about  S  D.  For  deprived  of  its  accommo- 
dative power  this  eye  would  require  such  a  len.'i  to  be 
held  in  front  of  it  in  order  to  get  a  sharp  image  of 
this  near  object  on  its  retina.  Practically,  it  will  do 
to  hold  the  lens  very  close  to  the  cornea;  for  theoret- 
ical accuracy,  however,  the  lens  in  fpiestion,  of  an 
infinite  thinnc^.ss,  must  bea.ssumed  .situated  in  the  first 
I)rinci|)al  plane  of  the  eye.  The  significance  of  the 
range  of  accommodation  is  made  plainer  by  the  use 
of  Donders'  formula, 

1        11 
A  ^  P      IC 

in  which  we  represent  by  .1  the  range  of  accommoda- 
tion, by  1'  the  near  point,  and  by  R  the  far  point. 
This  formula  is  applicable  to  ametropic  eyes  as  well 
as  to  emmetropia,  for  anomalies  of  the  refraction 
do  not  necessarily  alter  the  range  of  accommodation. 
Thus  a  myope  whose  far  point  is  at  twelve  inches' 
distance,  and  who  can  accommodate  for  object.s  four 
inches  from  the  eye  has  an  accommodative  range 
=  i  — ,ij=i.  .\nother  instance  will  illustrate  both 
the  condition  in  hypermetropia  and  the  u.se  of  the 
dioptric  .system.  Suppose  a  certain  hypermetropic 
eye,  the  axis  of  wliicli  is  .so  short  that  it  requires  a, 
correcting  glass  of  4  1)  in  order  to  obtain  sharp  retinal 
images  of  distant  objects.  In  this  eye  the  far  point 
is  negative,  that  is  to  say,  it  is  situated  25  cm.  behind 
the  anterior  principal  point.  If  this  eye  po.s.-*e.s.<ies  an 
accommodative  range  equal  to  eight  dioptrics,  four 
of  them  are  reciuircd  to  .^ee  distinctly  at  a  distance 
and  only  4  D  are  left,  enabling  the  person  to  get 
distinct  images  of  objects  2.5  cm.  distant  by  the 
extreme  emiiloyment  of  his  accommodation.  Don- 
ders' formula  reversed  exprc^.'^es  this  on  using  centi- 
meters as  follows: 

1        1        1 

/'  -  R  "*■  .1  • 
which  is  in  numerals 

P  25^  12  J     2.5' 

or  employing  dioptric  notation,  which  is  the  reciprocal 
of  the  focal  length, 

p=  _4D  +  .SD-4D: 
in  other  words,  the  distance  of  the  near  point  from 
the  eye  is  equal  to  the  focal  length  of  a  glass  of  4  D 
strength   =  25  cm. 

42.  Influence  of  Age  on  the  Accommodntion. — From 
childhood  on,  the  rigidity  of  the  crystalline  lens 
increases,  and  the  extent  of  its  elastic  retraction 
diminishes.     Hence    the    range    of    accomiuodation 
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diminishes  as  the  years  advance,  because  the  lens 
cannot  retract  as  much  in  the  later  period  of  life  as 
during  youth,  though  the  contracting  cihary  muscle 
relaxes  the  annular  ligament.  The  range  of  accommo- 
dation sinks  thus  from  beyond  ten  dioptrics,  during 
childhood,  to  zero  toward  the  age  of  sixty  years. 
Donders  has  constructed  a  diagram  (Fig.  2.317),  based 
on  numerous  observation.s,  which  illustrates  this 
decline  in  a  graphic  manner.  The  heavy  line  (the 
lower  one)  represents  the  refraction  of  the  eye  at  rest. 
As  before  stated,  the  emmetropic  eye  becomes  slightly 
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hypermetropic  in  advanced  age,  presumably  from  an 
actual  flattening  of  the  lens  or  a  diminution  of  its 
refractive  index.  The  range  of  accommodation 
extends  from  the  heavier  line  of  passive  refraction  to 
the  thin  line  indicating  the  extreme  active  adjustment 
of  the  eye.  The  figures  at  the  bottom  give  the  age  in 
years;  those  at  the  side  the  (active  or  passive)  adjust- 
ment in  French  inches  (or  expressed  in  dioptrics  on 
the  right  side).  Occasionally  deviations  are  found 
from  this  standard  of  decline.  Thus,  among  others, 
the  writer  has  seen  a  gentleman,  seventy  years  of  age, 
who  could  read  the  finest  type  up  to  eight  inches' 
distance.  He  had  a  slight  myopia  and  myopic 
astigmatism,  less  than  1  D,  so  that  this  accommoda- 
tive range  was  still  a  trifle  over  4  D,  a  very  unusual 
amount  for  his  age.  Exceptions  of  the  opposite  kind, 
a  falling  short  of  the  accommodative  range  normal  to 
the  age  of  the  patient,  are  always  due  to  disease  of  the 
eye  or  general  impairment  of  the  health. 

43.  Innervation  of  the  Accommodative  Apparatus. — 
The  ciliary  muscle  derives  its  nerve  supply  from  the 
third  cranial  nerve  or  motor  oculi,  which  sends  the 
motor  root  to  the  ciliary  ganglion,  whence  issue  the 
ciliary  nerves  which  penetrate  the  sclera.  It  is  a 
common  clinical  observation  to  find  paralyses  of  other 
branches  of  this  nerve  accompanied  by  paralysis  of 
the  mechanism  of  accommodation.  Experiments  by 
Trautvetterhave  shown  that  thefibers  of  accommoda- 
tion run  in  the  trunk  of  the  motor  oculi  in  pigeons, 
while  in  other  animals  the  results  were  negative.  In 
dogs,  Hensen  and  Voelkers  have  traced  the  fibers  up 
to  the  floor  of  the  third  ventricle  of  the  brain,  as  shown 
b3'  the  result  on  stimulating  those  parts. 

.\lthough  the  ciliary  muscle  consists  of  unstriated 
fibers  in  mammals,  its  movements  are  both  as  rapid 
and  as  much  under  the  control  of  the  will  as  those  of 
any  striated  muscle.     In  birds,  indeed,  having  evi- 
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dently  a  very  energetic  accommodative  mechanism, 
the  ciliary  muscle  is  striated.  While  the  ciliary  move- 
ments are  voluntary  in  a  certain  sense,  we  are  ordi- 
narily not  conscious  of  any  accommod^jtive  effort. 
The  movements  of  the  ciliary  muscle  are  guided  by 
the  retinal  impressions  which  we  get  of  the  objects 
viewed,  and  may  hence  be  classed  among  the  compli- 
cated cerebral  reflex  movements.  The  accuracy  of 
these  movements  is  wonderful,  inasmuch  as  the  most 
rapid  changes  of  adjustment  of  the  eyes  for  different 
distances  never  give  rise  to  any  blurring  of  the  images 
for  which  the  eye  accommodates.  The  regu- 
lating mechanism  does  not  miscalculate  the 
distance  of  the  objects.  The  accommodating 
movements  are  always  accompanied  by  an 
exactly  corresponding  convergence  of  the  two 
eyes,  so  that  in  normal  instances  the  object 
accommodated  for  is  also  the  one  toward 
which  both  eyes  are  directed,  so  as  to  place 
its  image  in  the  center  of  the  retina  of  each 
eye.  The  association  of  the  movements  of 
accommodation  and  convergence  is  so  intimate 
that  we  cannot  voluntarily  perform  either 
movement  to  any  appreciable  extent  without 
the  other.  But  by  optic  means,  which  simu- 
late the  effect  of  one  or  the  other  movement, 
we  can  temporarily  rupture  the  association. 
Thus,  with  a  given  degree  of  convergence  for 
a  certain  fixed  object,  we  can  either  force  our- 
selves to  a  greater  accommodative  effort  by 
looking  through  concave  glasses,  or  relax  the 
accommodation  by  means  of  convex  .spectacles. 
Similarly,  we  can  vary  the  degree  of  conver- 
gence associated  with  a  certain  accommoda- 
tive effort  by  placing  prisms  of  variable 
strength  and  inclination  in  front  of  one  or 
both  eyes.  The  ability  to  separate  these  two 
movements  ordinarily  associated  is  increased 
by  practice.  It  is  evident  that  the  correl.a- 
tion  of  the  two  movements,  as  well  as  the 
disturbance  of  this  association  by  optic  means, 
subserves  the  same  purpose,  viz.,  distinct  vision 
without  double  images. 

44.  Movements  and  Nerves  of  the  Iris. — On  account 
of  the  association  with  the  accommodation,  the  move- 
ments of  the  iris  can  be  best  discussed  in  this  con- 
nection. The  iris  serves  the  purpose  of  an  optic 
diaphragm  the  aperture  of  which  can  vary  in  size 
according  to  necessity,  the  physiological  limits  being 
1  to  6  mm.  diameter.  By  reflex  action  the  pupil  con- 
tracts with  increasing  illumination,  thereby  diminish- 
ing both  the  fatiguing  brightness  of  the  retinal  image 
and  the  width  of  any  circles  of  diffusion  due  to  optic 
imperfections.  When  the  light  is  relatively  feeble,  a 
large  pupil,  on  the  other  hand,  permits  a  relatively 
greater  brightness  of  the  retinal  images,  while  the 
enlarged  circles  of  diffusion  do  not  blur  the  sight  so 
much,  on  account  of  their  feebler  intensity.  The 
pupil  contracts  also  with  each  accommodative  effort, 
thereby  diminishing  the  spherical  aberration,  which 
the  proximity  of  the  object  and  the  increased  con- 
vexity of  the  lens  would  produce.  Independentlj'  of 
external  light,  the  pupil  is  very  narrow  during  sleep 
and  during  artificial  narcosis.  The  mechanism  of 
this  latter  contraction  is  not  yet  known.  Whenthe 
narcosis  is  interrupted  by  any  sensory  stimulation, 
or  by  asphyxia,  the  pupil  indicates  "this  change  by 
dilatation. 

The  nerves  of  the  iris  are  the  cUiarj'  nerves,  coming 
from  the  ciliary  ganglion,  which,  in  man,  has  three 
roots — the  short  root  from  the  motor  oculi,  the  long 
root  from  the  nasociliary  branch  of  the  fifth  nerve, 
and  the  sympathetic  fibers  reaching  the  ganglion  along 
with  its  arteries.  The  motor  oculi  controls  the  sphinc- 
ter muscle  of  the  iris.  Its  experimental  irritation 
contracts  the  pupil;  its  section,  or  accidental  paralysis, 
allows  it  to  remain  dilated.  The  reflex  pupillary  con- 
traction produced  by  light  starts  with  the  excitation 
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of  the  optic  nerve.  When  the  optic  nerves  are  rend- 
ered inactive  b_v  disease,  the  normal  play  of  the  pupils 
ceases,  and  they  remain  in  a  state  of  moderate  dila- 
tation. Excitation  of  one  optic  nerve,  however,  con- 
trols the  pupils  of  both  eyes,  at  least  in  those  ani- 
mals whicii,  like  man,  have  a  visual  field  common  to 
both  eyes.  Hence,  in  cases  of  unilateral  blindness, 
the  two  pupils  are  usually  alike  in  size.  The  center 
concerned  in  this  reflex  action  is  the  anterior  lialf  of 
the  corpora  quadrigemina  (Budge).  Various  in- 
stances of  diseases  of  higher  parts  of  the  brain  have 
been  observed  with  integrity  of  these  parts,  and  hence 
sensitiveness  of  the  pupils  to  Ught,  although  conscious 
sight  did  not  e.xist.  According  to  Brown-.Sequard 
the  muscular  tissue  of  the  iris  itself  is  somewhat 
sensitive  to  light,  a  tonic  contraction  being  induced  in 
it  by  strong  light,  even  after  extirpation  of  the 
eyeball. 

The  sj-mpathetic  nerve  fibers  control  the  dilator 
muscle  of  tne  iris.  The  existence  of  these  radiating 
muscular  fibers  has  been  well  established  by  the 
researches  of  Henle,  Iwanoff,  and  Merkle,  after  much 
controversy  with  Gruenhagen.  Their  course  toward 
the  eyeball  is  partly  along  the  walls  of  the  arteries, 
partly  along  anastomoses  which  join  the  fifth  cranial 
nerve.  Section  or  paralysis  of  the  sympathetic  nerve 
of  the  neck  is  followed  by  contraction  of  the  pupil, 
while  its  irritation  dilates  that  aperture.  These 
fibers  can  be  traced  through  the  rami  communicantes 
of  the  last  two  cervical  and  the  first  two  dorsal  nerves 
into  the  spinal  cord  (Budge  and  Waller).  The  reflex 
center  of  these  fibers  is  partly  in  the  corresponding 
region  of  the  spinal  cord,  and  partly  in  the  medulla 
oblongata.  Reflex  dilatation  of  the  pupil  through 
this  nerve  channel  can  be  readily  induced  bj-  any 
sensory  impression  through  almost  anj-  sensorj-  nerve, 
at  least  when  the  pupil  is  not  contracted  by  strong 
light,  especially  during  sleep  and  incomplete  nar- 
cosis. The  pupil,  indeed,  is  very  sensitive  to  irrita- 
tions of  sensory  nerves.  It  is  not  known  that  this 
reflex  dilatation  is  of  any  utility. 

It  has  been  asserted  "by  Tuwim  that  the  superior 
cervical  .S5'mpathetic  ganglion  maintains  a  slight 
tonus  of  the  dilator  nerves  of  the  iris,  independently  of, 
and  even  after  its  separation  from,  the  central  nervous 
system,  .\lthough  his  experiments  seem  conclusive, 
the  question  should  be  further  investigated,  since  this 
would  be  the  first  instance  known  of  tonic  activity  of 
nerves  maintained  by  a  sympathetic  ganglion. 

The  fifth  cranial  lierve  is  the  sen.sory  nerve  of  the 
iris,  endowing  it  with  very  great  sensibility.  Irrita- 
tion of  this  nerve  contracts  the  pupil  very  energetic- 
ally in  some  animals,  for  instance  the  rabbit.  Section 
of  the  nerve  has  the  same  effect,  temporarily,  the  fibers 
being  evidently  kept  in  a  state  of  tran.'^itory  irritation 
by  the  injury,  as  occurs  as  well  in  certain  other  nerves. 
This  influence  of  the  fifth  nerve  upon  the  pupil  does 
not  exist  in  carnivorous  animals.  The  observations 
in  disea.se  of  that  nerve  in  man  are  too  conflicting  to  be 
deci.sive.  The  study  of  eye  di.seases  attended  with 
irritation  renders  it  Very  likely  that  in  man  the  fifth 
nerve  is  the  vasodilator  nerve  of  the  iris,  and  that  its 
reflex  excitation  congests  the  iris  and  contracts  the 
pupil  mechanically  by  the  engorgement  of  the  vessels. 
This  is  also  the  most  plausible  explanation  of  the 
inten.se  puijillarv  contraction  obtained  on  puncturiiig 
the  anterior  cha'mber,  which  result  does  not  occur  in 
operating  on  the  dead  eye.  H.  Gr.vdle, 

^  ^  H.  S.  Gr.\di.i:. 

Eye  Diseases.— See  under  Cataract,  Choroid,  Con- 
junctiva, Hypermetropia,  Myopia,  etc. 

Eye,  Injuries    of    the. — Wounds  of  the  eye  may 

be  confined  to  one  or  two  of  the  structures  only,  or 
mav  involve  the  greater  part  or  the  whole  of  the  globe. 
In  the  present  article  will  be  considered  first  the  in- 
juries affecting  the  individual  parts  and  la.stly   the 


complicated  injuries  or  thoKC  involving  the  entire 
globe. 

I.vjrRiES  OF  THE  Lids. — Injuries  of  the  lids  may  be 
lacerated,  punctured,  or  incised.  Burns  and  gunxhot 
wounds  occur.  All  of  these  lesions  may  \ii:  compli- 
cated by  contasion,  and  lacerated  wounds,  the  most 
common,  usually  are;  being  due  to  blows  with  the  fist, 
sticks,  stones,  or  other  blunt  instruments.  I'uni-tiiro<l 
wounds  are  cau.sed  by  knife,  or  scissors-j.  ., 

pins,  nails,  bits  of  wire,  metal,  or  gla.s^;  iii<  u 

by  the  blades  of  knives  or  razors  or  flyu.n  jm-  . .  -  of 
gla.ss,  metal,  or  stone.  In  all  such  injuries,  the  con- 
nective tissue  underlying  the  skin  of  the  lid  being  Uxjae, 
we  have,  besides  redness,  great  swelling  and  more  or 
less  extrava.sation  of  blood;  ju.st  as  we  liave  in  bruised 
without  laceration — the  common  black  eye.  Ecchy- 
mosis  of  the  lids  al.so  occurs,  as  is  well  known,  after 
fracture  of  the  skull  and  after  enucleation  of  the 
eyeball.  It  usually  appears  some  hours  after  the  in- 
jury and  is  confined  to  the  lids  by  the  closer  applica- 
tion of  the  .skin  about  the  circumference  of  the  orbit. 
No  matter  how  severe,  it  is  harmless  and  no  effort  to 
remove  it  through  incisions  should  be  made:  thU, 
indeed,  by  the  production  of  new  hemorrhages, 
would  .serve  only  to  make  matters  worse.  It  is  for 
similar  reasons  that  in  using  leeches  about  the  eve  we 
apply  them  to  the  temporal  side  of  the  orbit  and  over 
the  outer  angular  ve.s.sels. 

Treatment. — So  far  as  my  experience  goes,  there 
is  no  royal  remedy  for  a  black  eye;  in  two.  or  at  mo.-it 
three  weeks  the  di.sfigurement  is  pretty  well  removed. 
the  result  seeming  to  depend  more  upon  the  age  and 
health  of  the  patient,  the  rapidity  with  which  tissue 
changes  are  taking  jjlace,  than  upon  the  topical  rem- 
edies employed;  though  iced  conipre.s,ses  at  first  are 
grateful  and  hot  applications  later  may,  perhaps, 
stimulate  absor|)ti()n.  The  treatment  of  lid-wound  is 
simple.  They  nuist  first  be  scrupulously  cleansed 
with  some  antiseptic  solution,  weak  enough  not  to 
injure  the  eve  should  some  find  its  way  between 
the  lids;  e.g.'l  to  4.000  bichloride.  All  particles  of 
dirt  must  be  removed.  If  there  is  much  redne.ss  and 
swelling,  iced  compresses  must  be  used  until  this 
subsides;  a-id,  if  the  wound  be  small,  this  may  be  all 
that  is  necessary.  The  important  thing,  if  the  wound 
be  large  enough  to  cau.sc  or  to  permit  any  misplacement 
of  the  lid,  or  if,  even  though  small,  it  divides  the  free 
border,  is  to  freshen  the  edges  at  once.  Ragged  bits 
should  be  removed  as  sparingly  as  possible,  and  as 
many  sutures  of  fine  well-boiled  silk  put  in  .-is  may  l>e 
necessary  to  restore  and  maintain  the  normal  shape 
and  position.  A  disk  of  moist  gauze,  a  pad  of  absorl>- 
ent  cotton,  and  a  two-inch  flannel  bandage  should  then 
be  applied  to  immobilize  the  lid.  This  should  be 
removed  on  the  second  or  third  day,  when  union 
should  be  complete,  and  the  sutures  cautiously  with- 
drawn. A  notch,  the  result  of  a  .scar,  in  the  free 
edge  of  the  lid,  with  the  accompanying  gap  in  the 
line  of  lashes,  is  not  only  more  or  le.<s  of  a  blemish. 
but  is  a  perpetual  annoyance,  as  the  te.irs  are 
squeezed  out  through  it  by  every  act  of  winking. 
When  wounds  of  the  lid  are  fresh,  even  though 
the  laceration  be  extensive,  though  the  lid  l>e  parti- 
ally torn  awav,  they  are  easy  to  repair.  Anv 
physician  bv  the  exercise  of  a  little  ingenuitj-  and 
the  observation  of  the  position  and  landmarks  of  the 
sound  lid,  should  be  able  to  do  a  bit  of  repair  work 
hardly  to  be  equaled  by  the  most  cxp«'rt  si>ecialist 
after  the  lapse  of  weeks  or  nu>i\ths.  Not  .so,  if  he 
who  first  sees  the  i)atient  neglects  his  gohlen  oppor- 
tuiiltv.  If  we  must  wait  for  inflammation  and 
swelling  to  subside,  if  cicatrices  have  bwn  i>ermifted 
to  form,  distorting  and  displacing  the  lid,  perhaps 
producing  entropion  or  ectropion,  then  we  f.ice  a 
condition  which  it  mav  defy  the  most  proficient  to 
remedv  with  anvthing  like  to  perfection.  Nor  aro 
the  instruments  required  unusual.     .\ny  small  scis- 
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sors  which  cut  clean  to  the  points,  a  needle-holder, 
a  small  full-curved  needle,  a  little  fine  silk  or  linen 
thread  are  all  that  we  need.  If  the  wound  be  super- 
ficial, the  skin  only  may  be  sutured,  but  if  it  be  at  all 
deep,  the  suture  must  not  only  include  the  skin  and 
underlying  muscle,  but  must  take  a  firm  hold  on  the 
epitarsal  connective  tissue.  Indeed,  we  may  have 
to  penetrate  the  whole  thickness  of  the  lid  at  one  or 
two  places  to  give  greater  solidity  and  firmness  to 
our  work;  and  this  will  do  no  harm  if  we  are  careful 
to  see  that  the  portions  of  suture  on  the  conjunctival 
surface  of  the  tarsus  do  not  rub  upon  the  cornea. 
If  the  free  edge  of  the  lid  be  involved  one  suture  must 
be  introduced  perpendicular  to  the  edge.  That  is, 
entering  the  free  border  some  three  millimeters  to  one 
side  of  the  wound,  it  must  penetrate  and  lie  imbedded 
in  the  tissues  of  the  lid  for  six  or  eight  millimeters, 
cross  to  the  other  side  of  the  wound  and,  still  im- 
bedded, come  out  on  the  free  edge  at  three  millimeters 
from  the  wound.  When  this  suture  is  drawn  up  and 
tied,  it  will  lie  wholly  upon  the  free  border  and  the 
wound  shovild  be  smoothly  closed,  one  lip  being  no 
bit  higher  than  the  other.  Such  sutures  are  not  diffi- 
cult to  pass  if  the  lid  be  partially  everted  and  held 
between  the  finger  and  thumb  of  one  hand,  for  then 
the  whole  passage  of  the  needle  within  the  lid  tissues 
can  be  distinctly  felt  and  its  point  prevented  from 
emerging  either  upon  the  skin  or  the  conjunctival 
surface  of  the  lid.  When  there  is  actual  loss  of  sub- 
stance of  the  free  border  it  may  be  necessary  to  follow 
an  ingenious  suggestion  due,  I  think,  to  Fuchs.  This 
consists  in  making  a  small  flap  out  of  the  free  margin 
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Fig. — 2318.  Plastic  Operation  on  the  Eyelid. 

of  the  lid  on  one  side  of  the  wound  just  long  enough  to 
bridge  the  gap;  about  three  millimeters  high  and  as 
thick  as  the  whole  edge.  On  the  other  side  of  the 
wound,  a  portion  of  the  free  border  exactly  the  size 
of  this  little  flap  is  cut  away.  The  flap  being  carried 
across  and  fitted  to  the  pared  surface  and  fastened 
by  a  suture  through  its  tip,  introduced  perpendicu- 
larly to  the  free  border,  the  gaping  wound  is  smoothly 
closed.  A  glance  at  the  diagram  will  make  this  clear. 
Gunshot  wounds  produced  by  rifle  or  revolver 
bullets  often  lacerate  the  lids  badly.  Burns  vary  from 
the  merest  scorch  to  almost  complete  destruction 
of  the  whole  lid.  Sloughs  on  the  skin  surface  are 
generally  produced  by  burns,  either  chemical  or 
thermal,  rarely  by  necrosis  following  inflammation. 
They  may  be  dealt  with  most  successfully  by  grafting 
after  the  method  of  Tiersch  or  of  wolf.  The  skyi  of 
the  lids  being  thin,  fine,  and  devoid  of  hair,  material  for 
grafting  had  best  be  taken  from  the  skin  of  the  inner 
side  of  the  upper  arm.  As  the  area  to  be  covered 
cannot,  from  the  nature  of  the  case,  be  large,  the 
graft  usually  grows  well.  After  it  has  been  placed  it 
should  be  covered  with  a  disc  of  damp  sterile  gauze, 
or  as  Beard  recommends,  a  thin  layer  of  absorbent 


cotton  wet  with  warm  boric  acid  solution  on  which 
is  put  a  well-adjusted  pad  of  absorbent  cotton  covered 
with  ruljber  tissue  held  in  place,  with  pressure  suffi- 
cient to  immobilize  the  lid,  by  a  nicely  applied  two- 
inch  flannel  roller,  over  which  is  thrown  a  wet  mos- 
(luito-net  bandage  containing  much  sizing.  This  is 
left  in  place  two  or  three  days  when  the  gauze  is  soaked 
ofl'  by  patient  irrigation  with  an  undine.  Sloughs 
of  the  conjunctival  surface  of  the  lid  almost  alwa\'s 
cause  the  adhesions  known  as  symblephara  and,  if 
they  are  extensive,  even  complete  imion  of  the  lid  to 
the  eyeball — ankyloblepharon.  With  the  many  op- 
perations  devised  for  the  correction  of  this  intractable 
condition,  as  well  as  those  designed  for  the  relief  of 
ec-  or  entropion,  or  for  the  restoration  of  lids  partly 
or  entirely  destroyed,  it  is  not  the  province  of  this 
article  to  deal.  Among  the  rarer  injuries  affecting  the 
lids  may  be  mentioned  those  of  the  nose  or  accessory 
parts  producing  emphysema.  The  air  entering  the 
areolar  tissue  of  the  lid  causes  gre.at  swelling  without 
heat  or  redness  and  gives  rise  to  a  feeling  of  fine  crepi- 
tation upon  pressure  that  cannot  be  mistaken  for  any- 
thing else.  Treatment  is  usually  unnecessary.  The  air 
is  rapidly  absorbed  as  soon  as  the  wound  which  per- 
mitted the  escape  is  closed.  It  is  evident  that  the 
victim  should  be  warned  against  blowing  his  nose. 
The  stings  of  wasps  or  bees  and  of  other  poisonous 
insects  are  productive  of  great  swelling  of  the  lid 
and  severe  pain.  Cold  and  slightly  alkaline  com- 
presses are  most  comforting. 

Badly  lacerated  wounds  of  the  lid  have  been  in- 
flicted by  the  claws  and  the  bites  of  brutes  and  of  man. 
Quite  the  most  horridly  lacerated  and  suppurating 
wound  of  the  lids  I  ever  saw  was  presented  by  a 
negro  woman,  a  patient  in  the  clinic.  To  my  aston- 
ished question  as  to  what  could  have  brought  the 
parts  into  such  a  state  she  replied  in  a  thin  flat  voice: 
"I  was  bit  by  another  lady. 

Certain  dangers  peculiar  to  wounds  of  the  lids  must 
ever  be  borne  in  mind.  The  first  is  erysipelas,  not 
an  uncommon  complication.  In  all  cases  of  punctured 
wounds,  we  must  assure  ourselves  by  careful  examina- 
tion that  the  lid  has  not  been  penetrated  and  more 
important  parts  wounded.  We  should  also  be  sure 
that  a  piece  of  the  instrument  by  wliich  the  wound 
was  made  has  not  been  broken  off  and  lies  hidden  in  its 
depths.  Every  practitioner  of  large  experience  has 
recovered  from  the  orbit  such  foreign  bodies.  B. 
Carter's  case  of  a  three-inch  hat  pin  is  well  known 
(Soelberg  Wells),  and  Noyes  relates  a  case  in  which 
the  whole  breech  block  of  a  gun  remained  concealed 
in  the  orbit,  a  part  of  it  lying  in  the  brain,  without 
for  a  long  time  arousing  suspicion.  If  in  penetrating 
wounds,  orbital  fat  protrudes,  it  must  be  cleanly  cut 
away  without  pulling  upon  it.  In  all  severe  biu-ns 
where  there  is  great  retraction  of  the  lid,  exposure  of 
the  delicate  cornea  can  bring  about  the  most  dis- 
a.strovis  consequences  and  measures  for  its  protection 
will  have  to  be  taken.  Deep  wounds  of  the  upper 
lid  may  divide  the  tendon  of  the  levator  and  produce 
traumatic  ptosis;  a  misfortune  repairable  by  careful 
suturing,  were  it  not  that  in  such  cases  the  innervating 
branch  of  the  third  nerve  is  often  hopelessly  injured. 

Finalh'  in  the  consideration  of  all  wounds  of  the  lids, 
whether  accidental  or  surgical,  it  is  to  be  noted  that 
those  parallel,  or  nearly  so,  to  the  free  border  will 
produce  but  little  distortion,  and,  in  the  end,  scars  of 
but  slight  conspicuousness;  while  those  perpendicular, 
or  decidedly  oblique,  will  have  exactly  opposite  effects 
and  consequences.  All  purposive  incisions  are, 
therefore,  placed  as  nearly  parallel  to  the  free  edge 
as  the  nature  of  the  operation  will  permit. 

Injuries  of  the  CoNjtrNXTrvA. — Susceptible  as  it 
is  to  many  infections,  the  conjunctiva  is  as  remarkably 
tolerant  of  injury  as  it  is  comparatively  free  from  it. 
That  is  to  say,  in  any  large  clinic  one  will  see  many 
more    cases    of  conjunctivitis  of  microbian,  than  of 
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traumatic  origin,  and  will  observe  the  traumatic 
cases,  if  uncomplicated  by  injury  of  the  more  import- 
ant parts  of  the  eye,  to  be  of  shorter  duration  and  less 
distressing  to  the  patient.  Not  only  cuts  and  punc- 
tures, but  extensive  lacerations  and  losses  of  substance 
heal  promptly  and  without  the  production  of  obvious 
Bears.  An  infected  wound  of  the  conjunctiva  is 
uncommon.  When  we  reflect  that  the  membrane  is 
both  highly  elastic  and  vascular,  and  is,  except  where 
it  is  attaclied  to  the  limbus  cornea;  and  the  tarsvis, 
but  loosely  applied  to  the  lids  and  the  eyeball,  the 
reason  of  these  properties  becomes  clear.  We  sec, 
too,  that  it  will  rarely  become  necesf;ary  to  suture 
conjunctival  wounds.  Therefore,  when  foreign  bodies 
are  imbedded  in  the  conjunctiva  we  do  not  hesitate 
to  pick  up  a  bit  of  the  membrane  together  with  the 
offending  body  and  remove  both  with  a  snip  of  the 
scissors.  An  attempt  to  disentangle  a  bit  of  metal 
from  so  loose  a  network  of  connective  tissue  is  as 
effective  as  trying  to  unravel  a  cockleburr  from  a 
spider  web. 

A  common  foreign  body  in  the  conjunctiva  i.s  a 
grain  of  gunpowder.  This  being  composed  of  almost 
pure  carbon  sterilized  at  the  moment  of  explosion, 
does  no  harm  though  it  remain  indefinitely.  If  the 
number  of  such  grains  be  large,  and  the  patient  be 
concerned  about  the  cosmetic  effect,  many  of  them 
may  be  picked  out  after  the  conjunctiva  has  been 
anesthetized  by  the  instillation  of  a  four  per  cent, 
solution  of  cocaine;  but  at  the  expense  of  no  little 
trouble.  Beard  recommends  the  use  of  H202  after 
waiting  forty-eight  to  sixty  hours.  Liberal  portions 
of  the  conjunctiva  may  be  cut  away,  and  in  many 
operations  large  parts  of  the  bulbar  conjunctiva  are 
removed;  the  adjacent  edges  being  undermined,  slid 
together,  and  secured  by  sutures.  But  burns  of  the 
conjunctiva  are  another  matter.  Whether  caused  by 
heat  (molten  metal,  boiling  fluids)  or  chemical  action 
(acids  and  alkalies,  lime  the  most  common),  they  are, 
unfortunately,  frequent  enough.  They  heal  much 
more  slowly  than  other  injuries  and  it  is  difficult  to 
prevent  union  between  the  ulcerated  areas. 

The  burned  spot  is  at  first  of  a  dead  white  color, 
glazed  perhaps  with  adherent  mucus,  and  bordered 
by  a  red  ring.  In  a  day  or  so  the  surface  becomes 
shredy  or  pultaceous  looking  and  so  continues  until 
granulations  form.  Dark  colored  sloughs  I  have  never 
seen  but  once,  in  the  case  of  a  girl  reported  to  the 
American  Ophthalmological  Society  in  May,  1913,  as 
an  instance  of  ophthalmia  art^facta. 

Since  the  introduction  of  argyrol  I  have  several 
times  seen  the  conjunctiva  burned  with  tincture  of 
iodine  by  mistaking  it  for  argyrol.  In  all  cases  the  pain 
was  severe,  but  the  tincture  having  been  promptly 
washed  out  in  every  instance,  no  injury  followed. 
The  sense  of  smell  will  guard  us  against  such  mistakes. 
It  is  well  to  remember  that  chrysarobin  is  so  irritating 
to  the  conjunctiva  that  it  should  never  be  used  aliimt 
the  eyes.  After  all  injuries  to  the  conjunctiva  there 
will  be  extravasation  of  blood,  edema  (chemosis)  and, 
of  course,  hypersecretion,  more  or  less  according  to 
the  severity  of  the  traumatism.  These  need  not 
alarm  us.  In  about  two  or  three  weeks  time  the  blood 
will  have  been  absorbed  and  the  membrane  will, 
except  in  cases  of  severe  burns  or  scalds,  have  re- 
sumed an  almost  normal  appearance. 

Tncilmoit. — In  the  treatment  of  uncomplicated 
traumatic  conjunctivitis,  cold  compresses  (iced  cloths) 
and  the  frequent  instillation  of  a  detergent,  mildly 
astringent  wash  is  all  that  is  needed.  The  wash  used 
.  under  the  name  "B.  and  C."  for  all  such  purposes  in 
the  Eye,  Ear,  Nose,  and  Throat  Hospital  is  made  up 
of  borax,  3i.;  boric  acid,  gr.  x.;  camphor  water, 
3.;  and  water  to  one  ounce.  With  this  the  injured 
eye  may  be  gentlv  and  freely  irrigated  from  a  Todd's 
undine.'  .\t  the  end  of  a  week  or  ten  days,  should  the 
progress  toward  recovery  seem  unsatisfactory,  we 
may  try  cautiously  the  application  of  silver  nitrate 


solutions  to  the  everted  lidi;  one  or  two  graiiu*  Uj  tho 
ounce  of  water  will  be  strong  enough  to  Ijegin  with. 
If  symptoms  of  iritis  ai)|jear,  a  rare  event  in  uncom- 
plicated cases,  the  instillation  of  a  one  \>cr  cent.  mjIu- 
tion  of  atropin  sulphate  often  enough  to  mairi'  un 
full  dilatation  of  the  pupil  will  be  indicated  an'l  v. ■■ 
should  change  our  cold  to  hot  {not  warm)  appliciiti  •[]- 
In  burns,  nothing  seems  more  Hoothing  than  th^-  fri  - 
(luent  instillation  of  a  saturated  solution  (jf  co<:iiii>- 
in  pure  ca.stor  oil.  If  the  burned  areaH  be  situi''  1 
upon  the  surface  of  the  lid  and  u|>on  the  a-u:ill. 
visible  portion  of  the  eyeball,  wc  try  t<j  prevent  ad- 
hesion by  frocpiently  drawing  away  the  lid;  but  if  tho 
burn  is  in,  or  extends  to  one  of  the  culdiwacs  (fornici-) 
tliis  will  be  impossible.  In  spite  of  every  effort  tho 
raw  surfaces  will  grow  together,  and  when  healing  is 
completed  the  adhesions  will  be  stretched  into  bands 
or  bridles  of  lesser  or  greater  length,  covered  on  tlie 
outer  surface  with  conjunctival  epithelium.  Kucli  a 
band  is  called  a  symblepharon,  and  Ls,  especially 
when  extensive,  difficult  of  permanent  rclca.sc  by 
surgery.  The  many  ingenious  operations  for  the  re- 
lief of  this  condition,  depending  for  their  success  ujxm 
grafting  or  upon  resection  with  the  formation  of 
sliding  flaps,  do  not,  to  repeat,  come  within  the  sco|)C 
of  this  article. 

A  very  rare  condition,  ophthalmia  nodo.sa,  char- 
acterized by  the  appearance  of  nodules  or  tubercles 
on  the  conjunctiva,  is  caused  by  the  penetration  of  tho 
hairs  of  caterpillars,  or  of  some  plants.  The  diag- 
nosis is  often  suggested  by  the  history  of  the  ca.-*. 
A  certain  diagnosis  is  to  be  made  only  by  ex- 
cising the  nodules — which  is  the  treatment,  and 
examining  them  under  the  microscope.  De  Schwel- 
nitz  says  (Text-book,  Seventh  Edition)  that  "violent 
conjunctivitis  may  be  cau.sed  by  the  venom  of  certain 
serpents  should  this  come  in  contact  with  the  con- 
junctiva." Bad  burns  from  bits  of  aniline  pencil 
getting  into  the  eye  and  remaining  in  the  fornix 
have  been  noted. 

Injuries  of  the  Corn-e.\. — The  cornea  is  liable 
to  the  same  injuries  as  the  conjunctiva.  The  com- 
monest of  these  are  caused  by  small  flying  bodies 
which  lodge  upon  it-s  surface  or  become  imbedded 
in  its  substance. 

The  epithelial  layer  of  the  cornea  being  merely 
the  extension  of  the  conjunctiva  across  its  face,  a 
fact  long  known,  and  the  lodgment  of  these  foreign 
bodies  upon  or  in  either  of  these  niemV)ranes  being 
commonly  associat-ed  in  practice,  it  Ls  thought  well 
to  consider  these  injuries  together  here. 

Foreign  bodies  on  the  conjunctiva  of  the  globe, 
or  in  tlie  lower  culdesac,  are  \isually  promptly  re- 
moved by  whomsoever  gives  first  aid  and  with  tho 
simplest  means  at  hand — the  corner  of  a  handkerchief 
or  the  point  of  a  pencil.  If  the  body  adheres  to  tho 
surface  of  the  upper  lid  its  removal  will  demand 
ability  to  evert  the  lid.  The  amat-eur  usually  fails 
to  accomplish  this  without  an  undue  display  of 
awkwardness  and  force  because  he  does  not  know 
that  to  succeed  his  subject  must  look  persistently 
downward.  This  done,  if  the  thumb  nail,  a  matvh, 
or  pencil  point  be  pressed  down  at  the  wrinkle  that 
m.arks  the  upper  border  of  the  tarsus,  while  tho 
finger  .and  thumb  that  hold  the  cyehushes,  or  lid- 
edge,  execute  around  this  point  a  motion  downward, 
forward,  and  upward,  the  lid  turns  readily  in- 
side out.  It  can  be  caught  and  held  in  position  by 
the  left  thumb  placed  upon  its  edge:  but,  only  so  King 
as  the  patient  continues  to  look  down.  Tho  foroicn 
bodv  will  oftenest  be  found  in  a  little  sulcus  in  the 
tarsus  just  within  the  free  border  and  can  Iv?  re- 
moved with  anv  small,  clean,  probe-like  instrument. 
Some  of  these  "bodies,  either  from  their  nature  or 
their  position,  are  worthy  of  a  little  consideration. 
.\s  before  said,  if  the  fragment  of  met.al.  stone,  or 
what   not,   be   imbedded   in    the   conjunctiva,    it    is 
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best  to  lay  hold  of  it  with  forceps  and  remove  it 
together  with  a  bit  of  the  membrane  by  a  snip  of 
the  scissors;  but  glass  in  such  a  situation  may  give 
us  endless  trouble  to  detect  it,  and  can  only  be 
found  with  certainty  by  feeling  with  a  probe.  The 
wing-cases  of  small  beetles  apply  their  concave  sides 
like  cups  to  the  conjunctival  or  corneal  surface, 
and  in  this  way  adhere  with  great  tenacity.  After 
remaining  in  the  eye  for  some  time  and  becoming 
partially  covered  with  a  little  mucus  they  can  some- 
times be  distinguished  from  ulcers  only  by  close 
inspection  through  a  good  magnifying  glass  (binocular 
loupe)  under  strong  illumination  (oblique  light).. 
These  bodies  may  slowly  change  position — Alac- 
Kenzie  cites  from  Loders'  Journal  the  case  of  a 
priest,  who,  two  years  before,  after  momentary  pain, 
had  noticed  a  dark  speck  on  the  white  of  the  eye  above 
the  cornea.  After  a  time  he  was  aware  that  the  spot 
had  changed  its  position  to  the  limbus.  "The  speck 
continued  its  progress  very  slowly,  but  uninter- 
ruptedly ;  it  came  forward  on  the  cornea,  and  at  last 
covered  a  portion  of  the  pupil.  There  was  a  promi- 
nent hard  spot  upon  the  cornea,  eciualling  in  size  a 
small  lentil;  but  longer  than  it  was  broad.  Many 
small  vessels  appeared  like  streaks  around  it.  The 
patient  had  no  pain."  On  removal  "it  proved  to 
be  the  hard  wing-case  of  a  beetle."  Laborers  in 
harvest  fields  are  likely  to  get  bits  of  the  beards  of 
grain  into  their  eyes.  These,  from  the  set  of  their 
serrations,  work  into  the  upper  fornix,  soon  become 
covered  with  mucus  and  the  swollen  membrane,  and 
are  hard  to  find.  Indeed,  no  search  for  the  cause  of 
a  monocular  conjunctivitis  can  be  called  complete 
until,  during  cocaine  anesthesia,  the  fornix  has 
been  explored  with  a  probe  or  Daviels'  Spoon. 
Formerly,  seldom  now-a-days,  "Eye  Stones"  ("the 
flat  opercula  of  certain  mollusks,"  Duane)  were 
often  removed  from  eyes,  into  which  they  had  been 
put  to  bring  away  foreign  bodies. 

Injuries  to  the  cornea,  even  to  the  epithelial  layer 
alone,  are  of  vastly  greater  consequence  than  to  the 
conjunctiva.  This  because  of  the  rapid  loss  of 
transparency  that  follows  every  such  lesion  and  be- 
cause the  non-vascular  cornea,  living  precariously 
from  hand  to  mouth,  as  it  were,  is  immeasurably 
more  liable  to  infection  and  its  dire  results.  The 
liability  will  depend  upon  the  nature  and  position  of 
the  wound;  the  state  of  the  instrument  with  which 
it  is  inflicted,  and  the  age  and  general  health  of 
the  patient.  Wounds  of  the  center  are  much  more 
dangerous  than  those  of  the  corneal  margin,  which 
is  nearer  the  supplies  of  nutrition  contained  in  the 
vessels  of  the  corneoscleral  juncture;  those  cut  by 
clean  and  sharp  edges  than  those  lacerated  by  rough 
and  dirty  ones.  Children,  in  whom  tissue  changes  are 
more  active,  will  prove  more  resistant  to  corneal  in- 
fection than  their  elders,  in  whom  metabolism  is  com- 
paratively sluggish;  and  similarly  persons  in  full  health 
than  those  of  impaired  vitality.  Thus  ulcers  of 
the  corneal  center  are  much  more  likely  to  perforate, 
because  the  time  required  for  them  to  become 
vascularized  is  so  much  longer  than  in  the  case  of 
marginal  ulcers.  Abrasions  made  by  the  finger 
nails  of  children  or  by  the  leaves  or  stalks  of  plants, 
objects  notoriously  dirty,  are  very  likely  to  become 
infected,  and  in  old  people  often  bring  on  ulcers 
that  involve  the  whole  cornea  and  so  destroy  the  eye. 
On  the  other  hand  we  see  negro  children  with  running 
noses,  grimy  hands,  and  in  every  way  as  dirty  as 
the  imagination  can  paint,  in  whom  large  cuts  of 
the  cornea  heal  promptly  and  smoothly. 

Treatment. — Foreign  bodies  merely  lodged  upon 
the  surface  of  the  cornea  may  be  readily  whisked  off 
with  the  cotton-wrapped  probe,  after  the  instillation 
of  -t  per  cent,  cocaine  hydrocloride  solution  (or  2  per 
cent,  holocain),  which  is  supposed  to  precede  all  explor- 
ations and  distressing  treatment  of  corneal  injuries. 
The  drug  should,  however,  never  be  used  frequently 
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for  a  length  of  time  to  relieve  suffering  on  account 
of  its  lethal  effect  upon  the  corneal  epithelium. 
Even  when  the  offending  body  has  penetrated  .slightly 
the  cotton-wrapped  probe  should  he  the  first  used, 
as  it  is  the  least  damaging  instrument  save  in  expert 
hands. 

After  one  or  two  failures  with  the  probe,  a  towel 
should  be  put  over  the  patient's  hair,  and  the  operator 
should  stand  behind  him  steadying  the  head  against 
his  chest  with  the  hand  that  holds  the  lids  apart. 
A  light  with  a  ground  glass  globe  situated  to  one  side 
and  above  should  be  concentrated  upon  the  cornea 
with  a  lens  held  by  an  assistant,  or  the  patient 
himself,  or  mounted  in  a  frame  held  by  a  ring  upon 
the  surgeon's  finger.  By  playing  this  oblique  illu- 
mination over  the  surface  of  the  cornea,  the  minutest 
particle  will  either  be  seen  through  the  binocular 
loupe  worn  by  the  surgeon,  or  reveal  its  presence 
by  a  break  or  flaw  in  the  reflection  from  the  corneal 
surface.  In  cases  of  great  difficulty,  the  instillation 
of  a  droplet  of  Merck's  fluorescin  solution,  followed 
by  repeated  washings,  will,  by  staining  the  depression 
in  which  the  foreign  body  rests  a  vivid  green,  make  it 
more  con.spicuous.  This  staining,  too,  renders 
great  service  in  enabling  us  to  distinguish  whether  we 
are  dealing  merely  witli  the  pit  from  which  a  foreign 
body  has  fallen,  an  abrasion,  or  whether  the  body 
is  still  present.  The  operator  now  places  his 
blunt  or  sharp  spud  or  needle  (a  sewing  needle 
whipped  through  a  flame  will  do  in  a  pinch)  just 
above  the  foreign  body,  for  the  eye  is  likely  to  be 
rolled  up  as  the  instrument  touches  it,  and  endeavors 
to  turn  it  out  with  a  quick,  rotary  flirting  movement. 

Our  efforts  are  sure  to  enlarge  the  break  in  the 
epithelium,  and  the  longer  the  body  has  remained  in 
the  eye  the  larger  the  area  of  de.struction.  It  is  well, 
however,  that  all  the  dead  or  dying  epithelium  should 
be  removed,  the  wound  will  be  the  cleaner  and  will 
heal  all  the  quicker.  The  charred  and  discolored 
rings  about  "hot  sparks"  should  also  be  removed, 
though  we  need  not  be  too  particular  in  scraping 
away  mere  light  rust  stains.  'There  can  be  no  doubt 
that  large  numbers  of  eyes  are  lost  or  seriously 
damaged  by  infection  through  well-meant  efforts  at 
removing  foreign  bodies  with  knife  blades,  and  other 
dirty  instruments,  on  the  part  of  fellow  workmen  or 
other  amateurs,  unhappily  ignorant  of  the  impor- 
tance of  asepsis  in  performing  this,  seemingly,  trifling 
service.  This  danger  has  led  to  the  adoption  of  an 
inflexible  routine  in  the  treatment  of  such  cases  in 
our  clinic.  The  eye  is  cocainized,  then  stained  with 
fluorescin.  Under  oblique  illumination  the  foreign 
body  is  removed.  Atropine  sulphate  solution  (one 
per  cent.)  is  instilled  unless  there  be  contraindications 
of  age  or  tension.  The  eye  is  then  thoroughly 
cleansed  by  repeated  alternate  instillations  of  ten 
per  cent,  argyrol  and  irrigations  with  B.  and  C. 
Finally  a  Blanco  dressing,  consisting  of  two  discs  of 
gauze  holding  between  them  a  pad  of  absorhent 
cotton,  and  cemented  to  the  circumference  of  the 
orbit  with  flexible  collodion,  is  applied.  This  dress- 
ing is  removed  daily  and  the  eye  cleansed  and  treated 
with  fluorescin.  When  the  corneal  injury  ceases  to 
stain  the  dressing  is  discontinued  and  the  patient 
discharged.  This  precludes  infection  by  dirty  hands, 
handkerchiefs,  etc.,  and  saves  long  suffering  and  loss 
of  time  from  after-coming  corneal  ulcer.  The  fore- 
going applies  as  well  to  the  management  of  the  super- 
ficial injuries  known  as  erosions  or  abrasions  of 
the  cornea.  A  steel  or  iron  foreign  body  that  has 
penetrated  the  susbstance  of  the  cornea  must  be 
drawn  out  with  a  magnet  of  adequate  strength. 
In  the  case  of  other  substances  we  shall  have  to  cut 
down  with  a  Graefe,  or  other  small  razor-sharp 
knife,  and  withdraw  the  foreign  body  with  fine 
forceps.  Should  the  body  have  penetrated  the  whole 
thickness  of  the  cornea,  so  that  one  end  lies  in  the 
anterior    chamber,    we    must    pass    a    narrow    bent 
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keratome  through  the  limbus,  either  to  push  it  l)ack 
or  to  restrain  it  from  further  penetration  wliile  we 
cut  down  upon  it.  Nature  removes  foreign  bodies 
by  necrosis  of  the  corneal  substance  upon  which  they 
rest.  This  must  often  be  a  slow  process,  however, 
for  I  have  removed  scores  of  foreign  bodies  from 
the  corncK  of  negroes  who  asserted,  and  could  give 
fairly  circumstantial  histories  in  support,  that  the 
accident  had  occurred  weeks  or  months  before.  1 
have  seen  ciliary  hyperemia,  but  not  true  iritis, 
follow  this  long  retention  of  the  foreign  body.  When 
the  injured  area  has  lost  the  gray  hue  of  infiltration 
and  has  acquired  a  cream,  or  yellow  color,  infection 
has  taken  place.  The  eye  should  be  at  once  thor- 
oughly cocainized  and  the  infected  area  lightly  but 
completely  touched  with  tincture  of  iodine  on  the 
end  of  the  cotton-wrapped  probe  or  of  any  small  stick 
whittled  down  to  a  clean  surface  and  suitable  ex- 
tremity. If  the  lids  be  held  well  away  from  the 
cornea  until  the  application  has  dried  perfectly,  the 
pain  will  be  entirely  tolerable.  The  application  may 
have  to  be  repeated  once  or  twice  before  the  yellow 
hue  is  seen  to  disappear.  It  will  rarely  be  necessary 
to  ulcers  of  the  margin.  Atropine  should  now  be 
instilled,  if  there  be  no  contraindication,  and  the 
lid  be  immobilized  with  a  disc  of  damp  gauze  and 
a  pad  of  cotton  held  in  place  by  a  pair  of  hook  tem- 
ple spectacles,  strong  enough,  and  so  adjusted  as 
to  produce  the  necessary  pressure  or  if  we  prefer, 
with  a  Liebreich's  bandage.  This  may  be  removed, 
and  renewed  every  hour  when  the  patient  bathes 
the  closed  eye  with  stinging  hot  water  and  instills 
fresh  ten  per  cent,  argyrol  solution.  After  some  days, 
when  the  ulcer  has  become  clean  and  stimulation 
together  with  further  antisepsis  should  be  Vjene- 
ficial,  we  may  make  light  massage  of  the  cornea 
through  the  closed  lid  after  introducing  a  bit  of  yellow 
oxide  of  mercury  ointment,  at  first  of  one  and  then  of 
two  per  cent,  strength.  If  the  ulcer  continues  pul- 
taceous  or  shreddy  from  the  start,  daily  forcilile 
Irrigations  with  a  fine  stream  of  B.  and  C.  or  "normal 
salt"  from  an  undine,  a  sort  of  hydraulic  curettage, 
may  be  indicated.  It  is  needless  to  say  that  atten- 
tion should  be  paid  to  the  general  health;  the  bowels 
should  be  regulated,  the  patient  should  abstain 
from  alcohol,  the  immoderate  use  of  tobacco,  indi- 
gestible food,  etc.  I  do  not  think  that  well-being 
should  be  jeopardized  and  introspection  and  brood- 
ing be  fostered  by  confinement  to  bed  or  to  a  darkened 
room;  on  the  contrary,  the  patient  will  be  diverted 
and  improved  by  easy  exercise,  walking  or  driving 
in  the  open  air,  and  by  a  rationally  directed  par- 
ticipation in  his  usual  pursuits.  At  the  proper 
time  he  shovild  be  warned  of  the  inevitable  result  in 
scars  upon  his  cornea  and  their  effect  upon  his  vision, 
should  the  ulcer  have  extended  deeper  than  Bow- 
man's membrane — into  the  true  svibstance  of  the 
cornea.  All  uncomplicated  wounds  of  the  cornea 
may  be  treated  upon  these  principles.  Punctured 
wounds  usually,  lacerated  wounds  almost  always, 
are  complicated  by  injuries  to  other  parts  of  the  eye- 
ball. The  former  are  so  small  that  our  chief  care 
when  they  are  uncomplicated  is  to  prevent  the  oc- 
currence of  infection  before  healing  is  completed. 
When  the  cornea  as  well  as  the  conjunctiva  h.-is 
suffered  a  thermal  or  chemical  burn,  the  case  is 
more  serious.  In  chemical  burns  the  prime  require- 
ment is  to  flood  the  eve,  diluting  and  washing  out  the 
offending  substance.  "  It  would  seem  that  the  .selec- 
tion and  preparation  of  a  neutralizing  irrigating  fluid 
.(i.e.  a  weak  alkali  for  acid,  an  acid  for  alkaline  burns; 
strong  svrup  for  lime,  etc.)  has  greater  theoretic  than 
practical  merit.  He  who  first  sees  the  agonized 
victim  of  such  an  accident  is  confronted  with  a 
situation  demanding  instant  action.  There  is  no 
time  to  gather  materials  and  to  make  approved 
solutions.  If  there  be  nothing  better  at  hand  we 
must  use  the  water  from  the  first  tap.     An  excellent 


wash,  and  one  that  is  promptly  ulitiilnablc  in  niont 
hoiLseholds,  i.s  milk.  It  is  grcajiv,  faintly  alkaline, 
a.s  are  the  secretions  of  the  eye,  is  therefore  bland  and 
devoid  of  the  rough  unpleasant  feeling  of  water, 
and  it  can  be  had  in  abunclancc.  If  no  small  vi-nj*l 
is  at  once  within  reach,  the  paticnt'K  head  inunt  l»c 
held  under  the  faucet  and  a  gentle  stn-ain  be  din-clod 
into  his  eye,  held  o[)en  by  his  own  and  the  ^urgi-on'* 
fingers.  But  where  a  vessel  from  which  the  fliiirl 
can  be  poured  by  an  a.ssistant  in  get-at-able,  the 
patient  should  lie  flat,  the  surgeon  hliould  hold  the 
lids  apart,  and  a  copious,  but  not  forcil)le  stream 
should  be  poured  into  the  eye.  While  this  procitd* 
the  surgeon  by  divers  manipulations,  pulling  down 
the  lower  lid,  drawing  the  upper  lid  away  from  the 
ball,  from  time  to  time  everting  it,  not  only  caufos 
the  flood  to  reach  every  portion  of  the  conjunctival 
sac,  but  by  these  movements  of  the  lidi,  gently 
executed,  he  pushes  or  rolls  out  the  ofTcnding  ma- 
terial, ^leantime  four  per  cent,  cocaine  w>lution 
will  have  been  obtained  and  in.stilled,  and  the 
patient's  suffering  being  allayed,  every  particle 
of  foreign  matter,  sup|)osing  it  to  have  been  wjlid, 
can  be  removed  with  a  Daviel  spoon,  or  similar  in- 
strument and  the  eye  be  cleansed  thoroughly.  After 
burns  by  exi)loding  gunpowder,  the  black  grains  will 
be  seen  imbedded  in  the  cornea  as  well  as  in  the  lids 
and  conjunctiva  and  may  be  dealt  with  in  the  manner 
alreadv  described  (injuries  of  the  conjunctiva). 
The  degree  and  extent  of  the  corneal  burn  will  be 
indicated  by  the  ensuing  opacity.  In  the  slighter 
degrees,  a  larger  or  smaller  area  of  the  cornea  will 
have  a.ssumed  a  pearly  gray  C(jlor;  in  severe  burns 
the  whole  cornea  ai)pears  ius  though  overlaid  by  a, 
thin  layer  of  smooth  porcelain  through  which 
neither  the  iris  nor  the  pupil  may  be  visible.  If 
the  cornea  has  been  penetrated  the  prognosis  Ls 
bad,  but  in  the  less  severe  burns  the  opaque  cornea 
often  clears  up  to  a  surprising  extent  and  our  prog- 
nosis sh()\ild  not  be  too  gloomy.  Burns  ca\ised  by  a 
droplet  of  molten  metal  are  usually  less  severe  than 
those  from  lime.  The  metal  forms  a  thin  .scale 
between  the  lid  and  the  eyeball  and  is  rapidly  cooled 
by  the  tears,  while  the  lime  acts  for  a  long  time  on 
that  portion  of  the  eye  with  which  it  remains  in 
contact.  After  all  burns  the  eye  will  in  a  short  time 
have  become  violently  red,  both  the  conjunctival  and 
ciliary  systems  of  ves.sels  being  injected,  as  in  all 
severe  affections  of  the  cornea.  There  will  bo 
hypersecretion,  pain,  and  photophobia.  For  these 
reasons  we  shall  have  to  instil  atropine  and  leave  the 
eye  unbandaged  under  a  patch  or  smoked  gla.ssos, 
cleansing  it  frequently  until  the  somewhat  slow 
healing  is  completed.  Pain,  at  first  .severe,  may  have 
to  be  relieved  by  narcotics,  but  the  instillation  of 
cocainized  ca.stor  oil  is  very  soothing.  M  all  events 
some  a.septic  oily  substance  will  have  to  be  applied 
during  the  whole  course  of  treatment.  In  burns, 
as  in  every  case  in  which  the  corneal  epithelium  is 
destroyed,  lead  washes  must  be  avoided  on  account 
of  the  opaiiue  white  deposits  they  cause.  There 
is,  indeed,  no  excuse  for  ever  using  them  about  the 
eyes,  a.s  many  other  substances  are  quite  as  valuable 
and  entirely  free  from  this  oljjcction. 

.\fter  severe  contusions  of  the  eyeball  we  may 
find  a  grav,  usuallv  central  opacity  of  the  cornea. 
This  gcnefallv  clears  up  quickly  with  no  further 
treatment  than  .atropine,  unless  it  be  contraindicatod. 
hot  bathing  of  the  closed  eye  and  the  tise  of  smoked 
glasses.  A  similar  opacity  is  .said  to  be  sometimes 
seen  in  the  new-born,  probably  jus  the  result  of 
contusion,  usuallv  with  the  obstetric  forceps.  De 
Schweinitz  savs  "that  such  injuries  may  sometimes 
bo  severe  and  are  perhaps  the  real  cause  of  some 
so-called  congenital  leucomata. 

I.NjtrKiES  OF  THE  SoiXRK.— The  sclera  inay.  of 
course,  be  injured  in  every  conceivable  way ;  it  may  tH» 
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cut,  punctured,  lacerated,  burned,  or  ruptured,  but 
injuries  of  this  meml>rane  net  involving  other  parts 
of  the  eye  are  among  the  rarest.  Rupture  usually 
takes  place  near  the  corneal  margin  and  may  be 
subconjunctival. 

Treatnienl. — When  the  conjunctiva  has  been  opened 
and  the  alisence  of  infection  at  the  time  of  the  injury 
justifies  an  effort  to  save  the  eyeball,  scleral  wovinds 
must  be  approximated  accurately  with  the  requisite 
number  of  sutures;  for  openings  in  this  dense  and 
tense  membrane  tend  to  gape  to  a  degree  com- 
mensurate -n-ith  their  extent.  If  a  portion  of  the 
uvea  and  of  the  vitreous  present  in  the  gap,  these 
must  be  cut  away  cleanly,  with  no  more  drawing 
upon  them  or  pressure  upon  the  globe  than  is  una- 
voidable. Then,  after  careful  cleansing  of  the  eye 
(repeated  B.  and  C.  and  ten  per  cent,  argyrol  solution 
washing;  1  to  5,000,  bichloride  irrigation),  the  sutures 
are  introduced  through  the  neighboring  conjunctiva 
in  such  a  way  as  to  bring  the  lips  of  the  wound  in 
the  sclera  closely  together.  The  silk  used  should  not 
be  too  fine  and  the  stitches  should  be  placed  from  three 
to  four  millimeters  from  the  edge  of  the  conjuncti- 
val opening,  or  they  will  be  sure  to  cut  out  before  suffi- 
cient agglutination  of  the  wound  has  taken  place.  Su- 
turing the  sclera  itself  does  not  seem  justifiable;  for 
wounds  so  large  that  they  cannot  be  well_  closed  by 
conjunctival  sutures,  must  inevitably  result  in  destruc- 
tion of  the  eye;  and  the  insertion  of  such  sutures 
can  hardly  fail  to  produce  further  extrusion  of  the 
contents  of  the  globe.  The  best  way  to  proceed  is 
to  raise  with  the  forceps,  some  three  or  four  milli- 
meters beyond  one  end  of  the  wound,  a  fold  of  the 
conjunctiva  as  wide  as  the  distance  is  to  be  between 
the  points  of  entrance  and  exit  of  the  line  of  sutures 
we  intend  to  pass  through  the  conjunctiva.  Transfix 
this  fold  with  a  suture  and  tie,  but  do  not  cut  it  off. 
Now  by  drawing  upon  the  threads  thus  left  we  can 
not  only  steady  the  eyeball  more  gently  and  with 
less  pressure  than  with  a  fixation  forceps,  but  we  can 
lift  the  conjunctiva,  ready  for  the  next  stitch,  well 
away  from  the  sclera.  The  same  method  may  be 
followed  with  each  succeeding  suture,  greatly  facili- 
tating our  task.  When  surgical  incisions  are  to  be 
made  through  the  sclera  (e.g.  posterior  sclerotomy; 
cyclodialysis)  it  is  best  first  to  incise  and  undermine 
the  conjunctiva;  and  to  pass  through  it  the  sutures 
intended  to  close  the  scleral  opening,  drawing  out 
the  loops  of  the  threads  amply  and  laying  them  to  one 
and  to  the  other  side.  The  operation  being  finished, 
the  cut  in  the  sclera  can  be  closed  immediately, 
before  the  escape  of  much  vitreous  and  with  the  mini- 
mum of  disturbance  to  the  opened  globe.  Small 
unsutured  wounds  of  the  sclera  will  heal  perfectly 
in  an  eye  kept  clean  under  a  dressing  which  immo- 
bilizes the  lid.  Such  a  dressing  is,  in  my  opinion,  of 
more  value  than  cold  applications.  Atropine  should 
be  instilled  to  keep  the  iris  and  ciliary  body  quiet  and 
the  eye  should  be  cleansed  and  dressed  once  a  day. 
It  is  to  be  remembered  that  small  perforations  of 
the  sclera,  otherwise  hidden,  may  be  revealed  by 
the  almost  total  loss  of  tension  of  the  eyeball.  We 
should  remember  too  that  the  prognosis  even  after 
these  small  wovmds  must  be  guarded,  because  the 
almost  certain  concomitant  injury  to  the  choroid 
and  vitreous  is  likely  to  lead  to  ultimate  detachment 
of  the  retina.  The  following  case  aptly  illustrates 
all  these  points.  A  woman  of  about  forty,  in  the 
last  weeks  of  pregnancy,  came  saying  that  the  day 
before  she  had  overturned  a  seltzer  bottle;  it  burst 
and  a  large  piece  struck  her  on  the  eye.  There  was  a 
trifling  cut  on  the  upper  lid  of  the  left  eye  and  at 
about  three  millimeters  beyond  the  temporal  end  of 
the  horizontal  meridian  of  the  cornea  there  was  a  Y- 
shaped  woundof  the  conjunctiva  and  the  sclera,  about 
nine  millimeters  long  in  all.  Tension  was  almost 
normal,  and  there  was  no  choroid  or  vitreous  visible  in 
the    wound,   and  no  blood  in  the  anterior  chamber. 


Vision  was  finger  counting  at  one  foot  and  the  ophthal- 
moscope showed  huge  floating  vitreous  opacities.  This 
seemed  to  be  a  case  of  uncomplicated  incised  wound 
of  the  conjunctiva  and  sclera.  Atropin  was  instilled, 
a  pad  held  in  place  by  hook-temple  spectacles,  which 
she  was  told  to  replace  by  cold  compresses  now  and 
then,  was  put  on  and  instillations  of  ten  per  cent, 
argyrol  were  ordered  every  two  hours,  with  the 
warning  not  to  strike  or  press  upon  the  eye.  Two 
days  afterwards  the  wound  was  gaping  slightly  with 
a  tiny  bead  of  vitreous  presenting.  Two  conjunc- 
tival sutures  were  placed.  Twenty-nine  days  after 
the  injury  the  wound  was  healed  with  a  minute 
black  spot  at  one  point.  Tension  and  all  appear- 
ances of  the  eye  were  normal.  The  pu])il  being  still 
widely  dilated  by  atropin,  the  vision  was  equal  to 
20/lxx.  The  ophthalmoscope  showed  large  floating 
opacities,  but  quite  a  fair  view  of  the  disc  and  larger 
vessels  was  possible.  The  doubtful  nature  of  the 
prognosis  was  explained  to  the  patient,  and  I  saw  her 
no  more  until  fourteen  months  after  her  first  visit. 
The  sight  of  the  injured  eye,  .she  said,  had  remained 
quite  good  until  two  weeks  before.  At  this  time 
v.,  L.  E.  =  l.  p.  and  R.  E.  =  20/xx  The  ophthalmo- 
scope showed  in  the  L.  E.  an  almost  complete 
detachment  of  the  retina.  It  is  evident  that  it 
would  have  been  wiser  to  have  sutured  the  wound 
at  the  time  of  the  first  visit  and  to  have  closed  the 
eye  more  thoroughly,  but  I  do  not  believe  it  would 
have  changed  the  outcome. 

Injuries  of  the  Uve.4.  .\xd  Retina. — It  is  only  by 
violent  blows  upon  the  eye  that  uncomplicated 
injuries  of  the  iris,  the  choroid,  or  the  retina  can  be 
produced.  After  such  an  accident  it  is  common 
to  see  the  anterior  chamber  filled  with  blood  (hy- 
phema). When  after  twenty-four  hours  we  inspect 
the  eye  again,  the  blood  will  have  settled  to  the 
bottom  of  the  chaml^er  as  a  thin  crescent,  or  occupy 
its  lower  portion  in  a  half-moon-shaped  clot  of  a  dark 
red  color.  The  pupil  instead  of  appearing  round 
will  have  something  of  a  kidney  shape.  Then  we 
will  observe,  in  light-colored  eyes  very  easily,  that 
the  peripheral  part  of  the  iris  corresponding  to  the 
flattened  portion  of  the  pupil  is  detached  from  its 
root,  its  insertion  into  the  ciliary  processes,  giving  rise 
to  a  new  small,  crescent-shaped,  black  pupil  (irido- 
dialysis).  If  light  is  reflected  into  the  eye  with  and 
ophthalmoscope,  this,  as  well  as  the  natural  pupil, 
gives  back  a  glowing  red  reflection.  Not  infre- 
quently so  large  a  portion  of  the  iris  will  have  been 
torn  away  at  the  root,  that  it  seems  to  stretch  like 
the  chord  of  an  arc  across  the  middle  of  the  pupillary 
space.  Sometimes  close  observation  will  show  fine 
radial  tears,  running  from  the  pupil  edge  into  the 
substance  of  the  iris.  Fuchs  thinks  that  such  small 
lacerations  are  the  most  frequent  cause  of  dilatation 
of  the  pupil  after  contusion,  by  reason  of  the  weakening 
or  paralysis  of  the  sphincter  they  produce.  Rarely 
these  lacerations  are  large,  and  then,  of  course,  the 
pupil  seems  widely  dilated  in  the  direction  of  the 
split.  It  is  from  these  lesions  of  the  iris  that  the  blood 
we  see  in  the  anterior  chamber  has  come,  but  we 
occasionally  see  hyphema  when  the  closest  inspection 
cannot  discover  any  injury  of  the  membrane.  In- 
stances of  complete  detachment  of  the  iris  from  the 
ciliary  body  are  known.  Rarely  a  portion  or  even 
the  whole  "of  the  membrane  is  inverted  or  turned 
back  upon  itself,  and  then  seems  either  partially  or 
wholly  to  have  disappeared. 

Trealment. — There  is  little  or  nothing  we  can  do 
to  repair  the  consequences  of  such  happenings. 
According  to  most  authorities  the  separated  iris 
never  becomes  reattached,  but  Griining  says  he  has 
seen  it  occur  once  and  cites  another  case  from  Berry 
(Norris  and  Oliver;  System).  Iritis  rarely  follows, 
vet  it  seems  wise  to  put  the  parts  at  rest  by  the  use 
of  atropine;  though  dilatation  of  the  pupil  might  be 
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supposed  to  favor  the  extension  of  radial  lace- 
rations. Certainly  those  cases  treated  by  instillation 
of  atropine  and  the  wearing  of  dark  glasses  have,  in 
my  experience,  recovered  just  as  promptly  as  though 
many  other  things  had  been  done.  Though  the  injury 
to  the  iris  may  have  little  effect  upon  vision,  the 
prognosis  should  be  guarded  for  traumatic  cataract 
not  infrequently  develops,  even  after  the  lapse  of 
months,  and  there  may  be  injury  to  other  invisible 
parts  of  the  eye  (ciliary  body). 

Rupture  oj  the  choroid  is  the  only  uncomplicated 
injury  which  can  occur  to  the  remainder  of  the  uvea; 
and  this  is  true  of  the  retina,  which  is  sometimes 
torn  at  the  moment  that  the  vascular  tunic  is  lacer- 
ated. As  the  result  of  the  accident  blood  is  u.suallv 
extravasated  into  the  vitreous,  and  the  vision  is,  of 
course,  obscured.  In  the  great  majority  of  in- 
stances coming  under  my  obsers'ation  the  fact  of 
the  traumatism  and  a  certain  "strange  look  before 
the  eye"  have  led  to  the  ophthalmoscopic  examination. 
This  reveals,  if  the  case  be  seen  soon,  a  buff-colored 
crescent,  bordered  or  splotched  with  dark  red  (blood), 
situated  between  the  nerve  head  and  the  macula, 
sometimes  higher,  sometimes  lower,  and  concentric 
with  the  disc.  Later,  as  all  blood  is  absorbed  and 
the  sclera  shows  more  plainly  through  the  tear,  the 
cre=cent  becomes  niore  clearly  white  bordered,  per- 
haps speckled,  lightly  with  black  pigment.  Some- 
times the  ruptures  are  multiple,  and  smaller  lac- 
erations branch  from  the  larger.  The  diagnosis 
presents  no  difficulty;  the  appearances  are  absolutely 
characteristic.  If  the  retina  has  also  been  ruptured 
the  retinal  vessels  do  not  pass  across  the  tear  in  the 
choroid;  their  continuity  is  broken  by  the  laceration. 
This  is  uncommon,  but  we  must  believe  with  de  Weck- 
er  that  it  is  impossible  to  suppose  that  the  delicate 
ner\"ous  membrane  can  wholly  escape  injury-.  When 
all  other  effects  of  the  accident  have  passed  away  a 
scotoma  in  the  field  of  vision  will  correspond  to  the 
site  of  the  cicatrized  rupture. 

iNJrrRiES  OF  THE  Whole  Globe  (Complicated 
Injuries). — Although  the  development  of  the  pro- 
tective bony  orbit  has  gone  on  together  with  that  of 
the  mammalian  eye,  it  cannot  be  said  to  have  kept 
pace,  for  serious  injuries  of  the  eyeball,  involving 
many  of  its  parts,  are  all  too  common.  These 
embrace  every  form,  contusions,  punctures,  incisions, 
lacerations,  burns,  and  gunshot  wounds  with  both 
bullets  and  small  shot.  The  mode  and  the  instru- 
ments of  these  accidents  seem  limited  only  by  the 
range  of  possibility.  I  have  seen  them  caused  by 
chicken  and  rabbit  bones,  by  a  catfish  and  a  cray- 
fish thrown  in  a  spirit  of  fun  or  anger.  I  once  saw  an 
eye  dashed  to  pieces  by  the  impact  of  an  oncoming 
teal  duck  shot  by  a  professional  hunter.  More  than 
one  case  in  which  a  rifle  ball  had  passed  through  the 
orbit  severing  the  optic  nerve,  but  doing  no  other 
permanent  damage,  has  come  under  my  notice. 
Among  artizans  flying  nails  and  staples  or  bits  of 
metal,  stone,  glass  or  earthenware,  penetration  by 
wire,  bursting  cartridges,  exploding  dynamite,  molten 
lead  or  iron  and  broken  belts,  and  burns  with  acids, 
lime  or  a  nmonia  or  lye,  are  common  causes  of 
injury.  Workers  in  the  saw  mills  not  rarely  have 
an  eye  shattered  by  a  large  splinter  ripped  and  thrown 
violently  from  the  plank  or  log.  Farmers  are  often 
injured  by  overhanging  branches  or  by  thorns,  or 
stubble;  by  the  kicks  of  horses,  the  horns  of  cattle 
and  the  spurs  of  cocks.  Butcher's  hooks,  umbrella 
ribs,  corks,  bursting  bottles,  toy  bows  and  arrows, 
blow-guns,  slings,  and  air  rifles  have  destroyed 
many  eyes.  The  points  of  pens,  scissors,  knives,  and 
forks  are  often  driven  into  eyes  by  sudden  jerks. 
Cutting  kindling  wood  is  a  fertile  cause  of  bad  lacera- 
tions. Formerly  many  desperate  injuries  were  in- 
inflicted  by  the  bursting  of  the  old-fashioned  per- 
cussion caps.     I  have  seen  frightful  lacerations  caused 


by  the  cotton-hook.s  of  the  MissUsippi  roastaUjutii 
u-sed  as  weapons.  For  practical  purpo8C«,  the  two 
most  comprehensive  groups  into  which  grave  com- 
plicated injuries  may  be  divided  are  the  tjopcli;^ 
and  the  reasonably  hopeful. 

In  the  former  category  must  be  placed  thoKc  in 
which  the  eyeball  has  been  widely  opened  with 
loss  of  much  of  its  contents,  with  prof  a-*  intra- 
ocular hemorrhage,  the  lens  perhaps,  being  extrudi'd 
and  the  iris  lacerated  ancl  prolapsed;  all  eves  in 
which  suppuration  in  the  vitrous  chaiiil^er  has 
begun,  at  the  time  the  patient  is  first  seen.  Here, 
as  in  all  departments  of  surgery,  the  exi>crience  and 
judgment  of  the  surgeon  are  ail  important  in  havinR 
his  patient  long  and  viseless  suffering;  in  ophthalmic 
surgery  with  all  the  important  addition — the  sight  of 
the  miinjurcd  eye.  In  sucli  cases,  a  prompt  enu- 
cleation will  end  in  twenty-four  hours  severe  pain 
that  otherwise  must  last  through  weeks;  and,  in 
most  ca.ses,  will  permit  the  patient  to  return  to  a 
distant  home  within  two  weeks.  In  siippuratinK 
eyes,  however,  if  it  is  evident  from  the  nature  of  the 
injury  that  the  infected  contents  must  be  spilled 
into  Tenon's  capsule  or  disseminated  through  the 
orbit  in  performing  the  operation,  it  is  safer  to  cut 
away  the  whole  cornea  and  much  of  the  presenting 
iris,  removing  the  lens  if  it  presents,  with  the  point h 
of  the  scis.sors.  Either  operation  will  afford  well  nigh 
perfect  protection  from  sympathetic  inflammation. 
Both  may  be  done,  and  in  our  clinic  are  done,  except 
in  the  ca.se  of  children,  highly  nervous  persons  or 
inflamed  and  very  tender  eyes,  without  a  general 
anesthetic.  Cocaine  is  instilled  and  tllx.  of  the 
10-10-20  solution  (Hlx.  each  of  four  per  cent, 
cocaine  hydrochloride  and  1  to  1,000  adrenalin  chlo- 
ride and  TTlxx.  of  one-tenth  per  cent,  salt  solu- 
tion) are  injected  deeply  along  each  rectus  mu.scle. 
After  eight  minutes  the  operation  is  begun.  Cover- 
ing the  .seeing  eye,  the  hy])odermatic  injection  of  a 
full  dose  of  morphine  an  hour  before  and  a  stiff 
toddy  fifteen  minutes  before  are  useful  adjuvant,*. 
Such  patients  we  never  confine  to  bed  or  to  the 
hospital;  private  patients  prefer  to  keep  to  their  rooms. 
The  firm  bandage  and  pad  applied  .after  the  operation 
is  discarded  after  twenty-four  hours  in  cleanly 
patients  and  the  socket  well  washed  with  sterile 
borax-water  every  hour;  in  the  uncleanly  the  dressing 
is  renewed  daily  the  socket  being  well  cleansed  with 
ten  per  cent,  argyrol  and  "  B.  and  C." 

Among  the  hopelassly  injured  must  be  placed  also 
those  eyes  containing  a  foreign  body  which  defies 
removal  and  those  with  penetrating  wounds  of  the 
ciliary  region.  In  each  case,  however,  this  state- 
ment requires  ciualification.  In  view  of  the  many 
instances  of  sympathetic  ophthalmia  caused  by 
eyes  containing  foreign  bodies  years  after  the  in- 
fliction of  the  injury,  it  would  seem  the  part  of 
practical  wisdom  to  act  upon  the  theory  that 
every  such  eye  will  cause  sympathetic  infl.ammation 
in  its  fellow  should  the  patient  live  long  enough.  I 
have  thought  it  prudent  to  enucleate  an  eye  con- 
taining a  small  bit  of  a.  gla-ss  steam-gauge,  because 
of  severe  symptoms  of  irritation  in  the  uninjured 
eye,  within  forty-eight  hours;  on  the  other  hand  1 
have  seen  a  confederate  veteran  lose  his  remaining 
eve  by  classic  sympathetic  inflammation  ;vftor  the 
other  had  harbored,  without  impressive  resent- 
ment, a  piece  of  copper  percussion  cap  for  forty  odd 
vcars. 

If,  therefore,  infection  has  taken  place  or  if  the 
foreign  body  hivs  greatly  lacerated  or  shattered  the 
organ,  especially  in  the  ciliary  region,  or  if  in  attempt- 
ing it*  removal  we  should  be  obliged  to  mutilate  the 
opening  the  sclera  extensively,  expressing  the  con- 
tents and  causing  profuse  int  r.-iocular  hoinorrh,i«c, 
it  were  best  to  proceed  to  enucleation  at  once.  On 
the  contrarv,  should  the  body  be  one  not  corrodiblo 
by  the  fluids  of  the  eye,  like  charcoal  or  glass,  should 
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the  injury  caused  by  its  penetration  be  small,  and, 
most  important  of  considerations,  should  the  wounded 
organ  preserve  a  degree  of  useful  vision,  our  advice, 
I  think,  will  depend  largely  upon  the  intelligence  of 
the  patient  and  on  his  social  condition.  In  persons  of 
low  intelligence,  unimpressionable  and  of  sluggish  im- 
agination, surrounded  by  those  of  like  nature; 
especially,  if  belonging  to  a  class  that  must  seek  a 
living  wherever  work  is  to  be  found,  they  niay  be 
here  to-day  and  gone  tomorrow;  who,  were  they  to  be 
attacked  by  prodromic  symptoms  while  in  a  remote 
neighborhood,  would  be  unwilling  and  unaljle  to 
abandon  at  once  their  work  to  seek  skilled  assistance 
in  some  city;  in  such  cases  it  would  seem  our  duty 
not  only  to  advise,  but  to  urge  the  excision  of  an  eye 
containing  any  foreign  body  not  readily  removable. 
With  persons  of  intelligence,  appreciative  of  our 
advice  and  warnings,  able  at  all  times  to  command  and 
to  keep  within  reach  of  the  best  professional  care, 
we  may  consent  to  temporize;  all  the  more  if  the 
wounded  eye  heal  kindly  and  remain  free  of  irrita- 
bility during  the  critical  period,  four  to  eight  weeks 
after  the  injury.  But  in  this  case  truth  demands 
that  we  tell  our  patient  that  symptoms  of  sympa- 
thetic irritation,  i.e.  photophobia,  lacrimation,  weak- 
ness of  accommodation  in  the  good  eye,  do  not 
always  precede  the  outbreak  of  the  dread  disease. 
It  may  come  "like  a  bolt  from  the  blue,"  wholly 
unheralded,  and  the  hope  of  saving  even  a  degree 
of  useful  vision  is  then  small  indeed.  I  have  lately 
seen  a  fine  little  boy  of  seven  whose  vision  in  his 
remaining  eye  is  hardl.y  more  than  one-tenth.  His 
parents  and  physician,  repelled  by  the  idea  of  sacri- 
ficing an  eye  in  one  so  young,  had  sought  to  temporize. 
Sympathetic  inflammation  had  appeared  in  the 
uninjured  eye  over  night  and  in  spite  of  a  hurried 
enucleation  of  its  damaged  fellow  had  left  him 
well  nigh  blind.  If  the  injured  eye  is  blind  and  sym- 
pathetic irritation  appear  in  its  uninjured  fellow  we 
should  at  once  enucleate,  though  if  actual  inflam- 
mation has  begun  we  shall  probably  be  too  late.  But 
it  must  be  laid  down  as  an  inflexible  rule,  ever 
present  in  the  memory,  that  once  sympathetic  in- 
flammation has  appeared  in  the  uninjured  eye,  the 
injured  eye,  if  it  poissess  any  useful  vision,  must 
never  be  removed;  for  it  is  quite  probable  that  in 
the  end,  an  end  long  maybe  in  coming,  the  (originally) 
wounded  eye  ("exciting  eye")  may  preserve  more 
useful  vision  than  the  uninjured,  "sympathising 
eye."  Nor  should  we  be  in  ha.ste  to  perform  any 
operation  looking  to  the  improvement  of  its  vision 
upon  the  "sympathising  eye  after  the  disea.se  has 
spent  its  force.  Should  we  yield  to  the  temptation, 
even  after  the  expiration  of  a  year,  it  is  not  unlikely 
that  we  shall  see  a  recurrence  of  inflammation  sweep 
away  the  results  of  the  operation  and  leave  the  eye 
more  useless,  if  not  further  upon  the  road  to  destruc- 
tion, than  before.  These  principles  apply  as  well  to 
penetrating  wounds  of  the  ciliary  region.  It  has 
been  my  lot  to  see  fewer  cases  of  sympathetic  oph- 
thalmia caused  by  such  wounds  than  by  retained 
foreign  bodies,  but  our  literature  does  not  lack 
examples.  It  has  seemed  to  me  that  in  the  very 
young  wounds  of  this  region  are  less  dangerous. 
True  sympathetic  inflammation  makes  its  appearance 
as  an  insidious  iridocyclitis.  There  is  circumcorneal 
injection,  some  discoloration  or  "muddiness"  of 
the  iris,  and  a  few  adhesions  between  the  iris  and 
anterior  lens  capsule  (posterior  synechia;)  are  formed. 
Very  rarely  the  process  stops  here;  recedes  and 
recovery  takes  place.  I  have  observed  one  such  in- 
stance; but  it  usually  goes  on  to  complete  destruc- 
tion of  the  eye — atrophy  of  the  globe.  Rekindling 
of  inflammation  in  such  atrophic  eyeballs  may  at 
any  time  be  a  repeated  source  of  danger  of  sym- 
pathetic inflammation  in  the  sound  eye.  If  they  are 
tender  or  irritable  they  should  be  excised.  The 
labors   of   Haab   in   Germany   and   of   Sweet  in  the 


United  States  have  done  much  to  simplify  and 
illvuninatc  the  whole  subject  of  foreign  bodies  within 
the  eyeball;  the  one  by  the  invention  of  his  giant 
magnet,  the  other  by  the  perfection  of  the  method  of 
localization  with  the  j;-ray.  Radiography  now 
permits  us  to  know  with  certainty,  almost,  whether 
the  eye  contains  a  foreign  body  or  not,  where  formerly 
we  were  often  forced  to  surmise.  The  giant  magnet 
enables  us  to  remove  with  the  least  injury  to  the 
organ  a  large  percentage  of  the  steel  or  iron  bodies 
that  enter  it,  happily  by  far  the  greater  number,  if  , 
we  follow  the  directions  evolved  from  the  enormous 
experience  of  its  inventor.  In  this  class  of  cases  i 
the  magnet  is  usually  diagnostic,  as  the  patient 
generally  feels  a  pang  when  the  cornea  is  brought 
near  the  pole  of  the  instrument.  If  applied  soon 
after  the  body  has  penetrated,  we  succeed  in  saving 
a  large  number  of  useful  eyes,  and  many  sightless 
globes,  that  would  otherwise  have  to  be  enucleated, 
are  rendered  innocuous.  Both  ophthalmic  radiog-  ' 
raphy  and  the  use  of  the  giant  magnet  are  beset  ' 
with  difficulties  and  some  dangers,  and  he  who  would  . 
use  them  has  need  both  of  study  and  experience. 
I  do  not,  however,  subscribe  to  the  doctrine  of  ; 
extraction  at  any  price.  Remembering  again  the 
liability  to  detachment  of  the  retina  after  even  small 
scleral  wounds,  I  am  of  tho.se  who  prefer  enucleation 
to  continued  attempts  at  extraction  with  divers 
instruments  through  large  incisions  in  the  sclerotica.  ' 
Foreign  bodies  in  the  anterior  chamber,  rarely  upon 
the  posterior  surface  of  the  iris,  may  be  allowed  to 
remain  if  they  excite  no  reaction,  provided  they  can 
be  watched  by  a  competent  observer.  When  symp- 
toms of  irritation  appear  they  naust  be  removed 
through  an  incision  in  the  limljus.  Iridectomy  must 
be  done  if  the  body  is  entangled  or  the  iris  is  in 
anyway  injured  before  or  during  the  operation. 
The  most  curious  foreign  body  I  ever  met  with  was 
a  No.  8.  shot  in  the  anterior  chamber.  It  had  entered 
the  eye  more  than  three  years  before  and  by  its 
weight  had  formed  for  itself  a  little  tunnel  between 
the  limbus  and  the  root  of  the  iris,  into  which  ' 
it  retreated  out  of  sight  when  the  head  was  erect. 
When  the  patient  lay  down  and  moved  the  eye 
quickly,  it  was  thrown  out  upon  the  iris,  over  which 
it  rolled  like  a  ball  on  a  billiard  table.  An  incision 
was  made'  in  the  limbus  with  a  bent  keratome  and  a 
Daviel's  spoon  introduced,  in  the  groove  of  which, 
after  a  few  failures,  the  shot  was  fortunately  caught 
and  withdrawn.  The  patient  was  discharged  in 
a  few  days  with  V  =  20/100,  which,  he  wrote  later  on, 
greatly  improved. 

Foreign  bodies  in  the- lens  should  not  be  disturbed. 
Cases  are  recorded  in  which  the  lens  remained  trans- 
parent in  .spite  of  the  presence  of  a  foreign  body  for  a 
long  time,  the  wound  in  the  capsule  having  closed. 
If  the  lens  becomes  opaque  it  may  be  extracted, 
together  with  the  body,  by  the  usual  operation,  or  in 
its  capsule  should  the  risk  of  dislodging  the  body  seem 
great. 

There  now  remain  to  be  considered  those 
complicated  wounds  in  which  infection  has  not  been 
immediate  or  has  been  promptly  checked;  cases 
which,  even  though  the  ciliary  region  has  been  in- 
volved, permit,  in  our  judgment,  of  repair  and  treat- 
ment in  the  hope  that  sympathetic  iridocyclitis  may 
be  escaped,  and  finally  those  in  which  the  eyeball  has 
not  been  opened.  Tlie  simplest  of  these  is  puncture 
of  the  cornea  with  prolapse  of  the  iris.  In  such  cases 
a  complete  excision  of  the  prolapse  must  be  the  first 
care  after  the  eye  has  been  cleansed  and  cocainized. 
Even  if  reduction  be  possible,  it  is  best  not  to  replace 
the  protruding  iris  lest  it  should  carry  something 
infectious  from  the  conjvmctiva  into  the  anterior 
chamber.  In  recent  cases,  if  the  iris  is  put  well 
upon  the  stretch  with  the  forceps  at  the  mornent 
that  it  is  cut  by  the  scissors,  it  may  snap  back  into 
position  showing  a  well-made  coloboma  with  clean 
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cut  angles;  or  if  this  does  not  happen  it  may  readilv  tjc 
reposited  with  a  Daviel's  spoon  or  Knapp's  probe. 
This  may  be  accomplished  after  a  considerable  lapse 
of  time,  but  with  increasing  difficulty.  Even  t  hough 
there  should  be  some  pus  in  the  anterior  chamltcr  we 
need  not  despair,  in  younger  persons.  By  strict 
asepsis,  by  keeping  the  iris  and  ciliary  body  at  rest 
with  atropine,  by  frequent  hot  bathing  of  the  dosed 
eye,  by  attention  to  the  general  health,  and  by 
evacuation  of  the  pus  by  paracentisis  or  incision 
through  the  lower  part  of  the  limbus  we  may  see  the 
eye  return  to  a  healthy  condition.  It  is  in  such 
eases  that  frictions,  preferably  on  the  forehead  to 
relieve  pain,  with  Arlt's  salve  (\ing.  hydr.arg.  5  j., 
extr.  bellad.  3  j.),  a  dram  a  day,  are  so  useful.  If 
the  lens  has  been  injured  the  patient  or  his  friends 
should  be  warned  that  traumatic  cataract  is  in- 
evitable. Even  though  no  injury  can  be  perceived, 
the  possibility  of  this  sequel,  so  common  after  all 
severe  injuries  to  the  eye,  should  be  mentioned.  It 
is  sometimes  long  in  coming  on  and  even  longer  in 
obscuring  vision.  I  have  lately  seen  a  man  whose 
right  eye  was  injured  some  twenty-seven  years  ago. 
Although  a  star-like  opacity  was  distinctly  visible 
in  the  anterior  layers  of  the  lens  the  vision  of  the  eye 
with  his  correcting  glass  was  20/xx  and  had  remained 
so  (under  observation)  for  twelve  years.  With  the 
ophthalmoscope  the  lens  was  nearly  transparent  and 
a  good  view  of  the  uninjured  fundus  could  be  had 
Traumatic  cataract  may  be  discissed,  after  the 
eye  has  remained  quiet  for  months,  in  per.sons  of 
suitable  age,  the  younger  the  better  (arbitrarily  not 
over  30  years).  The  operation  should  not  be  per- 
formed unless  good  light-projection  has  been  preserved. 
If  the  fellow  eye  be  good  the  chief  advantage  of  the 
operation  will  be  the  resulting  enlargement  of  the 
field  of  vision  (unless  the  patient  chance  to  be  highly 
myopic)  and  nothing  more  should  be  promised.  It 
should  be  rememViered  that  if  the  capsule  of  the 
lens  be  opened  by  a  small  wound  through  the 
cornea,  either  at  the  time  of  the  accident  or  by 
the  discissi(m  increase  of  tension,  great  pain  and 
redness  (acute  glaucoma)  may  be  caused  by  the 
pres.sure  of  the  swollen  lens  and  choking  of  the 
drainage  angle  (corneo-iritic  angle  of  the  anterior 
chamber)  with  cortical  ddbris.  For  this  condition 
there  is  no  remedy  but  an  incision  in  the  limbus 
with  a  bent  keratome,  and  evacuation  of  the  lens- 
stuff  with  a  Daviel's  spoon  (linear  extraction). 

In  complicated  incised  or  lacerated  wounds  of  the 
cornea,  much  the  same  conditions  must  be  met  by  simi- 
lar means.  Here  we  may  have  not  only  to  excise  the 
prolapsed  iris,  but  also  to  clear  the  lips  of  the  wound 
and  the  anterior  chamber  of  shreds  of  lens  capsule 
and  cortical  matter  b\'  the  use  of  the  Daviel's  sijoon. 
If  the  flaps  of  the  wound,  swollen  by  inhibition  of 
aqueous  humor,  fit  badly,  the  conjunctiva  may  be 
incised  all  around  close  to  the  limbus,  dissected  well 
back  and  be  drawn  and  closed  over  the  wounded 
cornea  by  a  purse-string  suture.  If  we  fear  to  cut 
off  o\ir  view  of  the  wound  in  this  way  lest  infection 
should  occur  imnoted,  w'e  may  undermine  flaps  of 
the  conjimctiva,  from  the  corneal  margin  back,  at 
advantageous  positions  and  stitch  them  together 
over  the  cornea  in  such  a  way  as  may  best  hold  the 
wound  edges  in  apposition.  With  these  procedures 
I  have,  however,  no  experience.  Rupture  of  the 
cornea  by  a  blow  is  very  rare,  because  under  excessive 
violence  the  sclera  burst.s,  near  the  limbus,  rather 
than  the  cornea.  Blows  so  forcible  as  to  cause  tliis 
result  usually  produce  widespread  ruin  of  the  organ. 
For  the  lesions  of  the  iris  we  can,  as  already  said, 
do  nothing,  but  cut  away  its  prolapsed  portions. 
The  eyeball  being  a  spherical  elastic  capsule  filled 
with  practically  incompressible  fluid,  "the  trau- 
matisms," as  Griining  well  says,  "due  to  contusions 
are  prefigured  in  the  anatomy  of  the  organ,  and  pre- 
sent  clinically    the   ever   recurring   pictures   of   my- 


driasis, hyphemia,  iridodiuh  kL-.,  diMlocatiun  of  the 
len.s  and  rupture  of  the  globe.''  All  of  thew!  have  now 
been  dealt  witli  in  their  proper  placex,  with  tlic  ex- 
ception of  dislocation  of  the  lens.  Tlii.s  muv  occur  to 
any  extent;  from  a  mere  tilting  of  the  leim  in  the 
patollary  fossa  (of  the  vitreous),  or  Mh  displaceiiient 
111  any  direction  within  or  bcyr)nd  tlie  pupillary  area, 
to  complete  dislocatii>n  into  the  vitreoun  liuiiior  or 
into  the  anterior  chamber.  There  nuiy  be  t»<»ifl<-« 
these  total  and  subluxations,  Kiibconjiuictival  <ii— 
location  through  a  rent  in  the  sclera  or  extru>*ion  ami 
loss  of  the  lens  through  such  a  wound  opening  the 
conjunctiva  also.  Dislocation  of  the  lenn  i>i  usually 
the  result  of  direct  violence,  but  in.stnnce«  of  rupture 
of  the  suspensory  ligament  (zonula)  from  blows  on 
the  head,  the  shock  of  a  fall  and  execution  bv  hanging 
have  been  recorded.  Whenever  the  zonulalt  broken 
in  any  part  of  its  extent  movejnent.s  of  the  eye  ca\i-c 
tremulous  movement,s  of  the  lens  and  of  the  un.HU|>- 
port('d  iris  (iridodonesis).  This  then  is  the  prime 
symptom  of  displacement.  If  the  lenH  in  com- 
pletely dislocated  into  the  vitreous,  the  anterior 
chamber  will  be  of  excessive  depth,  the  refraction  of 
the  eye  will  be  wholly  altered  (high  hypcrmetronia) 
and  the  refli^ction  of  a  candle  flame  from  the  surface 
of  the  cornea  only  will  be  seen  upon  examination  in 
a  dark  room:  tin:  two  images  reflected  at  the  anterior 
and  posterior  surfaces  of  the  lens  will,  of  course, 
have  disappeared.  In  [lartial  dislocation  the  light 
gray  lens,  its  edge  shining  brightly  (total  reflection), 
is  seen  of  a  half-moon  or  gibbous  shape  in  the  punillarv 
area,  if  we  view  it  by  obli<|ue  illumination  while  it  w 
still  transparent.  That  [xirtion  of  the  pupil  from 
which  no  light  is  reflected  bv  the  lens  appears,  on  the 
contrary,  intensely  black.  Through  these  two  portions 
of  the  l)\ipil,  further  examination  shows  a  wholly 
different  refractive  condition.  The  lens  relea.sod 
from  the  pull  of  the  suspen.sory  ligament  assumes  a 
highly  convi^x  shape,  and  thus  cau.ses  myopia  in  the 
portion  of  the  pupil  occu[)ied  by  it;  while  the  portion 
from  which  the  lens  Is  ab.sent  requires  that  a  strong 
convex  lens  be  placed  before  if  to  restore  acuity  of 
vision.  We  thus  have  the  appearance  of  myopia  and 
hypermetropia  in  the  same  eye,  and  patients  .some- 
times complain  of  monocular  double  vision.  When 
the  lens  has  been  dislocated  into  the  anterior  chanitx-r, 
this  appears  of  abnormal  depth,  the  rclea.scd  lens 
having  taken  on  its  utmost  convexity.  Besides  the 
peculiar  i)elluci<lne.ss  thus  given  to  the  eye,  the 
liright  golden  glow  imparted  to  the  periphery  of  the 
cliambcr  by  total  reflection  from  the  lens  edge  is 
both  beautiful  an<l  tmique.  It  looks,  says  Kuchs,  as 
if  a  great  drop  of  oil  were  lying  in  the  anterior  charalier. 
Instances  in  which  the  len.s  has  Ijeen  jammed  and 
fixed  in  the  i)upil,  giving  ri.sc  to  great  irritation,  have 
been  reported.  The.se  observation.'}  may  lie  more 
readily  made  if  the  pupil  be  dilatcjl;  and  in  this  way 
the  wholly  dislocated  lens  may  bo  sometincs  seen 
lying  at  the  bottiinx  of  the  vitreous  chamlx-r  or  may  l)C 
observed  to  Hit  or  bob  across  the  pupil  when  the 
eye  is  suddenly  moved.  When  the  dislocated  lens 
causes  no  symi)toms  of  irritation  it  should  bo  let  alone 
and  the  i)atient  be  made  a-s  comfortable  as  possible 
bv  correction  of  the  refraction.  Should  symptoms 
of  irritation  or  inflammation  appear,  the  lens  must  lio 
removed.  Very  rarely  this  may  Ik>  accomplished  in 
yo\mg  subjects  by  discission.  Usually,  the  discis- 
sion needle  instead  of  entering  the  capsule,  pushes 
the  lens  before  it  into  the  depths  of  the  vitreous. 
.Vs  a  rule  we  must  jjroccH-d  to  extraction,  ami  fnim 
the  necessities  of  the  ca.se.  to  extrjiction  in  the  un- 
rviptured  capsule,  by  means  of  a  vectus  or  sctMip.  The 
operation  is  hazardous,  both  !is  to  its  immediate  and 
its  remote  results.  Dislocation  of  the  lens  means 
that  the  zonule  has  been  broken  through  and  no 
partition  nnv  longer  separates  the  aqueoiis  from  the 
vitreous  chamber.  Immediately,  therefore,  upon  the 
completion  of  the  section  in  the  limbus,  which  must 
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be  large  to  admit  of  the  passage  of  the  unbroken 
lens,  the  vitreous  begins  to  escape,  and  the  loss  may 
be  made  excessive  by  the  introduction  of  the  vectis 
and  our  efforts  to  engage  the  lens  in  its  loop. 
It  is  best  in  completing  our  section  to  have  as  large 
a  conjimctival  bridge  (not  flap)  as  possible  by  carrying 
the  incisions  in  the  conjunctiva  as  far  back  along  the 
ball  as  we  can,  the  eye  being  rolled  downward.  The 
liridge  of  conjunctiva  thus  lifted  from  the  ball  greatly 
restrains  gaping  of  the  wound  and  holds  back  the  vit- 
reous. It  quickly  readheros  and  thus  closes  up  and 
holds  in  place  the  corneal  flap.  I  believe  it  advisable 
to  make  a  large  preliminary  iridectomy  whenever  the 
symptoms  are  not  urgent.  If  the  lens  has  been  dis- 
located subconjunctivally,  it  should  be  removed 
through  an  incision  in  the  membrane  made  under 
strict  aseptic  precautions,  any  prolapsing  vitreous 
and  choroid  should  be  cleanly  cut  away  and  tlie  gap 
in  the  sclera  closed  in  the  manner  described  under 
uncomplicated  wounds  of  the  sclera.  I  may  repeat, 
however,  as  a  final  word,  that  in  cases  in  which  the 
globe  has  been  extensively  opened  or  in  which  many 
of  its  parts  have  been  injured  and  displaced,  a  prompt 
enucleation  will  prove,  in  the  long  run,  to  have  saved 
our  patient  from  much  weary  suffering  for  the  attain- 
ment of  a  very  small  result. 

It  sometimes  chances  that  after  a  blow  on  the  eye 
there  will  be  decided  obscuration  of  vision  without 
any  lesion  being  discoverable  by  the  ordinary  methods 
of  examination.  The  ophthalmoscope,  however,  re- 
veals a  grey  haze  of  the  central  parts  of  the  retina. 
This  (commotio  retina;)  is  said,  upon  evidence  ob- 
tained postmortem,  to  be  due  to  the  vitreous  having 
been  forced  between  the  delicate  constituents  of  the 
innermost  retinal  layers. 

Foreign  bodies  entering  the  orbit  may  divide  the 
tendons  of  the  ocular  muscles,  giving  rise  to  a  paralytic 
squint.  In  such  a  case  we  naight  open  the  conjunctiva 
and  capsule  of  Tenon  to  secure  and  reattach  the  divided 
tendon ;  but  the  same  result  could  probably  be  attained 
with  far  greater  ease  by  a  tendino-capsular  advance- 
ment after  the  manner  of  de  Wecker.  MacKenzie 
has  recorded  an  extraordinary  case  in  which  all  the 
muscles  and  the  optic  nerve  were  divided  and  the 
eye  extruded  by  a  fall  against  the  worn,  sharp  ring 
of  a  key,  held  firmly  in  the  lock.  The  man  was  so 
drunk  that  he  fell  asleep  without  knowledge  of  his 
injury.  The  next  morning  he  was  found  bathed  in 
blood,  a  linear  wound  was  discovered  in  the  upper  lid 
and  the  globe,  with  portions  of  the  muscles  and  an 
inch  of  the  optic  nerve  hanging  from  it,  was  picked 
up  from  the  floor.  In  all  cases  in  which  foreign 
bodies  have  entered  the  orbit  we  must  be  on  the  watch 
for  symptoms  of  orl)ital  abscess;  they  should  be  the 
signal  for  prompt  surgical  interference.  The  ease 
with  which  the  tliin  orbital  pLate  of  the  frontal  bone 
may  be  injured  or  perforated  by  foreign  bodies  of 
some  size  entering  the  orliit  with  considerable  mo- 
mentum must  also  be  borne  in  mind. 

H.  Dickson  Bhuns. 


Eye  Symptoms  in  General  Disease. — Most  of 
the  ocular  symptoms  noticed  in  general  diseases  are 
discoverable  by  the  ophthalmoscope;  "with  it,  it  is 
like  walking  into  nature's  laboratory  and  'seeing 
the  infinite  in  action,'  since  by  its  means  we  are 
enabled  to  look  upon  the  only  nerve  in  the  whole 
body  which  can  ever  lie  open  to  our  in.spection  under 
physiological  conditions,  and  to  follow  in  a  transparent 
membrane  an  isolated-  circulation  from  its  entrance 
into  the  eye  through  the  arteries  to  its  exit  in  tlie 
veins."  (E.  G.  Loring.)  By  its  means  we  are  able  to 
study  daily  morbid  changes  from  the  slightest  conges- 
tion to  the  most  flagrant  inflammation;  and  often 
through  its  agency,  obtain  the  first  warning  of  disease 
in  some  distant  organ. 


Rheumatism  and  Godt. — Acute  articular  rheimia- 
tism  must  be  regarded  as  an  infectious  disease,  al- 
though as  yet  no  definite  agent  has  been  found;  yet 
various  vaccines  are  being  used  with  good  effect." 

That  these  two  diseases  should  attack  tlie  eyeball 
and  its  appendages  at  first  glance  may  seem  strange,  yet 
when  we  consider  it,  it  is  very  clear  and  reasonable, 
for  we  all  know  that  gout  and  rheumatism  primarily 
attack  the  joints  and  prefer  the  fibrous  tissue  elements 
of  the  body.  Now  the  eyeball  and  the  orbit  in  which 
it  is  placed  practically  con,stitute  a  joint. 

The  orbit,  a  bony  cavity  of  consiflerable  size,  lined 
by  periosteum,  is  "filled  by  the  eyeball,  whose  outer 
covering  is  in  every  particular  similar  to  fibrous  tissue, 
i.e.  the  sclera  and  cornea — and  attached  to  these 
coats  are  muscles  and  tendinous  connections,  in  other 
words  the  elements  of  a  well-regulated  joint. 

Orbital  periostitis  does  not  differ  in  symptoms  from 
other  inflammations  of  the  periosteiun,  save  that  it  is 
more  persistent  if  the  rheumatic  cause  is  not  recog- 
nized and  treated. 

Tenonitis,  or  inflammation  of  Tenon's  capsule,  we 
see  in  two  forms  usually,  one  chiefly  characterized  by 
chemosis,  and  the  other  without  it;  it  is  the  latter 
form  that  is  followed  by  amblyopia  and  ojitic  nerve 
atrophy,  any  chemosis  serving  as  an  outlet  for  morbid 
secretion  in  the  capsule.  With  the  chemosis  there  is 
swelling  of  the  eyelids  and  deep  injection  of  the  eye- 
ball, with  the  tissues  of  the  eyeball  firm  and  brawny. 

The  ophthalmoscopic  picture  may  be  normal  or 
show  signs  of  optic  neuritis  according  as  there  is 
more  or  less  pressure;  if  optic  neuritis  is  severe  it 
may  lead  to  optic  nerve  atrophy. 

Affections  of  the  Intrinsic  and  Extrinsic  Muscles  of 
the  Eye. — Paralysis  of  accommodation  has  been 
noticed  after  severe  forms  of  acute  rheumatism  and 
gout;  and  I  have  seen  the  extrinsic  muscles  affected 
with  "lameness"  as  the  patients  expressed  it,  these 
symptoms  being  relieved  by  antirheumatic  and  gout 
remedies. 

Conjiuictiiritis,  without  doubt  occurs  frequently  in 
gouty  and  rheumatic  patients,  the  inflammation  of 
the  eyelids  antedating  the  attack  of  the  general  dis- 
ease. Appropriate  internal  medication  and  diet  will 
give  relief,  without  any  special  local  treatment. 

Calcareous  deposits  found  in  the  Meibomian  follicles 
are  of  frequent  occurrence,  and  are  always  considered 
indicative  of  the  general  systemic  condition. 

Eczema  of  the  eyelid  is  also  a  sequel  of  the  general 
attack  and  gives  much  trouble  from  the  attending 
itching. 

Keratitis. — More  accurately,  kerato-iritis,  as  both 
tissues  are  apt  to  be  inflamed  at  the  same  time.  The 
inflammation  of  the  cornea,  is  of  the  parenchymatous 
variety  and  is  usiuilly  associated  with  articular  rheu- 
matism; it  does  not  differ  in  appearance  from  the  same 
disease  in  congenital  syjjliilis. 

The  diagnosis  of  all  ocular  affections  due  to  rheu- 
matism or  gout  is  made  not  so  much  from  the  local 
symptoms  as  from  the  obstinacy  to  the  local  treatment 
used,  and  the  marked  and  rapid  change  when  inter- 
nal medication  is  used.  Keratitis  in  gouty  persons 
is  occasionally  characterized  by  a  porcelain-like  opac- 
ity. A  band-like  opacity  of  the  cornea  should  always 
arouse  suspicion  of  gout. 

Scleritis  or  episcleritis,  not  due  to  injury,  is  always 
due  to  some  systemic  disturbance,  generally  in  those 
having  the  gouty  or  rheumatic  tendencies.  Scleritis 
attacks  only  that  part  of  the  sclera  anterior  to  the 
e(|uator  of  the  eyeball,  and  the  inflammation  maybe 
either  superficial  or  deep. 

The  superficial  form,  episcleritis,  appears  as  a  cir- 
cumscribed patch  close  to  the  cornea  margin,  and  is 
often  found  without  pain  and  with  very  little,  if  any, 
swelling  of  the  parts.  It  is  apt  to  recur  in  different 
parts  of  the  eyeball,  leaving  slight  discoloration  of  a 
dusky  hue. 

In  deep  scleritis  the  inflammation  being  more  vio- 
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lent,  thiiiiung  of  the  sclera  occurs,  and  subsequent 
bulging  takes  place,  presenting  a  blue-grav  appearance 
due  to  the  choroidal  tissues  showing  through  the  thiil 
sclera.  There  is  no  secretion  except  an  increased  flow 
of  tears,  and  the  inflammation  is  associated  with  much 
pain. 

Iritis  in  those  subject  to  rheumatism  or  gout,  differs 
from  other  forms  only  in  its  obstinacy  to  treatment  l)v 
local  measures,  and  is  cured  only  wlien  antirheumatic 
or  gout  remedies  are  used  internally. 

Glaucoma  is  freely  admitted  to-day  to  be  produced 
by  a  gouty  or  rheumatic  condition  of  the  system;  the 
circulation  in  the  blood  of  the  products  of  suboxida- 
tion  brings  about  disturbances  in  the  intraocular 
circulation,  causing  pressure  and  a  glaucomatous 
condition. 

Optic  Neuritis. — It  is  the  well-formed  opinion  of 
the  closest  clinical  ob.servers  that  there  is  no  doubt 
whatever  that  the  rheumatic  and  gouty  diatheses  are 
the  cause  occasionally  of  optic  neuritis. 

Retinitis  Hcemorrliagica. — We  have  on  several 
occasions  seen  retinitis  with  hemorrhages  d\ie  to  gout, 
where  the  general  condition  had  not  produced  any 
cardiac  or  renal  disease. 

An  atheromatous  condition  of  the  retinal  vessels 
seemed  to  be  the  only  possible  factor  in  causing  the 
hemorrhage.  The  failure  of  vision  took  place  sud- 
denly, the  ophthalmoscope  showing  a  small  hemorrhage 
to  the  outer  side  of  the  optic  nerve  and  below  the 
macula  lutea. 

Opacities  in  the  Vitreous. — Many  cases  of  opacities 
of  the  vitreous  are  found,  supposed  to  be  due  to  the 
faulty  metabolism,  producing  gout  and  rhemnatism, 
where  hemorrhages  are  found  in  the  vitreous,  and  by 
some  authorities  they  are  looked  upon  as  pathog- 
nomonic of  gout.  The  changes  in  the  vitreous  are  usu- 
ally bilateral,  though  rarely  symmetrical. 

Cataract. — It  has  been  said  with  good  reason,  that 
when  the  physiological  hardening  of  the  lens  is  asso- 
ciated with  loss  of  transparency,  there  is  good  grounri 
for  believing  that  there  is  an  underlying  pathological 
condition,  and  in  the  opinion  of  many  the  gouty  and 
rheumatic  diatheses  are  the  common  "cause  of  chronic 
and  subacute  inflammation  of  the  uveal  tract.  We 
have  frequently  seen  patients  with  beginning  opacities 
in  the  lens,  who  had  rheiimatism  at  the  time  of  tlie 
examination  and  who  had  had  previous  attacks,  in 
whom  marked  improvement  in  the  lens  condition  fol- 
lowed proper  internal  medication. 

Gonorrheal  rhetjm.^tism  is  often  associated  with 
an  iridochoroiditis  of  a  severe  form,  the  inflamm.ition 
taking  on  a  purulent  type  and  frequently  leading  to 
blindness. 

_  Diabetes.— Failure  of  \-ision  is  often  noticed  in 
diabetic  patients  before  any  general  symptoms  are 
recognized,  and  the  ophthalmoscope  may  show  cata- 
ract, retinitis,  opacities,  or  hemorrhages  in  the 
vitreous;  amblyopia  is  also  observed. 

Cataract,  occurring  in  a  diabetic,  may  be  extracted 
without  danger  if  the  patient  is  pre^■iously  treated 
for  the  general  disease. 

Retinitis  is  usually  associated  with  vitreous  hemor- 
rhages; this  is  a  point  in  favor  of  the  diagnosis  of 
diabetic  retinitis  rather  than  of  retinitis  from  kidney 
aflFection.  Infiltration  of  the  retina  is  not  seen  often, 
and  the  optic  nerve  head  is  not  swollen. 

Amblyopia  in  diabetes  is  central  and  the  \'isual 
field  is  not  interfered  with,  but  there  is  usually  a 
central  scotoma  for  red  and  green,  and  occasionally 
for  blue.  We  may  conclude  that  the  defect  improves 
with  a  diminution  of  the  sugar,  and  increases  with  an 
increase  in  the  quantity  of  urine;  that  it  comes  on 
rather  suddenly,  var>-ing  according  to  the  diabetic  con- 
dition, that  it  rarely  produces  blindness,  but  may  re- 
sult in  partial  atrophy  of  the  optic  nerve. 

This  class  of  cases  may  be  very  easily  mistaken  for 
amblyopia  ex  ahusu,  unless  care  is  taken  to  examine 
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the  urine  for  sugar,  as  the  symptonw  arc  much  the 
same;  and  as  most  men  wnoke,  it  hi  verv  eauv  t^.  ■■■■'■ 
elude  that  this  is  the  cause  of  the  ambfvopia      ■ 
zowski,  was  probably  the  first  to  \MAi,t  out  thii,  r.    ■ 
blance    and  accrding  to  him  the  (iiaKTi.,Ki«  i«  verv 
ditticult  without  an  examinution  of  the  urine      Dia- 
betes can  be  diagnosticated  by  the  amblyopia  when 
no  general  diabetic  symptoms  exist. 

All  diabetic  afrectlotm  of  the  eye  arc  the  rcmilt  of 
PjDor  nutrition,  prorluced  by  the  circulation  in  the 
blood  of  the  diabetic  toxin,  the  more  profound  the 
poisoning  the  more  marked  the  ocular  change*. 

y:F.Pi\HiTm.~Relinilis  albuminuricn,  or  nrphritica 
is  fre(|uently  the  first  «ympt<jm  the  patient  coinplaiiw 
of,  failure  of  vision  being  noticed  fimt,  la-fore  the 
general  constitutional  ones  appear.  It  occurs  tut  a 
complication  in  many  ca.ses  of  both  acute  and  chronic 
nephritis,  and  in  the  albuminuria  of  pregnancy;  it  in 
most  commonly  found  with  the  small  granular  kidney 
but  may  be  associated  with  any  chronic  form  of 
kidney  di.sease. 

Both  eyes  a.s  a  rule  are  aflfected,  vi.sion  ia  lowered 
and  many  seek  the  aid  of  the  oculist  for  glasses.  We 
have  .seen  many  such  ea.ses,  in  which  there  were  no 
pronounced  renal  symptoms,  only  the  intraocular 
condition. 

The  ophthalmoscopic  appearances  are  strikingly 
characteristic,  and  once  .seen  cannot  be  forgotten. 
The.se  are  venous  hyperemia,  .swelling  of  the  optic 
papilla  and  the  nearby  retina,  hemorrhages  on  the 
nerve  head  and  in  the  nerve-fiber  layer  of  the  retina; 
irregularly  shaped  white  spots  in  the  retina  arrange<i 
in  a  grouf)  and  to  its  outer  side;  in  the  macula  region 
fine  white  dots  may  be  seen,  .some  having  a  stellate 
appearance.  These  dots  look  very  much  as  if  a  bnish- 
ful  of  white  kalsomine  had  been  thrown  upon  the 
retina  at  this  point.  The  arteries  are  smaller  or 
normal  in  size. 

Complete  absorption  of  the  infiltration.-i  rarely 
takes  place  except  in  the  retinitis  following  scarlatina 
and  pregnancy.  It  would  appear  from  the  collected 
cases  that  about  twenty-three  per  cent,  of  patients 
with  renal  disease  have  disorders  of  \nsion  at  some 
period  of  the  disea.se. 

In  many  ca.ses  the  renal  disease  is  well  established 
before  the  eye  symptoms  present  themselves,  and 
very  often  the  eye  lesion  is  the  first  indication  of 
general  disea.se.  Instead  of  the  visual  disorders  in 
kidney  di.sea.se  being  now  looked  upon  as  interesting 
symptoms  in  the  progress  of  the  disea.se,  they  have 
become  an  index  of  unsuspected  kidney  affection  and 
a  means  of  diagnosis. 

Uremic  amblyopia  is  most  commonly  .seen  in  con- 
nection with  the  nephritis  of  pregnancy  and  scar- 
latina, but  may  occur  in  any  ca,se  of  uremic  |>oi.soning. 
The  blindness  is  coniiilete,  and  may  come  on  suddenly 
or  with  a  short  period  of  dimnes.s.  The  ophthalmo- 
scopic appearances  are  negative. 

Di.sE.\SES  OF  THE  Heaut. — One  of  the  most  common 
affections  of  the  eye  due  to  heart  disca.se  is  cinl>olisni 
of  the  central  artery  of  the  retina,  due  to  a  plugging 
of  its  caliber,  and  is  more  usually  found  in  cases  of 
valvular  disease  of  the  heart. 

The  retinal  arteries  are  so  dwindled  as  to  l>e  scarcely 
seen,  and  the  retinal  veins  are  dilated.  There  may 
be  also  hemorrhages  scattered  throughout  the  fundus, 
the  retina  lieing  more  or  less  opaque  in  apin-arance. 

Hemorrhages  without  exudation  may  1h"  frequently 
seen  in  the  retina  as  a  result  of  arthritis;  these  rarely 
produce  extreme  impairment  of  vision,  their  chief 
importance  is  the  warning  they  give  of  the  condition 
of  the  blood-vessels  in  the  brain  and  the  rest  of  the 
body.  When  such  hemorrh.iges  occur  in  the  eye 
(hey  are  apt  to  be  forerunners  of  hemorrhages  into 
the  brain. 

DlSE.\SES    OF    THE    Br.\IN"    .^N"D    SpIVAI.    CoRD.— OpfiC 

neuritis  occurs  in  about  three-fourths  of  all  cases  of 
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tumor  of  the  brain;  it  usually  is  bilateral  and  of  equal 
intensity;  the  vision  may  be  unimpaired  at  first  and 
may  be  so  throughout;  in  such  cases  the  ophthal- 
moscope is  of  great  value  in  making  the  diagnosis  of 
the  general  disturbance.  For  a  description  of  the 
ophthalmoscopic  appearance,  see  Choked  Disc. 

Optic  neuritis  occurs  in  a  considerable  number  of 
cases  of  abscess  of  the  brain. 

Anemia  and  hyperemia  of  the  brain,  do  not,  as  a 
rule,  affect  the  retinal  circulation,  this  being  regulated 
apparently  by  the  intraocular  tension.  This  fact  is 
so  well  known  by  the  ophthalmoscopist,  that  when  he 
hears  of  cerebral  hyperemia  being  diagnosed  simply 
by  the  ophthalmoscopic  appearance  of  the  optic 
nerve  he  is  incredulous.  For  it  is  only  after  some 
time  and  in  congestion  of  the  brain  of  some  severity 
that  the  retinal  vessels  become  changed. 

In  cerebral  disease  of  children,  the  ophthalmoscope, 
in  a  series  of  observations,  showed  the  following 
ocular  changes:  In  sixty-three  cases  of  intracranial 
disease,  a  morbid  condition  of  the  fundus  oculi  was 
seen  in  forty-seven ;  of  these  eighteen  were  cases  of 
neuroretinitis,  thirteen  of  neuroretinitis  and  papillary 
engorgement,  four  of  congestion  of  the  optic  nerve, 
two  of  atrophy  of  the  optic  nerve  consecutive,  and 
six  of  atrophy. 

In  ten  cases  of  acute  tuberculosis  of  the  brain,  found 
at  postmortem  examination,  seven  had  either  neuritis 
or  optic  nerve  atrophy.  The  writer  has  rarely  seen 
tuberculosis  of  the  choroid,  it  is  certainly  not  so 
commonly  seen  in  this  country  as  in  Europe. 

Cerebral  hemorrhage  gives  very  rarely  any  ophthal- 
moscopic picture;  but  on  the  other  hand,  cases  of 
retinal  hemorrhage  give  warning  to  us  of  the  probable 
future  occurrence  of  hemorrhages  into  the  brain. 

Spinal  Diseases. — The  most  common  form  of 
intraocular  change  in  diseases  of  the  spinal  cord  is  at 
first  congestion  of  the  optic  disc  and  later  the  resulting 
atrophy.  If  it  be  the  spinal  marrow  which  is  diseased 
by  anterior  or  posterior  sclerosis,  through  the  agency 
of  the  sympathetic  nerve  we  have  the  ocular  symp- 
toms showing  themselves. 

In  Pott's  disease,  the  only  ocular  symptom  seen  is  a 
flushing  of  the  optic  disc. 

Locomotor  ataxia  causes  atrophy  of  the  optic  nerves 
in  about  fifteen  per  cent,,  and  this  is  more  commonly 
an  early  rather  than  a  late  symptom.  It  occurs 
even  years  before  the  usual  signs  of  incoordination, 
the  optic  nerve  atrophy,  and  the  Argyle-Robertson 
pupil  being  frequently  the  only  signs  to  direct  our 
attention  to  the  spinal  cord  as  a  cause.  In  multiple 
sclerosis  optic  nerve  atrophy  may  occur,  but  less 
frequently  than  in  the  posterior  form. 

Vision  usually  suffers  verj'  much  in  these  forms  of 
atrophy,  and  the  color  sense  is  also  destroyed. 

Functional  nervous  affections  are  attended  by 
a  series  of  disturbances  of  the  nervous  system  in 
which  no  pathological  findings  are  present.  The 
ocular  symptoms  have  a  marked  similarity,  e.g. 
concentric  narrowing  of  the  visual  field,  with  or 
without  color  change. 

Hysterical  amblyopia  is  usually  unilateral,  double 
more  rarely;  the  amblyopia  varies  in  some,  the  visual 
field  being  concentrically  narrowed,  and  the  color 
field  generally  being  reversed,  red  is  recognized  further 
toward  the  periphery  than  yellow  and  so  on;  there 
are  no  ophthalmoscopic  changes  to  be  .seen. 

Hysterical  diseases  of  sight  begin  suddenly  and 
usually  disappear  suddenly. 

Hysterical  blindness  actually  exists ;  it  is  a  blindness 
that  is  mental,  and  not  due  to  any  attempt  on  the 
part  of  the  patients  to  deceive  themselves  or  others; 
as  Sir  James  Paget  said,  "They  say,  'I  cannot';  it 
looks  like  'I  will  not';  but  it  is  'I  cannot  will.'  "  This 
affection  is  found  in  men  as  well  as  women,  hence  the 
etymologv  is  misleading;  in  1,000  cases  of  hysteria 
fifty   were   found   in   men,   or   one   male   patient   in 


twenty.  It  has  been  said  that  the  Latins  and  the 
Slavs  are  more  prone  to  it  than  the  other  inhabitants 
of  Europe. 

The  treatment,  then,  resolves  Itself  into  removing 
the  patients  from  their  homes  and  changing  their 
environment,  together  with  the  u.se  of  such  remedies 
and  measures  as  are  capable  of  startling  and  surprising 
the  nerve  centers. 

Neurasthenia  produces  no  objective  evidence  of 
disease  in  the  media  or  in  the  fundus.  Should  the 
ophthalmoscope  show  anything  abnormal  it  will  be 
found  to  be  caused  by  other  conditions.  A.sthen- 
opia  is  met  with,  also  photophobia  and  lacrymation. 

In  epilepsy  many  ophthalmoscopic  examinations 
have  been  made;  in  the  early  stages  the  appearances 
are  normal,  but  later  venous  hyperemia  is  seen  in  the 
retina.  Neuritis,  neuroretinitis,  and  atrophy  of  the 
optic  nerve,  have  been  seen  and  reported,  but  we  do 
not  consider  these  as  due  to  the  epilepsy,  but  to 
other  complications. 

The  fundus  has  been  examined  during  an  attack, 
when  the  arteries  were  found  to  be  narrow,  and 
regained  their  normal  size  when  the  attack  passed  off.       , 

Syphilis. — The  eye  may  be  the  seat  of  the  primary       | 
sore,  and  the  chancre  may  be  on  the  lid  or  its  margin 
or  upon  the  palpebral  conjunctiva.     It  has  the  same 
characteristics  as  on  other  parts  of  the  body. 

Iritis  is  very  common  and  appears  at  an  early 
.stage  associated  with  the  secondary  period;  three- 
fourths  of  all  the  cases  are  said  to  be  due  to  this 
affection. 

Choroiditis  may  develop  in  every  degree  of  violence; 
the  inflammation  may  be  diffuse  or  disseminated. 
These  two  forms  can  be  determined  only  by  the  oph- 
thalmoscope. It  is  only  when  the  retina  has  become 
involved  that  changes  in  the  fundus  can  be  recog- 
nized, so  it  is  more  correct  to  call  the  inflammation 
choroidoretinitis.  In  syphilitic  choroiditis  we  find 
hyperemia  of  the  optic  disc,  and  a  hazy  appearance 
of  the  surrounding  retina,  and  perhaps  a  diffuse 
opacity  in  the  vitreous;  these  opacities  move  about 
and  confuse  the  ophthalmoscopic  picture;  the  diminu- 
tion of  vision  varies  and  does  not  appear  to  corre- 
spond to  the  ophthalmoscopic  changes.  Micropsia 
is  often  marked,  more  so  for  objects  observed  at  a 
distance. 

In  the  form  of  choroiditis  disseminata,  the  ophthal- 
moscope shows  localized  exudations  into  the  choroid, 
alterations  in  the  retinal  pigment  and  later  atrophy 
of  the  choroid.  These  patches  of  exudation  and 
degeneration  become  visible  and  vary  much  in  shape 
and  extent.  The  patches  are  white  bordered  by  dark 
pigment;  the  white  appearance  is  due  to  the  absorji- 
tion  of  the  choroid  and  the  scleral  coat  showing 
through.  These  patches  may  be  on  the  middle 
portion  of  the  choroid  or  scattered  about  toward  the 
periphery;  only  one  intraocular  disease  might  be  mis- 
taken for  this  by  a  careless  observer,  namely,  retinitis 
pigmentosa.  The  treatment  is  antisyphilitic.  The 
prognosis  depends  entirely  on  the  extent  of  the  in- 
flammation.    Optic  nerve  atrophy  might  ensue. 

The  conjunctiva  may  be  the  site  of  gummata  which 
may  be  upon  it,  or  beneath  its  surface;  they  have 
been  seen  in  the  lacr^-mal  gland.  Gummatous  tumors 
of  the  brain  are  of  frequent  occurrence.  For  the  de- 
scription of  the  intraocular  changes,  see  Choked  Disc. 

Interstitial  keratitis,  is  considered  to  be  a  con- 
genital syphilitic  affection,  usually  associated  with 
deformities  of  the  skull,  and  enlargement  of  the 
glands,  and  a  peculiar  formation  of  the  teeth,  known 
as  "Hutchinson's  teeth,"  having  been  described  by 
that  surgeon. 

Toxic  amblyopia  is  produced  by  many  different 
substances.  It  may  be  due  to  either  acute  or  chronic 
poisoning — in  the  first  instance  a  large  amount  of 
the  poison  is  absorbed  at  once;  in  the  latter  the  sys- 
tem gradually  becomes  saturated. 
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Poisons  which  dilate  or  contract  the  pupils  usually 
have  the  same  effect  on  the  blood-vessels  of  the 
interior  of  the  eye. 

Lead  poisoning  prodiices  optic  nerve  atrophy;  in 
fact,  all  of  the  various  poisons  taken  into  the  system 
set  up  a  form  of  optic  neuritis  usually  going  on  to 
partial  or  complete  optic  nerve  atrophy. 

Quinine,  osmic  acid,  and  salicylic  acid  have  oc- 
casioned blindness.  Optic  nerve  atrophy  has  been 
caused  by  all  of  the  exanthematous  diseases,  such  as 
typhoid  and  typhus  fevers,  mumps,  malaria,  relapsing 
fever. 

Alcohol  is  one  of  the  most  common  causes  of  ambly- 
opia; while  there  may  be  some  eye  symptoms  in  acute 
alcohol  poisoning,  such  as  paralysis  of  ocular  muscles, 
anesthesia  of  the  cornea,  and  marked  congestion  of 
the  ocular  and  palpebral  conjunctiva,  they  arc  not 
constant  symptoms.  Amblyopia  potatorum,  from 
the  constant  use  of  alcohol  is  the  condition  most 
frequently  foimd. 

.\bsolute  blindness  rarely  takes  place  from  the 
abuse  of  alcohol  alone — ophthalmoscopically  we  find 
the  optic  nerve  looking  dull  and  soggy,  and  its  outline 
is  not  clearly  defined.  Later  the  optic  disc  takes  on 
a  pallor  to  the  outer  side,  and  the  indistinctness  is 
absent — the  media  remain  normal.  It  occurs  in 
each  eye  usually.  Frequently  patients  wait  until 
they  are  unable  to  read  before  seeking  advice.  The 
lesion  is  an  interstitial  inflammation  of  the  axial 
fibers  of  the  optic  nerve. 

Abstaining  from  alcohol,  and  giving  nourishing 
food,  with  good  attention  to  the  skin,  and  the  hypo- 
dermatic use  of  strychnine  in  increasing  doses  up  to 
one-eighth  to  one-fifth  of  a  grain  will  usually  give 
marked  relief,  unless  atrophy  of  the  optic  nerve  has 
gone  too  far. 

Wood  alcohol  (methj'l  alcohol)  has  caused  death 
and  complete  blindness  in  a  large  number  of  ca.ses, 
during  the  past  three  years.  The  inhalation  of  the 
fumes  has  caused  blindness,  where  sufficient  air 
could  not  be  breathed.  Brewers  use  this  substance 
with  shellac  to  paint  the  interior  of  beer  vats,  and 
the  workman  having  only  a  very  small  aperture  fbr  air, 
the  fumes  inspired  cause  poisoning  and  sometimes 
permanent  blindness  from  optic  nerve  atrophy. 

Anisette,  a  cheap  form  of  liquor  used  mostly  by 
Italian  workmen,  has  been  found  to  contain  a  large 
amount  of  wood  alcohol,  and  many  cases  of  blindness 
and  sudden  death  have  been  traced  to  its  use. 

Tobacco  amblyopia  is  caused  by  habitual  and  excess- 
ive use.  It  is  usually  found  in  each  eye,  though  not 
necessarily  to  the  same  extent.  The  appearance  of  the 
nerve  head  is  similar  to  that  seen  from  alcohol;  in 
each  case,  there  may  be  a  scotoma.  Complete  aV)- 
stinence  from  smoking,  and  the  use  of  strychnine 
hypodermically  wUl  cause  improvement. 

CoN'STiTUTiox.^L  DisE-\SES,  SO  called,  cause  eye 
symptoms  of  various  sorts. 

Leucocythemia  often  produces  serious  disturbances 
in  the  fundus,  due  to  serous  exudation  through  the 
vessels. 

In  pernicious  anemia  we  have  hemorrhages  in  the 
retina  that  vary  from  being  extensive  to  being  very 
minute.  Edema  of  the  eyelids  is  often  seen,  the 
ocular  conjunctiva  shows  a  yellow  hue,  and  fine 
extravasations  may  be  seen   in   this   membrane. 

In  Addison's  disease  this  same  condition  is  noticed. 
William  Oliver  Moore. 

Eye,  Tumors  of  the. — I.    Tumors  of  the   E\-e- 

Lms, — A.  Benign  Tumors. — The  benign  tumors  of 
the  lids  are  partly  congenital,  partly  acquired  later  on 
in  life.  Their  growth  is  but  seldom  accompanied  by 
any  inflammatory  symptoms.  Thene  tiunors,  of 
course,  during  their  growth,  are  influenced  by  the 
nature  of  the  tissue  from  which  they  spring  and  into 
which  they  grow,  and  the  variety  of  tissues  which 
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con.stitute  what  we  term  the  cyclidji  noroMarilv  brlnn« 
about  a  number  of  distinct  forrna  of  tumon/and  an 
endless  variety  in  their  Nhape. 

1.  Warln  and  iinlhrlial  hunm  (not  tn\te  I. 
with  epithelial  growths)  are  sometimes  f., 
outer  dermoid  surface  of  the  lifls,  mi<r'   ' 
the  upi)er  lid.     They   may  be  coiuj. 

may    keep   on   growing   gradually    uiit.. 
necessary  to  remove  them  on  arcounl  i<f 
sightliness,  or  because  their  weight  is  felt  di 
and  has  become  a  hindrance  to  the  fr»*  iii.,\.  : 
of  the  lids;  or,  finally,  because  they  actually  ob-' 
sight  by  obscuring  a  part  of  the  visual  field  in  ccrtaui 
positions  of  the  eyeball. 

Such  warts  usually  spring  from  the  lid,  with  a 
broad  basLs.  They  are  not  easily  confoumlcd  with 
epithelial  growths,  becau.se  they  lack  a  zonf  of 
inflammation  and  infiltration,  which,  in  the  ra-<-  ..f 
the  latter.  Is  never  wanting.  Furthermore, epithelial 
growths  usually  show  points  of  ulceration.  Sloreover, 
epithelial  growths  of  the  eyelids,  although  observe! 
in  young  subjects,  are  more  fre()uently  found  in  the 
declining  years  of  life,  and  lie  most  fre<iuently  near 
one  of  the  canthi  or  at  the  lid  margin.  Wart.s  and 
horns,  however,  are  found  in  all  ages,  and  .seem  to  lie 
more  fre(|uent  near  the  middle  portion  of  the  eyelida 
than  at  any  other  locality. 

According  to  their  superficial  arrangement,  such 
epithelial  warts  of  the  eyelids  have  been  de-rritx-d 
as  papillomata  when  resembling  cauliflower,  and  an 
condylomata  when  resembling  the  broatl  or  pointed 
condylomata  observed  in  other  regions  of  the  bod-. . 

The  histological  structure  of  these  warts  ha.s  ni 'til- 
ing that  would  distingtiish  them  from  other  warts 
of  the  skin.  They  consist  of  h\i)ertrophic  papillary 
structures,  covered  by  very  thick  and  horny  layers  of 
epithelial  cells. 

Although  such  warts  are  in  themselves  boi'ii:ii 
tumors,  we  must  state  here  that  in  later  years  (•[■!•  1  •  ■ 
lial  growths  often  begin  from  such  warts,  and  their 
removal  is  therefore  to  be  recommended. 

2.  Granuloma  or  chalazion  of  the  eyelid  is,  in  con- 
tradistinction to  the  other  benign  tumors  of  the 
eyelids,  an  inflammatory  tumor.  In  its  origin  it  is  a 
hordeolum,  that  is.  an  inflammatory  process  caused, 
in  the  more  superficial  or  the  deeper  layers  of  tin- 
eyelid,  by  the  stoppage  of  one  or  more  secretary 
canals  of  the  Meibomian  glands,  be  thus  merely 
mechanical  (by  foreign  substances)  or  due  to  an 
infection  or  an  inflammatory  proces-s.  which  only 
secondarily  involves  the  secretory  ducts  of  the-se 
glands.  Such  a  Meibomian  hordeolum  is  originally 
the  distended  Meibomian  gland,  filled  with  its  own 
secretion  and  pus,  and  later  on  with  an  at!  •  '  '  - 
detritus.     This  sac,  so  to  speak,  lies,  as  i.- 

its    mode    of    development,    embedded    u.  

tarsal  tissue,  and  pushes  out  the  skin  of  the  lid  in  the 
form  of  a  roundLsh  elevation,  the  periphery  of  which 
falls  off  into  the  surrounding  tissue  at  a  more  or  le.sa 
acute  angle.  These  tumors  vary  considerably  in 
size,  and,  aside  from  the  deformity  which  their 
presence  causes,  they  may  have  to  be  removed  because 
they  interfere  with  sight. 

We  find,  then,  usually,  that  these  tumors  (tarsal 
tumors,  JUS  they  are  often  stvled)  consist,  at  a  later 
period,  to  a  great  extent,  or  even  totally,  of  granula- 
tion tissue,  which,  having  sprung  from  the  walls  of 
the  sac,  has  forced  the  semi-fluid  contents  of  tl;.- 
original  cvst  to  one  side  where  they  have  undorc'ie 
partial  absorption.  Later  yet.  we  ni.Hv  find  s..li.l 
graiuilomata  which  now  and  then  contain  giant  rolls, 
and  no  vestige  of  the  atheromatous  or  purulent 
contents  of  the  sac.  .\s  curiosities  we  mav  men;;  'n 
that  one  author  claims  that  chalazion  is  due  to  tie 
tubercle  bacillus,  while  another  author  has  even 
found  an  enormous  bacillus  chalazicus. 

This  is  undoubtedly  the  form  of  tumor  most 
frequently  met  with  on  the  eyelids. 
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3.  Xanlhelanma  or  xanthoma  of  the  eyelids  is  not  a 
rare  affection.  It  seems,  however,  to  be  more  frequent 
among  females  than  among  males.  It  is  a  roundish  or 
lobulated  elevation  of  the  skin,  of  a  peculiar  yellowish 
appearance,  which  has  given  it  its  name.  Its 
development  has  often  been  brought  into  relationship 
■with  diseases  of  the  liver. 

Very  frequently  these  elevations  occupy  symmet- 
rical positions  on  both  eyes,  especially  in  the  nasal 
third  of  the  upper  eyelids.  They  are  not  found  in 
early  youth,  and  undoubtedly  belong  to  the  later 
years  of  life.  In  females  they  often  develop  in  the 
catamenial  years.  Aside  from  the  deformity  which 
they  cause,  there  is  hardly  any  reason  for  their 
removal. 

So  far  as  their  histological  formation  is  concerned 
there  can  be  no  doubt  that  different  forms  of  tumors 
which  have  nothing  in  common  except  their  yellow 
aspect,  may  be  taken  for  xanthelasmata.  This 
yellow  coloring  is  due  to  the  presence,  in  the  sub- 
cutaneous tissue,  of  a  large  number  of  stellate  con- 
nective-tissue   cells    which    contain    yellow   pigment 


Fia.  2319, — Xanthelasma  of  the  Eyelid. 

granules.  Aside  from  these,  the  tumor  may  consist 
of  connective  tissue  which  has  undergone  fatty 
infiltration  and  degeneration,  or  it  may  show 
plainly  a  hypertrophic  condition  of  the  sebaceous 
glands,  with  stoppage  and  perfect  occlusion  of  their 
excretory  canals.  We  find  then,  in  these  tumors, 
large,  round  sacs  of  connective  tissue  filled  with  the 
enormously  swollen  epithelial  cells  of  these  glands, 
which  are  undergoing  retrogressive  metamorphoses 
(see  Fig.  2319).  In  other  cases  we  find  simply  a  dense 
connective  tissue,  void  of  even  a  trace  of  the  glandular 
structure,  but  containing  the  pigmented,  stellate 
cells  which  these  tumors  all  have  in  common,  and 
from  which  they  derive  their  name.  The  same  en- 
larged and  degenerated  epithelial  cells  are  found  in 
molluscum  contagiosum  and  have  been  claimed  to  be 
the  characteristic  molluscum  bodies.  They  are, 
however,  also  found  in  epithelial  horns  and  other 
pathological  conditions  of  the  lids. 

According  to  their  form,  these  tumors  have  been 
described  as  xanthelasma  planum  or  tuberosum. 

4.  Cysts  are  sometimes  observed  in  the  eyelid 
which  are  not  to  be  confovmded  with  chalazia  in  a 
cystic  stage.  Such  cysts,  of  which  the  writer  has  had 
occasion  to  see  an  enormous  one,  appear  as  more  or 
less  round  semi-transparent  protrusions  which  may 
cause  a  pressure  atrophy  of  the  tarsal  tissue  so  that 
they  lie  apparently  enclosed  only  between  the 
stretched  conjunctiva  and  the  skin.  They  take  their 
origin  from  the  sebaceous  or  modified  sudoriferous 
glands  of  the  skin  of  the  lid  margin. 

5.  Angiomata  of  the  eyelids  are  almost  always 
congenital  tumors,  although,  from  their  slow  develop- 
ment, they  may  become  noticeable  only  several  years 
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after  birth.  They  belong  either  to  the  cavernous  or 
the  arterial  variety. 

The  cavernous  angiomata  cause  a  swelling  of  the  lid 
in  which  they  are  embedded,  and  usually  imjiart  to  it  a 
dark  blue  color.  If  the  upper  lid  be  the  one  affected, 
it  cannot  be  raised  freely,  or  else  it  shows  the  condi- 
tion known  as  ptosis.  Any  impediment  to  the  con- 
tinuous flow  of  the  venous  blood  (stooping  down, 
coughing,  pressure,  etc.)  causes  the  tumor  to  swell. 
These  growths  frequently  extend  backward  into  the 
tissues  of  the  orbit,  or  into  the  tissues  surrounding 
this  cavity.  From  their  site,  color,  and  conformation, 
such  cavernous  angiomata  may  he,  in  rare  cases, 
confounded  with  orbital  cysts,  which  sometimes  cause 
a  very  similar  aspect  of  these  regions. 

The  histological  structure  of  these  cavernous 
growths  shows,  of  course,  nothing  peculiar. 

The  teleangiectatic  tumors  are  usually  smaller  than 
the  cavernous  ones,  and  since  they  generally  reach  to 
the  cutaneous  surface,  they  are  recognized  at  a  much 
earlier  period.  There  is  very  often  but  little  or  no 
swelling,  but  the  bright  red,  enlarged  blood-vessels 
can  be  seen  through,  or  even  in,  the  skin.  This  kind 
of  angioma  is  but  seldom  confined  to  the  eyelid  alone. 
Yet  there  are  also  teleangiectatic  tumors  of  the  eyelids 
so  well  defined  that  they  can  almost  be  enucleated  like 
a  granuloma. 

While  cavernous  angiomata  are  apt  to  grow  with 
advancing  years,  the  teleangiectatic  angiomata  do 
not  seem  to  have  this  tendency  to  a  very  marked 
degree. 

6.  Fibromata. — a.  Hard  fibromata  of  the  eyelids  are 
of  very  rare  occurrence,  and  may  possibly  take  their 
origin  from  a  granuloma  formed  in  the  cystic  disten- 
tion of  a  Meibomian  gland  (hordeolum).  The  writer 
has  .seen  and  examined  only  two  such  cases.  In 
both,  the  round  tumor  was  implanted  in  the  tarsal 
tissue,  and  raised  the  skin  of  the  lid  just  as  a  chalazion 
does.  In  both,  the  tumor  was  situated  in  the  upper 
lid  and  was  harder  to  the  touch  than  a  chalazion 
usually  is.  The  size  of  the  tumors  was  about  that  of 
a  cherry  pit,  and  they  consisted  altogether  of  a  dense 
tissue  formed  of  short  spindle  cells. 

/3.  The  soft  fibroma  (fibroma  molluscum)  of  the 
eyelids  is  also  of  very  rare  occurrence,  and  is  usually 
found  at  the  same  time  on  other  parts  of  the  body. 

These  tumors,  which  appear  always  in  large 
numbers,  vary  in  size  from  that  of  a  pea  to  that  of  a 
large  pear,  and  even  much  larger  ones  have  been 
observed.  As  they  grow  Ihey  usually  become  pedun- 
culated, and  hang  pouch-like  by  this  pedicle. 

Their  histological  structure  has  not  as  yet  been 
satisfactorily  studied.  Some  authors  have  found 
only  soft  connective  tissue,  while  others  report  the 
presence  of  peculiar  cells  undergoing  retrogressive 
metamorphose.s — probably  epithelial  cells  of  the  se- 
baceous glands,  resembling  closely  those  found  in 
xanthelasma. 

y.  A  third  form  of  fibroma  of  the  eyelid  has  been 
described  as  jAexiform  neurofibroma.  This  rare  kind 
of  growth  is  said  to  be  congenital,  and  to  consist  of 
a  series  of  swellings  and  cords  which  lie  in  the  sub- 
cutaneous tissue,  and  which  in  parts  are  extremely 
painful  to  the  touch. 

The  histological  examination  has  not  cleared  up  the 
nature  of  these  fibromata  very  materially.  They  are 
said  to  consist  of  dense  connective  tissue,  rich  in  nuclei, 
and  surrounding  simply  atrophic  nerve  bands,  or 
nerve  fibers  undergoing  fatty  degeneration. 

7.  Lipomaia  of  the  eyelids  are  of  rare  occurrence. 
They  may  be  congenital,  or  they  may  appear  in  very 
obese  people  in  advanced  life.  In  the  latter  case  they 
are  apt  to  grow,  and  may  have  to  be  removed  because 
they  interfere  with  the  sight,  and  this  is  especially  apt 
to  be  the  case  when  they  develop  in  the  upper  lids 
and  hang  over  the  lid   margin. 

No  further  importance  is  attached  to  this  kind  of 
growth. 
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8.  Lijmphangio inula  aud  lyrnphomata  have  also  been 
found  in  the  eyehds. 

9.  Tliere  is  another  rare  form  of  tumor  of  the  lid, 
which  takes  its  origin  from  the  lymph  vessels,  which 
has  been  called  lymphangio-endolhdioma.  It  is 
chiefly  made  up  of  the  endothelial  cells  of  the  lymph 
vessels  enormously  increased  in  numbers  and  embed- 
ded in  an  edematous  connective  tissue  which  some- 
times contains  patches  of  cartilage  or  bone  tissue. 


Flo.  2320 


-Epithelioma  of  Eyelid,  attached  to  and  invading 
the  Cornea. 


In  a  case  reported  as  lymphangioma  the  tumor  is 
said  to  have  been  situated  at  the  lid  margin,  the  size 
being  that  of  a  split  pea.  It  consisted  of  fibrous 
connective  tissue,  throughout  which  were  scattered 
a  large  number  of  cavities  of  different  sizes.  These 
cavities  contained  a  tine,  granular  substance  in  w'hich 
lymph  cells  were  suspended.  The  waUs  of  the  cavities 
were  lined  with  an  endothelium. 

In  harmony  with  this  description  the  tumor  was 
styled  a  cavernous  lymphangioma.  A  nmnber  of 
cases  of  a  similar  nature  have  since  been  described. 

Lymijhomata  of  a  very  large  size  were  foimd  in  all 
the  four  eyelids  of  a  man  suffering  from  leukemia. 

B.  Malignant  Tumors  of  the  Et/elids. — 1.  Of  the 
malignant  tumors  of  the  eyelids  the  most  frequent 
are  epithelial  tumors,  and  among  them  especially  the 
flat  epithelioma. 

The  epithelioma  of  the  eyelid  begins  almost 
always  at  the  lid  margin,  especially  on  the  lower 
lid,  and  it  seems  to  grow  with  preference  near  the 
inner  or  o\iter  canthus. 

In  the  beginning  we  usually  find  a  small,  round- 
ish, reddish  nodule,  which  is  cjuite  hard.  Some- 
times this  hardness  and  some  redness  around  the 
original  nodule  are  the  only  symptoms  by  which 
we  may  distinguish  it  from  a  conunon  wart. 
After  a  while,  either  spontaneously  or  because  the 
patient  keeps  irritating  it  with  his  fingers,  the 
surface  of  this  nodule  becomes  slightly  ulcerated, 
and  a  crust  is  formed.  Now  this  one  nodule  may 
keep  on  growing  and  spreading,  and  become  ex- 
coriated at  its  surface,  or  new  nodules  may 
spring  up  around  it  and  share  the  same  fate. 
Thus  there  is  finally  developed  a  flat  ulcer,  with  a 
hard  base,  and  hard,  ragged  edges,  which  fre- 
quently bleed  profusely  when  but  slightly  injured. 
As  the  ul"er  creeps  along  some  parts  may  heal,  and 
the  tough  white  bands  of  scar  tissue  give  the  affec- 
tion then  an  aspect  very  similar  to  that  of  scirrhous 
cancer  in  other  parts  of  the  body.  The  infiltration  of 
the  tissues,  the  breaking  down  of  the  lid  nuirgin, 
and  the  development  of  bands  of  cicatricial  tissue — 
all  these  alterations,  singly  or  combined,  may  cause 
very  annoving  and  unsightiv  deformities  of  the 
eyelids.  The  lower  lid,  as  a  rule,  becomes  everted, 
and  to  all  other  afflictions  is  added  a  continuous  flow 
of  tears.  The  growth  of  this  kind  of  epitlielioma  is 
but  slow  and,   quoad  vitam,   very   much   less  to  be 


dreatled  than  another  form  of  thin  growth  which  cat* 

rapidly  into  tlie  tiasues  and  breuk.s  them  down  in  a 
very  short  period.  Jn  the  latter  vurii-ty  the  rapUl 
I)roKress  of  the  primary  dL-,eahe  i.s  mmjh  followiKl  by 
infiltration  of  the  lymphatic  glunrls  and  of  the 
parotid,  or  the  dLsease  iiiuy  Hpread  over  tlie  conjuiic- 
tiva  bull)i  into  the  cornea,  and,  eating  its  wnv  tlirimgh 
it,  may  enter  the  eyeball,  or  grow  around  it  aii'l  invade 
the  tissiie  of  the  orbit.  This  form  i.s,  luckily,  obwrxed 
rarely,  and  the  prevalent  form  Ls  the  one  which  wc  firift 
described. 

Kpithclioma  of  the  lid  Is  a  disease  which  Li  found 
in  individuals  of  advanced  age  only. 

When  thus  form  of  tumor  involvcH  the  eyelid  the 

histological  elements  found  are  preciiiely  the  winie  an 

those  ob.served  in  the  growth  when  it  involves  Homo 

other  part  of  the   body.     The  pre-exLsting  epithelial 

cells  of  the  cutis,  as  well  as  those  of  the  s<!bo*-eoiui 

glands,  become  hypertrophic,  and  grow  in  the  typical 

way    into    the    inulerlying  and  surrounding  tksueH, 

in    the    shajje    of    cylinders.     Frcfjuently    the    rapid 

increase  in  number  of  the  epithelial  cell.s  cbumm 

the  formation  of  pearl  nodules.     The  peripherv 

of  the  growth  shows  the  usual  zone  of  inliltra- 

tion  and  inflammation. 

2.  Adenoma  and  adenocarcinoma,  especially 
of  the  Meibomian  glands,  but  also  of  other 
glands  in  the  tissues  of  the  lids,  have  been 
found  in  a  number  of  in.stances.  When  seen  at  tho 
proper  time  it  h,as  been  found  that  what  originally  waji 
an  adenoma  had  developed,  later  on,  a  carcinomatuUii 
character. 

3.  Sarcomata  of  the  eyelids,  at  least  those  of  pri- 
mary nature,  have  been  observed  in  small  numbers 
(about  fifty  in  literature).  The  eyelids  are  more 
frequently  invaded  by  sarcomatous  growths  from  the 
orbit  and  the  surrounding  tissues. 

In  the  cases  of  primary  sarcoma  of  the  lid  which 
have  been  observed,  the  i>atients  were  nearly  all 
children.  The  tumors  grew  rai)idly  and  soon  in- 
filtrated the  whole  tissue  of  the  lid.  The  neoplasms 
were  mostly  of  the  round-cell  type;  in  some  instances, 
however,  the  growth  belonged  to  the  melanotic 
variety,  and  in  still  others  it  was  composed  of  sf>indle 
cells,  of  cells  of  a  myxomatous  type,  or  of  cells 
arranged  in  alveoli.  The  writer  has  once  had  oc- 
casion to  see  a  i)ondulous  spindle-cell  sarcoma  in  a 
negro.  The  small  tumor  hung  from  the  upj)cr  lid 
with  a  penduncle  like  a  moUuscum  contagiosum,  but 
it  proved  to  be  a  spindle-cell  sarcoma. 


Fia.  2321.— l.yrnplKiiiKieclasia  o(  the  Bulbar  ConjunctlT*. 

Of  cour.se,  the  danger  to  life  due  to  sarcomatous 
growths  makes  their  removal  as  urgent  when  they 
originate  in  the  eyelid  as  when  they  develop  in  any 
other  region  of  the  body.  , 

II.  Tumors     of     the      Conjcnctiva. — A.     Benign 

Tumors  of  the  Conjuncliia. —  1.  Lumfthatigifctasio  of 
the  conjunctiva  appears  usually  sus  a  conglomeration 
of  small,  roundish  elevat  ions,  filled  with  a  w  atery  lluid. 
and  often  strung  together  like  beads.     These  little 
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tumors  give  rise  only  very  rarely  to  an  inflammatory 
condition  of  the  surrounding  conjunctiva,  and,  as  a 
rule,  cause  the  patient  no  annoyance  to  speak  of. 
When  punctured  they  collapse,  but  are  generally  soon 
refilled.  Their  usual  seat  is  the  bulbar  conjunctiva. 
From  the  appearances  presented  under  the  micro- 
scope these  tumors  consist,  imdoubtedly,  of  distended 
lymph  vessels.  The  little  tumor  is  comjjosed  of  a 
system  of  canals  and  cavities,  which  are  in  no  wav 
connected  with  the  blood-vessels.  The  latter  show 
the  more  plainly,  as  they  are  usually  hyperemic. 
The  cavities  and  canals  just  spoken  of  are  separated 
from  each  other  by  trabecuUe  of  dense  connective 
tissue,  but  they  intercommunicate.  The  surrounding 
conjunctival  tissue  appears  condensed  and  pressed 
aside.  This  system  of  canals  contains  a  perfectly 
translucent  serous  fluid  in  which  are  suspended  a 
number  of  lymphatic  cells.  The  walls  show  here  and 
there  some  traces  of  an  endothelial  coat  (see  Fig. 
2321).  The  writer  has  had  occasion  to  report  a  case  of 
acute  formation  of  hemorrhagic  h'mphangiectasia  in 
an  idiotic  girl. 

2.  Serous  cysts  of  the  conjunctiva  may  undoubtedly 
result  from  what  was  originally  simply  a  lymphangiec- 
tasia; the  septa  existing  between  the  canals  and 
cavities  of  such  a  tumor  having  gradually  yielded  to 
the  pressure,  and  all  the  cavities  having  thus  become 
united  into  one.  But  serous  cysts  have  also  been 
found  in  the  conjunctiva  at  birth,  and  they  maj' 
develop  without  being  preceded  by  a  typical  lymph- 
angiectasia, especially  after  injuries,  or  they  may  be 
due  to  the  cystic  degeneration  of  small  glandular 
lobules  situated  in  the  fornix. 

They  apjjear  as  round  or  oblong  or  oval  swellings  in 
the  conjunctiva,  and,  owing  to  the  nature  of  their  con- 
tents, they  usually  present  a  somewhat  yellow  tinge. 
They  are  not,  as  a  rule,  movable  under  the  con- 
junctiva, but  they  may  become  large  enough  to  annoy 
the  patient,  and  must  then  be  removed.  They  have 
a  well-defined  cyst  wall,  consisting  of  connective  tissue, 
and  are  usually  lined  with  one  or  two  layers  of  endo- 
thelial cells. 

3.  Telcangieclalic  tumors  are  also  occasionally  found 
in  the  conjunctiva  of  the  lids  and  eyeball,  and  usually 
there  is  then,  at  the  same  time,  a  teleangiectatic 
tumor  in  the  lid.  Their  histological  structure  is  the 
same  as  that  of  other  teleangiectatic  tumors. 

4.  Pinguicula  is  a  small  roundish  or  oval  tumor 
lying  in  the  conjunctiva  bulbi  to  the  nasal,  not 
infrequently,  also,  to  the  tempor.al  side  of  the  cornea. 
Its  tissue  consists  in  the  main  of  elastic  fibers.  There 
is  no  fat  in  this  little  tumor  as  the  old  name  seems  to 
imply. 

5.  Pterygium  is  a  triangular  hj-pertrophic  fold  of 
the  conjunctiva  bulbi,  usually  situated  at  the  nasal  side 
of  the  eye  with  its  base  near  the  lacrimal  caruncle,  its 
apex  growing  for  a  shorter  or  longer  distance  into 
the  corneal  tissue.  While  its  histogenesis  is  as  yet 
not  definitely  settled,  it  undoubtedly  springs  in 
many  instances  from  a  pinguicula.  If  it  is  removed 
too  late  the  resulting  scar  may  interfere  permanently 
with  vision. 

6.  Cavernous  lymphoma  has  been  found  a  nvmiber  of 
times  in  the  conjunctiva  bulbi,  usualh'  near  the 
inner  canthus.  Although  quite  hard,  this  tumor 
appears  semi-transparent,  almost  gelatinous.  It  is 
composed  of  numerous  cavities  separated  from  each 
other  by  a  small  amount  of  connective  tissue  and 
lined  with  an  endothelial  layer.  The  contents  of  the 
cavities  are  lymph  containing  a  varying  amount  of 
lymphocytes. 

7.  Gra'nulomata,  commonly  called  polyps,  of  the 
conjunctiva  are  nowadays  but  rarely  met  with. 
They  are  red,  sottish  nodules  which  project  into  the 
conjunctival  sac;  their  mode  of  attachment  to  the 
conjimctiva  being  either  by  a  broad  base  or  by  a 
slender  peduncle.  They  are  found  chiefly  near  the 
inner  canthus.     They  are  due  either  to  injuries  or  to 


chronic  inflammatory  affections  of  the  conjunctiva, 
and  may  attain  a  considerable  size,  especially  on 
phthisical  eyeballs.  Now  and  then  they  make  their 
apjjearance  at  the  site  of  tenotomy  for  strabismus. 

Their  structure  is  that  of  all  graniilomata.  Thev 
consist  mainly  of  newly  formed  round  cells  and  small 
spindle  cells,  here  and  there  intersected  by  connective- 
tissue  trabecular.  This  tissue  is  often  full  of  blood- 
vessels, and  usually  contains  a  number  of  cavities 
filled  with  serous  fluid.  In  rare  cases  the  tissue  is 
found  to  be  of  a  higher  organization,  the  granuloma 
being  changed  into  a  fibroma. 

8.  What  has  been  described  as  lipoma  of  the  con- 
junctiva is  a  subconjunctival  growth  of  fat  tissue. 
In  the  few  cases  which  have  been  described  this 
kind  of  tvmior  was  congenital,  in  some  it  increased  in 
size  in  later  life.  The  subconjunctival  lipoma 
appears  as  a  yellow,  roundish,  and  soft  swelling, 
usually  consisting  of  sever.al  lobules.  They  seem 
to  be  generally  situated  between  the  external  and 
the  superior  rectus  muscles.  They  are  sometimes 
multiple. 

According  to  the  descriptions  given  of  their 
histological  structure  these  tumors  are  very  closely 
allied  to  the  dermoid  tiunors;  in  some  cases  they  are 
really  dermoid  growths  with  an  excess  of  subcu- 
taneous fat  tissue.  In  one  or  two  cases  bone  and 
fibrous  tissue  have  been  found  in  connection  with  such 
a  fatty  growth. 

9.  Papilloma  of  the  conjunctiva  has  been  found  in  a 
niunber  of  instances.  The  tumor,  when  seen, 
usually  encroached  upon  the  cornea,  thus  .simulating 
a  pterygium.  Its  histological  examination  alone 
revealed  the  true  character.  In  one  case  reported  by 
the  writer,  almost  symmetrical  papillomata  de- 
veloped in  both  eyes  and,  growing  over  the  cornea, 
rendered  the  patient  blind.  Sometimes  the  lacrimal 
caruncle  or  the  semilunar  fold  is  the  seat  of  a  papilloma. 
Such  papUloraata,  although  not  malignant,  are  very 
apt  to  recur,  even  after  a  thorough  removal  in  the 
healthy  tissue. 

10.  Dermoid  tumors  of  the  conjunctiva  are  always 
congenital  tumors.  Their  seat  is  at  the  corneoscleral 
juncture,  and  very  frequently  they  lie  partly  in  the 
corneal  and  partly  in  the  conjunctival  tissue. 

The  tumor  appears  as  a  grayish  or  yellowish  round 
elevation,  about  the  size  of  a  pea — sometimes,  how- 
ever, much  larger.  Where  it  ends  in  the  corneal  tissue 
it  is  usually  surrounded  by  a  zone  of  gray  corneal 
tissue,  not  unlike  an  arcus  senilis.  Conjunctival 
blood-vessels  may  enter  it.  Its  surface  is  usually 
smooth  and  shining,  and  it  may  be  partially  or  totally 
covered  withfine  hair.  .Sometimes  one  or  more  of  these 
hairs  grow  very  long  and  protrude  through  the  palpe- 
bral fissure.  Such  a  tumor  may  remain  stationary  a 
whole  lifetime  and  cause  no  greater  annoyance  than 
what  may  be  dire  to  the  growth  of  the  hair.  In  other 
cases  some  irritation  causes  the  tumor  and  its  sur- 
roundings to  become  inflamed,  and  then  the  tumor 
may  begin  to  grow  and  invade  the  thus  far  healthy 
tissue  of  the  cornea.  In  such  a  case,  or  from  cosmetic 
reasons,  the  removal  of  a  dermoid  tumor  may  become 
necessary,  and  is,  as  will  be  seen  from  the  histological 
conditions,   easily  accomplished. 

The  dermoid  tumor,  as  its  name  indicates,  consists 
essentially  of  the  elements  of  the  skin.  It  is  covered 
by  epithelium,  the  outer  flattened  cells  of  which  are, 
however,  not  always  horny,  but  often  imdergoing  a 
retrogressive  metamorphosis.  This  is  probably  due 
to  the  moisture  in  which  the  surface  of  the  tumor  is 
continuously  bathed.  There  are  also  usually  a 
number  of  mucous  cells  to  be  found  in  this  layer. 
This  epithelial  coat  Is  uneven,  like  the  surface  of  the 
skin,  and  numeroiis  offsets  are  sent  into  the  depth 
surrounding  the  papilla?  of  the  tumor.  From  almost 
all  of  these  indentations  one  or  two  fine  hairs  spring 
forth,  and  here  lie  also  the  orifices  of  the  acinous 
glands,   which  are  usually  found  in  these  growths. 


292 


REFERENCE    HANDBOOK    OF    THE    MEDICAL   SCIENCES 


Kfr,  Tnmen  »t 


The  connective  tissue  under  the  epithelium  is  very 
dense  and  fibrous.  It  contains  elastic  fihriUee,  and, 
as  a  rule,  but  few  cellular  elements,  unless  the  tumor 
be  in  an  inflammatory  condition.  The  basis  of  the 
tumor,  which  is  only  very  loosely  connected  with  the 
episcleral  tissue,  is  made  up  of  fat  tissue.  Where 
the  tumor  lies  on  the  corneal  tissue,  the  union  is 
usually  a  very  firm  one.  These  tumors  contain  a 
moderate  number  of  blood-vessels,  but  it  seems  that 
they  are  but  scantily  supplied  with  nerves. 

11.  True  osleomala  of  the  conjunctiva  have  been 
observed  in  a  small  number  of  cases.  The  formation 
of  bony  tissue  seems  not  to  have  been  congenital. 
There  appeared,  in  one  case,  a  small  tumor  on  the 
eyeball  near  the  outer  canthus,  and  it  was  removed 
on  account  of  the  annoyance  which  it  caused.  In 
another  case  the  tumor  had  attained  the  size  of  a 
bean.  The  histological  examination  revealed  true 
bone  tissue. 

12.  The  writer,  on  one  occasion,  removed  from  the 
eve  of  an  infant  a  tumor  which  must  be  styled  a 
c'hondroadenoma  of  the  conjunctiva.  This  tumor  sat 
on  the  bulbar  conjunctiva  with  a  broad  base,  was 
whitish  in  color,  and  pre.sented  a  perfectly  smooth 
surface.  The  parents  had  observed  it  at  the  time 
of  the  child's  birth,  and  thought  that  it  had  been 
gradually  growing  since  that  time.  Its  size  was 
about  that  of  a  .split  pea  when  the  writer  saw  it.  The 
histological  examination  revealed  the  fact  that  it 
consisted  of  a  large  cluster  of  glandular  tubules, 
resembling  somewhat  in  their  arrangement  those  of 
the  lacrimal  gland,  and  a  large,  roundish  piece  of 
embryonic  cartilage.  These  two  kinds  of  tissue 
were  separated  from  each  other,  and  together  they 
were  surrounded  by  a  dense  connective  tissue. 

13.  A'evi  of  the  conjunctiva,  mostly  pigmented 
and  situated  on  the  conjunctiva  bulbi,  may  be  con- 
genital tumors  or  flevelop  later  in  life.  By  Unna  and 
others,  they  are   looked   upon   as   epithelial   tumors 

.due  to  a  pathological  isolation  of  certain  basal  epi- 
thelial cells  which,  having  broken  through  the  base- 
ment membrane,  grow  into  the  depth  of  the  tissue 
in  a  manner  very  similar  to  an  epithelioma.     Others, 
like  Ribbert,  maintain  that  the  origin  of  the.se  tumors 
lies  in  the  connective  tissue  and  that  the  over- 
lying  epithelium   is     but   secondarily    affected. 
The  writer   from   his   own  studies   inclmes  to 
Unna's  view. 

These    apparently    benign  tumors,  however, 
are  not  infrequently  the  starting  point  of  malig- 
nant pigmented  or  non-pigment ed  tumors  of  the 
bulbar   conjvuictiva  which  may   be   epitheliomata  or 
sarcomata  and  sometimes   show    a   mixture  of  cells 
which  makes  it  very  difficult  to  place  them  rightly. 

It  has  of  late  become  almost  the  rule  to  remove  the 
nevi  for  fear   of  their  becoming  malignant. 

B.  Malignant  Tumors  of  the  Conjunclira. —  1. 
Sarcomata  of  the  conjunctiva  are  of  rare  occurrence. 
They  are  either  unpigmented,  or,  what  is  more 
frefiuentlj'  the  case,  pigmented.  These  tumors 
take  their  origin  almost  invariably  from  the  region 
where  the  conjunctiva  bulbi  joins  the  cornea,  that  is, 
from  the  episcleral  tissue  at  the  corneoscleral  juncture, 
In  rare  cases  from  the  loose  tissue  of  the  fornix.  Their 
development  has,  in  a  number  of  cases,  been  ascribed 
to  an  injurv. 

The  sarcomatous  tumors  of  this  region  usually 
form  roundish,  sometimes  lolnilated  swellings,  which 
soon  encroach  upon  the  corneal  tissue.  They  are 
very  vascular,  and  bleed  easily.  They  are  usuaUy  of 
ariistv  brown  color,  or  they  may  even  be  almost  black, 
at  least  in  parts.  Their  surface  appears  smooth  and 
shining,  which  is  due  to  the  fact  that  the  growth  for 
a  long  period  remains  covered  by  the  conjunctival 
and  corneal  epithelium.  Sometimes  new  nodules 
appear  at  some  other  point  of  the  corneoscleral 
margin,  occasionallv  at  a  point  diametrically  opposite 
the  original   tumor.     In   their  further    development 


these  tumors  may  spread  into  thi-  interior  of  tlie  i-\o, 
and,  from  the  dis.seniination  of  their  clcmentu,  death 
may  ultimately  result. 

Hist<jlogically,  the  sarcomata  of  the  conjunctiva 
are  visually  ot  the  tuiiall  round-cclle<l  variety.  The 
original  nodule,  when  growing  on  to  the  eorni-a, 
spreads  for  a  time  between  the  eorneul  e|)itheliuni 
and  Bowman's  layer,  in  the  way  jianniu  timue  u 
known  to  spread.  Later  on,  ISowinan'H  layer  ia 
destroyed  at  the  periphery,  and  the  xarc-oiiiatouii 
elements  invade  the  vnTiu-a]  tisBue  proj>er  (see  Ki({. 
2322).  Yet  the  resistance  of  Bowinan'i  layer  in 
so  great  that  the  tumor  will  idw  spread  underneath 
this  layer  into  the  cornea.  In  rarer  cusca  the  ele- 
ments of  the  sarcoma  are  8])indle  cell«.  The  pi«- 
incntation  of  the  cells  varies  considerably  in  one  and 
the  same  tumor.  The  more  superficial  part^  are, 
however,  usually  the  least  pigmented  ones.  There  in 
but  very  little  intercellular  substance.  The  largo 
quantity  of  blood-ves.sels  which  these  tumor-  usually 
contain  has  already  been  mentioned.  There  are 
always  signs  of  former  hemorrhages,  and  usually 
evidences  of  recent  ones  are  to  be  found.  In  the 
propagation  of  these  tumors  the  blood-vc.s.selii  seem  to 
play  an  important  role,  as  they  are  sometinieji  found 
to  be  filled  with  pigmented  molecules  and  pigmented 
cells.  The  periphery  of  these  tumors  ia  formed  by  a 
well-pronounced  zone  of  inflammation. 

2.  Epitheliomata  of  the  conjunctiva  are  more  often 
observed  than  any  other  kind  of  conjunctival  tumorR. 
.\lthough  they  are  seen  more  fre(|uently  in  persons  nf 
an  advanced  age,  they  make  their  api>earance  aU<>  in 
young  individuals.  'I'liey  are  generally  situated  on 
the   bulbar   conjunctiva,   and,   like  the  .sarcomatous 


Fio.  2322. — Sarcoma  of  the  Coojuncltva. 


tumors,  they  most  frequently  start  from  a  point  near 
the  corneoscleral  juncture. 

Their  formation  may  begin  with  the  development  of 
a  small  phlyctenula-like  niKiule  covered  with  hy|>or- 
emic  blood-vessels;  usually  a  numlier  of  larger  and 
distended  blood-vessels  going  to  this  niNlule  may  »>e 
seen  in  the  scleral  conjunctiva.  The  growth  may  for 
a  long  period  remain  stationary,  or  it  may  ke»'pon 
increasing  gradually  in  size,  or  upon  .siime  ,<i>ecial 
irritation  it  may  start  to  develop  rapidly,  and  Iw 
accompanied  bv' inflammatory  symptoms,  and  some- 
times bv  considerable  i)ain.  The  tumor  usually 
.sjireads  upon  the  cornea,  which  it  may  graduallv  (>on- 
etrate,  and  thus  find  an  entrance  into  tl,'  •  -  -  ,.f 
the  eveball.     The  pain  and  sutTering  nsiM  e 

])aticiit  to  submit  to  the  removal  of  the  e>  i re 

anv  further  spreading  of  the  elements  of  the  tumor 
has  taken  place.  In  its  early  stages  the  new  forma- 
tion mav  be  removed  from  the  eyeball  without  much 
dillicultv.  as  this  has  been  stated  of  the  sarcomatous 
new  formations.  Such  epithelial  growths  of  the  con- 
junctiva  have  sometimes  been  found  to  W  pigmonliil, 
and  have  then  been  describeii  as  m(7<i«i)<-api<Toi<y.«. 
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The  epitheliomata  of  the  conjunctiva,  Hke  those 
found  in  other  parts  of  the  body,  originate  in  a  hyper- 
plasia of  the  pre-existing  epitlielium.  Thus  we  find 
in  the  beginning  the  epithelial  layer  considerably 
thickened,  the  serrated  cells  very  numerous  and  well 
pronounced.  In  some  cases  we  find  a  layer  of  horny 
cells  of  considerable  thickness.  This  original  tumor 
is  usually  surrounded  by  a  tissue  which  is  hyperemic 
and  infiltrated  with  round  cells.  When  the  tumor 
grows,  epithelial-cell  cylinders  begin  to  dip  into  the 
underlying  tissue  and  send  off  new  branches.  Gradu- 
ally the  new  formation  invades  the  cornea,  this  in- 
vasion being  always  preceded  by  the  new  formation 
of  blood-vessels  and  by  round-cell  infiltration.  Bow- 
man's layer  gives  way,  and  the  epithelial-cell  cylinders 
spread  into  the  corneal  tissue  proper.  In  the  same 
way  the  epithelioma  spreads  into  the  sclerotic. 
Sometimes  the  surface  of  the  tumor  is  ulcerated. 

The  epithelioma  may  spread  into  the  interior  of  the 
eyeball.  Thus  it  has  been  seen  to  invade  the  ciliary 
body  and  the  choroid  along  an  anterior  ciliary  artery, 
or  the  iris,  after  perforation  of  the  cornea  and  anterior 
synechia  had  taken  place.  In  some  cases,  the  con- 
ditions seemed  to  warrant  the  assumption  that  the 
external  tumor  has  spread  to  the  interior  of  the  eyeball 
by  metastasis. 

The  earlier  the  operation  is  resorted  to,  the  earlier 
is  the  removal  of  such  tumors.  This  may  be  done 
successfully  by  means  of  either  the  knife  or  the 
galvano-cautery. 

III.  Tumors  of  the  Cornea. — The  cornea  proper 
is  the  seat  of  primary  tumors  in  very  rare  instances 
only.  They  are,  in  the  vast  majority  of  cases,  con- 
junctival growths  which  have  invaded  the  cornea  and 
are,  therefore,  fully  dealt  with  in  section  II  (Tumors 
of  the  Conjunctiva).  A  fibroma  and  sarcoma  have 
been  described  as  such  primary  corneal  tumors. 

IV.  Tumors  of  the  Sclerotic. — The  sclerotic,  like 
the  cornea,  does  not  seem  to  be  a  field  for  primary  new 
formations.  Those  which  have  been  described  as  such 
probably  belong  to  the  conjunctival  (episcleral)  tu- 
mors, and  have,  therefore,  been  treated  under  II. 

V.  Tumors  of  the  Iris. — A.  Beyiign  Tumors  of  the 
Iris. — 1.  Simple  granidomata  of  the  iris  have  some- 
times been  observed,  and  have  a  number  of  times  been 
mentioned  in  the  older  ophthalmic  literature.  They 
were  described  as  small,  round,  yellowish,  or  grayish 
swellings,  which  made  their  appearance  usually  in  the 
lower  half  of  the  iris.  Ciradually  such  a  timior  would 
grow  until  it  reached  Descemet's  membrane,  and 
finally  it  would  lead  to  perforation  of  the  cornea. 
This  generally  was  followed  by  shrinkage  of  the  eye- 
ball and  the  formation  of  scar  tissue. 

Histologically,  these  tumors  are  found  to  consist  of 
round  cells,  and  to  contain  numerous  giant  cells  ("mye- 
ioplaxes").  Such  a  structure  is  so  similar  to  that  of 
tubercles  that  some  recent  authors  have  described  the 
simple  granuloma  of  the  iris  as  tuberculosis  of  the  iris. 
It  is  certainly  strange  that,  since  we  have  learned  what 
tumors  may  grow  in  the  tissue  of  the  iris  in  consequence 
of  syphilis  and  tuberculosis,  no  further  case  of  simple 
granuloma  of  the  iris  seems  to  have  been  observed. 

2.  A  special  kind  of  tumor  has  been  observed,  in  a 
few  instances,  to  spring  from  the  iris;  it  is  generally 
mentioned  among  the  cases  of  granuloma.  This  is  a 
very  vascular  swelling,  from  which  on  slight  provoca- 
tion the  anterior  chamber  would  be  filled  with  arterial 
blood.  I  shovild  suppose  that  in  such  a  case  we  would 
have  to  deal  with  a  iclcangieclatic  tumor,  rather  than 
with  a  granuloma.  The  writer  has  had  occasion  to 
report  the  histological  results  of  the  examination  of 
two  cases  of  iris  tumor  which  had  been  diagnosed  as 
sarcomata,  but  which  proved  to  be  vascular  tumors. 
The  one  had  the  character  of  a  capillary,  the  other  of 
a  venous  angioma.  The  cases  reported  as  granulo- 
mata  of  the  iris,  accompanied  by  more  or  less  period- 


ical hemorrhages,  have  probably  been  of  a  similar 
character.  A  case  described  as  a  "papilloma  of  the 
subepithelial  tissue  of  the  iris"  undoubtedly  also 
belonged  to  this  class  of  nevi. 

3.  TrannuiUc  granuloma  of  the  iris  is  occasionally 
met  with — in  some  cases  after  the  corneal  wound  is 
perfectly  healed,  but  in  most  cases  after  the  iris  has 
undergone  a  prolapse  and  is  exposed  to  the  air.  In 
the  former  cases  the  granulation  tissue  was  found  to 
perforate  the  cornea,  and  cause  perfect  loss  of  sight  in 
the  same  way  as  do  malignant  intraocular  tumors. 
In  the  latter  cases  the  tissue  of  the  granuloma  gradu- 
ally becomes  organized  and  forms  scar  tissue,  and  may 
thus  bring  about  a  spontaneous  cure. 

Such  granulomata  also  consist  of  round  cells  and 
small  spindle  cells,  and  contain  but  little  connective 
tissue  and  new-formed  blood-vessels.  Later  on,  the 
round  cells  gradually  are  changed  into  spindle  cells, 
and  finally  we  find  a  dense  connective  tissue  containing 
but  few  cellular  elements.  The  granulomata  which 
start  from  a  prolapsed  portion  of  the  iris  are  usually 
covered  with  epithelium. 

4.  Melanoma  of  the  iris  has  occasionally  been 
observed.  It  appears  as  a  darker  raised  spot  in  the 
tissue  of  the  iris,  and  it  is,  to  say  the  least,  as  yet 
questionable  whether  what  has  been  caUed  melanoma 
was  not  in  reality  a  melanosarcoma.  The  authors 
usually  state  that  a  benign  melanoma  may  at  any 
time  assume  a  malignant  sarcomatous  character. 

Such  a  melanoma  is  said  to  consist  of  a  circum- 
scribed accumulation  of  "stroma  cells  of  the  iris,  the 
larger  part  of  which  are  pigmented,  have  many  offsets, 
and  anastomose  with  each  other.  They  pass  without 
a  sharp  boundary  into  the  neighboring  tissue,  and  the 
remainder  of  the  iris  is  normal."  In  a  case  reported 
by  the  writer  and  studied  after  depigmentation  of  the 
tissue,  it  was  found  that  the  melanoma  which  took  up 
the  whole  thickness  of  the  iris  consisted  of  large 
round  cells  which  came  from  the  uveal  layer  and  grew 
into  the  iris  parenchyma.  From  this  it  appears  that  • 
the  melanoma  is  an  epithelial  nevus,  like  the  con- 
junctival nevi. 

5.  Cysls  of  the  iris  have  been  observed  in  a  large 
number  of  cases.  They  are  either  serous  cysts  or 
cysts  filled  with  epithelial  material — epidermoid 
(atheromatous)  cysts. 

Cystic  formations  in  the  iris,  as  a  rule,  develop  only 
after  an  injury.  They  begin  as  small,  round,  yellow- 
ish, or  grayish  tumors.  The  yellowish  color  is  more 
characteristic  of  the  epidermoid  character,  while  the 
grayish  or  grayish-white  color  seems  to  be  that  of  the 
serous  cysts.  Such  cysts  gradually  grow  until  they 
reach  Descemet's  membrane,  and  then  may  become 
firmly  adherent  to  it.  Oblique  illumination  will 
usually  show  at  once  whether  the  cyst  contains  serum 
or  some  other  material,  for  in  the  former  case  the  tumor 
will  be  plainly  translucent.  In  some  cases  the  pres- 
ence and  the  growth  of  such  a  cyst  seem  to  cause  but 
little  discomfort;  in  others,  however,  severe  inflam- 
matory symptoms  make  their  appearance,  and  sight 
may  be  destroyed. 

The  manner  in  which  the  formation  of  such  cysts 
takes  place  is  as  yet  not  absolutely  settled.  But 
from  recent  experiments,  it  seems  that  these  cysts 
usually  develop  in  small  portions  of  epithelial  tissue 
which  have  been  forced  into  the  iris  by  some  previous 
injury;  these  parts  enclosing  organs  which  are  apt  to 
retain  their  contents  and  secretion.  There  can  be  no 
doubt,  however,  that  in  some  cases  serous  cysts  are 
formed,  provided  a  fold  of  the  iris  becomes  adherent 
to  Descemet's  membrane  or  to  a  wound  canal  in  the 
cornea.  The  closure  and  subsequent  expansion  of 
iris  crypts  has  also  been  mentioned  as  a  possible  cause 
for  cystic  formations. 

Tlie  cyst  walls  have  usually  been  found  to  consist  of 
atrophied  and  attenuated  iris  tissue,  lined  with  a 
layer  of  endothelial  cells,  and  usually  firmly  adherent 
to  the  cornea.     There  is  scarcely  any  pigment  found 
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in  tliB  cyst  walls.  The  contents  of  the  serous-  cyst 
are  a  perfectly  transparent  fluid,  while  the  contents  of 
the  epidermoid  cysts  correspond  with  those  of  other 
atheromatous  cysts  and  sometimes  contain  hair. 

B.  Malignant  Tumors  of  the  Iris. — Sarcomata  of  the 
iris  have  been  met  with  in  comparatively  few  cases. 
They  have  been  mostly  pigmented,  but  iii  a  few  cases 
they  were  unpigmeuted,  or  at  least  only  slightly 
pigmented. 

These  tumors  of  the  iris  seem  to  have  originated 
mostly  in  the  parenchyma  of  this  membrane,  and  near 
its  sphincter  edge.  When  allowed  to  grow,  the  t\nnor 
slowly  spreads  over  the  iris,  and  at  the  same  time 
presses  against  the  cornea,  which  it  finally  perforates. 
During  its  development  it  causes  increase  of  intra- 
ocular pressure  and  inflammatory  attacks,  with  sub- 
sequent destruction  of  sight.  Later  on,  it  leads  to 
metastases.  The  rule  seems  to  be  that  these  tumors 
grow  on  the  anterior  surface  of  the  iris.  The  writer 
has  in  one  instance  seen  a  darkly  pigmented  sarcoma 
spring  from  the  posterior  surface  of  the  iris  near  the 
pupillary  margin,  and,  pressing  the  lens  backward, 
spread  into  the  interior  of  the  eyeball.  In  its  early 
stages  sarcoma  of  the  iris  has  been  successfuU  removed 
by  iridectomy ;  later  on,  the  eyeball  has  to  be  sacrificed. 
Some  observers  believe  that  rather  than  remove  the 
tumor  the  eye  should  be  enucleated  in  every  instance. 

In  the  few  cases  which  have  been  histologically  ex- 
amined the  tumors  were  either  pigmented  round-cell 
sarcomata  or  sarcomata  of  the  pigmented  and  unpig- 
mented  spindle-cell  variety.  They  seem  to  take  their 
origin  from  the  parenchyma  of  the  iris. 

VI.  Tumors  of  the  Ciliary  Body. — X.  Beniqn 
Tumors  of  the  Ciliary  Body. — I.  Up  to  the  present 
time  the  writer  has  examined  nine  instances  of  adenoma 
of  the  ciliary  body.  These  small  tumors,  which 
sprang  from  the  pars  eiliaris  retinse,  were  usually 
confined  to  one  ciliary  process,  and  seemed  to  cause  no 
symptoms  during  liife.  Histologically,  they  consist 
of  the  cells  of  the  pars  eiliaris  retina,  arranged  in 
double  rows  like  glandular  ducts,  and  these  tubules 
form  numerous  convolutions.  Between  these  tubules 
lies  a  coagulated  amorphous  substance.  The  tumors 
are  surrounded  by  pigment  epithelium.  It  is  as  yet 
not  clear  whether  these  adenomata  are  congenital 
or  develop  in  later  life.  The  term  adenoma  which 
for  want  of  a  better  name  was  applied  to  these  jjeculiar 
growths  by  the  writer,  is  probably  not  correct.  By 
others  it  has  been  claimed  that  these  tumors  are 
simply  a  senile  change.  Some  of  the  writer's  cases, 
however,  disprove  this  opinion. 

2.  Myoma  of  the  ciliary  body  has  only  once  been 
observed  and  described,  "in  this  case  a  brownish-red 
tumor  was  found  to  press  part  of  the  iris  against  the 
posterior  surface  of  the  cornea  and  to  protrude  for 
some  distance  into  the  pupillary  .space.  The  t\nnor 
showed  smooth  elevations.  There  was  increase  of 
intraocular  tension,  and  attacks  of  severe  pain  were 
complained  of.  The  tumor  grew  slowly  but  con- 
tinuously, and  was  considered  to  be  a  sarcoma. 
Finally,  the  patient  consented  to  the  enucleation  of 
the  eveball.  The  tumor  was  found  to  have  the  size 
of  a  filbert,  and  to  be  firmly  attached  to  the  ciliary 
muscle.  When  divided  it  presented  a  cut  surface  of 
a  roseate  color,  and  it  was  only  slightly  pigmented  in 
the  peripheral  parts.  On  microscopical  examination 
it  was  found  to  consist  almost  exclusively  of  non- 
striated  mxiscular  fibers. 

3.  A  cyst  of  the  ciliarv  bodv  has  also  been  observed 
and  described  in  a  few  instances,  but  these  cases  h.ave 
not  vet  come  to  be  examined  microscopically.  The 
cvstoid  formation  followed  an  injury  to  the  lid  and  eye- 
ball. The  cvsts  are  described  as  oval  bodies  lying 
just  behind  the  lens,  springing  from  the  ciliary  region, 
and  reaching  with  the  larger  end  half-way  across  the 
eve  into  the  vitreous.  Bv  oblique  illumination  the 
edge  of  such  a  cvst  looks  white,  and  can  be  clearly 


defined.     Its   surface  ih  dotted   here  and  thiritr   with 
pigment  deposits.     By  direct  exuiniiiutiDii   with  the 
ophthalmoscope  the  cyst  walU  are  f'.       '  ■     ' 
parent,  and  the  details  of  the  backk"  .<• 

may  be  dimly  recognized  through  t;.   :..iy 

contain  blood.  These  cysts  have  tKM-n  (jl>«Tve<l  tij 
grow  slowly,  and  to  cause  attuckis  (if  iticrcaA4.-<l  intra- 
ocular tension. 

B.  Malignant  Tumom  of  the  Ciliary  ttmly. — Primary 
leucosarcoma  and  inehiMoMarcoiiia  undoubtedly  ixriir 
in  the  ciliary  body,  Ijul  are  cimipurativcly  rarely  •^H.-n 
at  a  time  when  tjieir  primary  seat  is  still  ■  ■  ■'  •  ••-<), 
and  yet  more  rarely  examined  mii  • 
Moreover,  these  forms  of  tumors  have  nm  .-h 

would  distinguish  them  from  the  surcomutuux  Krowths 
of  the  choroid,  and  they  arc,  therefore,  IkjhI  coiixidiTcd 
under  that  head  (VII.",  B).  Of  late,  in  u  iuitnl«T  of 
instances,  carciiiomata  of  the  ciliary  body  have  tiet-ri 
reported.  They  are  described  as  having  spning  from 
the  pigment  layer,  more  especially  from  the  so-oallenl 
glands  of  the  ciliary  body  (Collins).  This  matter, 
however,  needs  further  invest igat ion. 

Vll.  TuMOR.<!  OF  THE  CnonofD. — .\.  lienign  Tumort 
of  the  Choroid. —  1.  Grnnutotna  of  the  choroid  is  wimc?- 
times  found  in  the  course  of  histological  examinatit>ni<. 
Whether  it  has  even  been  clinically  diagiio»ticalo<l  the 
writer  does  not  know.  In  literature,  no  mention  in 
made  of  such  a  diagnosis. 

In  eyes  in  which  the  choroid  has  \ioen  injurwl 
(through  the  sclerotic),  or  in  which  round-cell  accumu- 
lations have,  after  the  manner  of  abscesses,  perforated 
the  lamina  vitrea  of  the  choroid,  we  find  ooca.'sionally 
a  small  tumor  consisting  of  granulation  tl^-sue.  i.f.  of 
free  nuclei,  round  cells  and  small  si)indle  cells,  and 
newly  formed  blood-ve.s.sels.  These  tunmrs  may  cither 
lift  the  retina  from  the  choroid  and  thus  cause  a  cir- 
cumscribed detachment  of  the  former  membrane,  or, 
they  may  pierce  the  retina  also  and  protrude  into  the 
vitreous  body.  Later  on,  these  granulation  tumors  arc 
changed  into  connective  tissue,  and  ultimately,  after 
contraction  has  taken  place,  they  form  a  simple  scar. 

There  is  one  observation  on  record  of  the  presence 
of  small  granulomata  of  the  choroid  in  the  eye  of  an 
individual  who  had  long  been  suffering  from  "granular 
lids." 

2.  So  far  as  I  can  learn,  eyslnid  formations  in  the 
choroid  have  been  seen  only  once,  viz.,  by  the  writer. 
and  then  only  in  the  course  of  the  microsco])iral 
examination  of  an  eye.  They  were  found  situated  in 
the  periijheral  portions  of  this  membrane,  and  formed 
a  small  number  of  round  and  oval  cavities  eml>e<lde<l 
in  the  parenchyma  of  the  choroid.  They  had  a  meni- 
brana  ])ropria  and  were  liiie<l  with  endothelium.  As 
regards  their  structure  they  were  probably  comjMised 
of  dilated  lymph  vessels.  'The  tis.sue  of  the  choroid, 
which  was  disiilaced  by  these  cystoid  formations,  was 
infiltrated  with  roundcells  and  hyi>erpmic. 

B.  Matigtiaiit  Tumors  of  the  Choroid. — The  only 
form  of  primarv  malignant  tumor  found  in  the  choroid 
(and  ciliary  body)  is  i)robabl\;  that  of  the  sarcoma  in 
some  one  of  its  numerous  varieties. 

Since  sarcoma  of  the  choroid  (and  ciliary  IxkIv)  la 
tmdoubtedlv  the  kind  of  intra<Kular  tumor  most 
frequentlv  inet  with,  we  will  give  it  a  more  extensive 
consideration,  the  more  so  as  its  clinical  develojv 
ment  is  t\-pical  for  that  of  all  malignant  intraocular 
tumors.  It  happens  but  comparatively  seldom  that 
we  have  occasion  to  see  and  diagnosticate  a  chon>idal 
sarcoma,  and  afterward  to  verify  our  diagn>viis  by  a 
microscojiical  examination  at  the  jieriiwi  which  is 
usuallv  described  as  the  first  one  in  its  .levelopment. 
\t  this  .stage  the  patient  usuallv  complains  only  of  a 
diminution  of  sight.  If  the  tumor  springs  from  the 
ciliarv  region  it  can  usually  be  reoogni/od  bv  the 
protrusion  of  the  iris,  and  be  seen  under  oblique  light 
The  diagnosis  is  more  difficult  when  the  tumor  i* 
situated  more  centrally,  or,  as  is  frequently  the  c.vo, 
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near  the  optic-nerve  entrance.  The  difficulty  may  be 
considerably  increased  if  the  retina  at  the  site  of 
the  choroidal  tumor  has  become  detached.  This 
seems,  however,  to  be  less  frequently  the  case  than 
was  formerly  stated  by  the  authors.  At  this  stage 
the  ophthalmoscope  may  reveal  one  larger-sized, 
roundish  elevation  in  some  part  of  the  background 
of  the  eye,  or  a  fiat  elevation  with  a  smooth  or  undu- 
lating surface  covered  by  the  retina,  whose  blood- 
vessels appear  accordingly  distorted  in  their  course. 
The  pigment  of  the  sarcoma  may  perhaps  be  seen 
through  the  retina;  even  in  cases  in  which  the  retina 
at  the  site  of  the  tumor  is  detached,  it  may  be  possible 
to  recognize  the  latter  through  the  retina  with  the 
aid  of  strong  illumination  and  a  high  magnifying 
power.  In  most  cases,  however,  it  will  be  necessary 
to  make  repeated  examinations  of  the  fundus  through- 
out a  considerable  period  of  time,  in  order  to  be  able 
to  determine  whether  there  is  any  change  in  the 
picture  and  whether  the  supposed  tumor  increases  in 
size.  If  an  apparent  detachment  of  the  retina  lying 
in  the  upper  half  of  the  eyeball,  or  to  one  side,  remains 
confined  to  its  original  seat,  and  if  the  lower  half  of 
the  retina  does  not  become  involved,  the  condition 
should  be  considered  very  suspicious  of  the  presence 
of  a  choroidal  sarcoma. 

The  growth  of  a  choroidal  sarcoma  may  vary  con- 
siderably as  to  rapidity.  While  some  reach  the 
second  period  in,  say,  one  year,  others  may  take  a 
number  of  years  to  reach  the  same  stage. 

The  second  period  in  the  development  of  a  choroidal 
sarcoma  is  characterized  usually  by  an  increase  of  the 
intraocular  tension  to  a  varying  degree  (glaucomatous 
stage),  combmed  with  inflammatory  attacks  and  often 
severe  pain.  In  some  cases  glaucomatous  symptoms 
are  wanting.  In  this  period  the  timior  fills  the  vitreous 
chamber  more  and  more,  and  pushes  the  retina,  the 
condensed  vitreous  body,  the  usually  cataractous 
crystalline  lens,  and  the  iris  toward  the  cornea.  Or  it 
spreads  through  the  whole  uveal  tract,  forming,  so  to 
speak,  a  sarcomatous  shell  which  encloses  the  retina, 
the  condensed  vitreous  body,  and  the  cataractous 
crystalline  lens.  In  this  period  the  eye  usually  shows, 
externally,  the  signs  of  a  chronic  inflammation. 

The  third  period  in  the  development  of  a  choroidal 
sarcoma  is  usually  called  that  of  perforation  and  the 
spreading  of  the  tumor  outside  of  the  eyeball.  Thus 
the  elements  of  the  tumor  usually  grow  through  the 
sclerotic,  along,  or  even  by  way  of,  a  blood-vessel 
(veuEe  vorticosse,  anterior  ciliary  arteries,  etc.),  or 
through  the  channel  of  a  ciliary  nerve,  or,  what  is 
(iviite  often  the  case,  when  the  tumor  originates  near 
the  optic  nerve,  by  way  of  this  nerve  or  its  sheaths, 
or  by  way  of  the  intravaginal  space.  In  other  cases, 
the  tumor  will  cause  a  staphyloma-like  distention  of 
the  anterior  parts  of  the  sclerotic  or  of  the  cornea, 
and  cause  a  rupture  there.  In  this  case  the  lens  is 
usually  expelled  from  the  eye,  and  the  tumor,  no 
longer  restrained  in  its  growth  by  a  resistant  capsule, 
grows  rapidly  outward  until  the  lids  can  no  longer  be 
closed  over  it. 

At  the  same  time  dissemination  of  the  elements  of 
the  tumor  has  usually  taken  place.  Such  elements 
taken  up  into  blood-vessels  are  carried  away  by  the 
current  of  the  blood,  and,  wherever  they  are  deposited, 
new  (metastatic)  tumors  are  formed,  which  ultimately 
cause  the  death  of  the  patient.  The  organs  which 
are  usually  attacked  by  such  metastatic  tumors  are 
chiefly  the  liver,  the  lungs,  pleura,  intestines,  kidneys, 
spleen,  brain,  etc. 

In  very  rare  cases  sarcoma  has  been  found  to 
attack  both  eyes  of  the  patient. 

The  development  of  sarcoma  of  the  choroid  is 
usually  observed  at  an  advanced  age,  yet  it  has  also 
been  found  in  very  young  individuals.  It  seems  to 
be  somewhat  more  frequent  in  males  than  in  females. 
In  a  considerable  number  of  cases  its  development 
may  rightly  be  attributed  to  an  injury. 
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Histologically,  we  find  the  choroidal  sarcoma  to  be 
more  frequently  pigmented  than  unpigmented.  The 
pigmentation  varies  consideraVjly,  however,  even  in 
one  anrl  the  same  tumor,  and  may  be  situated  within 
the  tumor  cells,  or  lie  to  a_  large  extent  outside  of 
them  in  the  stroma.  The  pigment  is  either  derived 
from  the  pre-exLsting  chromatophores,  both  of  con- 
nective tissue  or  epithelial  cells,  or  to  hemorrhages 
which  frequently  take  place  into  the  tumor  tissue. 
The  elements  of  the  tumor  are  either  round  cells  or 
spindle  cells.  The  spindle  cells  seem  to  be  prevalent 
in  the  unpigmented  sarcomata.  The  round  cells  of  the 
pigmented  sarcomata  (melanosarcomata)  are  usually 
very  large.  The  round-cell  sarcomata  are  mostly 
very  vascular.  The  spindle-cell  sarcomata  have  gen- 
erally biit  few  blood-vessels,  and  in  certain    respects 


Fig.  2323. — Sarcoma  of  the  Choroid. 

they  present  rather  the  characteristics  of  a  fibroma. 
They  also  seem  to  grow  more  slowly  than  the  round- 
cell  sarcomata.  In  rare  cases  the  sarcoma  shows  an 
alveolar  arrangement. 

The  sarcomata  of  the  choroid  may  take  their  origin 
from  the  different  layers  of  the  choroidal  parenchyma. 
The  statement  has  been  made,  and  its  correctness  has 
been  denied,  that  the  impigmented  spindle-cell 
sarcomata  spring  usually  from  the  outer  layers  of 
the  choroid.  The  writer  is  satisfied  that  this  is  the 
correct  view,  and  that  the  pigmented  sarcomata, 
especially  the  darkly  pigmented  ones,  spring  as  a  rule 
from  the  inner  layers  of  the  choroid.  They  get  their 
darkest  pigment  from  the  broken-up  cells  of  the  pig- 
ment epithelium,  and  lighter  pigment  from  hemor- 
rhages. Sarcomata  starting  from  the  outer  layers  of 
the  choroid  may  remain  perfectly  unpigmented,  and 
grow  to  quite  a  size,  until  b.y  the  final  perforation  of 
the  lamina  vitrea  of  the  choroid,  and  the  subsequent 
breaking  up  of  the  pigment  epithelium,  a  large 
quantity  of  pigment  molecules  is  set  free,  and  then 
onh'  does  the  tumor  become  to  some  extent  pig- 
mented. Before  this  happens  the  ])igment  epithelium 
is  usually  found  in  a  state  of  proliferation. 

Occasionally  there  may  \ye  more  than  one  primary 
sarcoma  nodule  in  the  choroid  of  one  eye.  From  the 
primary  nodule  the  sarcoma  spreads  in  the  choroid 
in  the  following  manner: 

When  the  elements  of  the  original  tumor  have 
perforated  the  lamina  vitrea  of  the  choroid,  detach- 
ment of  the  retina  may  take  place,  or  the  retina  may 
remain  in  contact  with  the  inner  siirface  of  the  tumor 
and  become  firmly  adherent  to  it.  Sometimes  the 
tinnor,  when  situated  close  to  the  optic-nerve  entrance, 
breaks  at  an  early  stage  througli  the  retina.  The 
choroid  surroimding  the  tumor,  which  at  first  may 
appear  normal,  or  h\'peremic  and  slightly  infiltrated, 
is  gradually  invaded  by  the  elements  of  the  tumor. 
This  invasion  takes  place  at  first  in  the  outer  (venous) 
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layers.  In  these  cases  the  growth  of  the  tumor  is  a 
more  difTuse  one.  In  other  cases  metastatic  nodules 
are  formed  in  other  regions  of  tlie  choroid,  at  some 
distance  from  the  primary  nodule.  Gradually  the 
elements  of  the  tumor  reach  the  lamina  suijraclio- 
roidea,  and  the  tumor  soon  adheres  to  the  sclerotic. 
This  union  is  sooner  or  later  followed  by  the  perfora- 
tion of  the  sclerotic  and  the  growth  "of  secondary 
nodules  on  the  outer  surface  of  the  eyeball.  As  stated 
before,  this  perforation  of  the  sclerotic  takes  place 
along  a  pre-e.visting  canal  (nerve  or  blood-vessel)  in 
the  sclerotic.  In  rarer  cases  the  cornea  is  perforated 
by  ulceration,  and  thus  the  tumor  spreads  outside 
the  eyeball.  On  the  other  hand,  the  tumor  may 
spread  backward  by  way  of  the  o])tic  nerve.  This 
happens  in  one  of  the  following  ways:  the  elements 
of  the  tumor  may  invade  the  substance  of  the  nerve 
itself,  or  they  may  enter  into  the  porus  opticus  along 
the  central  blood-vessels,  or  they  may  invade  the 
iutravaginal  spaces  of  the  optic-nerve  sheath.  The 
glaucomatous  symptoms,  which  are  observed  in  most 
cases  of  choroidal  sarcoma,  are  due  to  the  pressure 
exerted  by  the  growth. 

The  sarcoma  of  the  choroid  is  sometimes  found  to 
contain  deposits  of  amorphous  lime. 

In  rare  cases  os.seous  tissue  is  found  to  have  been 
developed  within  the  sarcoma  (osteosarcoma). 

Chondromatous  tissue  is  also  sometimes  found 
(chondrosarcoma).  It  usually  appears  in  the  shape 
of  round  or  oval  islets,  which  are  generally  siuTOundetl 
by  a  tough  connective-tissue  capsule,  and  lie  near  or 
aroimd  a  larger  blood-vessel. 

In  a  few  of  the  cases  observed  the  sarcoma  was  a 
cystic  sarcoma,  and  in  another  small  number  it  was  an 
alveolar  sarcoma. 

The  spindle-cell  sarcomata  are,  as  a  rule,  hard  and 
tough,  while  the  round-cell  sarcomata  are  softer, 
sometimes  even  semi-fluid. 

In  a  number  of  cases  the  sarcomata  were  of  an 
endothelial  character,  springing  apparently  from  the 
endothelia  of  the  adventitia  of  the  blood-vessel 
walls.  Such  tumors  have  received  the  names  of 
angiosarcoma  or  perithelioma. 

In  rather  rare  cases  the  sarcoma  instead  of  forming 
large  nodules  protruding  into  the  interior  of  the  eye- 
ball grows  along  the  sclerotic  as  a  flat  tumor  inter- 
posed between  retina  and  sclera,  the  so-called  flat 
sarcoma. 

In  a  few  cases  metastatic  carcinoma  has  been  seen 
It  the  choroid  of  women,  the  primary  growth  havuig 
its  seat  usually  in  the  mamma.  In  a  man  the  seat  of 
the  primary  tumor  was  in  the  lungs  and  pleura.  In 
one  case  a  metastatic  sarcoma  was  found  in  the 
choroid. 

From  the  foregoing  it  is  evident  that,  as  soon  as  the 
diagnosis  of  choroidal  sarcoma  is  made,  the  eye  should 
be  removed,  as  it  is  impossible  to  state  when  the  tumor 
will  sjiread  outside  the  capsule  of  the  eyeball,  al- 
though this  usually  takes  place  only  at  a  late  period. 

VIII.  Tumors  op  the  Retina. — A.  Benign  Tumnm 
of  the  Retina. — Teleangieclatic  tumors  and  small 
fihromatoiix  tumors  have  been  occasionally  found  in 
eyes  examined  anatomically,  but  they  do  not  seem 
to  have  ever  been  observed  during  life,  nor  are  they  of 
any  importance. 

B.  Maiignniit  Tumors  of  the  Retina. — The  only 
malignant  tumor  observed  to  take  its  origin  from  the 
retinal  tissue  is  the  glioma  of  the  retina. 

Glioma  of  the  retina  (fungus  hematodes)  is  essen- 
tially a  disease  of  childhood ;  the  oldest  pat  ient  in  whom 
it  was  \mdoubtedly  observed  WMS  but  twelve  years  old. 
It  is  probably,  in"  most  cases,  a  congenital  affection. 

As  with  the  sarcoma  of  the  choroid,  we  may  divide 
the  clinical  history  of  the  development  of  a  glioma 
into  three  periods. 

In  the  first  period  the  growth  causes  but  slight 
outward  symptoms,  and  its  existence  at  this  period 


is  but  seldom  flLscovered.  The  firHt  syinptoiiix,  on 
account  of  which  the  parentn  briiii;  the  child  for 
examination,  are  u.Hually  diiniiiutlori  or  '  •  '  '  uf 
sight   and   the   olwervution   of   ii   light  or 

yellowiKh-red  reflex  from  the  pupil  (an  it'n 

eye).  In  tliLs  stage  the  pupil  is  also  genorallv  ftjuiifl  to 
be  dilated,  probably  from  parulysin  of  the  uorvei.  of  the 
iris. 

The  reflex  from  the  background  of  the  eve  may  at 
first  be  visible  only  in  certain  purt.s,  anfl  then'  the 
ophtlialmoscope  may  reveal  oidy  a  partially  HWollcn 
retina,  and  the  optic  pai>illa  may  um  vet  liC  vUbIc 
(iradually  the  background  of  the  eyefiall  Ls  i<hi/tc<l 
more  and  more  forward  in  the  vitrt'ouo  chainl>cr,  and 
it  may  now  be  possible  to  see  different  round  nodulcit 
by  the  a  id  of  ol)li(|ue  illumination.  On  the  anterior  nut- 
face  of  this  yellow  nodular  mas.K  a  nunibor  of  blcxxl-vejt- 
sels  may  be  visible.     Csually  some  whitiiih  upotv  are 
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seen,  which  correspond  to  parts  which  have  undergone 
fatty  degeneration,  or  to  <U'po>its  of  lime.  Finally,  the 
whole  of  the  vitreous  chamber  is  filled,  and  the  tumor 
reaches  the  crystalline  lens  and  pres.scs  it  forward. 
This  is  usually  soon  followed  by  the  formation  of 
cataract. 

Before  this  stage  is  reached,  as  a  rule,  the  second 
period  has  begun,  which  is  characterized  by  an  in- 
creased intraocular  tension,  j)ain.  and  inflammatory 
syn\ptoms.  The  eyeball  is  now  fre<|uently  ectatic 
in  the  equatorial  region;  there  is  iritis,  and  .soon  the 
cornea  ulcerates  and  is  perforated.  The  bUxxl- 
vessels  of  the  conjunctiva  and  episcleral  tissue  are 
hyperemic  and  tortuous.  These  symptoms  arc  often 
combined  with  cerebral  ones;  there  may  also  be  fever 
and  vomiting.  The  ulceration  and  perforation  of  the 
cornoa,  in  rare  cases,  may  be  followed  by  the  forma- 
tion of  scar  tissue  and  shrinkage  of  the  eyeball. 
.•^uch  cases  have  been  described  !is  ctises  of  spon- 
taneous healing  of  glioma;  b\it  even  after  a  c»»n- 
siderable  i)eri()d  of  latency  the  tumor  makes  its 
appearance  again,  and  thus  valuable  time  may  have 
been  lost. 

The  third  period  is  that  of  perforation.  The  glioma 
grows  outward  usually  after  the  perforation  of  the 
cornea — more  rarely  after  perforation  of  the  sclerotic. 
If  it  grows  out  through  the  cornea  it  increa-ses  very 
rapidly  in  size.  The  soft,  easily  bleeding,  often 
partially  necrosed  tumor  soon  i)rotrudes  between  the 
eyelids,"  and  may  in  a  short  time  attsvin  an  enormous 

si'-e.  . 

When  the  tumor  hits  spread  through  the  sclerotic, 
before  the  cornea  Iuls  been  perforated,  the  episcleral 
tumor  or  tumors  mav  cause  a  considerable  dcgrtH"  of 
exo])hthalmus.     The  tumor  may  furthermore  invade 
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the  optic  nerve  and  thus  grow  backward  toward  the 
chiasma. 

Usually  during  this  period  secondary  tumors  are 
formed  in  the  lymphatic  glands  of  the  face,  in  the 
parotid  or  submaxillary  glands,  in  the  bones  of  the 
skull,  in  the  brain,  in  the  liver,  and  in  other  organs. 

Death  follows  from  exhaustion. 

In  the  older  literature  rather  numerous  instances  of 
spontaneous  cures  of  glioma  are  to  be  found.  They 
have  in  modern  times  been  discredited.  Yet,  there 
are  a  few  cases  on  record,  and  the  writer  has  examined 
one,  in  which  an  apparent  partial  cure,  at  least, 
resulted  from  calcareous  degeneration  of  the  glioma 
cells  accompanied  by  the  shrinking  of  the  eyeball. 
It  is,  of  course,  still  doubtful  whether  such  an  eye 
can  be  considered  as  cured,  as  there  are  usually  nests 
of  apparently  live  glioma  cells  still  to  be  found. 

In  a  large  proportion  of  the  cases  (eighteen  per 
cent.)  glioma  of  the  retina  attacks  both  eyes.  The 
affection  of  the  second  eye  seems,  however,  not  to  be 
due  to  an  infection  from  the  one  first  attacked. 
Frequently  several  children  of  one  family  suffer  from 
this  new  formation.  It  seems  that  it  is  more  fre- 
quently found  in  males  than  in  feraales._ 

The  writer  has  reported  one  case  in  which  glioma  of 
one  eye  gave  rise  to  sympathetic  disease  in  the  fellow 
eye. 

In  a  few  cases  purulent  choroiditis,  with  purulent 
hyalitis  (pseudoglioma), has  been  confounded  with  true 
glioma.  In  such  cases,  however,  the  intraocular 
tension  is,  as  a  rule,  reduced,  and  pain  seems  to  be 
wanting.  Moreover,  the  eyeball  appears  rather 
shrunken  than  distended,  as  it  does  in  a  case  of  true 
glioma. 

The  opinion  formerly  held  by  the  writer,  in  common 
with  numerous  authors,  that  histologically  considered 
the  glioma  (or  gliosarcoma)  of  the  retina  must  be 
counted  among  the  small  round-cell  (medullary) 
sarcomata  seems  no  longer  tenable,  since  the  char- 
acteristic "spider  cells"  of  the  glia  have  by  Golgi's 
and  Ramon  y  Cajal's  process  been  demonstrated  in 
glioma  tissue.  Besides  these  characteristic  glia  cells 
the  elements  of  the  tumor  are  round  cells,  smaller  or 
larger  than  white  blood  cells,  or  identical  with  them. 
Sometimes  these  cells  have  small  offsets._  Between 
them  we  find  free  nuclei  and  some  spindle  cells. 
There  is  a  very  small  quantity  of  intracellular  sub- 
stance. The  tumors  are  usually  very  vascular,  and 
their  blood-vessels  are  very  wide.  The  cells  seem 
to  be  very  prone  to  degenerate.  Rosettes,  formed  by 
undeveloped  and  misplaced  rods  and  cones,  have 
been  given  of  late  an  undue  importance  in  the  his- 
tology of  glioma.  In  the  opinion  of  the  writer  they 
are  purely  accidental  formations.  Tumors  in  which 
thev  were  found  have  of  late  been  called  neuro- 
epitheliomata,  these  cells  belonging  to  the  so-called 
ueuroepithelium  of  the  retina. 

The  tumor  usually  takes  its  origin  from  the  outer 
retinal  layers,  especially  the  granular  layers;  in  rarer 
case^  its  primary  seat  is  in  the  inner  layers,  especially 
the  nerve-fiber  layer.  In  some  cases  it  appears  as  if 
the  whole  thickness  of  the  retina  had  been  primarily 
affected,  and,  in  fact,  the  tumor  may  take  its  origin 
from  the  connective  tissue  of  all  the  layers  of  the 
retina. 

As  already  stated,  the  glioma  cells  are  apt  to 
undergo  fatty  degeneration,  and  deposits  of  lime  are 
often  found  in  these  tumors. 

When  the  tumor  starts  from  the  outer  layers 
(glioma  exophylum),  the  retina  in  its  neighborhood 
soon  becomes  detached  and  is  pressed  toward  the 
axis  of  the  eyeball.  In  these  cases  the  inner  layers  of 
the  retina  liiay  remain  intact  for  a  long  time.  On 
the  other  hand,  when  the  tumor  has  started  from  the 
inner  layers  (glioma  entiophytum),  the  rods  and  cones 
mav  be  preserved  for  a  long  period.  The  tumor 
gradually  spreads  all  over  the  retina,  and  enters  the 
choroid  either  simply  by  continuous  growth  or  by 


infection  (metastasis).  During  the  growth  of  the 
tumor,  parenchymatous  hemorrhages  frequently  take 
l^laee  within  it.  Later  on,  the  tumor  may  spread  into 
the  ciliary  body  and  the  iris,  and  we  may  thus  find 
an  eyeball  filled  perfectly  by  glioma,  and  but  few 
traces  of  its  former  structures  left. 

At  a  comparatively  early  period,  usually,  the 
elements  of  the  tumor  invade  the  substance  of  the 
optic  nerve. 

The  perforation  of  the  sclerotic,  and  the  formation 
of  secondary  tumors  outside  of  it,  generally  take 
place  along  a  pre-formed  channel  (nerve  or  blood- 
vessels), as  we  have  seen  it  take  place  in  the  develop- 
ment of  the  sarcoma  of  the  choroid. 

Glioma  is  known  to  be  preeminently  a  malignant 
growth;  therefore  the  removal  of  the  eyeball,  or  even 
of  the  whole  orbital  contents,  is  necessary  at  the 
earliest  possible  period.  In  this  way  the  life  of  the 
patient  has  been  saved  in  a  number  of  cases. 

IX.  Tfaiors  op  the  Optic  NEm-E  (Orbital  Por- 
tion).— The  tumors  of  the  orbital  portion  of  the 
optic  nerve  have  a  number  of  symptoms  in  common, 
whatever  the  nature  of  the  growth  may  be,  the  chief 
ones  of  which  are  loss  of  sight  and  exophthalmus. 
The  latter  is  often  the  first  symptom  to  be  otiserved. 
This  exophthalmus  is,  as  a  rule,  in  a  .straight  forward 
direction,  yet  there  may  also  be  a  deviation  in  another 
direction,  if  the  tumor  should  develop  more  rapidly  to 
one  side.  The  eyeball  can  usually  be  moved,  but  its 
movements  are  restricted  in  all  directions;  later  on, 
they  may  be  totally  abolished.  If  the  tumor  is 
large  enough  to  be  palpated,  it  is  found  to  move  with 
the  movements  of  the  eyeball,  and  to  be  nowhere 
attached  to  the  orbital  walls.  \Yhen  it  is  small  it 
cannot  be  felt.  In  a  number  of  cases,  the  development 
of  the  tumor  is  attended  with  severe  pain;  in  most 
cases,  however,  this  symptom  is  wanting.  In  all 
cases  sight  gradually  fails.  In  the  early  stages  the 
ophthalmoscope  reveals  optic  neuritis;  later  on,  we 
find  white  atrophy  of  the  optic  nerve.  The  rapidity 
with  which  sight  is  abolished  varies  considerably  in 
the  different  cases,  and  this  is,  of  course,  due  to  the 
manner  in  which,  in  the  given  case,  the  nerve  itself 
is  constricted  or  invaded  by  the  elements  of  the  neo- 
plasm. Thus,  when  the  tumor  originates  in  the 
outer  sheath,  sight  will  be  preserved  longer  than  when 
the  new  formation  has  its  origin  in  the  perineurium 
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or  the  substance  of  the  nerve  itself.  As  the  tumor 
grows  and  pushes  the  eyeball  out  of  the  orbital 
cavity,  the  cornea  becomes  less  and  less  protected  by 
the  lids,  and  finally  this  membrane  ulcerates  and  is 
perforated. 

It  seems  that  in  most  of  the  known  cases  the  tumor 
with  the  eyeball,  or  the  tumor  alone,  has  been  removed 
and  a  perfect  cure  has  been  obtained.  From  this  it 
would  appear  that  tumors  of  the  optic  nerve,  quoad 
vitam,  are  not  to  be  considered  very  malignant. 

As  regards  the  nature  of  the  tumors  of  the  orbital 
portion  of  the  optic  nerve  they  seem  to  be  chiefly 
myxomatous  (mvxosarcomatous),  gliomatous,  or 
fibromatous;  in  some  cases  the  tumors  had  to  be 
interpreted  as  endotheliomatous  (psammorna),  and 
a  few  cases,  described  as  cancers  of  the  optic  nerve, 
most  probably  belong  to  this  latter  class.     In  one 
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Ciise  the  tumor  was  found  to  be  a  true  neuroma.  In  a 
few  eases  the  tumor  has  been  tiescribed  a.s  being 
formed  by  a-  hypertrophy  of  the  pia  mater  trabeeula; 
which  hold  the  nerve-fiber  strands  in  ])osition, 

Being  enclosed  within  the  space  which  is  limited 
by  the  muscles  of  the  eyeball,  and  the  i)osterior  aspect 
of  the  sclerotic,  all  of  these  tumors  are  more  or  less 
spindle-shaped  (see  Fig.  2064). 

1.  Myxoma  or  myxosarcoma  of  the  optic  nerve 
consists  of  spindle-shaped  and  stellated  cells,  with 
long  offsets.  These  cells  are  usually  packed  more 
densely  in  the  central  parts  of  the  tumor  than  in  the 
peripheral  ones.  They  are  separated  from  each  other 
by  a  hyaline  intercellular  substance.  The  cells  often 
ajjpear  concentrically  arranged,  and  thus  form  nests 
which  resemble  the  pearl  nodules  of  epitheliomatous 
neoplasms.  These  tumors  are,  furthermore,  well  pro- 
vided with  blood-vessels.  The  mucoid  substance  is 
often  found  to  be  accumulated  in  cysts  of  varying 
dimensions.  Closely  adherent  to  the  new  formation 
are  the  sheaths  of  the  optic  nerve,  which  form  a 
capsule  around  it.  Sometimes  some  traces  of  the 
optic  nerve  may  yet  be  found  in  the  center  of  the 
tumor. 

2.  Glioma  (gliosarcoma)  of  the  optic  nerve  shows 
the  same  elements  as  we  find  in  ca.ses  of  glioma  of  the 
retina,  viz.,  round  cells  varying  in  size,  cells  with 
offsets,  and  spindle  cells. 

3.  EiidoDidioma  (psammoma)  of  the  optic  nerve 
consists  of  connective  tissue,  in  the  alveoli  of  which 
cells  lie  embedded  in  more  or  less  concentric  layers. 
These  cells  are  large,  flat,  membrane-like  bodies, 
somewhat  thicker  at  the  spot  where  the  imcleus  is 
situated.  Their  contours  are  not  sharply  defined, 
and  some  of  them  have  long  offsets.  Giant  cells  are 
not  wanting.  These  cells,  the  nature  of  wdiich  is  that 
of  endothelial  cells,  are  often  grouped  concentrically 
around  a  round  or  oval  shining  body  (arenoid  body), 
from  which  these  tumors  have  also  received  the  name 
of  psammoma. 

4.  In  the  only  case  of  true  neuroma  of  the  optic 
nerve  thus  far  described  in  literature,  the  whole  egg- 
shaped  tumor  consisted  of  double-contoured  as  well 
as  of  non-meduUated  nerve  fibers. 

X.  ToiORS  OF  THE  Orbit. — The  chief  symptom  of 
orbital  tumors,  and  the  one  which  they  all  have  in 
common,  is  exophthalmus — protrusion  of  the  eyeliall. 
This  protrusion  may,  of  course,  take  place  in  any 
direction,  and  we  can  only  state,  as  a  general  rule, 
that  it  is  in  a  direction  opposite  to  the  site  of  the  tumor 
or  to  its  greatest  development.  Usually  the  move- 
ments of  the  eye  in  the  direction  toward  the  tumor  are 
impaired  or  abolished.  While  some  orbital  tumors 
cause  a  great  deal  of  pain,  others  do  not  seem  to  cau.se 
any.  According  to  the  seat  and  size  of  the  tumor, 
sight  will  be  more  or  less  impaired  or  totally  destroyed, 
and  we  find  accordingly,  with  the  ophthalmoscoi)p, 
simple  anemia  or  optic  neuritis  or  atrophy  of  the 
optic  nerve  either  partial  or  total. 

Orbital  tumors  do  not  seem  to  be  apt  to  invade  the 
optic  nerve,  or  the  eyeball,  but  they  generally  grow 
around  it.  On  the  other  hand,  tumors  from  the 
cavities  adjacent  to  the  orbit  may  and  do  invade  this 
cavity.  Such  tumors  have  been  found  to  come  from 
the  ethmoid  cells,  the  nasopharynx,  the  froiital 
sinus,  Highmore's  antrum,  and  the  sphenoid  cavity, 
as  well  as  from  the  cranial  cavity.  These  growths 
are  sarcomatous,  endotheliomatous,  or  osseous  in 
character. 

.\s  a  rule,  one  may  locate  the  tumor  by  palpation, 
and  it  is  possible  to  distinguish  one  of  orbital  origin 
from  a  tumor  of  the  optic  nerve  by  its  situation  out- 
side of  the  cone  formed  by  the  external  muscles  of  the 
eyeball,  and  by  its  being  in  many  cases  adherent  to 
the  walls  of  the  orbit.  As  the  tumor  (and  conse- 
quently the  exophthalmus)  grows,  the  upper  lid  is 
dragged   along,    and   it   often   continues   to   protect 


perfectly  the  cornea  even  when  the  eveboll  pn.- 
triides  to  an  etiormoun  degree.  The  lid  ijt'tbeu  iu  tlie 
condition  which  we  cull  parulytir  pt.wu. 

When  the  lid  can  lut  longer  protect  th«  rorn«?a, 
ulcerations  take  place,  and  perfuration  .  '    '  m^ 

may  be  the  re.sult.     .According  to  the  i  • !,« 

tumor  it  may,  of  course,  invade  th'-  >  •■  ..<, 

metastatic  tumors  to  be  forminl  in  .,fi 

thus  bring  about  the  death  <if  the  i:  ,,..n 

the  orbital  tumor  cannot  be  easily  rviiiovml  without 
detriment  to  the  eyeball,  Kroeiileiii's  ontcoplantic 
method  should  be  employed. 

A.  liiiiiyu  Tiimorxn/  till Orhil. — 1.  CyiiUof  iheorhH 
have  been  designated,  according  to  their  contentu,  ta 
hygroma,  melii-eris,  oil  and  fat  cysts,  and  atheromat- 
ous, hematomatoas,  or  steatomat(iu.t  cysts.  They 
all  are  probably  congenital  and  ilirmniil  iii  chariu-ter, 
and  owe  their  existence  to  faulty  devehipnieiit  during 
fetal  life.  This  is  the  more  |irobablc,  HJnce  wjnie  of 
the  cysts  have  been  found  to  contain  a  tooth,  or  hair, 
or  other  ejjithelial  formations.  In  many  of  the  caiea 
the  cysts  were  distinctly  known  to  have  been  con- 
genital, and  in  another  mimber  they  were  ol).s<Tve<l  in 
small  children.  There  is  usually  but  one  cyst,  al- 
though in  some  ca^^es  .several  have  been  found."  Their 
size  varies  considerably.  They  lie  mustly  out.tide  of 
the  coneformed  by  the  external  muscles  of  thecveball, 
and  seem  to  be  situated  more  fre<|ucntly  in  the 
temporal  parts  of  the  orbit  than  in  any  other  region. 
They  may  extend  far  back  into  the  orbital  cavity. 

The-;e  tumors  increase  but  slowly  in  size,  unless 
stinuilated  to  a  more  rai>id  development  by  an  injur>-, 
and  they  do  not  give  the  ])atient  nuich  discomfort 
until  they  are  large  enough  to  cause  exophthalmu.H 
and  displacement  of  the  eyeball,  which  is,  of  rours*, 
in  the  direction  opposite  to  the  growth.  Thoy  now 
may  generally  be  seen  as  bluish  swellings  in  the  lid 
(generally  the  ui)per  one),  and  may  even  be  directly 
demonstrated  by  eversion  of  the  lids.  It  mav  lie 
possible  to  detect  fluctuation  in  the  tumors,  yet  this 
can  hardly  be  done  with  any  degree  of  .satisfaction, 
and  it  is  therefore  better  to  make  sure  of  a  correct 
diagnosis  by  the  use  of  an  aspirator. 

Cysts  of  the  orbit  seem  tobce<|ually  freipient  in  both 
sexes,  and  havemo.stly  been  ol)serve<l  in  young  people. 
In  rarer  cases  the  orbital  cyst  has  been  found  to  lie 
connectefl  with  the  misal  mucous  membrane  from 
which  it  had  undoubtedly  taken  its  origin. 

2.  Angiomnta  of  the  orbit  are  either  cavernoiLs  or 
telangiectatic  (erectile  tumors). 

a.  The  cavernous  angioma  of  the  orbit,  which  can 
attain  a  very  considerable  size.  Ls  either  congenital 
or  develops  in  later  years.  It  is  usually  .-ituativl  in  or 
starts  from  the  fat  tissue  within  the  cone  formeil  by 
the  external  muscles  of  the  eyeball.  The  tiininr  U 
often  surrounded  by  a  tiuigh  caps\ile  of  connoolivo 
tissue.  It  nuiy,  as  a  rule,  be  .seen  lus  a  bluish  swelling 
under  the  skin  of  the  lid.  and  from  this  similarity 
with  orbital  cysts  mistiikes  in  diitgnosis  have  oc- 
casionally occurred.  A  characteristic  symptom  of  the 
angioma  is,  however,  that  every  thing  tending  to 
hinder  the  rellux  of  the  venous  IiIikhI  will  cause  .1 
swelling  and  protrusion  of  the  angioma:  furthermore, 
the  tumor  may  be  compre.s.sed  and  eniptie<l.  The 
growth  of  the  tumor  is  slow,  and  it  Ls  not  apt  to  c.iuse 
any  jiain.  In  rare  Ciuses  a  sjHintaneous  c\irc  h.as  Ixjcn 
obscrve<i.  The  removal  of  the  tumor  is  jiraotir.-iblc, 
and  the  more  readily  so  the  earlier  it  is  luulertaken. 

fi.  The  telangiectatic  tumors  of  the  orbit  arc 
usually  found  to  be  accompanied  by  similar  tumors  in 
the  lids  and  neighboring  tissues,  and  they  also  form 
soft,  compressible  swellings.  This  kind  of  angioma 
seems  to  grow  more  quickly  than  the  c.-ivornous 
angioma,  it  is  desirable  that  the  growth  should  be 
removed  at  an  early  period. 

3.  Lipoma  of  the  orbit  h.as  been  descril>od  a  few- 
times.  Yet  it  seems  that  in  these  ca-se*  the  li|H>ma 
originally  involved  the  eyelid. 
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4.  Enc}ionilr(>mali>ux  tumors  of  the  orbit  occur  but 
rarely,  if  at  all.  The  (k'scriptious  of  such  tumors 
thus  far  laid  down  in  literature  are,  to  say  the  least, 
doubtful. 

5.  Os(eo7«a  of  the  orbit  has  been  often  observed.  It 
takes  its  origin  from  the  diploij  of  the  walls  of  the  orbit. 
It  is  generally  an  ivory  exostosis,  sometimes  partially 
spongy  or  cartilaginous.  Its  seat  of  predilection 
seems  to  be  the  upper  inner  wall  of  the  orbit.  In 
some  cases  osteoma  has  been  found  to  develop 
symmetrically  in  both  orbits  of  the  same  individual. 
These  osteomata  are  usually  round  tvmiors,  hard, 
and  with  a  smooth  or  nodulated  surface,  and  are  mostly 
attached  to  the  underlying  bone  by  a  broad  basis. 
Their  growth  into  the  orbits  may  take  place  simul- 
taneously with  the  growth  of  similar  tumors  into  the 
neighboring  cavities,  or  they  may  originall.v  have 
started  in  one  of  the  neighboring  cavities  and  from 
there  have  grown  into  the  orbital  cavity.  Their 
growth  is  most  likely  due  to  some  faulty  development 
during  fetal  life. 

Such  tiunors  grow  very  slowh';  in  some  cases  their 
development  is  accompanied  by  pain.  They  may 
cause  exophthalmus  with  all  its  sequela>.  When 
superficial,  they  are  easily  recognized  Ijy  their  seat, 
and  by  their  consistency  and  immobility.  It  has, 
however,  happened  that  retention  cysts  pointing  into 
the  orbit  from  a  neighboring  cavity,  have  been 
mistaken  for  osteomata.  The  tumors  vmder  considera- 
tion may  have  to  be  removed  on  account  of  their 
danger  to  the  eyeball  and  its  functions.  Their  re- 
moval is  sometimes  comparatively  easy,  yet  it  may 
be  attended  with  danger  from  subsequent  meningitis. 

Histologically  these  tumors  are  found  to  consist  of 
bone  tissue.  In  most  cases  this  tissue  was  foimd  to 
be  extremely  compact  and  to  be  almost  bare  of  Haver- 
sian canals  (ivory  exostoses).  In  other  cases  they 
contained  varying  quantities  of  marrow. 

6.  Lymphoma  and  hjmphadenoma  of  the  orbit  have 
been  described,  but  they  took  their  origin  probably  not 
from  the  orbital  tissue  proper.  Lymphangioma  has 
also  been  found  in  the  orbit. 

7.  Benign  tumors  consisting  of  striated  muscular 
fillers  and  nerve  fibers  have  in  a  few  instances  been 
removed  from  the  orbit.  The  writer  has  seen  a 
rhabdomyoma  and  a  myoneuroma  of  the  orbit. 

B.  Malignant  Tumors  of  the  Orbit. — 1.  Ca/icer  of  the 
orbit  has  been  described  as  epithelioma,  cancroid, 
adenoma,  and  adenocarcinoma.  It  seems,  however, 
that  such  new  formations  do  not  take  their  origin 
from  the  orbital  tissue,  but,  having  originated  in  the 
tissue  of  the  eyelids,  the  episcleral  tissue,  or  the 
lacrimal  gland,  have  gradually  invaded  the  tissues 
of  the  orl)it.  It  is,  therefore,  not  probable  that  a 
primary  cancer  of  the  orbital  tissue  has  ever  been 
observed. 

2.  Sarcoma  of  the  orbit  has  frequently  been  ob- 
served and  described.  Its  clinical  diagnosis  is  ex- 
tremely diflficult,  since  we  have  but  scanty  means  on 
hand  wherewith  to  distinguish  the  nature  of  a  tumor 
which  has  its  seat  in  the  deeper  parts  of  the  orbit 
except,  perhaps,  by  transillumination.  When  the 
nature  of  the  tumor  is  recognized,  its  removal  with  or 
without  the  simultaneous  removal  of  the  eyeball  is,  of 
course,  imperative.  Sarcomata  have  their  origin 
usually  in  the  orbital  tissue.  In  a  few  cases  the  tumor 
had  sliarted  in  the  braui  and  secondarily  invaded  the 
orbit.  There  are  cases  in  which  such  an  invasion  takes 
place  more  or  less  symmetrically  in  botli  orbits. 

A  variety  of  forms  of  sarcoma  have  been  described. 

a.  Cylindroma,  a  form  of  sarcoma  characterized  b\- 
a  system  of  wide,  anastomosing  canals  with  larger 
cy.st-like  cavities  filled  with  fluid,  or  gelatinous  or 
fibrinous  contents,  has  but  very  rarelj-  been  found  in 
the  orbital  tissue. 

0.  Myxosarcoma  of  the  orbit  has  been  observed  in 
about  a  dozen  cases.  These  tumors  were  seen  more 
frequently  in  children  and  young  individuals  than  in 
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older  ones.  In  some  their  growth  was  a  very  rajiid 
one,  and  in  some  it  was  accompanied  by  .severe  pain. 
The  tumors  consisted  of  long  spindle  and  stellate  cells, 
with  a  mucoid  intercellular  substance. 

7.  Round-cell  and  spindle-cell  sarcomata  are  the  most 
frequent  ones  among  the  orbital  sarcomata.  In  some 
cases  they  have  been  called  melanotic,  yet,  the  orbital 
ti,ssue  as  such  contains  no  pigmented  cells.  Such 
tumors,  therefore,  must  have  derived  their  jiigment 
from  other  sources,  as  the  conjunctiva  or  eye-lids. 

The  writer  has  had  occassion  to  examine  a  case  in 
which  the  orbital  tumor  was  of  endothelial  character, 
a  typical  perithelioma. 

&.  Osteosarcoma  of  the  orbit  always  springs  from 
the  bony  walls  of  this  cavif.v.  It  seems  to  spring 
most  often  from  the  inner  upper  part  of  the  orbital 
wall.  It  is  usualh'  a  small  roimd-cell  or  spindle-cell 
sarcoma,  with  spicula  of  bone  tissue  embedded  in  it. 
These  spicula  of  bone  tissue  may  be  very  numerous, 
and  make  the  tumor  appear  very  hard  to  the  touch. 

«.  The  writer  has  recently  examined  and  reported 
the  case  of  an  orbital  tumor,  which  was  situated  over 
the  nasal  wall  of  the  orbit  and  which  proved  to  be  a 
?tiyo fibrosarcoma.  The  elements  of  which  it  consisted 
were  very  numerous  imstriped  muscular  fillers  and 
bands  of  denser  fibrovis  tissue;  in  some  parts  giant 
cells  and  spicula  of  bone  were  situated. 

3.  Another  form  of  malignant  growth  foimd  in  the 
orbit  is  that  known  as  chloroma.  It  consists  of  small 
round  cells  undergoing  a  peculiar  fatty  degeneration 
accompanied  by  a  greenish-brown  color.  It  springs 
from  the  periosteum.     Probably  it  is  also  a  sarcoma. 

XI.  Tumors  of  the  Lacrimal  Gland. — The  tumors 
of  the  lacrimal  gland  may  be  diagnosticated  by  their 
situation  in  the  outer  upper  part  of  the  orbit,  and  by 
the  consequent  exophthalmus  inward  and  downward 
(at  least  at  the  beginning  of  the  develojiment). 
These  timiors  generally  grow  but  slowly.  Gradually 
they  cause  a  bulging  of  the  upper  eyelid,  most  marked 
near  the  outer  canthus,  and  it  is,  as  a  rule,  now  possible 
to  i)al]5ate  the  tmnor,  or  even  to  see  it  protruding 
into  the  conjunctival  sac,  pushing  the  upper  fornix 
downward.  By  palpation  a  tough,  lobulated  swell- 
ing is  felt,  whicli  may  be  slightly  movable;  in  most 
cases,  however,  it  is  immovable.  When  the  tumor 
grows  it  often  fills  the  posterior  parts  of  the  orbit, 
and  thus  it  may  cause  the  exophthalmus  to  change  its 
direction,  and  when  the  tumor  has  filled  the  apex 
of  the  orbit  altogether,  and  has  grown  around  the 
optic  nerve  (which  tumors  of  the  lacrimal  gland  never 
seem  to  invade),  the  eye  may  stand  straight  forward, 
as  if  there  were  a  tumor  of  the  optic  nerve.  For  this 
reason  the  movements  of  the  eyeball,  which  at  first 
are  restricted  only  in  an  upward  and  outward  direc- 
tion, may  become,  later  on,  restricted  in  other  direc- 
tions too,  and  even  finally  be  totally  abolished.  If 
the  tumor  grows  still  further,  ulcerations  of  the 
cornea,  etc.,  may  take  place.  During  the  develop- 
ment of  such  a  growth,  the  optic  nerve  is,  of  course, 
considerably  pressed  upon  and  stretched,  and  ac- 
cordingly we  find  it  anemic,  or  swollen  and  inflamed 
(optic  neuritis),  or  atrophied.  Froni  the  state  of 
nutrition  in  which  the  nerve  is  when  the  tumor  is 
removed,  it  wfll  depend  how  far  sight  may  be  re- 
covered. This  removal  may  frecjuently  be  ac- 
complished without  sacrificing  the  eyeball. 

Tumors  of  the  lacrimal  gland  are  usuaUy  observed 
in  individuals  of  an  advanced  age,  and  their  origin  is 
sometimes  attributed  to  an  injury.  Sometimes  the 
lacrimal  glands  of  both  orbits  in  one  individual  have 
been  found  to  be  similarly  affected.  The  tumor  may, 
by  entering  the  cavity  of  the  brain  and  the  brain 
substance,  cause  the  death  of  the  patient. 

Various  forms  of  tumors  of  the  lacrimal  gland  have 
been  observed,  but  opinions  differ  very  considerably 
with  regard  to  what  may  be  considered  a  tumor  of 
the  lacrimal  gland  and  what  not. 
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The  writer  has  seen  and  examined  the  followinR 
forms  of  tumors,  which  unquestionably  took  their 
origin  from  the  lacrimal  gland. 

1.  Adenoma  of  the  lacrimal  gland  shows  the  typical 
picture  of  an  epithelial  neoplasm.  Epithelial-cell 
cylinders,  which  compose  the  bulk  of  the  tumor,  lie 
embedded  in  a  small  quantity  of  connective  tissue. 
The  cells  of  every  one  of  these  cell  cylinders  are 
arranged  around  a  central  canal,  which  in  some  cases 
is  very  considerably  enlarged  by  a  transparent  fluid. 
The  cell  cylinders  are  made  up  of  one  layer  of  polv- 
hedral,    almost   cuboid   epithelial    cells,  "and    have  a 
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Fig.  2326. — Enchondroma  Myxomatodes  Carcinomatodea  of  the 
Lacrimal  Gland. 

distinct  membrana  propria.  The  lacrimal  gland 
has  also,  in  a  number  of  instances  been  the  seat  of 
adenocarcinoma,  of  lymphoma,  and  of  lymphadenoma. 

2.  Myxoma  and  myxosarcoma  of  the  lacrimal  gland 
are  characterized  by  the  development  of  spindle  cells 
with  long  offsets,  and  stellate  cells  embedded  in  a 
mucous  intercellular  substance,  and  by  the  gradual 
disappearance  of  the  glandular  structure.  This  kind 
of  tumor  of  the  lacrimal  gland  is,  however,  but  seldom 
observed  alone.  It  is  more  frequently  the  case  that 
the  glandular  tissue  does  not  disappear,  but,  instead, 
an  atypical  growth  of  tissue  takes  place,  at  least  in 
some  parts  of  the  tumor,  and  thus  gives  to  it  the  char- 
acter of  an  adenocarcinoma.  In  some  cases  we  find, 
moreover,  besides  these  two  kinds  of  new  formations 
a  number  of  islets  of  hyaline  cartilage  tissue.  Thus, 
instead  of  a  simple  myxoma  or  m_\-xosarcoma  of 
the  lacrimal  gland,  we  have  then  a  myxoma  carci- 
nomatodes,  or  a  myxoma  carcirjomatodes  chondro- 
matodes.  In  other  cases  the  hyaline  cartilage  may  be 
the  prevailing  tissue;  in  which  case  we  would  have 
to  call  the  tumor  an  enchondroma  myxomatodes 
carcinomatodes. 

3.  Spindle-ccll  sarcoma  of  the  lacrimal  gland  has 
been  described  by  a  number  of  writers.  In  one  of 
my  own  cases  the  tumor  developed  quite  rapidly, 
and  consists  of  densely  packed  spindle  cells  in  its 
older  portion.  The  younger  portions  of  the  tumor 
showed  round  cells  and  small  spindle  cells.  Xot  a 
trace  of  glandular  tis.sue  was  foimd. 

4.  In  lymphosarcoma  of  the  lacrimal  gland  the  bvilk 
of  the  tumor  consists  of  densely  packed  lymphatic 
cells  with  hardly  any  intercellular  substance. 

5.  Epithelioma  of  the  lacrimal  gland  is  formed 
when  an  atypical  growth  of  the  epithelial  elements  of 
the  glandular  tissue  takes  place.  AVe  find,  then, 
instead  of  the  glandular  apparatus,  solid  epithelial- 
cell  cylinders  and  nests  of  epithelial  cells.  This  form 
of  growth  seems,  however,  generally  to  be  combined 
with  the  development  of  myxomatous  tissue  in  the 
lacrimal  gland.  The  cases  described  as  epithelioma 
of  the  lacrimal  gland  should  probably  with  more 
correctness  be  regarded  as  cases  of  adenocarcinoma. 


G.  In  the  older  ophthaliiiohjKical  literature,  a 
number  of  ca.ses  of  ryulic  ileyrmralion  of  the  liuriinal 
gland,  or  its  ducts,  have  been  desrribt-fl  a.*  iturruop*. 
These  cysts  grew  very  slowly,  and  ha<l  t  '  -  .  orj 
on    account   of   their    iiiipairing    the    n  t  (,e 

eyeball.     It  Ls  not  known  whether  the  .   Uie 

lacrimal  gland  Ls  likely  to  undergo  such  a  change. 

XII.  Tl-.MOH-S    OF     THE     LAfHIMAL     C'ARfNrlJS.— Tlie 

lacrimal  caruncle  Ls  sometimes  the  seat  of  a  new- 
formation.  Thus,  congenital  dermoid  tumorH  have 
been  observed  in  this  region.  Papillomata  are  not 
rare. 

In  advanced  life  the  caruncle  may  become  the  seat 
of  ei)itlieliomat()Us  new  formations  an  well  a.s  of 
sarcoma.  The  latter  kind  of  tumors  are  UKuallv 
pigmented.  The  development  of  these  tumors  u 
almost  always  attributed  to  an  injury. 

XIII.  TU-MORS  OF  THE  LACRIMAL  DRAtNAOE  APPA- 
RATUS.— In  rare  cases  small  granulamala  (polvps)  have 
been  found  in  the  lacrimal  sac,  and  even  in  the  lac- 
rimal canaliculus.  It  Ls  obvioiLs  that  such  little 
tumors  may  gain  some  clinical  importance  by  the 
stojjpage  of  the  canals  through  which  the  tears  ought 
to  be  carried  off.  Their  formation  is  due  to  chronic 
inflammatory  conditions  of  the  mucous  membrane  of 
these  channels.  Adult  .Atl. 


Eyeball,  Enucleation  and  Evisceration  of  the. — 

The  removal  of  an  eye  is  always  a  matter  of  wrioai 
moment.  The  fact  that  the  unbroken  globe  may  l)e 
so  easily  and  quickly  taken  from  the  orbit  increa-xes 
the  responsibility  of  the  surgeon  in  hLs  determination 
as  to  the  necessity,  the  time,  and  the  method  of  its 
removal. 

The  conditions  making  necessary  the  removal  of 
the  eyeball  are  those  in  which  its  vi.<iefulnc»s  for  visual 
))un3oses  has  been  destroyed,  and  in  which  it  is  either 
unsightly,  painful,  obstructing  the  removal  of  orbital 
growths,  the  excision  of  which  is  e.-isential  for  prr«- 
ervation  of  the  life  or  the  comfort  of  the  patient, 
or  in  which  its  retention  would  jeopardize  the  well- 
being  of  the  fellow-eye,  jus  in  sympathetic  ophthalmia. 
The  most  common  cause  is  its  serious  injury  as  the 
result  of  accident. 

The  most  usual  forms  of  accident  are  those  follow- 
ing a  blow — as  from  the  fist — from  striking  the  ball 
against  a  projecting  substance  either  from  inattention 
or  in  the  dark,  from  a  cut.  from  a  knife-blade  or  other 
substance,  from  destruction  of  the  cornea  from  ex- 
plosions or  burns,  or  from  the  entrance  into  the  glnlie 
of  a  foreign  body,  as  a  chip  of  metal  or  a  fragment  of 
stone. 

While  antiseptic  measures  .and  the  modern  method 
of  the  prompt  transi)lantation  of  a  conjunctival  flap 
over  the  site  of  a  penetrating  wound  even  of  consider- 
able extent  have  been  wonderfully  succe.ssful  in 
conserving  eyeballs  which  would  otherwi.-;*'  t>e  lost, 
it  is  usually  better  surgery  when  the  wound  involves 
the  lens  with  extensive  lo.ss  of  vitreous  to  remove  the 
globe  before  reaction  occurs. 

Especially  important  is  an  early  prognosis  with  the 
adoption  of  decisive  surgical  measures  in  the  ca.-*  of 
poor  men  whose  living  depends  vipon  their  daily 
labor.  It  is  a  disappointing  and  unhappy  .se<]uenriB 
after  weeks  of  nursmg  of  a  hoi>ele,<sly  blinded  eye  to 
be  obliged  eventually  to  take  it  out. 

.Vmong  the  conditions  that  imi>orat ivcly  demand 
the  complete  removal  of  the  eye  are  the  presence  of 
malignant  growths,  either  in  the  eyeball  or  the  orbit. 
In  tiie  former  case,  if  the  coats  of  the  ball  have  not 
been  broken,  removal  of  the  eye.  with  as  large  a  pier* 
of  the  optic  nerve  as  it  is  po.-ysible  to  soonn\  iii,-»v  pre- 
vent deeper  infection.  If  the  growth  '  ied 
beyond  the  eyeball  and  involves  the  i  ■  cs. 
excentoration  or  the  removal  of  the  ball  ;.».■; ...  .  .^  ith 
all  of  the  aduexa  must  be  performed  without  consider- 
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ation  of  the  resultant  deformity,  for  in  that  case  no 
artificial  eye  can  subsequently  be  used.  In  adults 
when  intraocular  cancer  is  found  it  is  usually  sarcoma 
of  tlie  choroid.  In  children  it  is  vitally  important 
to  recognize  at  an  early  period  the  presence  of  glioma 
of  the  retina.  This  is  usually  discernible  at  about 
the  third  or  fourth  year  when  a  mass  will  be  discovered 
to  have  gradually  filled  the  vitreous  until  it  can  easily 
be  detected  by  oblique  ilhunination  as  a  yellowish- 
white  opacity  back  of  the  lens,  on  the  surface  of  which 
an  occasional  blood-vessel  may  be  seen  giving  the 
neoplasmic  growth  a  slightly  pinkish  hue;  as  it  in- 
creases the  eyeball  grows  injected,  hard  and  painful. 
Such  eyes  must  be  enucleated  as  soon  as  the  diagnosis 
is  made.  There  is  no  other  resource  and  delay  imtil 
the  growth  has  broken  through  the  scleral  tissue 
means  general  infection  with  a  horrible  form  of  death. 
All  e,ves  should  be  removed  too  in  which  remains  an 
irrecoverable  foreign  body.  Bits  of  wood,  stone, 
emery,  non-magnetic  iron,  copper,  or  other  substance 
which  cannot  be  secured,  anywhere  in  the  vitreous, 
especially  when  the  entrance  wound  is  in  the  neigh- 
borhood of  the  ciliary  body,  are  sources  of  great 
danger  in  sympathetically  affecting  the  fellow-eye. 
In  cases  of  doubt  it  is  wiser  to  remove  one  eye  so  in- 
jured than  to  risk  the  possible  consequence,  as  a  sym- 
pathetic uveitis  once  established  almost  inevitably 
leads  to  blindness.  The  powerful  magnets  now  uni- 
versally employed  make  possible  the  removal  of 
fragments  of  iron  and  steel  that  could  never  be  other- 
wise retrieved.  It  should  be  borne  in  mind,  however, 
that  the  use  of  such  a  magnet  is  a  highly  skilled  per- 
formance, and  when  large  bits  of  metal  are  forcibly 
dragged  through  the  vitreous,  the  lens  and  the  iris, 
the  traumatism  inflicted  is  so  great  that  it  is  wiser 
to  remove  the  damaged  globe  rather  than  to  hope  to 
save  what  must  at  last  lie  a  sunken  and  atrophied 
ball  after  the  protracted  and  destructive  inflammation 
which  must  ensue. 

After  serious  injuries,  involving  the  eyeball,  how- 
ever, the  determination  as  to  whether  the  resultant 
wreck  can  be  saved,  or  is  worth  the  suffering  which  will 
follow  the  adoption  of  conservative  measures  is  always 
a  subject  demanding  tlie  best  judgment  of  the  surgeon, 
based  upon  an  understanding  of  the  possible  value 
of  the  retained  stump,  the  pain  and  delay  required  in 
an  attempt  to  save  it,  the  possible  failure  after  weeks 
of  effort  and  the  danger  to  the  other  eye  from  a  useless 
and  tender  stimip. 

There  is  a  difference  of  opinion  among  surgeons 
as  to  the  advisability  of  the  removing  of  an  eye 
suffering  from  panophthalmitis  while  in  a  state  of 
active  inflammation.  Usually  the  condition  is  de- 
pendent upon  a  pus  infection  of  the  cornea,  or  of  an 
infected  wound  foUowmg  an  operation  in  which  the 
globe  has  been  opened. 

This  usually  involves  an  extension  of  the  pus  from 
the  anterior  chamber  into  the  vitreous.  Meningitis 
or  general  septic  infection  has  sometimes  followed 
such  conditions,  but  it  is  doubtful  whether  this  would 
not  have  happened  had  the  globe  not  been  removed. 
When  the  ball  becomes  a  mere  pus  sac  it  would  cer- 
tainly seem  to  be  better  surger.y  to  remove  it  than  to 
a'low  it  to  remain  as  a  continued  .source  of  infection. 
The  writer  has  frequently  removed  such  eyes  and 
under  proper  surgical  precautions  has  never  seen  the 
slightest  ill  effects  follow. 

E.ves  are  not  removed,  however,  simply  because 
they  have  become  painful  or  dangerous,  the  esthetic 
element  must  frequenth- be  considered.  After  ulcera- 
tion and  rupture  of  the  cornea,  especially  in  ophthal- 
mia neonatorum,  the  adherent  iris  pushes  forward 
giving  the  deformed  globe  the  unsightlj-  and  repulsive 
appearance  of  an  anterior  staphyloma. 

Such  sightless  eyes  are  so  disagreeable  to  look  upon 
that  the  blind  man  who  hopes  to  make  his  living  among 
those  who  see,  or  more  especially  a  yoimg  woman 
whose  right  it  is  to  look  as  well  as  possible,  is  in  manj- 


cases  obliged  to  have  such  a  deformity  removed  and 
replaced  by  an  artificial  eye,  which  will  not  repel  those 
with  whom  she  comes  in  contact. 

Prep.\ration  of  the  P.\TrEXT. — Having  determined 
upon  the  removal  of  the  eye,  the  consent  of  the  pa- 
tient or,  if  he  is  a  minor,  of  his  parents  or  guardians, 
should  be  secured.  If  an  anesthetic  is  to  be  given  in 
the  search  for  a  foreign  body,  or  other  operative  pro- 
cedure in  which  it  may  become  necessary  that  an 
enucleation  shall  be  performed,  this  should  be  fully 
explained  in  advance  and  full  permission  obtained  to 
do  whatever  seems  to  be  necessary  in  order  that  the 
surgeon  may  protect  himself  from  legal  claims  for 
having  exceeded  the  authority  given  him.  Such  ex- 
periences are  by  no  means  rare  and  are  always  to  be 
guarded  against. 

The  mental  effect  upon  the  patient  must  not  be 
forgotten  when  he  is  told  that  he  must  lose  an  eye. 
This  always  seems  to  him  more  dreadful,  and  in  some 
inexplicable  way,  more  irrevocable  than  the  mere  loss 
of  sight,  serious  as  this  must  be,  and  the  surgeon 
having  in  mind  the  simplicity  of  an  enucleation  cannot 
realize  the  dread  inspired  in  the  patient  by  the  thought 
of  having  his  eyeball  taken  from  its  socket.  It  seems 
nuich  less  serious  to  him  if  he  can  be  assured  that  only 
the  front  of  the  eyeball  is  to  be  taken  away,  as  in 
abscission  of  a  staphyloma,  or  that  the  globe  with  its 
attached  muscles  is  to  be  left  intact  as  when  eviscera- 
tion is  practiced  or  when  the  vitreous  is  replaced  by  a 
glass  or  gold  ball. 

This  fact  should  in  no  wise  govern  the  decision  of 
the  surgeon  as  to  the  nature  of  the  operation  to  be 
performed,  but  it  should  make  him  considerate  and 
sympathetic  in  his  manner  of  disclosing  to  the  patient 
the  conclusion  to  which  he  has  arrived. 

There  are  four  methods  of  treating  a  diseased  or 
deformed  eyeball  upon  whicli  operative  measures 
have  been  determined.  The  projecting  anterior  part 
of  the  ball,  if  staphylomatous  may  be  taken  off,  the 
eyeball  may  be  removed  entire,  its  contents  may  be 
eviscerated,  the  sac  with  attached  muscles  being  left, 
or  after  emptying  the  globe  a  gold  or  glass  ball  may  be 
inserted  which  becoming  encysted  will  .serve  as  a 
more  effective  support  for  the  shell  to  be  later  em- 
ployed. 

The  method  of  preparing  a  patient  for  an  enuclea- 
tion is  much  the  same  as  that  employed  before  any 
operation  upon  or  within  the  globe. 

Before  any  operation  of  importance  is  made  upon 
the  eye  the  physical  condition  of  the  patient  should  be 
ascertained.  The  action  and  freedom  from  organic 
disease  of  the  heart  or  arteries,  the  condition  of  the 
kidneys,  the  blood  pressure,  should  all  be  known  as 
these  may  govern  the  choice  of  an  anesthetic.  The 
liowels  should  be  moved  the  night  before  the  operation. 
Before  the  patient  is  brought  to  the  operating  table 
he  should  be  bathed,  the  region  about  the  eye  being 
scrubbed  with  green  soap,  the  brow  on  the  side  to  be 
operated  should  be  shaved  and  the  lashes  of  the  upper 
llfl  closely  trimmed.  A  sterile  pad  and  bandage  can 
then  be  applied  and  the  patient  brought  to  the  op- 
erating room.  A  gauze  mask  is  then  put  over  the 
patient's  face,  an  opening  being  cut  for  the  eye,  and 
the  eye  flushed  with  a  solution  of  1-3,000  bichloride 
of  mercury. 

The  dressing  tray  should  include  in  its  furnishing  a 
number  of  sponges  of  absorbent  cotton  wound  on 
applicators  or  tooth  picks.  These  may  be  dijiped  in  a 
solution  of  boracic  acid  and  squeezed  between  the 
folds  of  a  towel.  If  the  ends  are  then  cut  squarely 
off  there  is  little  opportunity  for  loose  threads  to  be 
detached  and  the  stick  prevents  the  sjionpe  from 
being  seized  by  the  wrong  end.  The  application  of  a 
solution  of  adrenalin,  1-1.000,  dropped  on  the  eyeball 
will  prevent  excessive  bleeding,  a  matter  of  some 
importance  when  there  has  been  much  previous 
inflammation.     A  spring  speculum  is  then  introduced 
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between  the  lids.  If  the  globe  has  been  broken  and 
is  collapsed  a  suture  may  be  inserted  in  the  wound  to 
prevent  its  losing  all  shape.  Sometimes  it  is  desirable 
to  inject  warm  normal  salt  solution  in  order  to  give 
it  a  little  o;reater  fullness.  When  the  eveball  ha.s  the 
form  of  an  empty  bag  it  is  always  most  difficult  to 
avoid  cutting  the  scleral  tissue  and  thereby  compli- 
cating the  operation. 

.A.BSCISSIOX  OF  St.\phyloma. — The  abscission  of  a 
large  staphyloma  is  in  practice  equivalent  to  the 
removal  of  the  eye  because  the  resultant  bulbus  serves 
only  as  a  support  for  the  artificial  shell  to  be  emploved 
later.  Various  methods  have  been  adopted  for  "the 
removal  of  the  anterior  portion  of  the  globe  some  of 
which  have  been  classic  for  over  a  century.  Modern 
surgeons  have  come  to  realize  that  a  method  which 
leaves  the  uvea  and  vitreous  as  sources  of  danger  and 
which  has  nothing  to  commend  it  over  evisceration  or 
removal  of  the  entire  globe  as  not  to  be  considered. 
.\11  of  these  methods  are  dropping,  therefore,  into 
deserved  disrepute. 

E.vccLEATiON'. — Simple  enucleation  is  followed  by 
the  least  reaction  of  any  of  the  measures  employed 
for  the  removal  of  the  eyeball.  The  ends  to"  be 
attained  are  the  clean  removal  of  the  globe,  with  the 
adnexa  as  little  disturbed  as  possible.  After  the 
globe  has  been  enucleated  it  is  designed  to  leave 
the  recti-muscle  attachments  in  position  on  the 
capsule  of  Tenon.  These  on  healing  give  a  slight 
degree  of  motion  to  the  stump  so  that  the  arti- 
ficial eye  loses  something  of  the  fixed  stare  that 
it  would  otherwise  have.  The  objection  to  this 
method,  simple  as  it  is  and  easily  as  it  is  per- 
formed, is  that  it  leaves  an  empty  eye  socket 
which  it  is  impossible  to  fill  with  any  artificial 
eye  that  can  be  used.  When  for  any  reason  com- 
plete extirpation  of  the  eyeball  is  necessarj-  this 
operation  may  still  be  done.  In  the  larger  pro- 
portion of  cases  it  has  been  superseded  by  one  of 
the  newer  methods  in  which  more  satisfactory 
results  are  obtained. 

Rubber  gloves  are  worn  by  many  surgeons  but  in 
operations  about  the  eyes  they  so  diminish  the  tactile 
sense  and  interfere  with  delicate  manipulations  that 
they  are  worn  by  the  ophthalmic  surgeon  rarely,  and 
then  mostly  in  treatments  and  in  the  application  of 
dressings. 

Unlike  some  other  operations  within  the  globe  the 
speculum  to  be  employed  is  one  which  may  be  locked. 


often,  however,  in  liftiriK  up  the glutje  after  the  tcndoru 

have  been  severed  thereby  r"  -l  ,,.,.  n 

more  easily  reached.     A  ver 

for  cutting  the  optic  nerve  . 

locked    blade    which    clohini{    over    the    i.. 

vents  it  from  HUpping  out  from  l>etwb«rii  t:  ■ 

while    it    is    being    divided.     Landolt     ho/,    duvtottil 

a   form   of  scissors  for  the  enucleation   of  the  f\p, 

having  a  double  curve.     The-u- are  ma<le  in  r!.  '  "  • 

lefts  and  greatly  hiniplify  the  iiutruiiieatai . 


I'lo.  2328. — Forc«pi  for  ruing  lb«  Eye-b>ll. 

sary  for  the  operation.  By  means  of  the,-*  Kcisaon 
the  eyeball  may  be  hugged  tightly,  the  curve  adapt- 
ing itself  to  that  of  the  globe  while  the  tendons  are 
being  divided  after  which  with  the  same  bciisors  the 
optic  nerve  is   severed. 

I'niess  the  eye  which  Is  to  be  removed  is  dUtinrtly 
different  from  its  fellow  sf)  that  it  may  l>e  re<-<>(ttii/cd 
at  a  glance  it  should  be  definitely  marked  Iwfore  the 
patient  is  put  under  the  influence  of  the  anesthetic 


s^ 


G.  2.329. — Curved  Scissors  for  Dividini  Teodons  of  Mivrln:  m«jr 
also  be  used  for  separating  conjunctiva  and  cutting  optic  oerxr, 

SO  that  by  no  possibility  an  error  can  be  made  and  the 
wrong  eye  removed.  This  pathetic  accident  while 
happily  exceedingly  rare,  has  occurred  in  one  instance 
at  least,  the  eye  in  which  sight  remained  being  re- 
moved instead  of  the  blind  one.  I. -dually  the  fart 
of  the  brow  being  shaved  Is  a  sufficient  mark  but 
nurses  are  sometimes  careless  and  patients  unin- 
telligent, and  the  surgeon  must  him.self  l>e  assiired  that 
in  the  preparations  no  mistake  has  been  made. 

While  the  globe  is  unbroken  it  is  easily  and  quickly 
removed.  The  thickened  tissue  at  the  ctirneal 
limbus  is  grasped  by  the  forceps  and  with  the  bluot 


Fia.  2327. — Form  of  Speculum  for  Separating  Lids. 


the  other  instruments  are  a  pair  of  fixation  forceps, 
rather  large  blunt  pointed  curved  scissors,  strabismus 
hooks,  and  blunt  heavv  scissors  curved  on  the  flat 
for  dividing  the  optic  ne'rve.  Sometimes  a  tenaculum 
may  be  emploved  to  catch  the  eyeball  and  draw  it 
downward.  A  blunt  spoon,  having  a  U-shaped  slit  is 
useful  in  localizing  and  holding  the  optic  nerve  while 
it  is  being  divided.  It  makes  an  added  instrument  m 
the  crowded  orbital  cavitv  and  the  experienced  sur- 
geon finds  little  occasion  for  its  use.     It  is   helpful 


r 


J 


Fia.  2330. — Strabismus  Hooks  for  Holding  Tendons  o/  Mu»cl«» 
befotc  Dividing  them. 

pointed  curved  scis-sors  an  opening  Is  made  thniugh 
the  conjunctiva  at  the  corneal  margin.  This  w 
carried  around  the  entire  cornea  making  wh.it  i.« 
termed  the  circumcorneal  inci.Mon.  It  l<  e,s.<ontial 
that  the  scissors,  as  with  all  c^i"'- -  ■•  -t  .,,ont!< 
emploved    about    the    eye.    be    •  /rp. 

Otherwlsethebliides  will  catch  in  '  -ra* 

and  tear  them  when  thev  should  make  a  »-leaii-<ut 
section  The  conjunctival  membrane  is  then  loosened 
up  over  the  globe  as  far  back  as  Tenon  s  capsule. 
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This  is  easily  accomplished  unless  there  has  been 
previous  inflammation.  The  scissors  should  be  kept 
as  close  as  possible  to  the  eyeball  as  in  this  way  the 
largest  amount  of  orbital  tissue  is  left;  there  is  less 
hemorrhage,  and  less  likelihood  of  infection.  There 
is  little  danger  of  cutting  the  sclera  unless  the  globe  is 
collapsed,  if  ordinary  care  and  skill  are  employed. 

By  burrowing  slightly  through  the  conjunctival 
tissue  an  opening  is  made  behind  one  of  the  recti 
muscles,  the  superior  by  preference,  as  the  eye  is 
likely  to  roll  up.  A  strabismus  hook  is  inserted  under 
it  and  the  tendon  divided,  the  connective  tissue  is 
then  separated  and  each  of  the  remaining  tendons 
divided  in  turn.  The  speculum  may  then  be  removed 
and  the  heavy  curved  scissors  with  which  the  optic 
nerve  is  to  be  cut  slipped  from  the  nasal  side  back  of 
the  globe.  The  ball  is  then  easily  forced  from  its 
orbital  bed,  between  the  lids,  and  the  optic  nerve 
placed  upon  a  stretch,  this  then  being  the  only  attach- 
ment. The  nerve  is  divided  by  a  single  clean  cut 
of  the  scissors. 

In  the  case  of  glioma  or  other  cancerous  growths  of 
the  eye  the  sections  should  be  made  as  far  back  as 
possible.  If  this  is  not  done  with  the  first  cut  of  the 
scissors  the  optic  nerve  sinks  back  into  the  orbit  and 
it  is  retrieved  only  with  great  difficulty  if  at  all. 
Most  surgeons  prefer  to  bring  the  edges  of  the  mucous 
membrane  together  by  means  of  a  purse  string  suture 
after  the  hemorrhage  has  ceased.  It  readily  falls  in 
place,  however,  and  the  result  is  usually  quite  as 
satisfactory  when  this  is  not  done.  After  bleeding 
ha5  ceased  aristol  or  some  other  antiseptic  powder  is 


FiQ.  2331. — Split  Spoon  for  Holdin?  the  Optic  Norve  before 
Separating  it  from  tiie  Eyeball. 

dusted  between  the  lids,  and  the  eye  dressed  with  a 
sterile  pad  held  in  position  by  adhesive  straps.  Very 
little  pain  follows  this  operation  and  healing  is  com- 
plete in  two  or  three  days. 

Usually  the  bleeding  is  very  easily  controlled.  The 
writer  has,  however,  seen  alarming  hemorrhage  follow 
this  simple  form  of  enucleation.  The  blood  immedi- 
ately fills  up  the  orbit.  If  the  flow  does  not  quickly 
cease  the  orbit  should  be  flushed  with  very  hot  water 
followed  by  sterile  packing  gauze  firmly  held  for  sev- 
eral minutes.  Sometimes  a  secondary  hemorrhage 
follows  several  hours  after  the  operation.  Styptics 
are  not  usually  necessary,  hot  water  and  pressiire 
being  sufficient  to  control  the  flow. 

Various  other  operations  have  been  devised  whereby 
the  tendons  of  the  muscles  are  seized  by  retention 
forceps  before  being  divided  and  then  brought  to- 
gether by  finely  tied  sutures.  The  healing  then  is 
in  a  firm  mass  and  is  said  to  give  a  better  and  a  more 
movable  stump  than  in  those  cases  in  which  simple 
enucleation  has  been  performed. 

When,  however,  any  other  operation  than  that  of 
simple  enucleation  seems  desirable  there  would  appear 
to  be  but  little  question  that  evisceration  with  or  with- 
out a  substitute  for  the  vitreous  will  prove  preferable. 

EviSCER.\TION  OR  ExTENTER.\TI0N  OP  THE  EyEBALL. 

In  panophthalmitis  or  other  suppurative  conditions 
of  the  globe  it  has  been  thought  by  some  ophthal- 
mologists safer  to  remove  the  anterior  portion  of  the 
eyeball  and  after  emptying  the  globe  of  its  contents 
to  leave  the  sac  to  form  a  stump  for  an  artificial  eye. 
In  non-suppurative  conditions  in  which  operative 
intervention  was  undertaken  for  the  correction  of 
deformities  the  structures  of  the  posterior  chamber 
together  with  the  iris  were  sometimes  allowed  to 
remain  intact.    If  the  dangerous  ciliary  zone  remained, 


however,  it  was  subject  to  infection  with  possible  sym- 
pathetic involvement  of  the  fellow-eye,   and  as  the 
retention  of  the  normal  humor  gave  no  better  founda- 
tion for  artificial  support  than  in  those  cases  in  which 
the  sac  was  allowed  to  collapse,  and  an  artificial  sub- 
stitute for  the  vitreous  introduced,   this  method  of 
operation  has  been  practically  abandoned.     Various 
methods  have  been  devised  when  evisceration  of  the 
contents  of  the  globe  is  performed,  differing  in  detail, 
but   practically    based    upon   the   idea  of   preserving 
intact  the  larger  portion  of  the  sclera  together  with 
its   muscular    attachments.      In   some   instances  the 
tendons  of  the  recti  muscles  are  gathered  together  in 
a  purse-string  suture  and  drawn  together  in  a  solid 
mass.     The  purpo.se  of  the  operation  is  to  leave  so 
considerable  a  portion  of  tissue  as  to  aid  in  filling  in 
the  otherwise  emptied  orbit  and  to  prevent  in  some 
measure  the  sinking  which  follows  upon  the  enuclea- 
tion of  the  entire  globe.     The  operation  has  been  so 
severely  criticised,  however,  as  to  be  practically  con- 
demned because  it  not  only  fails  in  its  purpose  in  that 
the  stump  of  the  sclera  sinks  in  the  orbit  and  atrophies 
in  course  of  time  but  occasionally  leaves  a  sensative 
Ijulb  which  ultimatelv  must  be  extracted. 


Fig.  2332. — Mules'  Operation  fur  Artificial  Vitreous.  A  gold 
ball  is  inserted  within  the  scleral  cavity.  Note  the  fulness  of  the 
orbit;  the  lid  can  be  partially  opened.  In  enucleation  the  orbital 
cavity  is  sunken. 

Mules'  Operation  (for  Artificial  Vitreous). — The 
most  satisfactory  operation  that  has  been  devised 
from  an  esthetic  point  of  view  is  that  of  Mules  in 
which  an  artificial  sphere  is  emjiloyed  within  the  scleral 
globe  in  place  of  its  normal  contents.  In  this  operation 
the  cornea  is  removed  as  in  evisceration,  the  ocular 
contents  thoroughly  evacuated  under  rigid  asepsis 
and  either  the  glass  or  gold  ball  inserted  which  in  the 
event  of  the  operation  being  successful  becomes 
encapsulated  and  forms  a  firm  and  movable  globe 
retaining  the  relative  position  and  action  of  all  of  the 
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extrinsic  ocular  muscles  and  giving  sucli  freedom  of 
movement  to  the  well-adapted  shell  whicli  is  actually 
employed  that  it  is  often  difficult  to  distinguish  the 
operated  from  the  unoperated  eye.  The  advantages 
of  this  operation  are  so  obvious  and  the  benefits  so 
great  that  unless  serious  and  unanswerable  objections 
can  be  raised  concerning  it  it  must  bo  uiuiuestionably 
the  operation  of  predilection.  It  will  be  immediately 
noticeable,  as  shown  in  the  accompanying  photographs, 
that  instead  of  a  deep  sunken  orbit  which  follows  an 
enucleation  there  is  a  fullness  even  before  the  intro- 
duction of  flic  artificial  eye.      When  the  operation  has 


Fig.  L'333. — Mules'  Operation  lor  Aniliiuil  \'iln-oua.  The  re- 
form shell  has  a  mcst  natural  appearance  and  free  movement  in 
all  directions. 

been  perfectlv  performed  there  is  no  irritation  what- 
soever in  the  stump,  and  in  the  experience  of  the  writer 
the  introduced  globe  mav  be  carried  for  an  indefinite 
length  of  time  without  either  being  extruded  or  caus- 
ing the  slightest  sense  of  irritation.  In  cases  under 
the  observation  of  the  writer  such  globes  have  been 
carried  for  over  twenty  years  with  jjerfect  comfort. 

It  is  an  unsettled  ciuestion  as  to  whether  the  enuclea- 
tion of  an  eve  in  earlv  childhood  prevents  the  normal 
growth  of  the  skull  iii  the  operated  side.  It  often  has 
been  advanced  that  in  the  absence  of  the  globe  such 
an  undeveloi^ed  condition  results.  There  is  \ery 
considerable  doubt  whether  the  form  of  the  orbit  is 
influenced  in  any  appreciable  measure  by  the  retention 
of  the  evehall.  In  a  number  of  cases  examined  by 
the  writer  at  the  New  York  State  School  for  the  Blind 
in  which  enucleation  had  been  made  at  various  periods 
during  childhood  there  were  no  differences  that  were 
distinguishable  to  the  eye.  Differences  then  which 
are  not  immedlatelv  obvious  and  which  can  be  deter- 
mined only  by  exact  measurements  are  so  inconso- 
(luent  as  to  be'unworthv  of  consideration;  and  in  view 
of  the  fact  that  the  two  sides  of  the  face  are  rarol\ 


alike   in   their   development   the  cxinteiicf   of    -:  .'  ' 
differences  w(juld  be  inHuflicieiit  proof  of  lUf  iuf.-.' 
of  the  eyeball  on  the  growth  of  the  orbj' 
Should  there  be  any  such  posNibIc  iiitlucm  < 
ence  of  a  non-irritating  but  firm  Hubstancc  \mm  i.-,  t;.(. 
scleral  coat  would  prevent  the  resulting  di-forniit\. 

The  original  suggestion  inwle  by  .Miile«  in  IH.s."i'viaJt 
to  iLse  a  hollow  glu.><s  sphere.  CriticL-m  Uim  l*i-n 
raLsed  that  the  body  fluids  secreted  in  the  Hclera  would 
in  course  of  time  act  upon  the  siirfuoo  of  the  kIbmi 
roughening  it  and  causing  its  expulsion.  Thi"  H"«^ 
not  seem  to  have  be<;n  verifie<l  in  practice  a>    '  i 

numb(^r  of  cases  in  which  glass  l)all»  have  • 
factorily  carried  for  many  year.H.  To  ol. 
however,  other  materials  than  glass  have 
gested  and  used,  such  as  a  silver  ball  whirl:  ■< 

gold-plated,  an  aliimimim  fenestrated  bull,  a  molded 
mass  of  paraflin,  wire  balls  and  rubt>er  balb,  all  have 
been  recommended. 

In  those  cases  in  which  the  ball  ban  h«en  extruded 
from  the  globe  immediately  after  the  ojtoration  or  at  a 
later  dat(;,  cither  the  ball  was  too  large  for  the  cavity 

of  the  globe  or  the  inside  of  the  sclera  had  not  I '• 

absolutely  freed  from  choroidal  pigtncnt.  Tin- 
especially  desirable  for  this  form  of  operation  are 
non-septic  ones  in  which  there  Ls  no  prcsctit  inlluui- 
matory  action  and  in  which  it  is  possible  to  make  an 
absolutely  clean  and  empty  scleral  sac  for  the  rerej>- 
tion  of  the  artificial  vitreous.  It  is  not  safe  to  UMS 
this  method  when  glioma  or  other  form  of  cancer  ha.» 
been  jiresent  nor  when  the  rupture  of  the  eyeball 
accompanied  with  active  inflammation  extends  l>c- 
yond  the  etpiator  of  the  globe.  The  ball  must  \>e 
chosen  with  great  care  so  that  it  easily  fits  within  the 
emptied  sclera.  It  must  be  neither  t(M)  large  nor  too 
small.  If  too  large  its  loss  is  inevitable  as  in  tho 
proce.ss  of  contraction  of  the  globe  in  healing  tho 
stitches  are  torn  out  and  the  wound  openeil.  Even 
when  this  happens  if  the  patient  Ls  imder  observation 
there  are  no  very  serious  con.se<|uetu'es  that  follow 
this  accident.  The  patient  is  still  left  with  a  good 
evisceration  stump,  which  while  not  full  as  if  thcgloix'  Ls 
retained,  still  serves  sus  an  excellent  basis  for  an  arti- 
ficial eve.  If  the  ball  is  too  small  the  globe  fits  hxisoly 
and  around  it  secretions  are  apt  to  form  which  may 
become  infected  through  a  secondary  intlammatory 
process,  cause  the  wound  to  open  and  the  ball  to  bo 
discharged.  It  is  of  first  importance  in  emptying  the 
scleral  siu'  that  every  smallest  particle  of  tussue  other 
then  th^cleral  coat  lie  removed.  This  is  not  ahvayx 
an  easy  matter  as  when  the  ball  is  collapsed  shreds  of 
tissue  are  liable  to  lodge  in  the  folds  and  to  e.scai>« 
observation.  With  a  tenaculum  or  fixation  forceps 
by  which  the  sclera  Ls  kept  ojien  it  is  possible  by  means 
of  an  evisceration  scoop  followed  by  pledgets  of  cotton 
upon  an  applicator  to  wipe  out  the  inside  of  the  eye- 
ball until  the  clear  white  shining  sclera  i~  in  evidence. 


Vol.  IV. 
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Kio.  2334. — Sharp  KiIkihI  Scoi>|>»  "'  Diflcrcnl  Sin-.-  f.T  FcLpiv- 
ing  Uio  Eyeball  in  Evisccraiion. 

The  way  in  which  the  oiieration  is  performed  is  .xs 
follows:  After  the  intrtxluctiiin  of  the  speculum,  and 
the  i)roper  antiseptic  preparation  of  the  eveball.  tho 
conimutiva  is  loosened  from  the  scleral  corneal  margin 
back  to  the  insertion  of  the  recti  tendons.  1  he  e>o- 
ball  is  then  held  in  position  by  means  of  a  pair  of 
fixation  forceps  which  grasp  the  thickened  tissuo-s  at 
the  corneal  margin  and  a  Graefe  keratome  introducod 
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ill  the  middle  of  the  circiunference  of  the  scleral  corneal 
junction.  A  section  then  is  made  upward  coming 
six  or  seven  millimeters  above  the  limbus  of  the  cornea. 
A  similar  section  is  made  downward.  A  triangular 
segment  is  then  removed  from  the  narrower  portion 
of  the  oval  opening  thus  created  above  and  below. 
This  will  permit  perfect  coaptation  of  the  sclera  when 
the  sutures  are  later  introduced.  The  eyeball  is  then 
emptied  of  its  contents  by  means  of  the  evisceration 
scoop.  Especial  care  will  be  taken  to  remove  each 
particle  of  the  cUiary  bod\-  as  well  as  the  structures 
around  the  entrance  of  the  optic  nerve  structures. 
Pieces  of  pigment  and  shreds  of  tissue  can  be  picked 
out  if  necessary  with  forceps.  The  emptied  globe 
may  then  be  wiped  out  with  pledgets  of  cotton  and 
the  whole  irrigated  with  a  1-3,000  bichloride  solution 
so  that  the  interior  is  shown  as  a  clean  shiny  surface. 


Fig.  2335. — Introducer  for  Bali  in  Sclera. 

It  is  well  then  to  mop  out  the  eyeball  with  a  mixture 
of  iodine  and  carbolic  acid  in  a  five-per-cent.  solution. 
A  .special  instrument  is  prepared  for  the  introduction 
of  the  glass  ball.  This  is  called  the  introducer  for  the 
ball.  Without  this  it  is  sometimes  diiBcult  to  intro- 
duce the  ball  in  the  collapsed  globe.  If  the  ball  is 
found  to  l)e  too  small  or  too  large  it  can  easily  be 
removed  with  this  instrument  and  another  one  in- 
serted. The  edges  of  the  sclera  are  then  brought 
together,  carefully  approximated  and  united  by 
sutures  of  exceedingly  fine  black  thread.  As  those 
sutures  are  not  to  be  disturbed  they  should  be  of 
another  color  than  those  employed  for  retaining  the 
conjunctiva.  The  sclera  having  been  brought  to- 
gether in  a  vertical  position  the  edges  of  the  conjunc- 
tiva are  approximated  in  a  horizontal  line  so  that  the 
deeper  wound  is  thereby  protected.  The  eyeball  is 
then  again  irrigated  with  a  1-3,000  bichloride  solution 
to  free  it  from  all  adherent  particles,  it  is  dried  with 
cotton  sponges  and  then  dusted  with  aristol  or  some 
other  equally  efficacious  iodine  preparation.  For  the 
first  twenty-four  or  forty-eight  hours  it  is  usually 
desirable  to  apply   a  cold  ice  pack   as  considerable 
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reaction  and  pain  are  apt  to  follow.  At  the  end  of 
four  or  five  days  the  superfluous  white  sutures  may  be 
removed  when  a  firm  but  movable  globe  will  be  found 
in  the  orbit.  In  order  to  avoid  any  irritation  which 
might  follow  too  early  disturbance  of  an  eye  upon 
which  this  operation  has  been  performed  it  is  well  to 
wait  for  four  or  five  weeks  before  attempting  to 
introduce  an  artificial  shell.  When  this  is  done  the 
reformed  or  closed  artificial  shell  devised  by  Snellen 
should  always  be  employed  and  care  must  be  exercised 
that  it  is  not  too  large,  or  from  its  pressure  or  attrition 
upon  the  artificial  globe  it  may  excite  undue  irritation. 
After  all  inflammation  has  disappeared  and  with  a 
well-chosen  and  perfectly  fitting  artificial  eye  there 
is  no  more  discomfort  experienced  in  the  Mules' 
operation  than  when  complete  extirpation  of  the 
eyeball  has  been  performed. 

The  most  serious  criticisms  that  have  been  made 
upon  this  operation  have  been  those  in   which   in 
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exceptional  cases  sympathetic  irritation  has  affected 
the  fellow-eye.  This  is  of  such  importance  that  if  it 
were  at  all  likely  to  occur  no  consideration  of  an  es- 
thetic character  would  justify  the  insertion  of  an 
artificial  foreign  body  in  the  globe,  but  as  in  rare  cases 
sympathetic  infection  has  followed  ordinary  enuclea- 
tion and  evisceration  and  as  a  large  number  of  Mules 
operations  have  been  performed  in  which  no  irritation 
of  any  character  whatever  has  followed  it  would  seem 
reasonable  to  assume  that  individual  conditions  or 
something  in  the  character  of  the  operation  was  the 
cause,  the  possibility  of  foreign  substances  being  left 
in  the  globe,  of  the  ball  being  too  large  for  the  globe 
or  some  other  questionable  circumstance  must  be 
held  accountaljle  for  this  serious  result.  The  necessity 
of  examining  the  globe  which  is  used  with  great  care 
for  the  detection  of  flaws  which  may  be  in  it  must  be 
emphasized;  roughness  or  other  imperfections  might 
prejudice  the  result  of  the  operation.  In  one  case  in 
which  a  ball  was  inserted  and  in  which  the  wound  did 
not  heal  a  small  hollow  opening  was  found  to  be  in 
the  ball,  in  which  was  found  a  quantity  of  pus.  The 
possible  objections  to  the  use  of  the  glass  ball  within 
the  sclera  have  led  to  various  substitutes  which  have 
been  tried  with  varying  degrees  of  success.  Spongue, 
which  becomes  organized,  has  been  used.  Fat  taken 
from  the  gluteal  region  of  the  patient  himself  has  also 
been  employed.  Other  modifications  of  the  Mules 
operation  have  been  suggested  and  performed,  such 
as  the  introduction  of  the  glass  ball  after  enucleation 
in  the  orbit  itself  instead  of  within  the  scleral  cavity. 
This  makes  a  very  excellent  basis  for  an  artificial  eye 
but  it  lacks  the  freedom  of  movement  and  the  com- 
plete fulness  as  obtained  by  the  Mules  operation. 
The  transplantation  of  the  eye  of  a  rabbit,  or  other 
animal,  in  the  place  of  an  enucleated  human  eye  has 
been  used  in  many  cases  with  considerable  success. 
In  these  cases  the  eye  of  a  young  rabbit  is  usually 
employed  and  is  inserted  into  the  orbit  after  the  enu- 
cleation of  the  human  eye  in  an  inverted  position,  the 
cornea  being  directed  toward  the  back  of  the  orbit; 
the  recti  muscles  are  then  attached  to  the  correspond- 
ing muscles  of  the  rabbit's  globe  and  the  conjunctiva 
is  then  closed.  In  some  instances  the  cornea  has  been 
placed  downward,  the  conjunctiva  is  then  closely 
sutured  and  the  stitches  left  in  position  for  a  week. 
The  animal's  eye  becomes  finally  attached  in  its  posi- 
tion but  in  a  large  number  of  instances  it  gradually 
shrinks  and  leaves  a  stump  which  is  very  little  better 
than  that  which  remains  after  an  ordinary  enucleation. 

F.  Park  Lewis. 


Eyelids,  Affections  of  the. — The  eyelids  present 
two  surfaces,  both  of  which  are  subject  to  disease. 
The  posterior,  or  under  surface,  i.e.  the  surface  which 
is  in  contact  with  the  eye,  is  covered  with  conjunctiva, 
and  affections  of  this  surface  are  described  under  this 
head.  (Cf.  ConjuncHra,  Diseases  of.)  In  describing 
the  affections  of  the  eyelids  we  have  to  consider  the 
anterior  or  upper  surface,  and  the  structure  between 
the  two  surfaces. 

The  upper  surface  of  the  eyelid  is  covered  with 
integument  which  is  continuous  with  the  integument 
of  the  forehead  and  face.  It  differs  from  the  integu- 
ment of  the  forehead  and  face  in  being  thinner. 
Lender  the  skin  of  the  eyelids  we  find  the  subcutaneous 
areolar  tissue,  which  freqiiently  becomes  infiltrated 
with  effusions,  and  distended  with  air  in  injuries  to 
the  nose  and  air  sinuses.  The  next  tissue  is  the  orbicu- 
laris muscle,  the  function  of  which  is  to  close  the 
eyelids.  This  is  the  muscle  which  is  affected  in  paraly- 
sis of  the  facial  nerve,  producing  inability  to  close 
the  eyelids,  or,  as  it  is  sometimes  called,  lagophthal- 
mus.  Beneath  this  muscle  are  the  tarsal  cartilages, 
upper  and  lower,  the  functions  of  which  are  to  add 
to  the  protection  of  the  eye,  to  preserve  the  contour 
of  the  lids,  and,  in  the  upper  lid,  to  give  attachment 
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to  the  muscle  which  raises  the  lid — the  levator 
palpebnc  superioris. 

The  tarsal  cartilages  contain  in  their  substance  the 
Meibomian  glands,  whose  sebaceous  secretion  lubri- 
cates the  edges  of  the  lids.  The  tarsal  cartilages  are 
thicker  at  the  free  margins  of  the  litis,  and  gradually 
taper  back  to  a  thinner  edge;  they  are  about  one  inch 
in  length.^  The  upper  cartilage  is  about  one-third  of 
an  inch  in  breadth  at  its  center,  and  narrowing 
toward  its  oviter  and  inner  extremities  has  a  somewhat 
semilunar  shape.  _  The  cartilage  of  the  lower  lid  is 
much  smaller  in  width,  having  a  more  or  less  elliptical 
shape.  The  free  margins  of  the  upper  and  lower  lids 
— i.e.  the  edges  where  the  anterior  or  cutaneous 
surface  and  the  posterior  or  conjunctival  surface 
meet — lie  in  contact  with  each  other  when  the  eye  is 
closed,  and  contain  the  cilia,  or  eyelashes,  together 
with  the  openings  of  the  ducts  of  the  Meibomian 
glands.  The  extremities  of  the  margins  of  the  upper 
and  lower  eyelids  are  joined  together,  and  are  called 
the  outer  canthus  and  the  inner  canthus. 

These  canthi,  with  the  extremities  of  the  cartilages, 
are  attached  to  the  frontal  processes  of  the  stipcrior 
maxillas  at  the  inner  sides,  and  to  the  malar  bones  on 
the  outer  sides,  by  the  canthal  ligament.  It  is  impor- 
tant to  bear  this  in  mind  in  operations  on  the  outer 
canthi  especially. 

The  inner  canthi  are  shaped  somewhat  like  horse- 
shoes, and  at  the  free  extremities  of  the  shoes  are  the 
openings  of  the  lacrimal  canals,  the  puncta  lacri- 
malia.  Under  the  tarsal  cartilages  is  the  palpebral 
portion  of  the  conjunctiva. 

The  eyelids  are  subject  to  diseases  affecting  the 
integument  generally,  as  well  as  to  affections  peculiar 
to  themselves,  because  of  the  structures  involved. 

The  departures  from  the  normal  which  may  affect 
the  cutaneous  surfaces  of  the  eyelids,  either  separately 
or  in  common  with  the  skin  of  the  forehead  and  face, 
are  erysipelas,  exanthemata,  ecchymoses,  herpes, 
edema,  emphysema,  venereal  sores,  eczema,  and  acne. 

Erysipelas  and  exanthematous  diseases  seldom,  if 
ever,  attack  the  eyelids  except  as  they  affect  the  cuta- 
neous surface  generally.  Erysipelas  is  never  confined 
to  the  integument  of"  the  eyelids  alone,  except  that 
the  attack  may  originate  in  this  situation  and  spread 
to  other  parts".  Its  restriction  to  the  eyelids,  under 
these  circumstances,  would  be  only  temporary,  lasting, 
at  most,  not  more  than  forty-eight  hours.  The  writer 
has  seen  a  patient  attacked  with  what  appeared  at  the 
onset  to  be  a  purulent  conjunctivitis,  with  eyelids  red, 
swollen,  and  edematous,  together  with  a  moderately 
profuse  purulent  discharge  from  the  conjunctiva, 
develop  in  less  than  thirty-sLx  hours  into  a  case  of 
facial  erysipelas,  the  eye  symptoms  subsiding  as  the 
disease  spread  over  the  face.  There  are  none  of  the 
exanthemata  in  which  the  eruption  manifests  itself 
first  about  the  eyelids,  and  when  the  eyelids  are  in- 
volved it  is  only"  as  a  part  of  the  general  cutaneous 
involvement.  Eczema  may  manifest  itself  on  the 
eyelids  as  the  result  of  a  general  facial  condition,  or 
may  be  secondary  to  the  inflammatory  condition  of 
the"  edges  of  the  lids  known  as  blepharitis;  of  this  we 
will  speak  later. 

Arne  may  also  affect  the  eyelids  as  the  result  of  a 
general  cutaneous  affection. 

The  treatment  of  these  general  Inflammatory 
affections  of  the  integument  of  the  eyelids  does  not 
differ  from  the  treatment  of  the  same  disease  when 
located  elsewhere  in  or  on  the  cutaneous  surface. 
It  may  be  necessary  to  be  cautious  in  the  employment 
of  lotions,  embrocations,  and  ointments,  containing 
irritating  substances,  because  of  the  danger  of  injurmg 
the  delicate  structure  of  the  eve  itself,  but  other  than 
this  the  treatment  of  affections  of  the  lids,  such  as  w-e 
have  mentioned,  will  not  differ  from  the  usual  treat- 
ment employed  when  these  affections  are  situated  m 
other  parts  of  the  l)odv. 

Venereal  sores  which"  may  affect  the  integument  of 


the  eyelids  are  oliaticrcs,  chuncroidN,  and  venereal 
ulcers.  One  would  be  naturally  kuxpiciouii  of  ihc 
nature  of  an  ulcer  or  sore  on  the  eyelid  in  a  patic-nt 
known  to  be  suffering  from  Kvphiliif,  or  in  one  who  ha/J 
cliancroids  or  sores  known  to  Ih.-  of  venereal  origin, 
liK-ated  elsewhere.  Even  wlien  Hyrnpt<niu<  of  venereal 
disease  do   not  exist  elsewhere,  venereal  iv 

exist  on  the  eyelids.     When  putientx  pri-  i- 

tions  of  the  integument  of  the  eyelids  wi ,t 

yield  promptly  to  treatment,  and  which  the  micro- 
scope does  not  demoHHtratc  to  bo  malignant,  our 
suspicions  should  be  aroused  at  once  as  to  their  poiwi- 
ble  venereal  origin. 

Clianrrc.1  of  the  integument  of  the  eyelids  arc  not  no 
common  as  chancres  of  the  conjunctiva,  and  we  do  not 
wLsh  to  be  understo<xl  a«  iiititnating  that  they  are 
commonly  met  with  in  the  latter  situation.  Thev  are. 
however,  occasionally  encountered  in  the  integument 
of  the  eyelids,  and  are  not  always  easily  di>tinguitilie<l, 
macroscopically,  from  malignant  diM^ai>e!<,  eh|>ecially 
epitheliomata.  The  diagnoHis  may  have  to  be  made 
with  the  microscope. 

The  treatment  of  venereal  sores  and  Jilccrs  will 
depend  on  whether  their  origin  Is  syphilitic;  but 
whether  syphilitic  or  not,  their  treatment  will  differ 
radically  from  the  treatment  of  malignant  growthit 
or  neoplasms. 

Syphilitic  and  venereal  sores  and  ulcers  of  the  eye- 
lids will  require  the  local  and  constitutional  treatment 
commonly  given  this  class  of  affections  without  regard 
to  their  situation.  Malignant  growths,  on  the  other 
hand,  will  generally  require  operative  treatment. 

lIcrjHn  affecting  the  eyelids,  oftener  the  up()er,  i<« 
not  unconunon.  We  commonly  meet  with  a  mild 
form  of  herpes — fever  sores  a.s  they  are  called — but  we 
also  meet  with  a  .severe  form,  the  two  differing  so  tut 
almost  to  warrant  describing  them  as  different  affec- 
tions. We  have  herjjes  in  the  mild  form,  occurring  an 
the  result  of  febrile  disturbances  in  children,  occasion- 
ally also  in  adults.  It  may  follow  exposure  to  high 
winds,  sunburn,  and  irritations  of  the  skin  generally. 
The  herpetic  eruptions  from  the.se  causes  affect  all 
parts  of  the  integument  of  the  face  indiscriminately, 
often  both  sides  at  the  same  time,  including  the  eye- 
lids. There  apiiears  a  slightly  elevated  red  spot, 
more  or  less  rounded  in  outline,  varying  in  size  from 
three  to  twenty  millimeters  in  diameter,  or  even 
larger.  This  red  spot  tingles  and  burns,  and  in 
twenty-four  hours  begins  to  be  vesicular  iu  character, 
composed  of  a  number  of  small  ve.-icles.  The  lluid 
in  these  vesicles,  which  in  the  beginning  is  water>-, 
soon  becomes  tlocculent,  changing  into  pus.  The 
vesicles  coalesce  and  break  liown,  forming  a  scab. 
If  this  .scab  is  removed  we  find  the  surface  lioneath 
ulcerated.  Whether  removed  or  not,  the  .S4)re  heal* 
in  a  week  or  ten  days,  leaving  a  re<ldene<l  surface, 
which  may  persist  for  a  week  or  two  weeks  longer. 
.■Attacks  of  herpetic  eruption  such  as  this  arc  of  fre- 
quent occurrence  in  neurotic  people,  the  result  of  some 
slight  nervous  irritation,  or  of  direct  irritation  of  the 
terminal  endings  of  the  sensory  nerves.  The  course 
is  mild,  the  treatment  palliative,  and  the  prognosio 
good. 

We  have  another  form  of  herpes,  as  we  have  said. 
known  as  herpes  zoster,  which  affects  the  supra- 
orbital branch  of  the  lifth  nerve,  generally  uni'ator.il, 
and  often  very  serious  in  its  conse<nienccs.  Hen>es 
zoster  is  ushered  in  with  violent  pain  over  the  distribu- 
tion of  the  nerve,  producing  intense  supr.-iorbital 
neuralgia,  which  may  la.st  a  d.ay,  or  even  two  days, 
before  the  eruption  takes  place,  and  at  times  |HTsi«t- 
ing  during  and  after  the  eruptive  period.  The  skin 
of  the  upper  evelid  becomes  rod<lene<I  and  swollen, 
and  the  lid  it.self  edematous.  There  Ls  more  or  less 
nuirked  febrile  action.  The  eruption  apjn-ars  to  be 
the  s!ime  as  that  described  in  the  simpler  form  of 
herpes,  except  that  the  underlying  ulcers  are  deo|>er 
and  frequently  leave  scars.     The  condition  takes  it» 
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name  from  the  parts  affected,  as  herpes  zoster  frontalis, 
herpes  zoster  palpebralis,  and  herpes  zoster  ophthal- 
micus. When  it  affects  the  eye  itself  (herpes  zoster 
ophthalmicus)  very  serious  results,  even  destruction 
of  the  eyeball,  may  follow. 

The  writer  has  seen  several  cases  of  herpes  zoster 
affecting  the  eyelids  and  forehead  which  have  been 
diagno.sed  by  attending  physicians,  who  were  not 
familiar  with  the  disease,  as  erysipelas,  all  coming 
from  malarial  districts. 

The  treatment  consists  of  cathartics,  hot  applica- 
tions to  the  affected  parts  to  relieve  the  pain,  and  even 
opiates  may  be  necessary.  During  the  beginning  of 
the  eruptive  stage,  the  intense  irritation  may  be  al- 
layed by  applications  of  weak  solutions  of  acetate  of 
lead,  lead  and  opium  wash,  or  carbolic  acid.  After 
the  vesicular  stage  has  passed,  an  ointment  of  carbolic 
acid  and  vaseline  will  soften  the  scabs  and  prevent, 
possibly,  the  formation  of  deep  scars.  In  the  writer's 
experience  the  best  results  have  followed  the  internal 
administration  of  quinine. 

Edema  of  the  eyelids  is  a  symptom  of  importance 
in  affections  of  the  eye  itself,  as  denoting  the  iiitensity 
of  the  exciting  cause,  which  is  generally  of  an  inflam- 
matory nature.  Edema  may  occur  in  the  eyelids  also 
because  of  disease  of  organs  remote  from  the  eye,  as 
in  cardiac  and  renal  disease,  and  in  anemia. 

When  due  to  local  causes  situated  in  the  eye  or 
adjacent  structures,  the  amount  of  the  edema  will 
generally  be  in  proportion  to  the  intensity  of  the  dis- 
ease which  produces  it.  as  well  as  to  the  location  of  the 
affection.  For  example,  we  frequently  find  in  iritis, 
both  primary  and  when  due  to  cataract  extractions, 
an  edema  of  the  lids  at  the  inner  canthus.  The  same 
will  be  true  of  keratitis,  scleritis,  tenonitis,  and  in- 
flammations of  the  e.ve  and  its  appendages  generall.v. 
Edema  of  the  eyelids  from  affections  of  the  eye  itself 
is  never  so  extensive  or  marked  as  we  sometimes  find 
it  as  the  result  of  purulent  inflammations  of  the  con- 
junctiva, dacryocystitis,  panophthalmitis,  frontal- 
sinus  disease,  and  retrobulbar  abscesses  or  tumors,  in 
which  affections  it  may  become  so  marked  as  to 
threaten  the  destruction  of  the  eye  from  pressvire. 
Edema  of  the  eyelids  may  also  be  present  as  the  re- 
sult of  stings  of  insects.  There  is  ordinarily  very 
little  to  be  done  for  edema  of  the  eyelids.  When 
due  to  renal  disease  it  is  more  pronounced  after  rest 
in  a  recumbent  position;  when  due  to  cardiac  disease 
it  is  more  or  less  constant,  although  more  pronounced 
after  physical  exertion.  There  is  no  local  treatment 
which  will  remove  edema  when  due  to  these  two  causes. 
If  we  find  associated  with  the  edema — as  we  sometimes 
do — an  irritation  of  the  eye  and  the  under  surface  of  the 
eyelids,  we  can  obtain  a  certain  amount  of  relief 
from  the  use  of  biborate  of  soda  and  tannic  acid, 
each  ten  grains  to  the  ounce,  or  a  solution  of  boric 
acid  in  camphor  water. 

W' hen  due  to  inflammatory  conditions  of  the  eye  and 
surrounding  parts  there  is  nothing  to  be  done  for  the 
edema  itself — beyond  the  application  of  a  light  band- 
age— except  when  the  swelling  of  the  lids  is  so  great 
as  to  threaten  the  eye,  when  the  pressure  can  be  re- 
lieved by  the  operation  known  as  external  can- 
thotomy,  or  division  of  the  external  canthus.  Such 
extreme  treatment  is,  of  course,  seldom  necessary. 

In  this  connection  we  may  mention  an  affection  of 
the  eyelids  which  may  be  mistaken  for  edema.  This 
is  emphysema,  due  to  injury  of  the  nose  or  of  the 
sinuses  which  surround  the  eye.  The  onset  is  sudden, 
following  a  traumatism,  and  characterized  by  swelling 
of  the  eyelids,  one  or  both,  depending  on  the  situation 
and  extent  of  the  injury.  There  may  be  redness  of 
the  integument  of  the  lids — which,  in  fact,  is  true  in 
any  swelling  of  the  lids,  even  when  not  of  an  inflam- 
matory nature;  and  palpation  gives  to  the  fingers  a 
crackling  sensation.  This  distention  is  apt  to  be 
more  marked  in  the  lids  than  in  the  surrounding  parts, 
for  the  reason  that  the  integument  of  the  lids  is  so 
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loosely  connected  with  the  vmderlying  parts,  and  its 
areolar  tissue  has  so  little  adipose  tissue  in  its  meshes 
that  it  becomes  easily  inflated  when  the  walls  of  the 
sinuses,  or  other  air  cells  which  aboimd  in  this  situa- 
tion, are  broken.  No  treatment  is  necessary  for  the 
emphy.sema  itself,  except  in  extreme  cases,  when  a 
bandage  may  be  applied.  When  the  cause  of  the 
emphysema  is  removed  the  air  disappears. 

The  pathological  conditions  grouped  and  described 
under  the  heading  of  skin  diseases  may  affect  the  in- 
tegument of  the  eyelids,  acne  and  comedo  being  per- 
haps the  least  common,  while  milium,  molhiscum,  and 
xanthelasma  occur  frequently;  acne  merits,  at  our 
hands,  no  description,  differing  in  no  way  from  the 
acne  seen  in  other  parts  of  the  body.  Comedones, 
or  black-heads,  can  be  removed,  here  as  elsewhere, 
excepting  that  while  in  other  parts  they  may  be  re- 
moved with  the  time-honored  watch  key,  or  the  ex- 
pressly designed  comedo  pressers,  in  the  eyelids  they 
are  best  removed  by  pressure  between  the  thumb 
nails.  The  minute  white  elevations  with  sebaceous 
concretions  known  as  milia,  or  the  larger  masses  with 
depressed  centers  known  as  mollusca,  require  a  slight 
incision  made  in  their  apices  before  they  can  be  ex- 
pressed without  the  infliction  of  considerable  trau- 
matism, or  bruising  of  the  skin. 

Xanlhclasma,  the  buff  or  yellowish-colored  patches 
which  are  found  at  the  inner  part  of  the  lids,  and 
which  affect  middle-aged  people,  especially  women, 
can  be  removed  only  with  the  knife  or  scissors.  If 
they  are  not  too  large,  the  writer's  method  is  to  grasp 
them  with  a  broad-pointed  forceps  and  snip  them  off 
with  sci-ssors.  The  skin,  which  is  very  loose  on  the 
eyelids,  can  be  slightly  undermined  with  the  same 
scissors,  and  one  or  two  sutures  will  obliterate  all 
trace  of  the  affection,  which  is  never  anything  more 
serious  than  a  blemish.  If  the  xanthelasma  is  large 
it  may  be  impossible  to  excise  it  without  sacrificing 
more  skin  than  it  is  wise  to  remove.  In  such  a  case 
it  would  be  better  to  advise  the  patient  to  tolerate  the 
blemish,  with  the  assurance  that  it  will  never  assume  a 
serious  or  malignant  character. 

We  meet  occasionally,  in  or  under  the  skin  of  the 
eyelids,  with  horny  and  warty  growths,  lipomata,  and 
cysts.  These  are  easily  removed,  under  either  cocaine 
or  general  anesthesia,  leaving  onlj-  small  scars,  which 
time  effaces. 

The  skin  of  the  eyelids  is  not  infrequently  the  seat 
of  malignant  growths,  the  most  common  form  being 
epitheliomata. 

EpitheUomata  seldom  appear  in  the  eyelids  before 
middle  age;  indeed,  most  of  the  cases  seen  by  the  writer 
have  occurred  long  after  middle  age.  The  history  is 
alike  for  all  cases;  there  has  appeared  a  small,  round- 
ish, elevated  patch  or  pimple,  which  may  exist  for 
months  or  even  years,  without  causing  very  much 
annoyance.  Then  without  apparent  cause,  or  some- 
times as  the  result  of  the  patient's  picking  it,  this 
patch  or  pimple  becomes  ulcerated,  and  refuses  to 
heal  under  ordinary  treatment.  When  the.se  patients 
present  themselves  to  the  specialist  the  growths  have 
passed,  as  a  rule,  into  the  ulcerative  stage,  and  the 
patients  are  prepared  to  hear  that  they  have  malignant 
disease  or  cancer. 

Even  when  ulceration  has  begun,  a  long  time  may 
elapse  before  the  affection  takes  on  a  rapidly  growing 
malignant  character.  There  is  always,  in  cancerous 
affections  of  the  eyelids,  a  long  period  during  which 
removal  can  be  effected  without  serious  deformity  to 
the  lid,  and  during  which  time  removal  means  perma- 
nent cure.  It  is  only  after  the  disease  has  existed  long 
enough  to  involve  the  entire  structure  of  the  eyelid, 
the  skin,  the  conjunctiva,  and  the  tissues  between, 
when  not  only  is  there  a  deeply  ulcerated  spot,  but 
the  surrounding  tissues  are  infiltrated,  that  the  ques- 
tion of  extensive  operation,  possibly  the  removal  of  an 
entire  upper  or  lower  lid,  has  to  be  considered. 

It  is  not  j>ist  to  our  patient  to  conclude  hastily  that 
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a  suspicious-looking  ulcer  of  the  eyelid  is  a  malignant 
growth,  any  more  than  it  is  to  defer  action  in  the  hope 
that  it  may  not  be  malignant.  We  of  course  consider 
the  history  of  the  case,  the  age  of  the  patient,  and 
other  points  which  may  occur  to  us  at  the  time,  but 
the  knowledge  which  should  influence  us,  and  which 
we  should  obtain  as  soon  after  seeing  the  patient  as 
possible,  is  that  furnished  by  the  microscope.  Wlien 
we  have  this  information,  and  are  satisfied  that  a 
patient  has  malignant  disease,  the  indications  for 
treatment  are  very  clear.  There  is  but  one  thing  to 
do  in  cancerous  disease  of  the  eyelid  as  elsewhere, 
and  that  is  to  remove  the  offending  neoplasm;  and, 
should  we  elect  to  remove  it  with  the  knife,  we  should 
not  hesitate  to  remove  sufficient  tissue  to  include 
not  only  the  growth  itself  but  all  infiltrated  structures 
as  well. 

In  removing  cancerous  disease  of  the  eyelids,  oph- 
thalmic surgeons,  almost  without  exception,  prefer  to 
resort  to  the  knife.  Some  of  the  authorities  mention 
the  use  of  caustics,  but  the  writer  has  been  unable  to 
find,  among  the  various  text-books  on  diseases  of  the 
eye,  even  one  which  recommends  any  other  method 
than  the  knife. 

It  is  safe,  as  a  rule,  to  be  guided  by  the  advice  of 
those  who  have  had  large  experience  and  who  are 
considered  authorities;  the  exclusive  use  of  the  knife 
in  removing  cancerous  growths  of  the  eyelids  is,  no 
doubt,  advocated  as  the  result  of  experience.  One 
author  on  diseases  of  the  eye  (Noyes)  mentions  the 
use  of  caustics,  and  his  objection  to  their  use  is  that 
they  leave  scars  which  have  to  be  removed  by  opera- 
tion later,  while  with  the  knife  in  the  beginning  both 
the  cancerous  growth  can  be  removed,  and  the  result- 
ing deformit}'  remedied  at  the  same  time,  which  is  of 
course  true.  Still,  a  deformity  of  the  eyelid,  while 
it  may  be  disfiguring,  is  not  fatal  to  life,  and 
many  persons  have  so  great  a  fear  of  the  knife 
that,  to  them,  death  may  be  preferable.  Then 
too  the  element  of  time  may  be  a  considera- 
tion. A  surgeon  would  hesitate  to  perform  a 
plastic  operation  for  the  removal  of  a  cancerous 
growth  and  the  repair  of  the  eyelid  except 
under  general  anesthesia,  and  with  the  knowl- 
edge that  his  patient  would  remain  quiet  for 
at  least  two  weeks  following  the  operation,  in 
order  to  secure  proper  healing.  With  the 
caustic  treatment  it  would  perhaps  be  possible 
for  a  patient  to  attend  to  his  ordinary  busi- 
ness occupation  while  undergoing  treatment. 
We  have  in  mind  a  case  of  this  kind.  An 
elderly  gentleman,  earning  a  precarious  living 
as  an  insurance  agent,  with  a  large  and  help- 
less family  depending  on  him,  presented  him- 
self for  treatment  for  an  eiiithelioma  of  the 
upper  eyelid.  The  disease  had  entered  upon 
the  ulcerative  stage,  and  involved  a  spot  in  the 
center  of  the  lid,  about  three  millimeters  in 
diameter.  He  was  willing  to  submit  to  an 
operation  providing  it  did  not  interfere  with 
his  work;  he  was  unable  to  stop  his  work  for 
even  one  week.  In  such  a  case  it  seems  as 
if  one  would  be  justified  in  employing  a  caustic  ap- 
plication. The  resulting  scar  could  be  remedied  at 
anv  time,  while  the  epithelioma,  if  allowed  to  go  on 
unchecked,  would  destroy  tissue,  and  involve  struc- 
tures which  could  be  remedied  onlv  bv  great  sacrifice, 
if  at  all.  Dr.  A.  R.  Robinson,  in  "Observations  in 
the  Treatment  of  Cancer,"  concludes  "that  the  ma- 
joritv  of  cases  of  cutaneous  cancer  can  be  removed 
with"  the  greatest  certainty  and  with  least  deformity 
bv  caustics,  provided  the  patients  are  seen  before  the 
lymphatic  glands  are  invaded."  This,  of  course, 
applies  to  cutaneous  surfaces  generally,  but  with  less 
force,  perhaps,  when  the  disease  is  in  the  integument 
of  the  evelid,  becavise  of  the  danger  to  the  eye  itself 
from  the  cau.stic  application.  It  is  impossible  to  lay 
down  rules  which  shall  be  invariable  guides,  or  to  give 


advice  whicli  is  to  apply  to  all  cawM  iiiili'urirriirii»i<»lv, 
but    the    writer    believes    that   whi!'    ''  '  •  ho 

knife  is  the  best  incth<j<l  of  Ireatin.  .-« 

of  cancer  of  tlie  eyelids,  there  are  tlii.c,  .,.,.;.,  .  .,  .-uc« 
may  be  employed  with  advantuKC. 

Of  the  affections  which  are  Hituattyl  at  tho  tiiarKiiu 
of  the  eyelid.s,  one  which  Ih  not  uncoininuri  i^^  /ihlhiri- 
n.fjs,  or  ])ediculi  ciliaro.s.  ThiM  afffctioii,  wl'ir-h  j-  not 
by  any  means  confined  to  >incleaii  peoplcv  '.  -nj 

by  the  specialist  or  the  family  phvniclai,  ;;^ 

covcry  horrifies  the  patii?it  and  fills  hitn  wi  :.  A.irur. 
The  symptoms  are  itching  and  rfclncHs  of  the  mar- 
gins of  the  eyelids,  and,  if  the  condition  Ls  neglectc*!, 
falling  of  the  eyela-shcs.  Inspection  reveabi  tho 
presence  of  the  pediculi  on  the  edges  of  the  Ud*  and 
the  ova  pediculi  on  the  la.she.s.  The  treatment  will 
consist  in  the  removal  of  the  offending  parasites, 
crushing  them  between  the  thumb  nails,  and  the 
ai>plication  of  some  para.siticido.  Hichlorjde  of 
mercury  wa.sh  must  be  used  with  caution,  bccauhe  of 
the  irritating  effect  of  this  drug  on  the  cornea.  A«  a 
rule  removing  the  para.site  with  the  nail.s,  as  nicntionwj 
above,  and  the  application  of  the  yellow  oxide  of 
mercury  ointment,  will  effect  a  cure  in  a  few  days. 

Ihiniinlum  is  an  inflammation  6f  one  of  the  gJandj 
of  the  skin  of  the  eyelids,  situated  at  or  near  the 
margins  of  the  lids,  and  often  attended  with  consid- 
erable swelling  and  tenderness,  and  even  constitu- 
tional disturljance.  There  are  generally  a  .sucrcssion 
of  the  hordeola,  a  new  one  appearing  a-s  another  gctt 
well,  until  a  dozen  or  more  have  appeareti  Such  a 
condition  has  often  underlying  it  some  gCi  ?ral  con- 
stitutional debility,  and  will  re<iuire  for  its  treatment 
nourishing  diet,  fresh  air,  and  tonics.  It  Ls  doubtful, 
however,  if  this  condition  of  furunculosis,  if  it  may  1)0 
given  this  name,  ever  attacks  and  is  confined  to  the 


-Panas*  Operation  for 
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Sutures  uniting  flap  to  inteKument  of 
brow:  6,  b,  sutures  advised  by  Pan.as 
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evelids,  even  when  there  is  marked  constitutional 
debility,  unless  there  is  added  to  the  general  dcranire- 
ment  a  local  exciting  cause  as  conjimctivitU,  or  some 
weakness  or  abuse  of  the  eye  it.self.  It  is  advis;iblo. 
as  a  preliminary  to  the  general  troatmont.  to  give 
attention  to  the  local  cause.  If  there  Ls  found  to  be 
an  uncorrected  refractive  error  in  the  eye.  it  should  In? 
corrected,  and  a  coexisting  conjtutctivitis  should  l>e 
treated.  For  the  hordeolum  itself,  nothing  relieves 
the  pain  and  hjvstens  the  termination  of  the  inflam- 
mation so  much  as  the  application  of  hot  water. 
Warm  poultices,  to  hasten  supiiuration,  which  would 
be  advisable  elsewhere.  shouUl  not  be  used  for  in- 
flammatious  here,  because  of  their  efTect  on  the  con- 
junctiva. Some  of  the  most  aggravated  cases  of 
conjunctivitis  the  writer  has  ever  seen  have  been 
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caused  by  the  application  of  flaxseed  and  tea-leaves 
poultices.  Suppuration  is  the  final  outcome  of  a  hor- 
deolum, but  it  has  seldom  been  necessary  in  the  writer's 
experience  to  employ  the  knife  for  the  evacuation  of 
the  pus,  this  being,  as  a  rule,  rapidly  brought  about 
by  the  hot  applications.  Spirits  of  camphor  has  been 
recommended  to  abort  the  inflammatory  jirocess,  and 
while  it  does  not  invariably  accomplish  this,  the  writer 
has  seen  beneficial  results  follow  its  use. 


Fig.  2339. 

A  chalazion  is  a  distention  of  a  Meibomian  gland 
with  its  normal  secretion.  This  is  caused  by  an  occlu- 
sion of  the  duct  of  the  gland,  which  may  be  either 
permanent  or  temporary.  The  distended  gland  some- 
times becomes  inflamed,  when  it  simulates  a  hor- 
deolum. Ordinarily  a  chalazion  presents  itself  as  a 
circumscribed  swelling,  hard  to  the  touch,  and  of 
variable  size.  It  may  be  in  either  the  upper  or  lower 
eyelid,  and  not  infrequently  there  are  more  than  one 
in  the  saine  lid,  and  they  often  exist  in  all  four  eye- 
lids at  the  same  time.  They  also  are  caused  by  con- 
junctivitis, which  may  or  may  not  be  due  to  uncor- 
rected errors  of  refraction. 

A  chalazion  may  sometimes  be  cured  by  massage  of 
the  eyelids,  the  accumulation  within  the  gland  being 
pressed  out  through  the  duct.  When  this  cannot  be 
accomplished  the  cyst  can  be  incised  and  the  sac 
curetted.  It  has  been  recommended  that  the  inci- 
sion be  made  into  the  sac  through  the  margin  of  the 
lid,  or,  if  the  incision  is  made  through  the  conjunctiva, 
that  it  be  perjjendicidar  to  the  margin  of  the  lid,  .so  as 
to  avoid  cutting  other  Meibomian  glands  than  the  one 
involved.  While  the  incisions  can  be  made  equally 
well  in  either  situation,  i.e.  through  the  margin  of  the 
lid  or  through  the  conjunctival  surface,  in  some  cases, 
in  others  the  method  to  be  employed  will  depend  on 
the  size  of  the  tumor  and  its  location.  There  is  no 
danger  of  the  incision  destroying  other  glands  in  either 
case,  and  no  evil  results  ever  follow  incisions  made  in 
either  situation. 

Blepharitis  marginalis  can  be  properly  classed  as  an 
affection  due  to  the  same  causes  as  hordeolum  and 
chalazia.  It  is  possible  to  have  blepharitis  as  the 
result  of  phthiriasis,  but  the  affection  commonly 
known  as  blepharitis  is  due  either  to  conjunctivitis 
or  to  uncorrected  errors  of  refraction,  and  more  often 
to  the  latter. 

Blepharitis  is  characterized  by  a  redness  of  the  mar- 
gins of  the  eyelids,  with  which  is  associated  a  scaly 
condition,  and  finally  by  an  interference  with  the 
nutrition  and  growth  of  the  eyelashes. 


This  may  be  the  cause  of  trichiasis  and  districhiasis, 
1)ut  oftener  it  results  ui  the  death  of  the  eyelashes, 
the  lids  finally  becoming  entirely  devoid  of  these  hairs. 

The  treatment  of  this  condition  is  local,  and  con- 
sists in  applications  to  the  eyelids  themselves,  and  the 
correction  of  errors  of  refraction  with  suitable  gla-s-ses. 
It  is  not  unusual  to  see  stubborn  cases  of  blepharitis, 
which  resist  treatment,  or  after  freciuent  relapses, 
finally  become  cured  and  remain  so,  w'hen  properly 
fitted  glasses  have  been  adjusted  and  worn. 

Pagenstecher's  ointment  (Unguentum  hydrargyri 
oxidi  flavi)  is  the  local  remedy  generally  employed 
in  this  affection.  It  is  often  made  too  strong,  when 
it  is  very  irritating;  the  greatest  care  should  also  be 
exercised  in  selecting  a  proper  base,  and  having  it 
thoroughly  mixed.  The  ointment  should  never  be 
made  stronger  than  one  grain  to  the  dram  (except  as 
a  parasiticide)  and  the  best  base  to  employ  is  vaseline. 
Fatty  bases,  as  cold  cream,  simple  cerate,  and  others 
— which  contain  lard — decompose;  the  fatty  acids  alter 
the  chemical  nature  of  the  yellow  oxide,  making,as  be- 
fore mentioned,  an  irritating  ointment.  This  isan  im- 
portant consideration  which  should  not  be  forgotten. 

Trichiasis  and  districhiasis,  together  with  entropion, 
are  the  results  of  inflammatory  affections  of  the  con- 
junctiva, such  as  chronic  conjunctivitis  and  chronic 
trachoma.  As  a  result  of  cicatrization  of  the  con- 
junctiva, the  tarsal  cartilage  becomes  curved,  and 
the  eyelashes,  instead  of  curving  outward,  curve 
inward  and  sweep  over  the  eyeball.  The  eyelaiBhes 
can  be  pulled  out,  and  for  this  purpose  specially  de- 
vised forceps  have  been  made,  called  epilation  forceps. 
The  relief  afforded  by  this  treatment  is  only  temporary 
and  incomplete.  The  eyelashes  grow  again,  and  even 
if  pulled  again  the  inner  edge  of  the  margin  of  the 
lid  rubbing  over  the  eye  keeps  up  the  irritation. 
The  radical  cure  of  this  condition  is  by  operation, 
and  the  writer  prefers  the  operation  in  which  a  wedge- 
shaped  piece  of  the  tarsal  cartUage  is  removed.  The 
results  obtained  from  this  operation  are  good  and 
lasting.     It  is  performed  as  follows:  The  patient  is 


'■'ki-', 


'■^'  *  As 


Fig.  2340. 
anesthetized  (which,  by  the  way,  is  best  in  all  plastic 
operations  about  the  eyelids).  Cocaine  gives  satis- 
factory results  only  in  operations  on  the  eye  itself. 
An  incision  is  made  through  the  skin,  parallel  with  and 
aljout  two  millimeters  from  the  tarsal  margin,  extend- 
ing down  to  the  tarsal  cartilage.  Pushing  the  muscle 
and    connective    tissue    aside,    the    operator    should 
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expose  the  whole  surface  of  the  cartilage  and  should 
carry  the  incision  straight  down,  in  such  a  manner  as 
to  involve  almost  the  entire  thickness  of  the  cartilage. 
Sometimes  the  knife  will  go  through  the  cartilage, 
but  this  does  no  harm.  A  second  incision  is  then  made 
in  the  cartilage,  about  2. .5  millimeters  from  the  first, 
tapering  to  and  meeting  the  first  incision  at  the  ends. 
This  second  incision,  instead  of  going  straight  down 
through  the  cartilage,  is  made  obliquely,  and  n\eols 
the  first  incision  not  only  at  its  ends,  but  at  the  bottom 


/•     ^      / 


Fig.  2341. 


Fio.  2342. 


as  well.  The  wedge-shaped  piece  of  cartilage  thus 
formed  Is  removed.  A  central  suture  is  then  passed 
through  the  lower  edge  of  the  incision  hi  the  skin,  and 
through  the  lower  edge  of  the  incision  in  the  cartilage. 
It  is  then  carried  through  the  upper  part  of  the  carti- 
lage, passing  over  the  groove  made  in  the  cartilage 
by  the  removal  of  the  wedge,  and  finally  brought 
down  through  the  upper  edge  of  the  cutaneous  inci- 
sion. Two  more  sutures  like  the  first  are  inserted, 
one  on  either  side  of  the  central  suture,  and  as  many 
more  as  the  operator  thinks  necessary.  When  these 
sutures  are  tied  the  margin  of  the  lid  and  the  lashes 
will  be  permanently  everted.  This  operation  can  be 
employed  only  in  the  upper  lid.  Operations  for  the 
relief  of  entropion  of  the  lower  lid  are  not  nearly  so 
satisfactory.  The  cartilage  in  the  lower  lid  being  so 
small,  the  best  we  can  do  is  to  remove  an  elli[)tical 
piece  of  skin,  wliich  will  give  relief,  often  lasting  a  long 
time. 

Edropion  is  the  result,  as  a  rule,  of  cicatricial  con- 
tractions of  the  skin  of  the  eyelids,  and  requires  for  its 
relief  a  plastic  operation.  We  will  consider  these 
operations  under  wounds  and  burns.  There  are  two 
forms  of  ectropion  of  the  lower  lid,  however,  one  due 
to  chronic  conjvmctivitis,  in  which  the  hypertrophy 
of  the  conjunctiva  and  the  underly- 
ing connective  tissue  everts  the  lid, 
and  the  other  the  result  of  senile 
change,  which  can  be  relieved  by 
applications  of  alum  or  sulphate  of 
copper  to  the  conjunctiva. 

LSlepharophimo.Hs,  a  narrowing  of 
the  palpebral  orifice,  which  may  be 
congenital  or  the  result  of  chronic 
trachoma,  can  be  remedied  by  the 
operation  known  as  cantholysis,  or 
canthotomy.  A  wire  specidum  is 
inserted  between  the  ej'elids,  and  the 
external  canthus  put  on  the  stretch. 
With  straight  and  strong  scissors  the  external  canthus 
is  then  divided,  both  mucous  membrane  and  mtegu- 
ment,  back  to  the  margin  of  the  orbit.  The  mucous 
membrane  is  then  lifted  with  forceps  and  the  ex- 
ternal cantha  ligament  divided.  The  mucous  mem- 
brane at  the  bottom  of  the  wound  tluis  made  is 
united  to  the  integument  and  at  the  sides  as  well. 
A  vaseline  dressing  is  applied,  and  the  stitches  are 
removed  in  three  or  four  days. 

Canities  is  a  name  given  to  white  eyelashes,  of  which 


there  may  be  one  or  m<jrc  in  an  eyelid  whoKn  other 
lashes  are  of  darker  color,  even  black.     T!.  .ii 

may  be  congenital,  or  the  result  of  »onie  o 

with  the  nutrition  of  tlie  cilia.     Notliinn  .....  ...   .,.,i,o 

fur  this  except  epilation,  which  iiuiy  be  resorted  to  if 
the  white  lashes  are  not  too  numcroUH. 

Interference  with  the  motility  of  the  cyclidH,  due  to 
paralysis  or  other  caii.ses,  Ls  of  fre<|ueiit  occurreiico 
and  demands  attention.  The  most  annoying  mid 
dangerous  to  the  |)atient'.'?  sight,  and  which  will  often 
badle  the  physician,  in  the  inability  to 
close  the  eyelids  in  i)arulyKi.s  of  tlio 
seventh  nerve.  In  this  ooiidititui  the 
'  ellds  are  open  when  awake  and  when 
;i-lecp,  and  the  eye  freciuently  become 
irritated  and  even  ulcerated  and  de- 
stroyed, from  this  constant  exposure  to 
wind,  smoke,  and  irritating  Kubstancea 
generally.  If  the  paralysis  in  transitory, 
it  may  only  be  neces.sary  to  protect  the 
eye  with  a  bandage  or  with  a  shield; 
when  the  paralysis  becomes  permanent, 
however,  a.s  sometiine-s  happens,  it  may 
be  necessary  to  resort  to  operative  pro- 
cedure, and  to  clo.se  the  eyelifl.s  by  sutur- 
ing the  upper  and  lower  lids  together, 
first  denuding  the  edges. 

The  opposite  condition  to  paralvHis 
of  the  seventh  nerve  Ls  the  inability  to 
open  the  eyelids  when  the  third  nerve  is  paralyzed. 
This  conditiou  is  known  as  ptosis,  and  when  due  to 
paralysis  of  this  nerve  is  generally  !irr|uire<l,  and 
amenable  to  treatment  by  drugs.  Paraly.sia  of  the 
third  nerve — the  motor  oculi  communis — may  be  due 
to  intracranial  growths,  when  it  becom&s  a  very  serious 
condition;  in  the  majority  of  cases,  however,  this 
paralysis  is  due  to  ac<|uired  syphilis,  and  rcs-jionda 
quickly  to  antisy|)hilitic  treatment.  We  do  occasion- 
ally meet  patients  in  whom  ptosis  due  to  this  cause 
persists,  even  after  jirolonged  treatment,  and  when 
we  have  every  reason  to  believe  the  syphilis  has  been 
cured,  and  then  it  is  necessary  to  re.sort  to  operative 
treatment  if  wc  desire  to  remedy  the  defect.  We  may 
not  consider  it  advisable  to  remedy  this  deformity 
always,  as  we  shall  consider  later. 

Ftosix  mav  be  duo  to  other  causes;  it  may  be  con- 
genital or  it  may  be  the  result  of  chronic  conjunctivitis 
or  trachoma. 

In  congenital  ptosis  there  may  be  associated  with 
the  paral.Nsis,  or  imperfect  development  of  the  leva- 
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tor  palpebra;  siiperioris,  paralysis  or  iinporfect  devel- 
opment of  some  of  the  other  muscles  of  the  eye.  not- 
ably the  sujierior  rectus.  Any  or  all  of  the  recti  niii.«- 
clos  mav  be  involved,  gencrallv  one  of  those  .supplied 
bv  the  third  nerve.  The  writer  h.is  seen  a  p.itiont  in 
whom  not  onlv  were  the  muscles  suppluHl  l\v  the  third 
nerve  atTcctcd,  but  the  external  rectus,  which  receives 
its  motor  power  from  the  sixth  nerve,  w.i.s  also  in- 
volved. When  the  superior  rectus  is  involved  the  eye 
wQl  be  rotated  downward,  and  when  the  internal  alone 
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is  affected  the  eye  will  be  drawn  outward.  The 
recti  muscles  are  generalh'  affected  in  syphilitic 
ptosis,  and  freciuently  are  not  affected  in  congenital 
))tosis.  They  are  not  involved  when  the  ptosis  is 
due  to  inflammatory  conditions  of  the  conjunctiva. 
To  overcome  the  ptosis  by  operation  when  any  of 
the  recti  muscles  are  involved,  may,  by  exposing  a 
deviating  eye,  produce  an  annoying  diplopia,  and  this 
will  have  to  be  considered  before  advising  such  an 
operat  ion . 

In  trachoma,  after  the  disease  is  cured,  a  drooping 
of  the  upper  eyelid  wUl  sometimes  persist,  which  may 
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necessitate  an  operation,  and  it  is  in  cases  due  to  this 
cause  that  our  best  results  are  often  obtained.  Vari- 
ous operations  have  been  devised  to  overcome  this 
deformity,  and  the  results  have  been  until  recently 
rather  unsatisfactory.  The  levator  palpebrre  superi- 
oris  muscle,  which  raises  the  upper  eyelid,  arises  in 
the  orbit,  from  the  lesser  wing  of  the  sphenoid  bone, 
directly  in  front  of  the  optic  foramen.  Its  insertion 
is  in  the  upper  eyelid,  to  the  convex  margin  of  the 
tarsal  cartilage.  Its  action  is  to  draw  the  lid  upward 
and  backward.  In'the  absence  or  imperfect  develop- 
ment of  this  muscle,  and  when  it  is  inoperative  be- 
cause of  some  affection  of  the  nerve  supplying  it  with 
motor  power,  operators  have  endeavored  to  make  the 
occipito-frontalis  muscles — the  anterior  portion  of 
which  is  intimately  adherent  to  the  skin  of  the  fore- 
head— take  the  place  of  the  levator.  The  results 
obtained  by  Pagenstecher,  De  Wecker,  and  others, 
have  been  only  partially  satisfactory,  the  effects  not 
being  permanent. 

The  operation  devised  by  Panas  has  given  satis-- 
factory  results,  which  have  been  permanent.  The 
operation  is,  however,  somewhat  complicated  and 
difficult  to  perform.  The  writer  has  modified  this 
operation,  making  it  extremely  simple,  and  the  results 
in  his  hands,  and  in  the  hands  of  other  operators  as 
well,  have  been  generally  successful.  It  is  performed 
as  follows:  The  patient  being  anesthetized  and  the 
brow  shaved,  the  face  and  forehead  are  thoroughly 
cleansed  with  a  bichloride  wash.  An  assistant  then 
inserts  under  the  upper  eyelid  a  horn  shield,  and  with 
his  free  hand  steadies  the  skin  of  the  brow,  as  directed 
by  Panas.  The  operator  then  makes  in  the  upper  lid, 
at  or  slightly  above  the  upper  convex  margin  of  the 
tarsal  cartilage,  an  incision  which  commences  at  the 
inner  side  and  includes  the  middle  third  of  the  lid. 
From  the  inner  extremity  of  this  incision  another  is 
made  extencjing  down  to  the  ciliary  border,  and  a  third 
is  made  in  like  manner  from  the  outer  extremity  of 
the  first.  The  integument  enclosed  by  these  three 
incisions  is  dissected  from  the  underlying  tissue,  down 
to  the  ciliary  border  of  the  lid,  making  a  flap.  A  final 
incision  is  made  in  the  brow,  parallel  with  the  first 
incision  in  the  lid,  but  slightly  longer.  The  integu- 
ment between  these  two  horizontal  incisions  is  then 
undermined  in  such  a  manner  as  to  make  a  bridge. 
The  parts  are  carefully  cleansed,  the  flap  is  passed 
up  under  the  bridge  and  secured  by  stitching  its  upper 
margin  to  the  upper  margin  of  the  incision  in  the  brow. 
This  is  accomplished  by  means  of  five  interrupted  silk 
sutures.  The  outer  and  inner  extremities  of  the  final 
incision  [i.e.  the  outer  and  inner  extremities  of  the 
incision  in  the  brow  after  the  flap  has  been  stitched 
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in  place)  are  sutured,  and  the  whole  is  covered  with 
sterilized  vaseline  and  bichloride  gauze,  and  band- 
aged. The  bandage  is  not  to  be  removed  for  two  days, 
after  which  it  should  be  removed  daily  for  a  week, 
when  the  stitches  can  be  taken  out  and  the  dressing 
discontinued.  The  epithelium  of  the  flap  becomes 
macerated  and  exfoliates,  and  the  tr\ie  skin  unites 
with  the  under  surface  of  the  bridge,  of  which  it  be- 
comes a  part,  or  perhaps  disappears. 

It  is  not  well  to  make  the  flap  too  narrow;  it  may 
even  lie  made  to  include  more  than  the  middle  third 
of  the  lid.  Its  length  should  varv  with  the  degree 
of  ptosis  to  be  overcome.  Some- 
times after  the  operation  the  eyelid  \ 
may  not  close  in  sleep,  but  tliis  is 
only  temporary.  Another  point  to 
be  considered  is  the  tendency  of 
the  bridge  to  curl,  causing  a  scar  in 
the  brow.  This  can  be  avoided  by 
including  the  upper  .edge  of  the 
bridge  in  the  sutures  which  miite 
the  flap  to  the  skin  of  the  brow. 
The  epithelial  surface  of  the  flap 
may  also  be  scarified  slightly,  to 
hasten  its  union  with  the  luider 
surface  of  the  bridge. 

This  modification  differs  from  the  original  operation 
of  Panas  in  that  the  lines  of  incision  are  straight,  and 
extend  only  through  the  integviment,  whereas  Panas 
recommends  that  tliey  extend  down  to  the  periosteum, 
which  must  necessitate  a  longer  time  in  healing,  and 
adds  to  the  operation  the  danger  of  wounding  deeper 
tissues,  as,  for  example,  the  supraorbital  nerve. 

The  object  of  this  operation  is  to  make  the  occipito- 
frontalis  muscle  take  the  place,  or  do  the  work,  of  the 
levator  of  the  lid;  the  flap,  uniting  by  first  intention 
with  the  upper  edge  of  the  incision  in  the  brow,  be- 
comes a  part  of  the  skin  controlled  by  the  contractions 
of  the  occipito-frontalis,  quite  as  much  as  it  would  if 
the  incisions  were  deeper.  The  two  lateral  sutures 
advised  by  Panas  to  prevent  ectropion  are  not  neces- 
sary in  the  modified  operation  (see  Figs.  2337  and 
2338). 

Blepharospas7n  is  a  spasmodic  contraction  of  the  or- 
bicularis muscle,  present  in  inflammatory  conditions 
of  the  eye  or  the  conjunctiva.  Occasionally,  when 
it  persists  and  interferes  with  the  treatment  of  the 
underlying  inflammatory  condition,  it  may  be  neces- 
sary to  perform  the  operation  known  as  canthotomy, 
which  we  have  already  mentioned.  Blepharospasm 
may  also  be  associated  with  the  affection  known  as 
tic  douloureux.  If  the  cause  of  the  tic  can  be  ascer- 
tained,  the  treatment  will   suggest  itself.     In  some 


Fig.  2347. 

cases  notliing  seems  to  afford  relief,  and  we  are  com- 
pelled to  resort  to  operative  procedure,  namely, 
stretching  or  dividing  the  trigeminus,  or  even  extirjja- 
tion  of  the  Gasserian  ganglion.  Even  these  extreme 
measures  often  fail  to  give  relief.  The  writer  now  has 
a  patient  under  observation  who  has  facial  tic  with 
blepharospasm,  and  who  has  become  an  opium  vic- 
tim, whose  ganglion  was  removed  many  years  ago. 
When  last  seen  this  patient  was  taking  sixteen  grains 
of  morphine  sulphate  daily  to  relieve  the  pain. 
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Nidilntion,  or  winking  of  the  eyelids,  is  due  often  to 
local  troubles,  as  conjunctivitis  and  trachoma.  Even 
uncorrected  errors  of  refraction  may  be  the  cause. 
When  due  to  these  conditions,  the  removal  of  the 
cause  will  effect  the  cure.  At  times  a  general  nervous 
derangement  seems  to  be  the  cause,  when  tonics  are 
indicated.  One  must  not  expect,  however,  to  cure  all 
these  cases,  especiallj-  when  the  patients  are  markedly 
neurasthenic. 

Ecchymosis  of  the  eyelids  occurs  as  the  resvilt  of 
traumatism  or  of  paroxysms  of  coughing,  as  in  whoop- 
ing-cough in  children  and  in  chronic  bronchitis  in 
older  persons,  or  it  may  occur  without  apparent  cause. 

When  ecchymosis  of  the  eyelids  occurs  in  elderly 
peoijle  without  apparent  cause,  we  should  be  susjii- 
cious  of  atheroma  of  the  blood-vessels,  and  the  interior 
of  the  eye  should  be  examined  for  hemorrhages.  We 
should  also  bear  in  mind  that  a  hemorrhage  of  thus 
character  may  be  the  precursor  of  cerebral  hcmorrh.age. 
Extremely  hot  applications  are  recommended  by  some 
authorities  as  giving  the  best  results  in  ecchymoses 
due  to  traumatism,  while  others  recommend  iced 
applications.  The  writer  prefers  the  ice  for  the  reason 
that  it  is  easier  to  apply,  and  is  therefore  likely  to  be 
more  efficiently  applied  than  hot  applications.  Either 
very  hot  or  very  cold  applications,  if  resorted  to  as 
soon  as  the  traumatism  is  received,  will  prevent 
extensive  discoloration  of  the  skin,  but  neither  will 
accomplish  much  if  the  application  is  delayed.  Warm 
fomentations  are  not  to  be  advised. 

Aside  from  painting  the  integument  of  the  eyelid  to 
hide  the  discoloration,  time  is  the  best  remedy. 

Almost  every  conceivable  injury  which  can  happen 
to  the  integument  of  the  body  elsewhere  can  occur 
about  the  eyelids.  The  writer  has  seen  a  patient 
who.se  eyelid  was  nearly  torn  off  in  a  street  fracas, 
and  has  also  seen  an  eyelid  split  by  the  branch  of  a 
tree,  and  by  being  caught  on  a  butcher  hook.  Any 
of  these  injuries  can  be  repaired  while  still  fresh  by 
carefully  cleansing  the  parts  and  bringing  them  to- 
gether, retaining  their  apposition  with  sutures. 
Larger  and  older  wounds  may  require  extensive 
plastic  operations,  the  extent  and  nature  of  which 
will  depend  on  the  wound. 

Burns  of  the  eyelids  are  not  uncommon,  and  espe- 
cially gunpowder  burns.  It  is  well  in  powder  burns 
to  remove,  as  thoroughly  as  possible,  all  particles  of 
powder  which  may  be  iri  the  skin.  The  only  way  in 
which  this  can  be  accomplished  is  to  pick  the  particles 
out,  one  at  a  time,  with  a  forceps  or  spud.  It  may 
take  hours  of  patient  work  to  do  this,  but  the  result 
amply  repays  the  time  so  spent. 

In  "many",  perhaps  most,  powder  burns,  only  the 
epithelium  of  the  lid  will  be  injured.  When  this  is  the 
ca.se,  it  is  onlv  necessary,  after  the  powder  specks  have 
been  removed,  to  apply  bichloride  vaseline,  bandage 
the  parts,  and  keep  them  clean. 

Where  more  than  the  epithelium  has  been  injured, 
it  may  be  necessary  to  stitch  the  lids  together  and 
resort"to  .skin  grafting  in  order  to  prevent  the  deform- 
ity which  the  cicatricial  contraction  will  produce. 
The  method  of  skin  grafting  which  gives  the  best 
results  is  the  Thiersch  method. 

The  repair  of  damages  to  injured  eyelids,  and  the 
relief  of  deformities  occasioned  by  cicatricial  contrac- 
tion of  wounds  caused  bv  injuries  and  burns,  will  give 
opportunity  for  the  display  of  aU  the  uigenuity  and 
skill  an  operator  mav  possess. 

It  is  impossible  to  lav  down  definite  rules  as  to  when 
deformities  are  to  be  remedied  by  skin  grafting,  and 
when  it  mav  be  necessarv  to  resort  to  extensive  pla.stic 
operations  and  the  transplantation  of  large  pieces  of 
skin  from  the  forehead  and  face.  As  a  rule,  it  is 
better  to  reserve  the  Thiersch  method  for  those  cases 
in  which  the  damage  is  so  extensive  that  it  is  impossible 
to  .secure  enough  sound  skin  from  the  face  or  forehead 
to  repair  the  damage— a  condition  sometimes  found 
after  scalds  and  burns.     There  may  be  tunes  when 


both  the  tranKplantutioii  of  iikin  and  the  Thieritch 
method  may  be  employed. 

All  eyelid,  or  both  eyelids  on  one  or  both  >ii<le«i,  msy 
be  re(|uired  to  be  rephiced  by  Mkiii  taken  from  the 
forehead  or  cheek,  or  even  from  komic  other  part  of 
the  body,  as  the  arm.  The  riccenjiity  for  tuking  a 
flap  from  the  arm  happens  infrequently,  and  can  l»e 
considered  only  wlien  a  cicatricial  condition  i^  the 
face  or  forehead  makes  it  iin|>o-.>il)le  to  K<-<iir<.-  it  from 
these  jjarts.  To  remove  a  largi-  piece  of  hkin  in  loto 
and  transplant  it  on  some  otiier  jMirt  of  the  ImkIv 
would  result,  a.s  a  rule,  in  the  Kjieedy  death  of  I  hi-  part 
.so  transplanted,  unless  it  remained  attach<-<l  to  itii 
(original  situation  by  a  pedicle.  In  order  to  transiilant 
a  (lap  of  skin  from  the  forearm  to  the  eyelid,  and  ^lill 
retain  the  attachment  of  the  (la|)  to  tlie  forearm  l)y  a 
l)cdicle,  would  necessitate  bandaging  the  arm  to  the 
head  in  a  firm,  immovable  position  for  at  leant  forty- 
eight  hours.  This  liiis  been  done — indeed,  Mich  a 
transplantation  has  l)een  successful  without  a  jiwlirlc 
— the  pedicle  being  severed  when  the  flap  Uan  unitp<l. 
Generally,  however,  it  i.s  ])osHible  to  olitain  enough 
sound  skin  from  the  face,  except,  as  we  Kaid  al>ove, 
when  there  is  extensive  cicatricial  contraction.  A 
few  general  rules  are  necessary  in  order  to  .secure  a 
good  result  in  plastic  operations.  When  the  niarginn 
of  the  lids  are  widely  .separated  or  everted,  l>v  cica- 
tricial contraction,  the  lirst  step  must  l>e  to  divide  the 
cicatrices  and  bring  the  lids  together,  holding  them  in 
proper  position  with  sutures.  Everv  contraction 
which  draws  in  any  way  on  the  marginx  of  the  lidji 
should  be  freely  loo.sened.  We  shall  then  havo 
exposed  the  whole  denuded  surface  which  it  ia  neces- 
sary to  repair. 

The  next  step  must  be  to  secure  the  flap  with  which 
to  cover  this  denuded  surface.  I'ndoubtcdiy  we  have 
selected  the  .spot  from  which  this  is  to  come  Ijcfore 
w'e  began  our  operation,  and  have  been  influenced  in 
our  choice  by  the  necessity  of  obtaining  a  strip  of 
skin  large  enough  to  fill  in  the  demided  surface,  from 
a  place  where  it  is  possible  to  secure  also  a  healthy 
pedicle.     The  flap  should  be  as   nearly   as  possible 


Fio.  234S. 

devoid  of  cicatricial  tissue,  and  it  is  even  more  im- 
iMirtant  to  have  the  pedicle  of  healthy  skin.  We 
have  .seen  transplanted  flaps  thrive  when  they  in- 
cluded superficial  cicatrices,  but  when  it  is  possible 
to  utilize  onlv  hcalthv  skin  it  is  bettor  to  do  so. 

The  flap  should  be  large  enough  to  prevent  any 
tension  on  it  or  the  parts  to  which  it  is  sutured,  when 
in  silit  and  it  should  be  as  free  as  po-ssible  from  .idiposc 
tissue.  The  pedicle  bv  which  it  retains  it.s  continmty 
with  the  .surrounding  "tissues  should  l>o  .is  brtvid  !i.«  it 
is  possible  to  make  it.  and  should  lie  as  flat  as  p<^ssil.le 
\  slight  twist  in  the  pedicle  is  not  fatal  t..  a  g.wxl 
result  but  anv  twist  which  is  likely  to  intorfer»>  witli 
the  circulation  of  bloo<l  in  the  flap  is  to  l>o  .ivoidod. 
In  attaching  the  flap  to  the  skin  with  which  it  is  de- 
sired to  secure  union,  fine  iron-dyed  black  sUk  is  to 
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be  preferred.  The  sutures  should  be  close  together, 
should  not  be  very  deep,  and  should  not  be  tied  too 
tightly.  The  writer  does  not  recommend  the  use 
of  harelip  pins,  believing  that  when  they  are  necessary 
there  is  apt  to  be  too  great  a  tension  on  the  flap  to 
permit  of  union  by  first  intention.  A  fatal  mistake 
in  plastic  operations  is  to  unite  the  parts  before  all 
bleeding  has  ceased.  Severed  arteries  which  persist 
in  bleeding  despite  torsion  should  be  tied  with  catgut 
ligatures,  and  the  oozing  of  capillaries  can  be  arrested 
by  the  application  of  hot  water,  or  by  gentle  pressure; 
we  must  not  use  so  much  hot  water  that  we  destroy 
tissues  and  cause  sloughs.  The  writer  believes  in  the 
frequent  washing  of  the  parts  with  a  weak  bichloride 
solution  during  the  operation. 

After  the  parts  are  stitched  in  place,  the  spot  from 
which  the  flap  was  taken  must  be  repaired.  This  can 
be  easily  accomplished  anywhere  about  the  face, 
because  of  the  looseness  with  which  the  integument  is 
applied,  liy  freely  undermining  the  edges  and  bringing 
them  together.  Here  is  a  consideration  which  must 
be  taken  into  account  when  choosing  a  site  from  which 
to  take  a  flap.  We  must  be  sure  that  the  bringing 
of  the  parts  together  after  the  flap  has  been  emoved 
will  not  create  a  tension  on  the  edges  to  which  the 
flap  is  stitched  after  it  is  in  its  new  position. 

Flaps  should  not  be  taken  from  the  cheek  of  a  man 
whose  beard  is  heavy  and  placed  on  the  eyelid.  The 
writer  has  seen  this  done,  the  flap  producing  a  thick 
growth  of  hair  which  was  annoying  as  well  as  dis- 
figuring. 

When  the  flap  has  been  stitched  in  place,  and  the 
parts  have  all  been  adjusted  to  our  satisfaction,  a 
dressing  of  bichloride  gauze  should  be  placed  over  the 
wounds  and  a  bandage  loosely  applied.  This  can  be 
removed  in  two  or  three  days,  the  parts  cleansed  if 
necessary,  and  the  dressings  reapplied.  It  is  desir- 
able to  disturb  the  wounds  after  plastic  operations  as 
little  as  possible.  The  stitches  can  be  removed,  a 
few  at  a  time,  in  from  three  days  to  a  week.  (Figs. 
23.39  to  2347.) 

Epicanlhus  is  a  congenital  defect  characterized  by 
a  flatness  of  the  bridge  of  the  nose,  and  by  the  pres- 
ence of  crescentic  folds  of  skin  over  the  inner  canthi. 
The  defect  is  remedied  bj-  removing  an  elliptical  piece 
of  skin  from  the  bridge  of  the  nose  and  bringing  the 
parts  together.     (Fig.  234S.) 

Cotoboma  of  the  eyelid  may  also  be  congenital,  and 
is  remedied  by  paring  the  edges  of  the  coloboma  and 
sewing  them  together. 

Nevus,  another  congenital  defect,  assumes  a  vari- 
ety of  forms.  A  simple  reddened  spot,  which  varies  in 
the  intensity  of  its  hue,  often  is  seen  in  the  eyelids 
of  the  new-born  infant.  Frequently  these  spots  dis- 
appear in  the  first  few  months  of  life.  Sometimes  an 
intensely  livid  spot  may  cover  the  whole  lid,  or  even 
the  whole  side  of  the  face  as  well;  when  marked,  these 
spots  do  not  disappear,  and  very  little  can  be  done  for 
them.  Sometimes  the  distorted  and  enlarged  blood- 
vessels may  form  distinct  and  irregular  tumors. 
Treatment  will  be  excision  by  means  of  the  knife, 
or  destruction  of  the  blood-vessels  by  means  of  hot 
needles  plunged  into  them.  At  times  it  may  be  pos- 
sible to  destroy  a  telangiectatic  tumor  by  tying  of  the 
blood-vessels.  The  variety  of  these  tumors  renders  it 
impossible  to  go  into  their  treatment  in  detail  in  this 
article.  Sometimes  the  results  obtained  are  very 
satisfactory,  and  at  other  times,  unfortunately,  they 
are  not  satisfactory.  Frank  Van  Fleet. 

Eyes,  Artificial. — See  Artificial  Eyes. 

Eye-stones. — The  opercula  of  certain  species  of 
gastropod  mollusks.  These  organs  are  horny  or 
calcareous  valves,  situated  in  the  so-called  foot  of  the 
mollusks,  and  serving  to  close  the  apertures  of  their 
shells  when  the  animals  withdraw  themselves  into 
them.     They  are  of  different  shapes  and  variously 
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developed  in  different  species — in  many  species  they 
are  absent  altogether.  Those  which  are  used  as  eye- 
stones  are  hard,  stony,  plano-convex  bodies,  about  as 
large  as  split  peas,  0.00.5  to  0.01  meter  in  diameter 
(one-sixth  to  one-third  inch),  rather  longer  than  broad, 
with  a  .smooth  but  rather  dull  plane,  and  a  very 
smooth  and  shining,  convex  surface.  The  former  has 
an  eccentric  white  nucleus,  from  w-hich  a  brown, 
right-handed,  spiral  line  reaches  the  edge  in  about 
two  turns;  the  outer  portion  of  tliis  surface  is  varie- 
gated with  light-lirown  markings,  and  finely  striated 
with  numerous  lines  running  in  the  opposite  direction. 
The  convex  surface  is  slightly  asymmetrical,  the  thick- 
est point  being  nearly  opposite  the  nucleus  of  the 
spiral  just  mentioned.  It  is  brownish  flesh-colored 
in  the  center,  .shading  to  white  at  the  margin.  Many 
specimens  are  much  worn  by  the  action  of  the  sea; 
these  are  white  as  coral,  and  the  spiral  structure  is 
difficult  to  make  out.  Eye-stones  are  composed 
mostly  of  lime  carbonate,  and  perform  entertaining 
movements  occasioned  by  the  discharge  of  carbonic 
acid  from  the  surface  when  placed  with  the  flat  side 
down,  in  a  vessel  containing  dilute  acids.  They  have 
long  been  a  popular  resource  in  treating  foreign 
bodies  in  the  eye,  for  which  one  is  placed  under  the 
lid,  where  it  is  carried  around  by  the  movements  of  the 
eye.  When  it  comes  In  contact  with  the  mote,  this 
is  carried  along  with  the  "stone"  by  capillary  at- 
traction, and  is  finally  expelled  with  it.  They  are  a 
clumsy  means  of  doing  what  a  small  amount  of  skill 
will  accomplish  with  far  more  certainty,  and  are  de- 
servedly nearly  obsolete.  The  belief  that  they  are 
alive  and  move  themselves  about  in  the  eye,  until 
they  "find"  the  mote,  is  a  popular  fallacy.  The  de- 
mand for  them  now  is  very  limited,  and  confined  to 
the  ignorant.  The  supply  is  also  small  and  uncertain, 
those  of  this  port  (Boston)  coming  mostly  in  little 
lots  from  sailors  who  bring  them  from  the  Bahamas 
and  elsewhere,  as  curiosities  or  private  ventures. 
"  Crab's-Eyes,"  lenticular  concretions  found  in  the 
lining  membrane  of  the  stomach  of  the  crawfish,  look 
much  like  eye-stones,  and  are  described  for  them  by 
several  authors.  The  description  just  given  will 
easily  distinguish  them.  W.   P.  Bolles. 


Eyestrain. — Eyestrain  has  received  so  much 
attention,  its  effects  have  been  so  exhaustively  dis- 
cussed, claims  so  divergent  have  been  made  regarding 
its  effects,  that  anything  approximating  a  complete 
review  is  impossible.  Text-books  on  ophthalmology 
set  forth  more  or  less  completelj-  the  nature  of  ocular 
defects  which  usually  do  or  do  not  produce  strain. 
Works  on  general  medicine  present  it  as  one  of  the 
possible  causes  of  numerous  ailments,  slight  or  serious, 
which  beset  humanity  and  add  to  the  trouble  of  living. 
It  has  seemed  to  the  writer  that  it  would  be  better  to 
present  the  subject  as  it  has  presented  itself  to  him  in 
actual  practice  rather  than  attempt  an  historical 
review.  Indeed,  it  is  almost  impossible  to  credit  to 
any  one  writer  just  his  share  in  contributing  to  what 
is  now  general  knowledge.  What  eyestrain  is;  its 
symptoms;  how,  so  far  as  can  be  thought  out,  it 
produces  these  symptoms;  how  a  case  should  be 
studied;  why  we  are  sometimes  disappointed  in  treat- 
ment; what  "the  treatment  should  be — these,  the  writer 
believes,  are  matters  of  greater  interest  than  a  review 
of  literature.  That  this  paper  contains  anything 
which  cannot  be  found  somewhere  else  is  not  thought. 
The  purpose  is  only  to  present  a  suljject,  already 
somewhat  worn,  as  it  is  believed  thoughtful  men  now 
view  it. 

Strain  means  overtax;  unusual  exertion.  Given  a 
bit  of  work,  it  will  be  done  without  strain — (1)  if  the 
apparatus  doing  the  work  is  in  normal  condition,  and 
the  task  is  not  too  heavy;  (2)  if  nothing  reduces  normal 
functional  force;  (3)  if,  in  spite  of  abnormal  structure, 
there  is  adequate  power  of  adaptation.     Eyestrain  is 
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eye  work  in  the  absence  of  one  or  more  of  the  above. 
In  a  little  book,  published  in  1913  on  "Eyestrain 
inKveryday  Practice,"  by  Mr.  Sydney  Stephenson  of 
London,  to  whom  we  owe  so  much  for  the  uplifting 
of  ophthalmic  thinking,  the  opening  sentence  is: 
"Eyestrain,  a  convenient  modern  e.xpression,  may 
be  taken  as  meaning  that  the  eyes  cannot  be  used,  as 
they  should  be  in  a  state  of  health,  without  entailing 
a  strain  upon  the  muscles,  intrinsic  or  extrinsic,  of  the 
eye,  which  in  turn  betrays  its  presence  by  local  or 
general  discomfort."  Mr.  Stevenson  goes  on  to  sav 
that  persons  subject  to  eyestrain  are  usually  those  iii 
cultivated  social  circles;  that  a  defect  capable  of 
causing  eyestrain  in  one  person  may  be  well  borne  by 
another;  that  of  all  classes  it  is  mo.st  common  in  tho.s'e 
whom  we  relegate  to  the  "'neuropathic  temperament." 
These  are  facts  of  universal  acceptance.  Returning 
now  to  the  conditions  under  which  work  can  be  done 
without  strain,  the  first  is  a  normal  condition  of  the 
apparatus  doing  the  work.  Applied  to  the  eye,  it 
must  be  free  from  defects,  congenital  or  acquired. 
A  small  corneal  facet,  sequel  of  a  forgotten  ulcer,  one 
or  two  points  of  posterior  synechia  from  a  former 
iritis,  may,  either  by  a  slight  lessening  of  visual  acuity, 
not  appreciated  and  not  observed  in  a  casual  examina- 
tion, or  by  introducing  a  local  source  of  irritation, 
produce  indefinite  eyestrain.  Bad  environment,  by 
faulty  seating  or  light  in  school  or  at  home,  may  be 
another  source  which  will  defy  the  best  efforts  to 
relieve.  Immediat*  effects  of  acute  illness  may  lie 
the  exciting  cause  of  an  eyestrain  in  either  normally 
or  abnormally  shaped  ejes.  Just  as  the  eye  is  the 
giving,  so  can  it  be  the  receiving  end  of  remote  irri- 
tation. Thus,  eyestrain  can  result  from  anemia, 
various  forms  of  gastrointestinal  disorders,  menstrual 
anomalies,  and  even  at  the  time  of  normal  men.strua- 
tion  in  neurotic  girls,  eye  work  may  cause  severe 
eyestrain  with  local  or  remote  disorders.  So,  too, 
as  regards  congenital  anomalies.  Mention  of  but 
one  will  suffice — antipolar  cataract,  with  reduction 
of  visual  acuity.  It  is  not  forgotten  that  in  a  way- 
all  this  is  a  departure  from  the  strict  suliject  of  eye- 
strain. Yet  it  is  important  to  bear  in  mind  that  eye- 
strain is  a  matter  of  differential  diagnosis;  mere  pres- 
ence of  an  eye  defect  capable  of  producing  strain 
symptoms  does  not  mean  that  the  defect  is  the  cause. 
This  will  appear  later  when  adaptation  is  discussed. 
Any  study  of  eyestrain  must  assume  that  ocular  de- 
fects, congenital  or  from  disease,  have  been  excluded; 
that  systemic  dyscrasise  have  been  looked  for  and  not 
found,  or,  if  found,  have  been  considered  in  treatment. 
For  instance,  the  writer  has  seen  children  with  typical 
symptoms  of  eyestrain  and  with  refractive  errors 
fillly  capable  of  causing  the  symptoms;  yet,  they  did 
not  get  well.  One  case,  which  will  serve  as  an  ex- 
ample, was  that  of  a  studious  girl,  who,  after  uselessly 
wearing  refraction  correction  three  or  four  years, 
showed  a  faint  interstitial  keratitis.  After  exhibition 
of  mercury  the  strain  symptoms  disappeared  and  col- 
lege life  was  finished  without  glasses.  There  seemed 
no  other  conclusion  than  that  the  hereditary  infection 
had  disabled  eyes  otherwise  capable  of  carrying  their 
own  refraction  error.  But,  given  careful  medical 
study,  there  is  a  large  class  of  cases  which  do  not  show- 
any  extraocular  cause  for  the  symptoms,  and  diag- 
nosis and  treatment  of  an  eye  defect  remove  local  or 
remote  symptoms. 

CoNDiTioxs  OF  XoR>L\L  Ete-work. — How  eyestrain 
is  brought  about  can  be  best  understood  by  starting 
with  the  normal,  or  emmetropic  eye.  This  eye  is  so 
shaped  that  the  fovea  is  in  the  focal  distance  of  the 
refractive  media  of  the  eye,  when  the  accommodation 
is  at  rest.  This  means  "that  when  the  individual  is 
looking  at  a  distance  of  twenty  feet  or  more  away, 
clear  retinal  images  are  formed  without  accommoda- 
tive effort.  (At  exactly  twenty  feet  (six  meters) 
there  is  a  little  accommodation,  which  in  normal  eyes 


is    practically    negligible.)     Acc-.iiiiuodation,    ..r   the 
adju.stment  for  near   virion,   U  done   \i: 
mu.sdc;  in  distant  vi.sion  it  bt  at  rcHt,  and  •, 

is  reser\-ed  for  what  iH  called  near  wrjrk.  .1  :..  •  i.,r 
instance,  the  emmetropic  eye.i  arc  rai-^-d  from  n  IwMik, 
and  directed  acrosH  the  wtri-ft,  all  that  »!•.•  -  -^  >  ■  .<■- 
commodative  activity  in  in  atwyance.     N  ,. 

lation  ceases;  blood  supply  i.t  Icilscncd;  tli'  >« 

a  period  of  rest.  In  near  vi.sion  there  i«  anuiiiir  iacu,r 
besides  ciliary  activity.  If  the  viHual  line.i  nf  n  pnir 
of  emmetropic  eyes  be  changed  from  an  ol  •  v 

or  more  feet  away  to  one  at  fourteen  in^  n 

at  five  or  six  feet,  not  only  is  accommodati....  i-  ■,  ...  .1, 
but  the  eyes  must  be  turned  in  the  direction  of  the 
object.  For  in.stance,  if  one  lookn,  from  an  r.bjcct 
acro.ss  the  street  and  on  a  hori/ontui  plane  with  the 
eyes,  at  a  book,  before  him  on  the  tabic,  quite  a  com- 
plicated muscular  mechanism  in  put  Into  force.  Finrt, 
and  in  the  language  of  Dr.  (leorgc  \V.  Savage,  as  the 
"guiding  .sen.sation,"  there  is  ciliary  adjustment  in 
the  interest  of  clear  vision.  There  is  also  con  vergi-nc*-, 
or  the  action  of  the  interni.  Then  the  l>ook  U  U-low 
the  horizontal  plane,  and  those  niu.scleH  arc  called  into 
activity  which  turn  the  eyes  downward  and  prevent 
tilting  of  corneal  meridians.  The  inferior  rrrti  and 
superior  obliciue  thus  get  into  work.  In  other  words, 
as  soon  as  the  emmetropic  eyes  are  u.sed  for  anvthing 
but  distant  vision  there  is  a  relation  Ix-tweon  ficrom- 
modation  and  other  muscular  actions  which  mu.<t  l>c 
preserved  if  good  and  comfortable  vision  is  to  tw  main- 
tained. The  mo.st  important  of  these  is  convergence, 
or  the  action  of  the  interni.  The  so-called  "metor- 
angle"  of  Xagel  is  the  angle  formed  between  the 
visual  lines  when  the  eyes  are  directed  toward  an 
object  at  one  meter  distance.  To  secure  formation 
of  a  clear  image  on  the  retina  at  this  distance  the  cil- 
iary muscles  must  exert  one  diopter  of  accommodation. 
In  normal  e\-es  this  relation  must  exist  all  along  the 
line.  If  the  object  is  at  two  meters  distance,  conver- 
gence w-ill  equal  one-half  meter  angle,  if  at  one-half 
meter  distance,  two  meter  angles,  etc.  The  action 
of  the  depressors,  elevators,  and  rotators  are  similarly 
regulated,  but  all  depend  on  the  amount  of  accommo- 
dation exerted  to  secure  clear  vision  at  any  distance. 
The  normal  eye,  ivhich  is  the  standard  for  siwtained 
eye-work,  is  formed  on  the  principles  that  (1)  the 
accommodation  viuscle  shall  have  rest  in  distant  ritinn, 
and  (2)  between  accommodation  and  convergence  there 
shall  exist  a  constant  equal  relation. 

Conditions  Apt  to  Prodcce  Eyestralv. — In  what 

class  of  eyes  do  strain  symptoms  usually  develop? 
There  is  practical  unanimity  of  opinion  that  the 
hypcropic  or  short  eye  is  most  likely  to  develop  strain, 
and  that  if  astigmatism  be  added  the  probability  is 
greatly  increased,  w-hile  svmptoms  w-ill  be  more 
pronounced.  The  hyperopia  violates  both  of  the 
conditions  pertaining  in  the  emmetropic  eye.  As 
Mr.  .'^tevenson  phrases  it,  "the  only  time  when  the 
ciliary  muscle  of  a  hyperopia  eye  can  rest  is  when  its 
owner  is  asleep."  Clear  vision  without  accommodation 
is  impossilile  because  the  shortening  of  focal  dist.-incc 
demands  increased  refractive  power,  and  the  ciliary 
muscle  is  the  only  structure  which  can  secure  it. 
When  near  work  isundertiiken.  the  hypcropic  porwin 
brings  not  a  rested  muscle  to  the  task,  but  one  more 
or  less  exhausted  by  prolonged  use  in  distant  vi.sion. 
.\nd  here  enters  a  most  importjint  and  well-roeognized 
fact — eyestrain  develops  not  in  eyes  with  such  high 
error  as  to  be  lieyond  self-<'orrection.  but  in  eyes  with 
low  errors  which  accommodative  effort  can  overromc. 
This  is  done  by  persistent  and  exce.-isive  innervation, 
w-ith  unremitting  functional  activity.  This,  again, 
means  unremitting  hyperemia.  There  follow  the 
svmptoms  of  tire,  but  as  these  an-  not  always  nor 
indeed  generallv  manifested  in  the  eyes  themselves  — 
at  least  not  until  brought  eut  by  enquiry,  if  then— 
and  as  sight  is  normal,  the  real  scat  of  trouble  can 
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easily  go  unsuspected.  AVlien  astigmatism  compli- 
cates hyperopia  either  as  the  sole  error  (simple  hyper- 
opic  astigmatism)  or  in  addition  thereto  (compound 
hyperopie  astigmatism),  a  new  element  of  irritation 
is  introduced.  In  its  simplest  possible  conception, 
astigmatism  is  an  error  in  one  meridian  of  an  eye,  not 
existing  in  the  others.  As  a  rule,  the  meridians  of 
greatest  and  least  errors  are  at  right  angles  to  one 
another.  It  is  impossible  for  the  owner  of  such  eyes 
to  focus  rays  accurately  in  aU  meridians  by  sym- 
metrical accommodation,  .as  in  simple  hyperopia. 
In  spite  of  this  inaliility,  the  astigmatic  eye  will  often 
read  test  letters  correctly.  Some  claim  that  this  is 
accomplished  by  an  asymmetrical  contraction  of  the 
ciliary  muscle.  Others  deny  this  as  a  possibility,  and 
attribute  good  vision  in  low  grades  of  astigmatism 
to  correct  mental  interpretation  of  defective  visual 
impression.  In  the  writer's  experience  the  distant 
.vision  of  persons  with  "self-correctable"  astigmatism 
is  not  absolutely  normal  in  anything  like  the  propor- 
tion supposed.  Ordinary  tests  with  Green's  lines  do 
not  show  the  error,  but  certain  mistakes  are  made  in 
reading.  The  round  letters — c,  g,  o,  e,  q — are 
confu.sed.  So  are  the  uprights — f,  1 — or  the  mixed — 
d,  r,  p,  etc.  Still  the  fact  remains  that  the  individual 
is  unconscious  of  any  visual  defect.  His  accommoda- 
tion secures  him  practically  normal  vision.  A  very 
common  development  in  these  hyperopie  eyes,  with 
or  without  astigmatism,  is  what  is  known  as  "ciliary 
spasm."  The  muscle  becomes  cramped  through  its 
unceasing  innervation  and  contraction.  This  cramp 
often  prevents  sufficient  relaxation  from  near  adjust- 
ment for  clear  distant  vision.  Convex  glasses  blur 
distant  vision,  but  concave  improve.  In  other  words, 
the  eyes  t'hough  hyperopie — "farsighted,"  in  popular 
language — are  functionally  nearsighted.  If  this  diag- 
nostic mistake  be  made  in  functional  tests,  and  myopic 
lenses  ordered,  the  case  is  made  worse;  and  such 
blunders  are  constantly  made.  The  way  to  escape 
them  will  be  discussed  under  Treatment.  The  hyper- 
opia eye  necessarily  violates  the  second  condition 
under  which  the  ideal  eye  secures  good  working  condi- 
tions. Since  accommodation  must  be  used  in  distant 
vision,  though  the  e\"es  are  parallel,  it  follows  that 
from  distant  vision  to  the  nearest  close  work  there 
must  be  a  modified  relation  between  accommodation 
and  convergence.  If  the  two  functions  worked 
equallj',  as  in  the  normal  eye,  one  would,  in  distant 
vision,  use  accommodation  and  turn  the  eyes  in. 
Then  his  visual  lines  would  not  be  directed  on  the 
object  he  wanted  to  see. 

Three  possible  conditions  develop  from  this  state: 
1.  One  may  be  able  to  separate  A  from  C  to  exactly 
the  right  degree,  and  so  escape  eyestrain.  This  is 
true  of  a  very  large  class  of  young  persons.  Many  of 
them  develop  headaches  or  other  symptoms,  causable 
by  eyestrain,  and  yet  the  existing  refraction  error  has 
nothing  to  do  with  it.  Lots  of  unnecessary  glasses 
are  ordered  for  such  children  through  insufficient 
diagnosis.  2.  One  may  fall  short  in  the  eff'ort 
properly  to  separate  the  two  functions.  Then  one  of 
two  things  happens — indistinct  vision  or  diplopia. 
The  latter  is  especially  the  case  when  both  eyes  have 
normal  vision.  In  effort  to  rid  himself  of  one  or  both 
of  the.se  discomforts,  the  child  (the  patient  is  usually 
in  childhood)  at  this  stage  abandons  the  struggle  for 
binocular  vision.  One  eye  shows  a  tendency  in- 
ward— esophoria — or  actually  squints  inward — eso- 
tropia. During  the  stage  of  this  self-adjustment, 
various  strain  symptoms  may  arise.  On  examination 
these  children  show  both  the  refraction  error  and  the 
muscular  tendency.  Later,  and  specially  if  one  eye 
has  diminished  visual  acuity,  a  pronounced  inturn 
develops  in  the  poor  eye.  3.  The  patient  may  overdo 
the  separation.  This  means  that,  finding  it  necessary 
to  use  less  C  than  A,  he  little  by  little  reduces  interni 
innervation  until  this  itself  becomes  an  added  source 
of  eyestrain.     In  the  writer's  experience,  this  is  most 
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frequently  olxserved  in  adults  whose  refraction  error 
has  been  inadequately  corrected.  It  is  often  very 
difficult  to  reestablish  a  working  relation  within  com- 
fortable limits. 

Myopia  is  no  doubt  less  productive  of  eyestrain  than 
the  forms  of  ametropia  discussed  above.  This  is 
because  the  ciliary  muscle  plays  so  small  a  part  in 
securing  vision.  Good  distant  vision  is  an  impossi- 
bility, so  the  struggle  is  abandoned.  Near  vision  is 
obtained  without  effort.  While  this  is  true  of  simple 
axial  myopia,  without  organic  fundus  changes,  the 
writer  is  convinced  that  myopia  of  three  diopters  or 
more  is  a  frequent  error  in  tlie  presence  of  strain.  The 
cause  is  defective  ciliary,  producing  defective 
interni  innervation.  Effort  to  converge  is  often 
too  great  for  comfort.  Again,  irrespective  of 
degree,  if  myopia  be  associated  with  low  grades  of 
astigmatism,  strain  symptoms  are  frequent.  There  is 
nothing  more  important  in  refraction  work  than  to 
uncover  and  correct  the  last  vestige  of  astigmatism. 
Dr.  Risley's  epigram,  "astigmatism  is  the  turnstile 
of  progressive  myopia,"  should  have  a  secure  place 
in  the  inner  consciousness  of  everv  ophthalmologist. 

Throughout  the  foregoing,  stress  has  been  laid 
upon  impulse  to  secure  good  vision.  The  part  played 
by  the  extrinsic  eye  muscles  has  been  made  secondary 
to  accommodative  action.  Allusion  has  been  made 
to  but  one  pair  of  these  muscles  as  a  cause  of  eye- 
strain— the  interni.  Even  this  was  shown  to  be 
secondary  to  ciliary  action;  overseparation  of  ac- 
commodation and  convergence.  Are  these  muscles 
themselves  ever  a  primary  cause  of  eyestrain? 
Opinions  differ  widely.  As  the  question  has  developed 
in  the  writer's  experience,  he  believes  the  truth  lies 
between  extremes.  Different  forms  of  heterophoria 
unquestionably  do  play  a  big  role,  and  there  are 
cases  which  do  not  recover  till  these  muscular  troubles 
have  received  special  treatment,  be  it  exercise,  prism 
help,  or  surgery.  Yet,  it  seems  equally  true  that  the 
more  careful  and  painstaking  one  is  in  refraction 
correction,  the  fewer  cases  of  this  kind  come  under 
his  observation.  The  heterophoria  either  disappears 
or,  if  demonstrable  by  one  or  more  of  the  various 
test«,  causes  no  symptoms.  It  is  impossible  here 
to  discuss  all  the  varieties  of  muscular  errors.  One 
can  indicate  only  in  a  general  way  what  experience 
seems  to  teach.  Assuming  that  all  refraction  error 
has  been  uncovered  and  that  astigmatism,  the 
champion  eye  irritant,  has  been  entirely  corrected, 
the  meaning  of  demonstrable  heterophoria  must  be 
studied.  For  instance,  if  with  hyperopie  refraction, 
there  be  a  tendency  inward — esophoria — is  this  due 
to  persistant  excessive  interni  innervation,  the  result 
of  habitual  overinnervation  of  the  ciliary  muscles 
(the  senior  partners  of  the  interni),  or  is  the  esophoria 
really  indicative  of  organic  weakness  in  the  externi? 
The  question  is  not  always  easily  answered.  The 
degree  of  esophoria,  amount  of  refraction  error, 
behavior  of  the  eyes  under  ordinar}'  exclusion  tests, 
and  the  prism-power  of  the  externi — aljduction — 
these,  studied  together,  help  to  a  correct  solution. 
Many  years  ago  the  later  Dr.  Henry  D.  Noyes  of 
New  York,  e?  pressed  in  his  text-book  the  opinion 
that  an  abduction  below  five  degrees  threw  suspicion 
on  the  externi.  He  thought  that  normal  abduction 
was  eight  degrees.  A  large  experience  has  led  the 
writer  to  believe  this  is  a  useful  guide.  Ciiven  an 
abduction  under  five  degrees  he  would  think  it  likely 
that  eventually  the  externi  would  need  help — 
probably  by  correcting  prisms,  bases  out.  If 
the  prism-power  were  over  five  degrees,  he  would 
believe  that  correction  of  the  hyperopie  refraction 
alone  would  soon  relieve  symptoms  and  probably 
remove  the  esophoria.  With  low  abduction,  and  in 
as.sociation  with  myopic  refraction,  esophoria  is  more 
apt  to  be  an  essential  trouble  because,  owing  to  the 
myopic  shape  of  the  eye,  there  has  been  little  or  no 
accommodation,     and     hence     no     secondary     extra 
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impulse  to  the  interni.  On  the  contrary,  mner\ation 
of  interni  may  have  been  below  normal.  All  would 
depend  on  the  individual's  powder  to  separate  C 
from  A;  i.e.  use  the  interni  for  the  proper  directing 
of  visual  lines,  while  using  no  accommodation. 
It  must  be  borne  in  mind  that  the  ciliary  and  interni 
are  supplied  by  the  third  nerve,  that  their  nuclei  are 
almost  one,  and  that  in  normal  eyes  they  work 
pari  pansu.  Yet  they  possess  wonderful  power  of 
independent  action.  If  exophoria  be  studied  in  its 
relation  to  refraction  errors,  a  similar  ciucstion  arises. 
In  myopia  is  the  tendency  outward  (exojjhoria)  due 
to  defective  innervation  of  the  interni,  resulting  from 
absence  of  ciliary  innervation  or  is  it  due  to  excessive 
action  of  the  externi?  Dr.  Noyes  thought  that  if 
abduction  were  ten  degrees,  twelve  degrees,  or  more, 
the  externi  were  probably  overacting;  not  so  if  abduc- 
tion w-ere  normal.  Association  of  exophoria  and 
hyperopic  refraction  sometimes  presents  very  hard 
problems.  As  intimated  previously,  defective  interni 
action  may  follow  overseparation  of  C  from  \  in 
hyperopia.  If  convex  glasses  are  used  for  the  H, 
as  IS  necessary,  resulting  decrease  in  ciliary  innervation 
may  bring  corresponding  decrease  in  interni  innerva- 
tion; thus,  the  muscular  trouble  is  made  worse.  For- 
tunately, prism  exercise  is  capable  of  removing  this 
defect;  but  it  is  often  a  hard,  up-hill  job.  Regarding 
essential  anomalies  of  the  vertical  recti  (hii'perphoria), 
there  can  be  no  doubt  that  they  produce  terrific 
evestrain.  One  with  normal  balance  can  easily 
prove  this  if  he  will  try  to  read  through  prisms 
amounting  to  even  one  degree  with  the  base  up  or 
down.  He  will  soon  know  W'hat  eyestrain  means. 
In  the  writer's  experience,  prism-power  of  the 
inferior  recti  gives  a  more  reliable  clue  to  the  im- 
portance of  an  existing  hyperphoria  than  the  balance 
test.  These  muscles  should  overcome  a  prism  liase 
up  of  two  and  a  half  to  three  degrees.  When  the 
difference  between  the  lower  recti  on  the  two  sides 
amounts  to  one  and  a  half  degrees  or  more,  the 
inequality  will  probably  have  to  be  reckoned  with. 

Mention  should  be  made  of  some  other  forms  of 
muscular  trouble.  Dr.  Savage  has  laid  stress  upon 
the  obliques  as  a  cause  of  eyestrain.  The  doiiblc 
prism  test  in  general  use  often  reveals  this  error, 
but  it  would  seem  that  when  it  is  present  there  are 
also  vertigo  and  the  form  of  diplopia  characteristic 
of  impenciing  oblique  paralysis.  In  other  words,  we 
are  dealing  not  with  an  essential  muscular  imbalance, 
but  with  a  central  lesion  showing  itself  through  an  eye 
muscle.  This  does  not  come  under  eyestrain.  With 
"eyclophoria,"  outside  of  its  symptomatic  significance, 
and  relicvable  by  any  form  of  optical  exercise  or 
treatment,  the  writer  "has  had  very  little  experience. 
In  obstinate  cases  it  is,  of  course,  always  looked  for, 
but  rarely  found.  When  it  is,  it  is  usually  associated 
with  oblique  astigmatism,  and  is  temporary. 

Prism-power  of  the  interni — adduction — with  a 
light  at  a  fixed  distance  is  really  nothing  more  than 
the  power  of  the  interni  to  separate  their  own  from 
ciliary  action.  It  has  been  called  positive  relative 
convergence.  This  power  can  often  be  doubled  or 
tripled  in  a  few  minutes  by  exercise  with  prisms, 
bases  out.  Its  normal  relation  to  al>duction  is 
from  3  or  even  5  to  1.  It  is  not  infrequently,  when 
defective,  a  cause  of  eyestrain,  but  it  does  not  mean 
essential  weakness  nor  "is  its  rapid  increase  to  be  taken 
as  an  increase  in  mu.scular  power.  On  the  other  hand, 
increase  in  adduction  is  often  very  slowly  obtainetl, 
and  no  doubt  there  is  an  essential  asthenia  of  these 
muscles,  as  with  the  others.  Usually  it  yields  to 
prolonged  exercise.  It  is  often  secondary  to  hyper- 
phoria. 

Some  writers,  notably  Dr.  Samuel  Theobald  of 
Baltimore,  have  laid  stress  on  the  significance  of  the 
relation  between  balance  t«st  at  infinity  and  at  tlic 
reading  point.  The  normal  near  balance  is  accept<-d 
as  two  to  five   degrees  of  exophoria,   as  compared 


with  the  diHtancc  lialatice.  Fulling  off  of  ttiin  rn-iir 
exophoria  in  thought  to  iiidicut*^  an  ewM-ntial  ciliury 
asthenia.  There  can  be  no  doubt  of  the  truth  of 
this  contention;  but,  befrire  it  in  coti«ir|iTe<J,  the 
greatest  po.ssible  care  niujit  \)e  uwil  U>  uncover  and 
correct  all  awtigmutism.  lycusfiied  near  exophoria 
is  attributed  U>  increa.ted  innervation  of  the  int<'mi, 
resulting  from  increase  demanded  by  asthenic 
ciliary  muscles. 

What  Dr.  Savage  has  called  aHthenir  !■■  i 

is    of    great    importance.     The    differen  n 

sthenic  and  asthenic   muscular   inibalan^  :i 

the  former,  one  muscle  is  abnormally    ^'  .• 

in  the  latter,  all  are  too  weak.     At  Ih" 
one  set  is  farther  below  normal  than  it«  »■ 

It  would  seem  that  this  condition  <• 
in  persons  with  general  muscular  a«thcni.i.  S.mc- 
times  a  constitutional  cause  can  Ix?  found.  Some- 
times, systematic  prism  exerci.se  will  increase  all  the 
groups;  and  again,  the.se  people  demand  modification 
of  eye  work  for  an  indefinite  time. 

In  conclusion,  estimation  of  the  importance  of 
heterophoria  involves!  1 1  thediagnosl.sof  itHde|iendenrc 
on,  or  independence  of  ametropia;  l2j  the  prism- 
power  of  each  set,  that  of  the  externi  and  inferior 
recti  giving  us  the  best  clue;  (."Ji  |M)Ssibility  of  the 
nuiscular  anomaly  being  symptomatic  of  central 
lesion,  or  of  some  form  of  ill  health;  (4)  relation  l>e- 
tween  distant  and  near  ba'ance.  There  is  no  field 
in  ophthalmic  practice  where  nicer  judgment  i« 
demanded. 

Symptoms  or  Re-sclts  of  EtiTstraix. —  While 
syni])toms  can  be  measurably  divided  into  dixtinrt 
clas.ses,  they  sometimes  overlap,  and  again  do  not. 
The  latter  seems  the  rule.  Tliis  is  the  cau.«e  of 
frequent  failure  in  diagnosis.  When  psychoses  or 
neuro.ses  are  the  results,  vision  normal,  and  eyes  free 
from  local  evidence  of  strain,  one  will  get  at  the 
oc\ilar  cau.se  only  if  he  has  the  eyes  examined  in  the 
course  of  routine  diagnosis.  In  a  general  way,  symp- 
toms may  be  divided  into  vascular,  sensorv.  and  reflex. 
Vascular  symptoms  usually  affect  the  ocular  adnexa  — 
conjunctiva  and  lids.  There  is  chronic  conjunctival 
hyperemia,  with  its  burning,  smarting,  etc.,  but  no 
liyijersecretion  or  other  evidence  of  infection.  Hyper- 
emia may  show  as  only  a  faint  circumcomeal  flush 
and  be  e:i"sily  overlooked.  The  lid  margins  are  hyper- 
emic  and,  in  old  cases,  thickened. _  Simetimes  a  fine 
scaly  formation  is  noticed  at  the  ciliary  border.  Itch- 
ing is  not  an  uiu-ommon  subjective  symptom.  Comfort 
in  the  open  air,  and  distress  in-<ioors  are  frequently 
described.  Collyria  and  .salves  do  not  cure  such 
cases:  they  yield  promptly  to  correction  of  the 
underlving  error. 

A  common  but  not  always  appreciated  vasciil.nr 
result  of  eyestrain  is  the  reddened  papilla,  some- 
times accompanied  by  a  haziness  of  the  disc  liorder 
which  suggests  a  low  grade  of  optic  neuritis.  It 
has  been  well  described  by  a  numt>er  of  authors. 
notal)lv  bv  Dr.  Risley  of  Philadelphia,  who  regards 
it  as  indicating  possible  serious  intraooilar  dis- 
turl)ance  at  an  early  stjige.  At  times  one  is  startled 
with  the  ophthalmoscopic  pictiire.  The  deep  red  color 
of  the  disc,  the  blurred  outlines,  and  tortuous  veins 
form  a  ciuubination  verv  suggestive  of  s«>rious  things. 
One  is  often  led.  after  taking  the  visual  fichl  and  mak- 
ing other  tests  for  intracranial  disi^a.se,  to  s<-ek  the 
advice  of  a  neurologi.st  before  trusting  his  diagnos  s 
of  eyestrain.  Yet,  after  removal  of  the  strain 
proper  time  to  allow  irritation  to  subside,  all  dis.ij>- 
pears.  This  is  no  doubt  the  ps«Midoneuritis  des«'nlHHl 
bv  authors  and  mentioned  in  Mr.  Stevens»>n's  Ixxik. 
fie  seems  to  regard  the  apfH-arance  as  conp>nitaI  on 
the  ground  that  it  does  not  di.s;>pix'ar.  Nor  d<>ea 
it  during  the  average  time  of  observation:  but  m  the 
writer's  opinion  it  iisuallv  does  after  an  indefinite  time. 
Prolonged  cycloplegia  appears  to  be  the  best  remedy. 
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Si'iisory  symplnmn  of  eyestrain  may  affect  tlie  eyes 
themselves,  cause  headache  or  neuralgia  or  even 
remote  pains  in  the  back,  and  neck.  Tlie  eye 
pains  are  usually  described  in  one  of  two  ways: 
behind  the  eye  or  as  a  feeling  of  distention  in  the  eye 
itself.  Pains  of  this  kind  of  course  call  attention  to 
the  eye.  It  is  hard  to  draw  conclusions  from  the 
locality  of  pain ;  and  yet  the  former  is  usually  relieved 
by  refraction  correction,  and  rarely  is  heterophoria 
a  contributing  cause.  On  the  other  hand,  the  dis- 
tention pain — "feeling  as  though  the  eyes  would 
burst" — and  coming  after  prolonged  eye  work 
theater,  travelling,  etc.,  is  very  suggestive  of  muscular 
imbalance.  Dr.  Stevens  has  laid  stress  on  this  in 
various  papers.  The  time  when  pain  comes  has  been 
thought  .somewhat  indicative  of  its  cause.  In  all 
forms  of  eyestrain  pains,  the  usual  time  is  soon  after 
eye  work  in  undertaken.  Dr.  Noyes  (if  the  writer's 
memory  is  correct)  first  called  attention  to  early 
morning  pains  as  indicative  of  muscular  imbalance. 
Patients  will  often  describe  pain  as  striking  the  ej'es 
as  soon  as  they  are  opened.  One  can  readily  see  how, 
for  instance,  in  a  case  of  low  vertical  imijalance, 
unconscious  effort  to  fuse  vertically  displaced  images 
will  be  most  felt  when  the  eyes,  relaxed  to  the  utmost 
during  sleep,  first  resume  the  unequal  burden. 
Morning  eye  pains,  especially  if  they  awaken  one, 
are  commonly  due  to  nasal  or  sinus  disease.  The  usual 
and  characteristic  form  of  headache,  due  to  eyestrain, 
is  the  band-like  pain  al^out  the  forehead.  Less  com- 
mon, but  equally  suggestive  of  ocular  cause,  is  vertical 
pain  or  even  occipital.  Indeed,  there  is  no  locality 
about  the  head  which  may  not  show  distress  signals 
when  the  eyes  are  at  fault.  The  very  presence  of  any 
headache  should  call  attention  to  the  eyes.  Temporal 
neuralgia  is,  in  the  writer's  experience,  less  character- 
istic of  eyestrain  than  the  forms  of  headache  men- 
tioned; but  there  are  many  exceptions. 

Over  migraine  and  its  possible  eye  origin,  the 
battle  has  ra^^ed  fast  and  furious  for  a  generation. 
Far-reaching  claims  have  been  made  by  one  set  of 
advocates,  only  to  be  denied  in  toto  by  others. 
Possibly  one  extreme  can  be  well  set  forth  by  a 
quotation  from  Mr.  Stevenson's  book,  the  date  of 
its  puljlication  lieing  1913,  though  the  paper  was  first 
published  in  1S88.  Mr.  Stevenson  presents  the  well- 
known  views  of  Dr.  George  M.  Gould  in  his  Biographic 
Clinics,  and  then  adds:  "It  is  nowadays  very  generally 
admitted  that  most  cases  of  migraine  are  closely 
connected  with  eyestrain,  and  that  they  can  be  cured 
by  the  provision  of  proper  glassess."  The  special 
passage  is  from  the  pen  of  Georges  Martin,  and, 
according  to  Mr.  Stevenson's  reference,  appeared  in 
Annales  d'  Oculistigue,  1888,  tome  xcix,  pp.  24  and 
105,  "Dr.  Martin  insisted  upon  the  connection  be- 
tween astigmatism  and  migraine,  although  he  did 
not  deny  tlie  influence  of  two  other  factors,  viz., 
(a)  a  constitutional  or  diathetic  element,  the  "ar- 
thritic," and  (6)  an  occasional  cause,  accordin  to  the 
particular  case.  In  proof  of  the  important  part 
played  by  a  partial  contraction  of  the  ciliary  muscle 
in  the  production  of  migraine,  Martin  adduced 
the  following  points:  (1)  That  partial  contraction  of 
the  ciliary  muscle  could  be  found  in  the  eyes  of  all 
migrainous  individuals;  (2)  that  when  one  eye  was 
alone  astigmatic,  migraine  was  always  localized  over 
that  eye;  (3)  that  when  the  two  eyes  were  astigmatic 
to  an  unequ.al  degree,  the  most  frequent  and  violent 
crises  of  migraine  appeared  over  the  eye  which 
presented  the  greater  anomaly;  (4)  that  migraine 
disappeared  if  spasmodic  contraction  of  the  ciliary 
muscle  were  overcome  by  means  of  atropine;  (.5) 
that  the  constant  use  of  cylindrical  glasses  correcting 
the  asymmetry  of  the  corneal  meridians  modified 
very  sensib'y  "the  migrainous  state,  and  sometimes 
yielded  complete  and  lasting  cures." 

This  is  one  side  of  the  controversy.  On  the  other 
hand,  in  Osier's  System  of   Medicine,   published   in 
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1910,  Smith  Ely  Jelliffe,  writing  on  Migraine  (Vol. 
VII,  p.  752)  discusses  the  vasomotor,  toxic,  and  reflex 
hypotheses  of  etiology,  and  then  adds:  "The  organs 
wliicli  have  been  declared  at  fault  have  been  the 
vasomotor  centers,  the  sympathetic,  the  gastrointes- 
tinal canal,  secretory,  excretory,  ductless  glands, 
organs  of  generation,  male  and  female,  the  various 
organs  of  sense,  the  eye,  ear,  no.se,  tongue,  the  muscles 
of  the  body,  and  the  general  metabolism  of  the  entire 
body,  the  brain  in  general,  the  cortex,  the  pons,  the 
thalamus.  Many  authors  pick  out  several  factors; 
others  confine  themselves  to  one.  Some  faddists 
say  it  is  eyestrain,  others  earstrain,  others  masturba- 
tion, while  others  blame  corsets,  tight  collars,  or  the 
wearing  of  high  hats."  Again,  on  page  764,  Dr. 
Jelliffe  says;  "It  is  folly  to  shut  ones  eyes  to  the  very 
evident  clinical  fact  that  certain  migraines  are  re- 
lieved, if  not  entirely  wiped  awa^',  by  the  correction 
of  some  peripheral  disorder,  sometimes  more  than  one, 
which  has  had  definite  action  on  the  nervous  system. 
Just  what  the  differential  relation  may  have  been 
between  the  severity  of  the  irritant  and  the  mildness 
)f  the  attack  is  impossible  to  judge,  but  certainly  the 
relief  from  eyestrain,  from  diseased  turbinates,  from 
adenoids,  from  constipation,  from  dysmenorrhea,  from 
a  number  of  minor  yet  definite  peripheral  irritations, 
will  relieve  a  certain  number  of  patients.  Perhaps 
they  are  the  very  slight  ones,  perhaps  not;  we  are 
not  yet  in  a  position  to  say.  One  should,  therefore, 
eliminate  at  the  outset  such  of  these  structural  de- 
fects as  are  shown  to  have  some  influence  on  the  nerv- 
ous system.  In  denj-ing  any  possibility  to  these 
influences  in  the  causation  of  migraine  one  errs 
almost  as  badly  as  when  maintaining  some  one  of 
them  to  be  the  only  element  in  the  case,  as  faddists 
are  doing  and  always  have  done." 

Migraine  is  allied  to  a  number  of  remote  disturb- 
ances, physical  and  psychical,  which  are  by  common 
consent  regarded  as  "reflex,"' or  vasomotorin  character. 
In  the  present  state  of  our  knowledge  they  fit  there  as 
well  as  anywhere.  Chorea,  habit-spasm,  indigestion, 
constipation,  grave  forms  of  abdominal  distress  sim- 
ulating appendicitis,  insomnia,  epilepsy,  vertigo,  etc., 
have  been  from  time  to  time  attributed  to  eyestrain. 
Concerning  all  this,  de  Schweinitz  says  ("Diseases 
of  The  Eye"):  "That  true  migraine  is  caused  by 
a.stigmatism  alone  is  doubtful;  that  the  correction  of 
astigmatism  is  an  important,  indeed,  an  essential, 
part  of  the  treatment  of  this  affection  should  not  be 
disputed.  Furthermore,  all  manner  of  reflex  nervous 
disturbances,  vertiro,  pseudochorea,  habit-spa.sm, 
epileptiform  convulsions,  melancholia,  neurasthenia, 
tachycardia,  night-terrors,  flatulent  and  other  types 
of  dyspepsia,  indigestion,  and  even  con.stipation  are 
the  frequent  results  of  astigmatism,  not  only  when  the 
error  is  of  high  degree,  but  commonly,  indeed  more 
commonly,  when  it  exists  in  low  grade,  and  often 
unassociated  with  any  symptoms  which  prominently 
direct  attention  to  the  eyes  as  the  cause  of  the  distress. 
Pains  strangely  and  persistently  situated  in  the  nape 
of  the  neck,  between  and  under  the  shoulder  blades, 
in  the  precordium,  at  the  end  of  the  spine,  and  deep 
in  the  mastoid  may  owe  their  origin  to  the  same 
cause.  Tilting  of  the  head  and  shoulders  is  often 
the  result  of  astigmatism,  and  that  the  same  refrac- 
tive anomaly  is  the  exciting  cause  of  some  of  the  cases 
of  lateral  curvature  of  the  spine  .so  often  seen  in  young 
subjects  has  been  shown  by  G.  M.  Ciould." 

These  quotations  present  quite  adequately  the 
present  stage  of  professional  thought  regarding  the 
relation  of  eyestrain  to  such  profound  nerve  storms 
as  migraine,  epilepsy,  etc.  Pathogenesis  cannot  be 
satisfactorily  explained;  at  least,  if  it  has  been  the 
writer  does  not  know  it.  Yet,  there  is  overwhelming 
clinical  evidence  that  faulty  eye  work  may  enter  into 
all  these  things,  .sometimes  only  as  a  contributing 
factor  as  evidenced  by  the  numerous  cases  of  disap- 
pointment in  which  capable  ophthalmologists  have 
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done  their  best  work.  The  one  certain  lesson  we 
Bhould  gather  is  that  in  all  these  neuroses  the  eye  may 
be  a  factor,  and  that  no  diagnostic  review  is  complete 
until  the  eye  condition  is  looked  after.  The  same  is  true 
of  numerous  other  possible  sources  of  reflex  irritation. 

Finally,  just  mention  of  an  ocular  result  which  does 
not  get  the  attention  deserv-efl — lacriniation.  Direct 
nerve  connection  can  be  traced  between  the  ciliarv 
body  and  the  lacrimal  gland,  and  not  a  few  cases  of 
"epiphora"  have  their  origin  in  eyestrain. 

How  eyestrain  produces  its  results  seems  fairly  clear 
along  some  lines,  while  in  others  it  is  hypothetical. 
We  must  accept  clinical  facts,  backed  up,  "as  they  are, 
by  countless  reliable  observations.  Starting "  with 
the  type  of  eye  which  usually  produces  strain  symp- 
toms, it  is  seen  that  miremitting  and  excessive 
muscular  action  is  demanded  in  the  interest  of  good 
vision,  obtainable  in  this  way  and  in  no  other.  iSunie- 
times,  as  in  astigmatism,  m'uscular  contraction  must 
be  asymmetrical.  This  state  of  things  demands  inces- 
sant, excessive,  and  sometimes  uneven  innervation, 
while  all  physiological  muscular  activity  means  hyper- 
emia of  the  muscle  itself.  Given,  then,  the  constant 
hyperemia,  it  is  not  difficult  to  trace  its  effects  forward 
and  outward  through  the  iridic,  long  ciliary,  anterior 
ciliary  vessels  to  the  subconjunctival  space,  and  thence 
to  the  conjunctiva  and  lids.  Equally  easy  is  it  to  involve 
the  uveal  coat,  behind  the  processes,  by  direct  contin- 
uity of  blood  supply,  and  thence  through  the  anas- 
tomotic branch,  where  the  optic  nerve  passes  through 
the  choroid,  with  the  papilla.  Also,  when  one  consid- 
ers the  close  coaptation  of  the  ciliary  processes  to 
the  unyielding  sclera,  pressure  is  readily  inferred. 
There  is  an  abundant  nerve  plexus,  largely  from  the 
fifth,  in  the  processes  to  receive  this  pressure,  and  to 
transmit  its  effects  to  other  branches  of  the  same 
nerve,  or,  through  the  lenticular  or  deeper  ganglia, 
to  the  autonomic  system.  Part  of  the  area,  usually 
painful  from  eyestrain,  is  supplied  by  the  fifth.  80 
is  the  lacrimal  gland.  In  addition  to  the  ocular  end 
of  this  abnormal  physiology,  one  can  theorize  on  the 
irritating  effects  of  aV:)normal  nerve  force  from  the 
cerebral  end.  Add  to  this  the  connection  with  the 
autonomic  system,  and  it  is  possible  to  trace,  almost 
endlessly,  various  forms  of  what  we  call  "nerve 
irritation;"  it  seems  hardly  profitable  to  do  so.  In 
his  article  in  Posey  and  Spiller's  "The  Eye  and 
Nervous  System,"  Dr.  Howard  F.  Hansell  gives  a 
schematic  representation  of  the  source  of  irritation 
from  the  eye  to  stomach,  involving  the  autonomics 
and  pneumogastric. 

There  are  other  factors  contributing  to  production 
of  extraocular  symptoms:  the  unnatural  position 
of  the  head  in  certain  forms  of  astigmatism  or  hetero- 
phoria,  similar  unnatural  positions  of  the  body,  as 
in  leaning  over  a  desk,  getting  close  to  the  print  in 
order  to  obtain  a  larger  retinal  image,  and  such  out- 
side influences  as  faultv  light,  defective  or  excessive, 
faulty  seating  in  school  or  at  home,  etc.  These 
are  but  factors  in  diagnosis  and  treatment. 

Treatment. — The  treatment  of  eyestrain  demands 
removal  of  its  cause.  It  is  hoped  that  the  foregoing 
has  made  it  clear  that  this  is  not  merely  discovery 
and  correction  of  a  manifest  refraction  error  or  a 
form  of  muscular  imbalance.  There  is  not  a  .single 
symptom  of  eyestrain  which  cannot  come  from  some- 
thing else.  The  writer  has  tried  to  emphasize  this 
elsewhere.  ("Ocular  Neurasthenia,"  Sec.  Ophth.  A. 
M.  A.,  1907;  "Autointoxication,"  etc.  Ibid,  1910). 
Many  cases  go  unrelieved  because  of  either  insufficient 
general  diagno.sis  or  inadequate  eye  examination. 
As  hitherto  stated,  ametropia  or  heterophoria  may 
exist  in  the  presence  of  strain  symptoms  and  yet  not 
cause  them.  Numerous  cases  are  recorded  in  which 
manifest  ocular  svmptoms  have  yielded,  not  to  eve 
treatment,  but  to  "treatment  of  nasal  troubles,  gastric 
or     intestinal     indigestion,     operation     for     chronic 
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appendicitis,  etc.     Still,  the  fact  that  ti  'he 

inost   frequent    cau.>«-   muki-H    it«  earh  .,n 

imperative;  but  the  ophtlialmol<.({i.t  'hi,..,,.,  i  ,,..■  a 
broad  enough  view  to  recognize  the  jioaijibility  of 
extraocular  caus<'s. 

How  should  an  eye  examination  for  utraiti  HvmptotiM 
be  conducted?  I'irjtt,  and  uioxt  iiiip<.rtiiiit  of  all, 
under  complete  cycloplegia.  TU'ti  npplieH  certainly 
to  all  persons  under  thirty-five  or  forty;  K<>m<-timea 
over  forty.  The  claim  that  wi-called  "inHtrumenU 
of  precision"  (ophthalmometi'r,  phorometer,  etr.), 
or  even  skiascopy,  can  do  away  with  cvclupliRJa, 
is,  in  the  writer's  opinion  at  least,  the  «hc-<-r<-»t  nun- 
sen.se.  The  eye  is  not  only  an  optical  iiiacliine;  it 
is  a  human  organ,  and  posHCHses  it.s  own  idiunyn- 
crasies.  Relation  between  existing  ametropia  and 
muscular  imbalance  modifies  greatly  the  Hicnificanre 
of  mechanical  measurcmentH.  Correct  hkiafcopy  U 
impossible  without  cycloplegia.  Betielil  from  cvclo- 
plegics  comes  from  il)  tlie  removal  r.f  local  eltect* 
of  eyestrain.  Paralysis  of  the  ciliary  niuscle,  relief 
from  persistent  hyperemia,  and  eesoation  of  function 
act  as  direct  curative  means.  Evch  causing  strain 
.symptoms  .sometimes  resi.st  the  action  of  cycloplegim 
for  a  long  time.  Mydriasis  is  not  cycloiilegia. 
One  should  not  accei)t  the  accompIiNhnieiit  of  com- 
plete ciliary  ))aralysis  rintil  he  has  confirmed  liiit 
subjective  results  at  two  or  three  cxaniination.-i. 
(2)  Cydoplegics  are  the  only  means  of  remoxing 
ciliary  spasm,  (a;  Benefit  comes  from  detemiining 
static  refraction.  Until  one  has  this  he  hn.s  no  wilid 
basis  of  reasoning.  (Jf  course  it  is  conceded  that 
skilled  ophthalmoscopists  come  constantly  prettv 
eloseto  the  error  without  cycloplegia;  indeed,  that  of- 
ten measurements  with  and  without  p.'iralysis  balance; 
even  so,  the  therapeutic  result  of  rest  I-"  mi'vsed. 

Enough  has  been  said  of  proper  appreciation  of 
accompanying  muscular  imbalance.  Again,  <me  must 
recognize  that  while  .some  cases  show  l)enefit  at  once, 
others  are  slow  in  responding.  It  takes  time  for  the 
eyes  to  unlearn  habits.  While  they  are  doing  «o, 
a  patient  may  have  to  sacrifice  clear  di.stant  vision 
for  the  sake  of  ultimate  good.  In  another  class  of 
cases,  glas.ses  improve  vision  to  normal  or  over,  and 
yet  force  into  activity  a  hitherto  unused  ciliary  muscle 
with  resulting  pain.  This  is  the  case  when  myopia 
is  corrected.  Normal  relations  arc  established  after 
a  while.  In  a  word,  there  should  l>c  a  clear  under- 
standing between  doctor  and  patient  regarding  what 
the  former  is  doing,  and  what  the  latter  may  ex()ect. 

Finally,  in  all  cases  of  eyestrain  one  must  consider 
what  may  be  called  the  personal  equation  of  the 
patient.  There  are  those  who  will  lie  rofrrshed  and 
invigorated  by  a  walk  of  a  mile.  That  is  their  natunil 
limit.  Pressed  beyond  that,  they  go  to  pico's. 
The  same  reasoning  applies  to  eyes.  Eyestram  can 
be  kept  up  by  too  much  work;  i.e.  too  much  for  a 
particular  jjcrson.  The  so-called  rai>id  pace  of  our 
.Vmerican  life  has  affected  schools  as  well  as  other 
industries.  It  is  just  as  important  to  determine  ones 
eye  work  limit  as  to  correct  physical  causes.  Of 
course,  malingering  and  hysteria  have  to  l>o excluded; 
but  neither  is  insurmountable.  Nervous  children 
can  be  thrown  into  utterly  unproductive  work  by 
dread  of  the  coming  headache  after  a  certain  amount 
of  studv.  Dver's  method  of  gradual  increa.-<e — now 
so  old  as  to  be  almost  forgotten — is  soniotimes  the 
es.sential  thing  in  treatment.  If  the  child  i<  hysterical, 
he  soon  learns  that  he  can  do  more  work  and  little 
by  little  does  it.  If  he  is  malingerir.g,  s>ibstitution  of 
ail  interesting  story  for  unintere.s-ting  arithmetic 
tempts  him  to  self-betrayal.  If  he  really  has  defec- 
tive working  capacity,  it  is  incre;»si><l  by  just  the  same 
process  as  advances  a  boy  from  half-|Hiund  Indi.tn 
clubs  to  pegpole  climbing. 

It  seems  unnece.-;,-;arv  to  pre.sent  illustrative  case*. 
The  writer  is  aware  that  many  things  of  imi>«rtanr<' 
have  been   hardly  more  than  hinted  at;  that  »ime 

;U9 


Eyestrain 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


may  have  escaped  him  altogether.  His  object  has 
been  to  start  with  the  acceptance  of  eyestrain  as  an 
admitted  fact,  to  group  recognized  causes,  to  compare 
them  with  normal  conditions,  and  to  indicate  some 
of  the  diagnostic  and  therapeutic  pitfalls  which  beset 
us.  Hiram  Woods. 


Fabiana. — Pichi.  The  dried  leafy  twigs  of  Fabiana 
imbricala  R.  et  P.  (fam.  Solanacew). 

This  large  evergreen,  heather-like  shrub  is  common 
upon  high  dry  hills  in  Chile.  It  is  rather  closely 
related  to  the"  tobacco  plant.  Only  the  small  twigs 
should  be  collected,  though  much  of  the  drug  of  com- 
merce formerl.v  included  the  large  woody  branches,  or 
even  the  trunks,  several  inches  in  diameter.  The 
branchlets  are  slender  and  crowded  with  leaves. 
The  bark  is  ashy  gray  and  finely  roughened  by  mi- 
nute, short,  sharp,  thickly  set  longitudinal  ridges  and 
minute  gland-like  protuberances,  both  of  which  ex- 
hibit, under  the  lens,  a  peculiar  resinous  structure. 
The  bark  of  the  trunk  and  larger  branches  scales  off  in 
ragged  strips.  The  bark  is  rich  in  the  resinous 
constituent,  which  exists  also,  to  a  much  smaller 
extent,  in  the  young  wood,  but  is  practically  wanting 
from  the  old  wood.  The  leaves  are  broadly  ovate  and 
thick,  about  a  line  long,  bluish  or  whitish-green  by 
reason  of  the  resinous  exudation,  which  is  profusely 
deposited  at  their  bases  and  edges.  Toward  the  ends 
of  the  branches  are  numerous  very  short  branchlets, 
each  terminating  in  a  persistent  white  or  bluish  flower, 
which  is  funnel-shaped  and  from  a  third  to  a  half -inch 
long.  These  flowers  are  rarely  seen  in  the  drug.  Five 
unequal,  included  stamens  are  borne  upon  the  con- 
stricted portion  of  the  corolla.  The  style  is  slender, 
the  stigma  small  and  two-lobed.  The  fruit  is  a  two- 
celled  capsule,  about  one-fifth  of  an  inch  long,  and 
contains  several  brown  seeds. 

The  important  constituent  of  pichi  is  a  large  and 
variable  amount  of  a  bitter  resin.  Associated  with 
this  is  a  little  volatile  oil,  the  important  constituent 
of  which  is  fabianol,  and  to  which  the  peculiar  odor  of 
the  drug  is  due.  A  fractional  amount  of  the  alkaloid 
fabianine  and  a  fluorescent  glucoside,  occurring  in 
bitter  crystals  and  resembling  esculin,  also  occur, 
together  with  gum,  an  inert  crystalline  resin,  and 
ordinary  plant  constituents. 

Pichi  is  a  highly  valued  drug,  both  with  the  laity 
and  with  the  profession,  in  ChUe  and  other  South 
American  countries,  and  was  introduced  into  use  in  the 
United  States  by  the  present  writer  (Ther.  Gaz.,  18S5, 
p.  810).  Its  special  repute  is  for  the  treatment  of 
vesical  and  renal  troubles  arising  from  the  uric-acid 
diathesis  and  for  the  expulsion  of  gravel  and  small 
calculi.  It  also  acts  as  a  sedative  to  the  irritaljle 
mucous  membrane,  modifying  the  secretion  and 
subduing  the  pain.  The  following  account  of  its 
action  and  uses,  by  Beaumont  Small,  in  a  former 
edition  of  this  work,  can  scarcely  be  improved  upon: 

"  Its  use  has  been  extended  to  all  forms  of  acute  and 
chronic  inflammation  of  the  urinary  organs,  and 
numerous  reports  of  cases  in  which  it  has  been  em- 
ployed tell  of  its  beneficial  action,  not  only  in  cystitis 
and  vesical  irritation  due  to  simple  causes,  but  also 
when  these  have  arisen  from  gonorrheal  and  prostatic 
disease.  A  special  indication  for  its  use  is  said  to  be 
the  presence  of  pus  in  the  urine.  Dr.  Reginald 
Harrison,  after  using  the  drug  for  four  years  in 
private  and  hospital  practice,  stated  that  he  obtained 
considerable  benefit  from  it,  particularly  under  the 
following  conditions:  (1)  In  renal  colic  and  the 
passing  of  calculi  through  the  kidneys  and  along  the 
ureters  attended  with  hematuria;  though  not  exercis- 
ing any  solvent  power,  it  seems  by  its  action  on  the 
tissues  in  some  way  to  favor  the  escape  of  the  stone, 
and  thus  to  suppress  the  bleeding.  _  (2)  In  the 
hemorrhage  which  frequently  accompanies  cancer  of 
the  bladder.     (3)  The  sedative  action  of  the  drug  on 


the  mucous  membrane  of  the  bladder  has  proved 
beneficial  in  many  instances  of  irritability  connected 
with  an  enlarged  prostate. 

"  In  addition  to  its  employment  in  urinary  disorders, 
it  is  recommended  for  the  relief  of  the  headache, 
dyspepsia,  and  other  symptoms  arising  from  a  condi- 
tion of  lithiasis,  and  has  been  used  as  an  hepatic 
stimulant  for  jaundice  and  dropsy  due  to  hepatic 
disease.  Given  in  small  doses,  preceding  the  meal, 
it  has  been  found  to  be  an  excellent  stomachic. 

"  The  drug  is  generally  administered  in  the  form  of  a 
decoction  or  fluid  extract.  The  decoction  is  prepared 
by  adding  one  ounce  to  twenty  ounces  of  water,  the 
whole  to  be  given  in  four  portions  during  the  day. 
The  dose  of  the  fluid  extract  varies  between  ten  min- 
ims and  two  drams.  The  average  dose  is  from  half 
a  dram  to  one  dram.  The  effects  of  the  drug  are 
usually  experienced  after  a  few  doses  have  been  given. 
The  extract  is  not  miscible  with  water,  and  the  ap- 
pearance of  the  mixture  is  made  more  pleasant  by 
rendering  it  alkaline.  Glycerin  is  recommended  as 
the  best  vehicle  for  its  administration;  it  is  a  fairly 
good  solvent,  and  maintains  the  drug  in  suspension  in 
fine  particles.  Salines  should  not  be  combined  with 
it,  as  they  cause  the  separation  of  the  resin  in  dense 
curds.  Fluid  extracts  of  hyoscyamus,  hydrangea, 
buchu,  and  other  remedies  may  be  combined  when 
they  are  indicated.  A  solid  extract  allows  of  its 
administration  in  powder  in  capsules.  The  dose  is 
gr.  ii.-x.  (0.12-0.6)."  Henry  H.  Rusby. 


Fabricius  ab  Aquapendente. — Hieronymus  Fab- 
ricius,  or  Girolamo  I-'abrizio,  surnamed  ab  Aquapen- 
dente to  distinguish  him  from  another  surgeon,  a  con- 
temporary of  the  same  name,  was  born  at  Aquapen- 
dente in  the  Papal  States  in  1537  and  received  his  edu- 
cation in  Padua  under  Fallopius,  whom  he  succeeded 
m  the  chair  of  anatomy  and  surgery  in  the  university 
of  that  city.  Although  his  name  is  not  preserved 
among  the  anatomical  eponyms  he  nevertheless  con- 
tributed greatly  to  the  current  knowledge  of  anatomy. 
He  was  also  an  embryologist,  and  by  his  researches  on 
the  embryo  of  the  chick  did  much  to  advance  that 
science.  He  is  credited  with  having  been  the  first 
to  describe  the  uterine  decidua.  While  not  the  dis- 
coverer of  the  valves  of  the  veins  he  was  the  first  to 
describe  them  fully  and  to  explain  their  uses;  this  he 
did  in  a  treatise  entitled  "De  Venarum  Ostiolis," 
published  in  1603.  He  also  added  to  the  knowledge 
of  the  structure  of  the  various  parts  of  the  digestive 
tract  and  described  the  muscular  coat  of  the  bladder. 
Harvey  studied  anatomy  under  Fabrizio  and  it  is 
possible  that  the  hitter's  speculations  regarding  the 
function  of  the  valves  of  the  veins  maj-  have  started 
the  train  of  thought  that  led  to  Harvey's  great  dis- 
covery.    Fabricius    died    in    IMay,    1619. 

Fabricius  was  no  less  a  surgeon  than  an  anatomist. 
He  described  hydrocele  and  devised  an  operation  for 
its  relief  and  also  advised  paracentesis  for  the  cure 
of  empyema.  Among  his  writings  may  be  noted: 
"De  Formato  Fetu,"  Padua,  1600;  "De  Visionc, 
Voce  et  Auditu,"  Venice,  1600;  "Tractatus  de  Oculo, 
Visus  Organo,"  Padua,  1601;  "De  Locutione  et  ejus 
Instrumentis,"  Padua,  1603;  "De  Respiratione  et 
ejus  Instrumentis,"  Padua,  160,5;  "  De  Gula,  Ventri- 
culo,  Intestinis  Tractatus,"  Padua,  1618.  An  edition 
of  his  complete  works  ("Opera  Omnia  .\natomica  et 
Phvsiologica"),  edited  bv  Albinus,  was  published  in 
1737.  "  T.  L.  S. 


Fabricius  Hildanus. — Gulielmus  Fabricius,  Wil- 
helm  Fabriz,  surnamed  Hildanus,  from  his  birthplace, 
to  distinguish  him  from  his  Italian  contemporary 
Fabricius  ab  .\quapendente,  was  born  in  Hilden,  a 
village  near  Cologne,  on  June  25,  1560.  He  received 
his  medical  education  at  Cologne  and  Lausanne  and 
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then  made  a  tour  of  the  universities  and  clinics  in 
France  and  Germany,  studying  surgery  especially. 
Upon  completing  his  studios  he  began  the  practice  of 
surgery  in  Lausanne,  but  later  went  to  Berne.  The 
latter  city  in  1614  granted  him  citizenship  and  a  pen- 
sion, and  he  was  appointed  physician  to  the  embassies 
of  France  and  Baden.  He  suffered  for  many  years 
from  gout  and  finally  died  of  this  affection  on  February 
17,  1034. 

Fabriz  was  one  of  the  greatest  surgeons  of  his  day  in 
Germany,  being  called  the  re-creator  of  surgery  in  his 


Fig.  2349.— Wilhelm  Fabriz. 

native  land.  He  is  said  to  have  been  the  first  surgeon 
to  amputate  the  thigh  for  disease.  Like  his  namesake 
in  Padua,  he  was  both  a  surgeon  and  an  anatomist  and, 
though  more  the  first  than  the  second,  he  maintained 
that  no  one  who  was  not  an  anatomist  could  be  a  good 
surgeon.  The  following  are  the  titles  of  a  few  of  his 
published  works:  "De  Gangraena  et  Sphacelo," 
Cologne,  1.593  and  Berne,  1603;  "De  Ambustionibus," 
Basel,  1603;  "  Gruendliches  Bericht  von  den  Blasen- 
stein,"  Basel,  1628;  "Kurze  Beschreibung  der  Fuer- 
trefiichkeit,  Nutzand  Nothwendigkeitder  Anatomey," 
Berne,  1624.  A  complete  edition  of  his  works  ("Opera 
Omnia")  was  published  at  Frankfort  in  16.52. 

T.  L.  S. 


Facial  Hemiatrophy  (Hemiatrophia  facialis  pro- 
gressiva, aplasie  lamineuse  progressive)  is  a  rare 
affection.  Properly  speaking,  the  term  should  be 
applied  only  to  those  cases  in  which  all  the  tissues  of 
one  side  of  the  face,  including  the  bony  parts,  undergo 
a  progressive  atrophic  change.  The  atrophy  may 
begin  in  only  a  part  of  the  face  or  at  first  appear  to 
affect  only  a  special  tissue.  According  to  Oppenheim, 
the  most  common  point  for  the  onset  of  the  trouble  is 
in  the  region  of  the  orbit,  but  he  describes  and  pictures 
a  case  in  which  the  atrophy  began  in  the  cheek  and 
another  in  which,  in  the  beginning,  only  one  side  of  the 
chin  was  affected. 

The  condition  is  slowly  progressive  and  in  its  course 
usually  affects  all  the  tissues  of  one  side  of  the  face, 
leading  to  a  marked  asymmetry.  The  skin  may  at 
first  show  only  pigmentary  changes  or  the  hair  may  fall 
or  turn  gray.  In  later  stages  the  skin  is  thin  and  feels 
inelastic  and  there  is  yellowish  or  brownish  discolora- 
tion. The  subcutaneous  tissues  may  be  completely 
atrophied.  The  muscles  may  also  be  atrophied  on  (he 
affected  side  but  there  is  no  distinct  facial  palsy. 
The  muscles  of  the  tongue  may  also  be  atrophied.  The 
atrophied  muscles  do  not  give  the  reaction  of  degenera- 
tion when  tested  with  the  electric  current.  The  most 
striking  atrophy  occurs  in  the  bones  of  the  face  and  the 
line  of  demarcation  of  the  affected  from  (he  unaffected 
side  may  be  marked  on  the  forehead   b.v  a  distinct 

Vol.  IV.— 21 


PkHal  BrmUtropbr 


groove.  I  he  implication  of  the  larynx  hiu  Ijcen  de- 
scribed by  SchlcHinger.  Komer  reportw)  invMlvi-ment 
of  the  auricle  and  iliiflmeyer,  in  om<-  ■  rv«i  a 

depression  in  the  hard  palate.     In  mo  jjartii 

affected  are  confined  to  those  reerivui^-  i- 

tion  of  the  fifth  cranial  nerve.     Kvidirii«- •  r 

injury  to  the  fifth  nerve  or  the  (Ja-iicrian  m 

not  usually  noted.  IloflnifvcT  hiui  reporleil  a  caiio 
with  herpes,  but  objective  scnHation  in  the  fare  in  all 
forms  is  usually  normal.  Sweat  Bccretion  may  Ijo 
increased  or  diminished.  The  secretion  of  tcani  in 
usually  normal  and  the  corneal  and  plmrynKcal  re- 
flexes are  normal.  The  eye  on  the  alfei-ted  liide  gener- 
ally appears  to  he  deeper  in  the  orbit  than  on  the  nor- 
mal side  but  the  ocular  inovementM  and  reflexen  are 
generally  normal.  A  combination  of  thin  condition 
with  oculoiiKjtor  palsy  and  di.sturbancc  of  pupillarj- 
reflexes  has  been  reijorted  by  Salomon  and  by  Gowcii* 
and  others.  Also  cases  have  been  recorded' in  which 
facial  hemiatrophy  was  combined  with  atrophy  of  the 
body  on  the  same  side  or  on  the  opposite  Hiric  (Luni, 
Volhard),  but  it  is  doubtful  if  these  ca.sea  are  genuine 
ca.ses  of  facial  hemiatrophy  in  a  strict  sense  of  the  term . 
Various  functional  neuroses  are  not  infrequently  found 
in  these  cases — neuralgia,  heniicrania,  psychoncuro- 
ses,  chorea,  and  facial  spasm;  also  organic  diseases 
may  be  present  such  as  tabes,  .syringomyelia,  and 
multi|)le  sclerosis.  Oppenheim  speaks  of  having 
observed  cases  in  which  symptoms  of  paraly.sis  and 
irritation  of  the  syinpathedc  system  were  prewnt. 
Jendrassik  has  made  a  similar  observation.  Schle?i- 
inger  has  observed  bilateral  facial  hemiatrophy  with 
symptoms  referable  to  the  sympathetic  nervous  sys- 
tem. In  twenty-six  out  of  eighty-three  cases  collected 
from  the  literature  by  Klingmann,  vasomotor  symp- 
toms were  found. 


FlQ.  2350. — Rinht  Sidod  Facial  Hemiatrophy.     Not*  th«(n>oT« 

in  tho  forehead  nod  the  abacQcc  of  hair  alonjt  thi9  groove.     (From 

Klingmann.) 

The  DIAGNOSIS  of  the  condition  should  not  be  espe- 
cially dilhcult.  Congenital  aiioin:>lios  causing  f.tci.tl 
asviiimotry  will  be  recognized  by  the  hi.<tory  and  the 
fai't  that  tiu-y  are  not  progressive.  Tho  facial  atmphy 
which  sometimes  occurs  in  syrintobulbia  is  dis- 
tinguished by  its  association  with  .•'onsory  rhanges. 
.\trophy  of  facial  niusolea  following  facial  pal.«y  does 
not  affect  the  skin  or  bony  tissues  and  the  reaction 
of  degeneration  is  present  in  the  paralysed  muscles. 
The  facio-scapulo-humeral  type  of  muscular  d>-s- 
trophy  does  not  cause  atrophy  of  the  face  of  the  type 
seen  in  progressive  facial  hemiatrophy. 
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The  condition  usually  develops  between  the  ages 
of  ten  and  twenty  years.  It  ma.v  develop  in  early 
childhood  but  is  very  rare  over  the  age  of  thirty  years. 
The  cause  of  the  condition  is  unknown.  Trau- 
matism to  the  head  or  face  has  been  present  in  the 
history  of  some  cases;  even  slight  operations  such  as 
teeth  extraction  or  the  removal  or  adenoids  have 
been  considered  as  causes.  A  certain  number  of 
cases  develop  after  infectious  diseases:  diphtheria, 
measles,  erysipelas,  and  whooping-cough.  Oppen- 
heim  believes  that  a  neuropathic  heredity  plays  some 
part  but  it  is  not  present  in  all  cases.  Bannester 
and  also  Klingmann  mention  frostbite  as  a  possible 
cause  in  cases  observed  by  them. 

The  PATHOGENESIS  of  the  condition  is  decidedly 
uncertain  and  the  few  postmortem  examinations  that 
have  been  made  (Mendel,  Touche,  Loebl  and  Wiesel, 
and  Grabs)  throw  no  light  on  this  point. _  It  is  generally 
classed  as  a  trophoneurosis.  The  clinica,l  evidence — 
absence  of  sensory  changes,  etc. — is  against  the  idea 
that  the  Gasserian  ganghon  is  implicated  as  is  also 
the  fact  that  after  operations  on  the  ganghon  or 
alcohol  injection  no  general  atrophy  of  the  face 
occurs.  These  operations  are  practically  never  done 
before  the  age  of  thirty,  however.  Bitot  suggests 
the  possibility  of  a  primary  skin  lesion.  Moebus 
advances  the  hypothesis  that  the  condition  is  due 
to  some  infectious  process  in  the  neighborhood,  the 
infection  being  presumably  carried  by  the  lymphatic 
system.  Brissaud  would  locate  the  primary  lesion 
in  the  gray  matter  of  the  floor  of  the  fourth  ventricle. 
Oppenheim  favors  the  theory  that  the  sympathetic 
nervous  system  is  the  source  of  the  trouble  and  quotes 
Bouveyson,  Barrel,  and  Souques  as  reporting  cases 
in  which  the  condition  was  associated  with  a  pleuritis 
of  the  apex  of  the  lung,  causing  irritation  of  the 
cervical  sympathetic  ganglia.  The  presence  of  vaso- 
motor symptoms  in  many  cases  favors  this  theorj'. 

The  PROGNOSIS  is  not  good  for  recovery.  The 
progress  of  the  disease  is  usually  arrested  at  some 
point  after  which  the  condition  remains  stationary. 

Treatment  is  generally  without  influence.  Oppen- 
heim saw  some  improvement  in  one  case  after  the 
removal  of  a  swollen  lymph  gland  which  was  in  the 
neighborhood  of  the  superior  cervical  ganglion. 
Sympathectomy  apparently  has  no  effect  on  the  con- 
dition. Cosmetic  improvement  may  be  obtained 
by  subcutaneous  injections  of  paraffin,  but  the  op- 
eration is  not  always  successful  and  is  not  without 
danger.  C.  D.  Camp. 
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Facial     Hemihypertrophy. — A     rare     condition 

characterized  by  an  overgrowth  of  the  tissues  of  one 
side  of  the  face  usually  congenital  or  developing  in 
early  childhood.  It  ma.y  be  accompanied  by  a  half- 
sided  hypertrophy  of  the  extremities.  It  appears 
that  the  condition  was  first  described  by  Beck  in 
1836.  In  1898,  Sabrazes  and  Cabannes  were  able 
to  collect  from  the  literature  eighteen  congenital 
cases  and  five  acquired  cases.  In  1904,  Mackay  col- 
lected twenty-eight  cases  from  the  literature  and 
added  another  observation.  He  made  no  special 
distinction  between  congenital  and  acquired  ca.^es 
but  many  of  the  cases  would  be  included  only  if  the 
term  was  used  in  the  widest  sense,  for  instance, 
Stilling's  cases  of  telangiectasis  and  Dana's  case  of 
acromegaly  in  which  the  enlargement  affected  the 
extremities  on  both  sides  but  onlj'  the  left  half  of 
the  face.  In  congenital  cases  the  sexes  are  equally 
affected.  The  condition  may  not  be  noticed  at 
birth.  There  is  no  instance  on  record  in  which  this 
malformation  has  been  hereditary  or  where  more  than 
one  member  of  the  family  has  been  affected.  Both 
the  bones  and  soft  tissues  are  implicated  as  a  rule. 
The  Up,  tongue,  teeth,  and  hard  palate  may  all  be 
involved.  When  the  ear  is  affected  the  lobule  usually 
shows  the  greatest  enlargement.  The  skin  is  often 
discolored,  reddened,  and  may  show  increased  se- 
cretion. Salivary  secretion  may  be  increased  on  the 
affected  side  (Friedreich,  Ziehl,  Sabrazes  et  Cabannes) 


Fig.  2351. 


-Facial  Hemihypertrophy  in  a  Child,     (-\fter 
Sabrazes  and  Cabannes.) 


but  the  salivary  glands  are  not  enlarged.  The  mo- 
tiUty  of  the  face  and  the  electrical  reactions  in  the 
muscles  are  usually  normal.  The  special  senses  and 
the  intelligence  are  usually  not  affected.  The  con- 
dition is  much  the  same  in  the  acquired  cases  as  in 
the  congenital  except  that  the  teeth  and  tongue  are 
not  affected. 

Apparent  etiological  factors  in  the  acquired  cases 
have  been:  traumatism,  trifacial  neuralgia,  abscess 
of  the  jaw  (Montgomery),  and  acromegaly;  in  other 
cases  (Schieck  et  al.)  no  apparent  etiologj'  was 
found.  Minors  observed  a  case  of  facial  hemihj'per- 
trophy  follow  extirpation  of  the  cervical  lymph  glands. 
In  the  congenital  cases  the  condition  is  probably 
due  to  some  factor  influencing  the  development  of 
the  branchial  arches,  although  other  factors  may 
play  a  part.  Since  the  hypertrophy  is  usually  local- 
ized to  parts  supplied  by  the  trigeminus,  a    neuro- 
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trophic  origin  may  be  suspected,  but  the  evidence  is 
not  sufficient  to  prove  that  such  a  view  is  correct. 
The  frequent  occurrence  of  vasomotor  symptoms 
in  these  cases  would  also  suKgest  the  svrnpathetic 
nervous  system  as  being  primarily  at  fault.  The 
hypotheses  that  associate  the  condition  with  lesions 
in  the  floor  of  the  fourth  ventricle  or  with  primary 
skin  lesions  (Hutchinson)  have  nothing  to  support 
them. 

The  diagnosis  of  the  condition  is  not  difficult  but  it 
should  be  distinguished  from  unilateral  acromegaly, 
from  hemicraniosis  (Brissaud  et  Lereboullet)  and  from 
local  tumor  formations. 

The  condition  is  usually  progressive  to  some  extent 
but  after  a  time  it  becomes  stationary  without  special 
treatment.  Apparently  there  is  no  hope  of  a  return 
to  normal  and  treatment  is  without  effect. 

C.  D.  Camp. 
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Facial  Neuralgia. — See  Neuralgia. 

Facial  Paralysis. — Synonyms:  Bell's  Palsy,  Proso- 
plegia. The  muscles  of  the  face,  like  all  other  mu.scles, 
may  be  impaired  in  their  function,  through  le.sions 
in  the  muscles  themselves,  in  the  nerve  supplying 
them  or  in  its  cells  of  origin,  in  their  cortical  area  of 
representation  or  at  any  point  in  the  course  of  the 
fibers  from  the  motor  cells  of  this  cortical  area  through 
the  centrum  ovale,  internal  capsule,  crus  and  pons  to 
the  facial  nerve  nucleus.  Since,  however,  lesions  either 
in  the  muscles  themselves,  in  the  cortex  or  in  the 
motor  tract  below  the  cortex,  as  a  rule,  give  ri.se  to 
symptom-complexes  of  which  the  facial  involvement 
is  only  a  part,  it  is  customary  in  the  description  of 
facial  paralysis  to  study  only  lesions  of  the  facial 
nerve  and  of  its  nucleus,  considering  the  paralysis 
from  other  sources  only  in  so  far  as  is  necessary  for 
differential  diagnosis.  From  this  point  of  view,  the 
disease  would  fall  naturally  under  the  general  head  of 
neuritis,  though,  since  it  is  not  in  itself  fatal,  oppor- 
tunities to  study  its  pathological  anatomy  are  rare 
and  in  many  cases  lesions  of  the  nerve  nucleus  cannot 
with  certainty  be  excluded. 

An.\tomy. — The  facial  muscles  with  the  exception 
of  the  levator  palpebrie  superioris  are  supplied  by 
the  seventh  cranial  nerve,  which  also  innervates 
the  stylohyoid,  the  posterior  belly  of  the  digastric 
and  the  stapedius  muscles.  While  it  was  formerly 
taught  that  the  facial  nerve  was  purely  motor  in  its 
function,  the  occurrence  on  it  of  a  ganglion  (the 
geniculate  ganglion)  marks  its  analogy  W'ith  the 
spinal  nerves  and  J.  R.  Hunt  has  shown  that  it  con- 
tains sensory  fibers  which  come  from  a  small  some- 
what cone-shaped  area  including  the  skin  of  the  ex- 
ternal auditory  canal  and  part  of  the  outer  ear.  It 
also  contains  fibers  passing  through  the  great  super- 
ficial petrosal  nerve  to  the  lacrymal  gland,  fibers 
passing  by  way  of  the  chorda  tympani  nerve  to  the 
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salivary  glands  and  in  part  of  iln  courite  ta*t«  fi\^n 
from  the  anterior  two-thirdH  of  the  tonnuc,  which 
entering  the  facial  by  the  chorda  tvriipani  in  the 
I'allof)ian  canal,  leave  it  again  \>v  the  griiat  -U(>erficial 
petrosal  nerve,  to  pass  int<j  the  pon-  in  the  fiftli  ner^-e. 
The  motor  fibers  of  the  facial  nerve  ari-<-  from  a 
large  nucleus  situat<;d  deep  in  the  (hxir  of  the  m.-dulla 
near  its  junction  with  the  pons.  From  tliU  nuclcuii, 
the  fibers  pass  dorsalward  and  forward,  grrulually 
converging,  and,  making  a  Hweeping  curve,  turn  again 
ventralward  and  backward,  U>  enierge  an  the  s^enth 
nerve  just  below  the  pons  on  the  lateral  aspect  of  the 
medulla. 

The  facial  nucleus  Ls  connected  with  the  other 
cranial  nerve  nuclei  by  a.s.s<)ciation  fibers.  i_-i.<ri.-illy 
closely  with  the  eye  muscle  nuclei  an  the  eve  and  facial 
muscles  must  frequently  act  Hynchronou.slv.  It  lias 
also  connection  with  the  nuclei  "of  the  opllc'thalamua 
.so  that  mental  states  are  reflected  In  the  fa<-ial  ex- 
pression, more  or  less  involuntarily  and  automatically. 

P.-VTHOLOoy. — While  opportunities  to  examine  the 
affected  nerve  have  been  infre<)ucnt,  Minkowski, 
Dejerinc  and  Theohari,  and  others  have  been  able  to 
show  that  in  the  ordinary  type  of  facial  paralvsls  (the 
so-called  "rheumatic"  paralysis  attributed  to '•'cold") 
there  is  a  neuritis  of  the  parenchymatous  variety, 
affecting  particularly  the  peripheral  parts  of  the  nerve. 
Changes  in  the  nerve  colls  of  the  nucleus  of  the  nature 
of  the  so-called  axonal  reaction  have  also  been  ob- 
served. 

Etiology.— The  facial  nerve  is  su.sceptible  to  the 
action  of  the  various  causes  tending  to  produce 
neuritis  in  general  and  which  will  find  mention  under 
the  proper  heading.  But  while  the.se  cau.scs  may  act 
as  predisposing,  there  are  locally  acting  factors  which 
seem  to  pl.iy  the  chief  role  in  determining  an  attack  of 
facial  paralysis.  In  infants  delivered  with  the  forceps, 
the  pressure  of  the  blades  upon  the  side  of  the  head 
sometimes  injures  the  facial  nerve  and  is  translated 
as  a  paralysis  of  the  muscles  on  that  side.  Mump.t 
and  cervical  adenitis  occasionally  involve  the  facial 
nerve,  but  by  far  the  most  common  local  cause  is 
disease  of  the  middle  ear  or  of  the  m.isfoid  cells,  which 
may  spread  to  the  facial  nerve.  Exudations  upon  the 
base  of  the  brain,  syphilitic  gummatous  meningitU 
which  involves  the  nerve,  and  the  pressure  exerted  by 
a  brain  tumor  may  cause  fiwial  paralysLs,  as  may  al.so 
fracture  at  the  base  of  the  skull  or  bone  di.scasc  from 
any  cause.  The  great  majority  of  ca.ses.  however, 
are  attributed  to  "cold"  often  as  draft  blowing  ui>on 
the  part.  "Vague  and  unsatisfactory  as  this  con- 
ception is  "  (Bing)  we  cannot  quite  got  away  from  it 
and  we  can  only  suspect  that  the  refrigeration,  by 
weakening  resistance  of  the  nerve  paves  the  way  for 
the  action  of  some  toxic  or  infectious  agent.  A  history 
of  exposure  to  cold  has  been  found  by  those  who  have 
investigated  the  subject  in  from  forty-five  to  seventy 
per  cent,  of  cases.  It  has  been  suggested  by  Philip 
that  a  disproportion  between  the  .size  of  the  ner\'e 
and  that  of  the  stylomastoid  foramen  might  well  play 
a  part  by  making  the  nerve  more  susceptible  to  in- 
fluences which  tend  to  cause  it  to  swell.  The  facial 
nerve  is  occasionally  involved  in  multiple  neuritis. 

Symptoms. — Since  in  facial  paralysis  the  muscles 
on  the  affected  side  cannot  functionate,  it  pres»'nt,s  a 
characteristic  mask  like  expression,  the  na,s»ilaliial 
fold  is  obliterat<?d,  the  forehead  cannot  l>e  wrinkled 
or  the  eye  closed  (lagophthalmus),  the  ball  being 
drawn  up  under  the  lid  upon  attompt^s  to  clo.se  the 
eye.  Winking  no  longer  occurs,  the  lower  lid  Ls  not 
closely  approximated  so  that  the  te.ars  may  run 
down  on  the  face,  and  the  conjunctiva  frequently 
becomes  inllamed.  The  angle  of  the  mouth  uixin  the 
affected  side  hangs  down  and  the  whole  face  m.ty 
appear  to  be  drawn  to  the  opposite  side.  There  is 
lack  of  the  normal  play  of  expressions,  the  ala  ns-s^p 
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on  the  affected  side  does  not  distend  upon  forced 
breathing  and  the  cheek  sometimes  flaps.  The 
patient  cannot  purse  the  lips  or  whistle  and_  since 
the  buccinator  does  not  act,  the  food  cannot  be  rnoved 
around  properly  but  accumulates  under  one  cheek 
and  the  patient  has  to  hook  it  out  with  his  finger. 
The  pronunciation  of  labials  is  often  indistinct.  The 
tongue  may  appear  to  deviate,  but  usually  this  is  more 
apparent  than  real  being  due  to  the  drawing  to  one 
side  of  the  mouth.  Occasionally,  however,  there  is 
an  actual  deviation  due  to  the  paralysis  of  the  muscles 
attached  to  the  hyoid  bone  which  then  drops  down 
on  the  affected  side.  On  account  of  weakne.ss  of  the 
stylohyoid  and  digastric  the  base  of  the  tongue  may 
also  stand  lower  than  normal  on  the  affected  side. 
While  in  neuritis  of  the  facial  nerve,  the  motor  symp- 
toms always  predominate,  often  are  the  only  ones, 
from  the  complicated  make  up  of  the  nerve,  sensory 
and  secretory  anomalies  occasionally  occur.  Pain 
located  in  or  about  the  ear,  is  by  no  means  uncom- 
mon, while  loss  of  the  sense  of  taste  over  the  anterior 
two  thirds  of  the  tongue  if  looked  for,  can  be  some- 
times detected,  though  the  patient  may  be  unaware  of 
the  defect.  Abnormally  acute  hearing  and  sensitive- 
ness to  the  deeper  tones  is  due  to  the  occasional  in- 
volvement of  the  nerve  to  the  stapedius  muscle, 
through  the  paralysis  of  which,  the  drum  membrane  is 
allowed  to  vibrate  too  freely,  while  anomalies  of  the 
salivary  and  of  the  tear  secretion  are  a  result  of  the 
occasional  involvement  of  the  nerve  in  that  part  of  its 
course,  in  which  it  contains  fibers  supplying  these 
respective  glands. 
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Fia.  2351. — Plan  of  the  Course  of  the  Different  Kinds  of  Fibers 
of  the  Facial  Nerve.     (After  R.  Bing.) 

The  accompanying  diagram  (Fig.  2351)  will  show 
what  symptoms  may  be  expected  in  lesions  involving 
the  nerve  in  different  parts  of  its  course.  Thus:  A 
lesion  in  the  portion  of  the  nerve  path  labelled  1,  will 
produce  paralysis  of  the  facial  muscles  more  or  less 
extensive.  In  2,  paralysis  of  the  facial  muscles,  loss 
of  sense  of  taste  on  the  anterior  two-thirds  of  the 
tongue,  interference  with  the  secretion  of  saliva.  In 
3,  paralysis  of  the  facial  muscles,  taste  and  salivary 
disturbance,  abnormally  fine  hearing  (hyperacusis). 
In  4,  facial  paralysis,  no  taste  disturbance,  salivary 
anomaly,  hyperacusis  (except  in  cases  in  which  the 
auditory  nerve  which  lies  in  immediate  proximity  to 
the  facial  in  this  part  of  its  course  is  involved,  when 
there  is  of  course  deafness),  interference  with  the  tear 
secretion. 


In  facial  paralysis  there  is  usually  disturbance  in 
electrical  reactions,  varying  from  slight  quantitative 
reduction  of  irritability  to  complete  reaction  of 
degeneration.  In  cases  which  do  not  recover  the 
muscles  atrophy  in  time  and  may  undergo  a  secondary 
contracture  which  makes  it  appear  at  first  sight  that 
the  paralysis  is  on  the  sound  side,  but  attempts  at 
movement  show  at  once  which  muscles  are  really 
affected.  Facial  paralysis  generally  develops  quite 
rapidly,  reaching  its  acme  in  a  few  hours  or  days.  The 
milder  cases  may  recover  within  a  month  or  six  weeks, 
the  more  severe  last  six  months  or  more. 

Diagnosis. — The  symptoms  of  facial  paralysis  are 
plain  enough;  the  problem  is  to  diagnose  the  seat  of 
tlie  lesion.  Facial  paralysis  can,  and  occasionally 
does,  occur  as  a  result  of  lesions  either  in  the  cortex, 
or  in  the  motor  tract  between  this  point  and  the 
nucleus  of  the  seventh  nerve  (supranuclear  lesions). 
In  the  great  majority  of  instances,  however,  lesions 
in  this  part  of  the  brain  are  sufficiently  extensive  to 
cause  additional  troubles,  so  that  the  paralysis  of  the 
face  is  only  one  of  a  group  of  symptoms.  Diagnostic 
of  a  supranuclear  lesion,  however,  are  the  following: 
The  muscles  of  the  forehead  usually  act  more  or  less 
normally  (the  muscles  of  each  side  have  representation 
on  both  sides  of  the  brain),  there  is  not  complete 
paralysis  of  the  orbicularis  palpebrarum  so  the  eye 
can  be  closed,  winking  is  po.ssible,  the  facial  muscles 
can  still  reflect  the  play  of  the  emotions  though  they 
cannot  be  contracted  voluntarily  and  the  electrical 
reactions  are  unaltered.  Though  an  isolated  lesion 
of  the  facial  nerve  nucleus  can  occur  and  could  hardly 
be  differentiated  from  one  involving  the  nerve  itself, 
such  an  occurrence  is  extremely  rare,  in  the  great 
majority  of  instances  some  of  the  other  nuclei  of  the 
bulb,  especially  that  of  the  sixth  nerve,  being  also 
affected.  From  its  location  in  fact,  this  latter  nucleus 
can  hardly  escape  when  the  .seventh  nerve  is  involved. 
Involvement  of  the  lower  nuclei  gives  the  symptoms 
of  bulbar  paralysis,  while  if  there  is  hemorrhage  or 
softening,  in  addition  to  facial  paralysis,  there  is  apt 
to  be  motor  or  sensory  disturbance  of  the  opposite 
side  of  the  body.  In  disease  at  the  base  of  the  brain 
there  will  almost  certainly  be  involvement  of  some  of 
the  other  cranial  nerves  besides  the  facial,  possibly 
of  the  motor  tracts  also. 

Prognosis. — In  supranuclear  and  nuclear  lesion  and 
in  involvement  of  the  facial  nerve  in  disease  at  the 
base  of  the  brain,  the  prognosis  depends  upon  the 
amenability  to  treatment  of  the  underlying  condition. 
In  neuritisof  the  facial  nerve  much  depends  upon  the 
severity  of  the  disease.  In  cases  secondary  to  ear 
disease  with  extension  to  the  temporal  bone  the  out- 
look is  unfavorable  as  there  is  apt  to  be  involvement  of 
the  nerve  in  the  general  destruction.  In  the  ordinary 
rheumatic  neuritis — or  that  attributed  to  cold — the 
prognosis  is  as  a  rule  favorable.  If  there  is  complete 
R.  D.  we  may  be  sure  that  recovery  will  not  be 
complete  for  a  number  of  months  if  it  occurs  at  all, 
though  according  to  Starr,  it  may  persist  for  a  year 
or  more  and  yet  the  case  may  ultimately  recover.  If 
there  is  partial  R.  D.  the  case  may  get  well  in  two 
or  three  months,  while  cases  showing  only  slight 
change  in  the  electric  reactions  will  probably  recover 
in  three  or  four  weeks. 

Treatment. — In  cases  due  to  intracranial  disease,  the 
treatment  will  be  that  of  the  underlying  condition 
and  the  only  cases  in  which  any  result, from  a  positive 
therapy  could  be  expected  are  those  clearly  dependent 
upon  syphilis.  In  those  cases  in  which  the  lesion  is 
in  the  nerve  itself  and  no  definite  etiological  factor 
other  than  the  rather  indefinite  one  of  exposure  to 
cold  can  be  made  out,  it  is  advised,  if  the  case  is  seen 
within  the  first  dav  or  two,  to  put  on  a  small  blister 
just  back  of  the  ear.  Salicylic  acid  preparations  as 
aspirin,  salicylate  of  sodium,  etc.,  may  also  be  ad- 
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ministered  and  will  often  relieve  the  pain  which  is 
apt  to  be  present  at  this  stage.  In  the  later  stages 
potassium  iodide  in  moderate  doses  and  strychnine 
are  recommended  as  tending  to  favor  absorption  of 
exudations  and  return  of  excitability.  As  soon  as 
all  irritative  symptoms  have  subsided,  the  use  of 
electricity  should  be  begun,  the  form  of  current  which 
will  cause  the  paralyzed  muscles  to  contract  being 
applied,  though  in  general,  galvanism  is  of  most  use 
in  restoring  the  contractility  and  in  keeping  up  the 
nutrition  of  the  affected  muscles.  There  should  be 
daily  applications  for  ten  or  fifteen  minutes  and  in  the 
mean  time  the  patient  should  massage  the  face 
several  times  a  day.  In  muscles  which  begin  to  show 
a  tendency  to  contracture  the  electric  treatment 
should  be  given  up  as  it  favors  this  last  process.  In 
chronic  cases  which  remain  stationary  for  a  year  or 
more,  the  advisability  of  surgical  measures  should  be 
seriously  considered.  Taylor  and  Clark  have  re- 
port-ed  some  good  results  from  the  anastomosis  of 
the  facial  with  the  hypoglossal  nerve. 

Charles  Lewis  Allen. 

Facial  Spasm. — See  Spasm. 

Fainting.— See  Syncope. 

Falkenstein. — There  is  nothing  remarkable  about 
the  climate  of  Falkenstein  which  would  warrant  its 
notice  as  a  health  resort.  It  has,  however,  become 
widely  known  through  the  renowned  Dr.  Dettweiler 
who  was  the  head  for  many  years  of  the  Falkenstein 
Sanatorium  which  did  so  much  to  popularize  sana- 


extended  view  over  the  valley  of  the  .Main  with 
Frankfort  in  the  di.stance.  Here  ih  xitiiatt-*!  I>eiu 
weiler's  .Sanatorium  in  a  location  prot<:ct«rrl  on  the 
North,  West,  and  Ea«t  at  an  elevation  of  1,300  feet 
above  sea-level. 

The  .satiatorium  building  is  of  the  maiwive  ty|>c  now 
generally  obsolete,  but  Dettweiler  by  hix  method  and 
personality  profJuced  excellent  result^i  in  it. 

The  climate  is  tluit  of  Central  (ierinany,  Hm  prin- 
cipal characteristic  being  a  pure  utinosphen-,  free 
from  dust;  only  about  half  tlie  days  in  the  uionth 
are  sunny. 

In  spite  of  rain,  fog,  or  snow,  and  of  cold  even  to 
12°  F.  below  zero,  Dettweiler  in.si«te<l  uixjn  his 
patients  remaining  in  the  open-air  galleries  from 
seven  to  eleven  hours  daily,  and  for  the  grcator  part 
of  the  time  at  rest.  Dettweiler  was  ho  insintcnt 
upon  rest  in  the  open  air  that  his  methoti  waH  callnl 
the  "rest  treatment"  (Kuheluft-Kur),  anrl  later 
experience  has  confirmed  to  a  great  degree  his  con- 
tention that  tuberculosis  patients,  at  whatever  Ktage 
or  condition  of  the  disease,  do  best  with  a  great  deal 
of  rest. 

Before  admission  to  the  Sanatorium,  each  patient 
was  carefully  studied,  not  only  his  phy.sical  condition 
but  his  temperament  and  will  power,  and  his  intelli- 
gent and  willing  cooperation  obtained.  His  j>lan  of 
life  was  then  arranged  in  all  it.s  details.  He  wa« 
constantly  imder  the  eye  of  the  physicians  who  were 
always  present  at  the  priticipal  meals.  Great  care 
was  taken  with  the  diet,  for  Dettweiler  usc<l  to  say 
th.it  his  "pharmacy  was  his  kitchen."  To  thw 
skilled  watchfulness' and  care,   the  hygienic-dietetic 
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torium  treatment  and  proved  that  pulmonary  tuber- 
culosis could  be  successfully  treated  in  an  indifferent 
climate.  "I  can  cure  tuberculosis  in  any  climate,  for 
it  is  method  rather  than  climate,"  said  Dettweiler. 

Nine  miles  out  of  Frankfort  is  the  picturesque 
village  Cronberg  in  the  Taunus  Hills,  where  resided 
the  late  Dowager  Empress  of  Germany.  A  walk 
of  about  fortv  minutes  up  the  hill  from  here  brings  one 
to  the  tiny   village  of  Falkenstein  commandmg  an 


measures  and  the  hvperaeration.  with  the  rein.-»rk.HbIo 
personalitv  of  the  master.  Dettweiler.  is  due  the  suc- 
cess he  .ittained.  It  is  intoresting  to  note  the  daily 
routine  for  an  aver.ige  patient  as  learned  by  the  writer 
on  a  visit  to  Falkenstein  .some  years  ago: 

7  A.  M.    Rubbing— drv  or  wet.  or  a  douche. 

8  a.m.     Breakfast,  consist  ing  of  coffee,  tea,  or  choco- 
late, with  bread,  butter,  honey.  !»nd  milk._ 

Until  10  A.  .M.    Rest  in  the  reclining  chair. 
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10  a.m.  Second  breafast  (according  to  the  European 
custom)  of  bread,  butter,  milk,  and  soup,  and,  in 
certain  cases,  a  little  alcohol. 

10.30  A.  M.  to  1  p.  M.     The  rest  treatment  again. 

1  p.  M.  Dinner,  consisting  of  soup,  fish,  vegetables, 
several  kinds  of  meat,  fruit,  dessert,  and  coffee. 

2  to  4.30  p.  M.     Rest  again. 
4  p.  M.     Milk. 

4.30  to  7.30  p.  M.     Rest  or  «-alking. 

7.30  p.  M.  Supper,  consisting  of  soup,  hot  and  cold 
meats,  salads,  preserves. 

After  supper  the  rest  treatment  until  10,  with  milk 
at  9. 

10  p.  M.     Retire. 

Dr.  Dettweiler,  who  was  a  consumptive  himself  in 
early  life,  was  at  first  associated  with  Brehmer,  the 
father  of  the  sanatorium  treatment,  at  Goebersdorf, 
and  later  he  established  his  famous  institution  at 
Falkenstein.  Brehmer  and  Dettweiler  will  always 
be  regarded  as  the  two  great  pioneers  in  the  modern 
open-air  sanatorium  treatment  of  tuberculosis.  He 
was  a  man  of  great  simplicity  and  sympathy,  inspir- 
ing enthusiasm  and  love  in  his  patients,  who  in 
consequence  readily  yielded  to  his  will  and  guidance. 
"In  him,"  as  said' by  one  who  knew  him,  "reason, 
science,  and  long  experience  were  correlated  into 
action  by  discrimination,  adaptability,  sympathy, 
and  unbending  will.  In  both  the  senses  in  which 
this  term  can  be  employed  he  was  a  presiding  genius." 

Edward  O.  Otis. 

Fallopian  Tubes. — See  Oviducts. 

Fallopius,  Qabriel. — This  celebrated  Italian 
anatomist,  the  contemporary  of  Vesalius  and  of 
Eustachius,  was  born  at  Modena  in  1523.  His  name 
is  sometimes  written  Falloppius  or  more  commonly,  in 
the  Italian  form,  Falloppio,  and  much  ink  has  been 
wasted  in  the  controversy  between  those  who  argue 
for  one  p  and  those  who  would  double  this  letter;  the 
dispute  may  be  compromised  by  spelling  the  Latin 
name  with  one  p  and  granting  two  to  the  more  modern 
form.  He  studied  anatomy  at  Padua  under  Vesalius, 
who  had  been  appointed  to  that  chair  at  the  age  of 
twenty-three,  and  he  himself  when  but  twenty-four 


Fig.  2353.— Gabriel  Fallopius. 

years  old  was  appointed  professor  of  anatomy  at 
Ferrara.  After  teaching  there  for  a  time  he  answered 
a  call  to  the  University  of  Pisa,  and  later  assumed  the 
chairs  of  anatomy,  surgery,  and  botany  at  Padua. 
Although  the  name  of  Fallopius  is  associated  with  the 
oviducts,  his  most  important  work  was  done  in  connec- 
tion with  the  organ  of  hearing,  in  which  he  described 
the  fenestra  ovalis,  the  commimication  of  the  mastoid 
cells  with  the  tympanum,  and  tlie  lamina  spiralis. 
The  terms  aquffductus  Fallopii,  the  canal  giving 
passage  to  the  facial  nerve  through  the  petrous  por- 


tion of  the  temporal  bone.  Fallopian  hiatus,  the  open- 
ing in  the  petrous  bone  giving  passage  to  the  great 
superficial  petrosal  nerve,  and  Fallopian  arch  or  liga- 
ment, more  commonly  called  Poupart's  ligament, 
also  serve  to  perpetuate  the  name  of  this  great  anato- 
mist. He  described  the  seminal  vesicles  and  many  of 
the  structures  of  the  female  generative  organs. 

Fallopius  died  at  Padua,  October  9,  1562,  at  the  early 
age  of  forty-one  years.  Most  of  his  writings  were  pub- 
lished posthumously;  among  them  were:  "Observa- 
tiones  AnatomicEe,"  Venice,  1561;  "Commentarius  in 
Hippocratem  de  Vulneribus  Capitis,"  Venice,  1566; 
"Expositiones  in  Galeni  Libruni  de  Ossibus,"  Padua, 
1.5S5;"De  Morbo  Galileo  Tract.atus,"  Venice,  1564. 
His  collected  works  were  published  in  three  volumes 
at  Venice  in  1584.  T.  L.  S. 


Fannia. — A  genus  of  flies,  Diptera.  The  larvse  of 
F.  canicularis,  F.  desjardensii,  and  other  species  are 
jiarasitic  in  the  human  intestine.  See  Insects, 
parasitic.  A.  S.  P. 

Farcy. — See  Glanders. 

Farmville  Lithia  Springs. — Prince  Edward 
County,  Virginia. 

Post-office. — Farmville.     Boarding-houses. 

Access. — Via  Norfolk  and  Western  Railroad  to 
Farmville,  thence  one-quarter  mile  to  springs. 
Farmville  is  a  thriving  town,  located  fifty-five  miles 
east  of  Lynchburg  and  seventy-two  miles  south  of 
Richmond.  The  railroad  depot  is  within  convenient 
walking  distance  of  the  springs,  but  carriages  are  at 
hand  for  all  those  who  prefer  to  ride.  There  are 
many  features  of  interest  in  this  historic  region.  The 
springs  are  beautifully  situated  about  550  feet  above 
the  sea-level.  The  surrounding  country  is  very 
pleasing  to  the  eye,  and  on  every  hand  the  visitor  is 
met  by  names  and  locations  of  familiar  memory. 
Nor  far  from  the  springs  are  found  the  battle-fields 
of  Chancellorsville,  Appomattox,  Rapidan,  Five 
Forks,  and  others  of  lesser  note.  The  climate  here  is 
bracing,  the  temperature  ranging  from  40°  to  50°  F. 
in  winter  and  from  80°  to  90°  F.  in  summer.  The 
following  analysis  of  Farmville  lithia-water  is  by 
Prof.  E.  T.  Fristoe,  professor  of  chemistry  at  Columbia 
College,  Washington: 

One  United  St.\tes  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 5.30 

Sodium  sulpiiate 3 .  59 

Potassium  sulphate 0. 18 

Calcium  sulphate 1.81 

Lithium  bicarbonate 3 .  76 

Calcium  bicarbonate 1 .33 

Magnesium  carbonate 2.71 

Ferrous  carbonate 1 .  26 

Manganous  carbonate Trace. 

Alumina 2.52 

Silica 3.92 

Iodine Trace. 

Sulphuric  acid Trace. 

Organic  matter Small  quantity. 

Total 26.38 

Carbonic  acid  gas,  74.20  cubic  inches. 

It  will  be  observed  that  this  water  contains  a  fair 
proportion  of  the  bicarbonate  of  lithium.  It  is  also 
abundantly  charged  with  carbonic  acid  gas,  and 
contains  sufficient  sulphate  of  sodium  to  give  it  a  mild 
laxative  action.  The  water  has  come  into  wide  use  as 
a  corrective  of  the  so-called  uric-acid  diathesis,  and  is 
sold  in  all  parts  of  the  country.  Its  best  effects 
have  been  observed  in  gout,  rheumatism,  gallstones, 
renal  and  vesical  calculus,  Bright's  disease,  dyspepsia 
and  skin  diseases.     The  iron  in  the  water  gives  it  also 
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excellent  properties  as  a  ferruginous  tonic.  Besides 
the  lithias,  there  are  many  other  mineral  springs. 
Among  the.se  are  Magnesia,  Sulphur,  lofline,  Alum, 
Iron,  Arsenous  chalybeate,  and  Sweet  Water  Springs. 

EsuiA  E.  Walker. 


Fascia. — Portions  of  the  original  connective  ti.ssuo 
of  the  body  which  have  become  condensed  into  sheets 
or  bands,  by  reason  of  the  stress  from  muscular  action 
which  that  "tissue  has  undergone. 

In  Fig.  2354  let  A  A  be  a  segment  of  the  skeleton, 
and  B  and  C  other  neighboring  segments,  the  original 
connective-tissue  network  in  which  they  are  laid  down 
being  indicated  by  the  oblique  faint  lines.  Let  now 
a  muscle  be  developed  in  this  tissue,  with  its 
long  axis  between  the  points  A  and  B,  its  contraction 
tending  to  make  these  points  approach  each  other. 
The  original  connective  tissue  of  the  region  inter- 
penetrates the  muscle,  and  remains  permanently 
part  of  it  as  its  endomysium,  clothing  the  separate 
bundles  of  fibers.  It  is  evident  that  the  contraction 
of  this  muscle  will  cause  a  stress  upon  the  surround- 
ing tissue,  and  condense  it  into  the  form  of  a  sheath, 
separating  the  more  movable  from  the  more  sta- 
tionary portions,  as  indicated  by  the  dotted  line.  Let 
another  muscle,  as  A  C,  develop  contiguously,  it  will 
also  have  its  appropriate  sheath  of  condensed  con- 
nective tissue,  which,  along  the  line  of  contact  with 
its  neighbor  will  be  thicker  than  elsewhere,  it  here  re- 
ceiving stress  from  two  distinct  sources.     The  degree 


FlQ.  2354. — Diagram  showing  the  Formation  of  Fascia  from  Con- 
nective Tissue. 

of  thickness  of  the  separating  fascia  will  depend  upon 
the  degree  of  independence  of  the  muscles.  If  they 
usuallv  act  together,  it  wUl  be  thin;  if  one  is  frcqucntlv 
inert  whUe  the  other  moves,  it  will  be  thicker;  and  if, 
while  one  is  acting  on  the  point  B,  the  other  is  always 
inert  or  stretched,  as  must,  for  example,  necessarily 
happen  when  B  is  on  the  flexor  side  of  a  limb,  while 
C  is  on  the  extensor  side,  the  fascia  becomes  so  thick 
and  strong  that  it  is  named  by  some  authors  an 
"intermuscular  ligament."     It  is  obvious  that   the 


thickening  will  extoud  from  one  bone  to  the  olhcr  in 
the  direction  of  the  line  a  h.  A  fiutcia  may  thi-rp- 
fore  appear  as  a  well-marki.-d  fibrous  membrane  hav- 
ing the  shining  appearance  of  a  tendon  or  it  may  In- 
reduced  to  a  loo.so  web  of  hardly  dcmotwtrable  co'  •  ■  .  - 
tive  tissue.  Its  development  depends  on  itH  fuin  ■ 
The  fascia  immediately  enclo.'iing  the  mu."  • 
known  also  as  its  sheath  or  periinVHium.  '1  •  ■ 
lying  between  the  muscles  are  called  iiitermu.ii  ^.i.ir 
septa,  and  in  a  number  of  situatioim,  where  the 
peculiarities  of  the  region  have  determined  a  band- 
like form,  such  bands  have  received  «(»ecial  name*  aa 
ligaments.  Arising  like  the  bones  from  special  con- 
ditions of  the  connective  ti.ssue,  the  two  arc  struc- 
turally continuous,  the  periosteum  of  the  bones  blend- 
ing inseparably  with  the  fascia,  and  fibers  from  thence 
passing  through  and  through  the  os.seous  ti.ssue. 
The  lines  and  ridges  on  the  bones  indicate  the  inser- 
tion of  fascia,  and  may  be  considercfl  as  very  slight 
extensions  of  the  process  of  ossification  into  those 
structures.  In  pathological  conditions  this  is  Some- 
times excessive,  sheets  of  fascia  o.ssifying  like  the  ossi- 
fication in  membrane  which  occurs  in  the  vault  of 
the  cranium.  From  this  intimate  union  with  bones 
it  necessarily  follows  that  fa.scia;  are  intimately  con- 
nected with  the  ligaments  of  joints,  which  are  also 
connective-tissue  structures  arising  in  a  way  essentially 
similar  to  that  of  fascia;  and,  indeed,  they  cannot 
structurally  be  distinguished  from  it  (see  Arthrology). 
As  it  is  ator  near  the  joints  that  a  great  number  of 
muscles  end,  the  fascia  there  becomes  continuous 
with  the  ligaments. 

The  ve-ssels  and  nerves  of  a  region,  being  developed 
within  the  connective  tissue,  are  naturally  found  be- 
tween the  muscles  and  within  the  layers  of  the  fa.Kcia, 
which  not  only  gives  them  an  investment,  but  affords 
a  valuable  guide  to  them  in  surgical  operations. 

If  the  fascia;  of  the  body  could  be  made  to  stand 
out  independently  and  distinctly  there  would,  there- 
fore, be  seen  a  series  of  partitions  passing  between 
separate  portions  of  the  skeleton  and  arranged  both 
radiallv,  connecting  the  skin  with  the  bimes  and 
deeper  structures,  and  concentrically,  separating  the 
layers  of  muscles  from  the  skin  and  from  each  other. 
The  thinner  partitions  separate  single  muscles,  the 
thicker  ones  muscle-groups. 

Fascia  is  distinguished  as  superficial  and  deep,  the 
superficial  Iving  next  the  skin,  being  looser  in  texture, 
and  containing  (except  on  the  scrotum  and  eyelids) 
a  considerable  amount  of  subcutaneous  fat  (pan- 
niculus  adiposus),  which  never  entirely  disappears 
even  in  great  emaciation.  The  superficial  f.iscia 
may  usuallv  be  separated  into  layers,  and  where  con- 
siderable strain  is  put  upon  it,  as  at  the  groin,  these 
mav  become  quite  thick  and  well  marke<l.  In  the 
face,  neck,  and  scalp,  and  occ:isionally  in  other 
situations,  muscular  fibers  may  be  found  within  it, 
seeking  insertion  upon  the  skin.  The.-;e  are  much 
more  developed  in  some  mammals  than  in  niaji, 
forming  the  so-called  pannicuhis  carnosus.  The 
superficial  vessels  and  nerves  run  in  its  deeper 
portions.  .  .     , 

The  deep  fascia  affords,  m  many  cises,  origin  for 
muscular  fibers,  and  when  this  is  of  considerable  ex- 
tent it  is  called  an  aponeurosis,  from  the  fact  that  it 
u«iiallv  covers,  or  is  continuous  with,  the  tendon  of 
the  muscle.*  Bichat  divided  aponeiinwes  into  two 
varieties,  those  of  investment  and  those  of  insertion. 
The  first  usuallv  contain  elastic  fibers,  which  ad.npt 
the  sheath  to  the  muscle  during  its  changes  of  form 
<lue  to  contraction.  If  the  muscle  atrophies,  how- 
ever the  sheath  cea.ses  to  be  adaple<i  to  it.  and  one  of 
the  causes  of  the  feebleness  of  an  eniaoiatM  ,x-rson 
is  the  relaxed  condition  of  the  muscle-sheaths.  I  en- 
sion  of  the  sheaths  is  also  effectcnf  by  the  <-.""trar  ion 
of  associated  muscles.  This  is  quite  general  through- 
•  The  Greek  wonl  "'<»'  'ras  origin-il'.v  tippUcJ  !<'  fnion  .«  .rU 
as  to  nerve. 
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out  the  muscular  system,  and  Bardelebeni  has  pointed 
out  that  at  least  two-thirds  of  the  muscles  have 
fascial  insertions;  yet  there  are  some  muscles  which 
seem  to  be  specially  assigned  to  the  work,  and  to 
such  the  name  of  tensors  of  the  fascia  is  given.  It 
appears  to  be  a  general  rule,  that  the  usual  action  of  a 
proximal  segment  puts  into  a  somewhat  tense  condi- 
tion the  fascia  of  the  succeeding  segment,  thus  pre- 
paring the  way  for  its  muscles  to  act  to  the  best  ad- 
vantage. In  "  the  upper  limb,  for  instance,  the 
pectoralis  major  renders  tense  the  fascia  of  the  upper 
arm  covering  over  the  biceps  and  other  muscles, 
the  biceps  in  its  turn  stretches  the  fascia  of  the  fore- 
arm, one  of  the  muscles  of  which,  the  palraaris  longus, 
renders  tense  the  fascia  of  the  palm.  A  similar 
arrangement  may  be  made  out  in  the  lower  limb. 

In  some  situations  aponeuroses  may  stretch  across 
the  surface  of  other  muscles,  forming  tendinous  arches 
attached  at  either  end  to  the  skeleton,  and  from 
these  muscular  fibers  arise.  Examples  of  this  are 
seen  in  the  levator  ani,  and  the  lumbocostal  arches 
of  the  diaphragm. 

Fasciae  have  an  important  function  in  determining 
the  direction  of  muscular  action,  by  confining  the 


The  surgical  importance  of  fascia  is  considerable. 
Composed  of  a  tissue  of  low  vitality,  it  is  not  readily 
affected  by  inflammatory  processes,  and  consequently 
confines  the  products  of  inflammation,  such  as  pus  and 
exudations.  These,  therefore,  usually  undermine  the 
tissues  along  the  lines  where  the  fascia  is  weakest, 
and  may  appear  at  points  far  remote  from  their 
origin.  This  may  also  be  the  case  with  any  gas  or 
foreign  body  which  enters  the  ti.ssucs.  Fascise  are 
also  important  by  their  mechanical  qualities,  and 
require  to  be  divided  in  cases  where  there  is  a  con- 
siderable swelling-from  inflammation.  It  is  therefore 
of  the  first  importance  to  ascertain  whether  a  swelling 
is  under  the  deeper  fascia  or  superficial  to  it. 

Fascia  is  especially  affected  in  certain  disorders, 
such  as  rheumatism.  In  some  cases  it  undergoes  a 
shortening  or  contraction,  which  causes  marked  de- 
formity, especially  in  the  fingers  and  the  feet.  When 
a  limb  has  been  for  a  long  time  flexed  the  fascia 
shortens  and  holds  it  in  that  position. 

Morphologicall}',  fascia  may  be  of  importance  as 
indicating  the  position  of  muscles  of  which  all  other 
vestiges  are  lo.st.  Some  remarkable  examples  of  this 
have  been  shown  by  Sutton, ^   who   has  found,  by 
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Flo.  2355.-Frontal  Section  through  Left  Temporal 
Region,  showing  the  Relations  of  the  Fascia. 

muscle  in  a  definite  manner.  This  may  be  but  slight, 
as  in  the  sternocleidomastoid  muscle  of  the  neck, 
which  is  held  forward  by  its  investment  in  such  a 
manner  as  to  pull  to  more  advantage  upon  the  head, 
and  at  the  same  time  prevent  any  pressure  upon  the 
great  vessels  of  the  neck;  or  it  may  be  very  consider- 
able, as  in  the  case  where  a  special  band  of  fascia 
holds  down  a  portion  of  the  muscle,  so  that  the 
direction  of  the  applied  force  is  notably  changed. 
Examples  of  this  occur  in  the  omohyoid  muscle  of 
the  neck,  and  near  the  hand  and  foot,  where  special 
thickenings  of  the  fascia,  called  annular  ligaments, 
confine  and  change  the  direction  of  the  tendons  pass- 
ing down  from  the  limb.  There  is  also  here  a  special 
investment  of  the  tendons  derived  from  the  deep 
fascia,  and  called  a  synovial  sheath  (see  Bursse). 


Fig.  2356. — \  Horizontal  Section  through  the  Head  at  the  Level 
of  the  Lower  Teeth,  showing  the  Relations  of  the  Fascia. 

investigating  the  peculiarities  of  fascia,  many  vestiges 
in  man  of  a  musculature  now  possessed  only  by  the 
lower  animals. 

Bearing  in  mind  the  origin  of  the  fascia>,  it  will  be 
seen  that  a  proper  understanding  of  them  depends 
entirely  upon  a  knowledge  of  the  muscle-groups  and 
their  relative  importance.  Each  group  has  fascia 
separating  it  on  either  side  from  the  other  structures. 
A  proper  comprehension  of  this  greatly  simplifies  a 
study  often  needlessly  complicated.  It  remains  to 
point  out  briefly  the  characteristics  of  different  regions. 

Head. — The  crown  of  the  head  is  covered  with  the 
galea  capitis,  a  fascial  investment  forming  the  inter- 
mediate tendon  between  the  two  portions  of  the 
epicranius    muscle.     Like    that    muscle    it    properly 
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belongs  to  the  superficial  fascia.  (Fig.  2.355.)  It  is 
continuous  at  the  sides  with  the  temporal  fascia.  The 
Bcparability  of  this  sheet,  united  to  the  pericranium  by 
lax  connective  tissue,  permits  the  scalping  practised 
by  the  Indians.  The  scalp  has  been  gashed  in  child- 
birth in  ignorant  mistake  for  the  membranes,  and  tlic 
skull  extruded  through  the  wound,  the  child's  head 
being  born  peeled  like  an  orange  (Agnew).  A  similar 
case  is  recorded  by  Erichsen,  where,  from  a  fall,  a 
sailor  had  the  entire  scalp  peeled  off,  but  yet  made  a 
good  recovery ._  Suppuration  beneath  the"  galea  may 
be  very  extensive.  Richet  describes  the  entire  scalp 
from  one  ear  to  the  other  raised  by  a  suppurative 
process.  It  would  be  limited  in  front  by  tlie  orlMlal 
line,  behind  by  the  superior  curved  line  of  the  occipital 
bone,  on  the  sides  by  the  zygomatic  processes.  Tlic 
other  muscles  of  the  face  developed  in  the  suijerficial 
fascia  have  no  special  sheets  of  fascia  that  are  readily 
demonstrable. 

The  temporal  fascia  belonging  to  the  deeper  muscles 
(Fig.  2355)  covers  over  the  temporal  muscle,  passing 
from  the  temporal  line  to  the  zygomatic  arch.  It  is  so 
thick  and  strong  that  it  feels  like  a  bone  under  the 
skin.  Below  the  arch  the  muscle  and  its  tendon  arc 
separated  from  the  masseter  only  by  a  very  thin 
septum.  Pus  under  the  temporal  fascia  burrows 
down  along  the  tendon. 

The parotideomasseteric  fascia  (Figs.  2355  and  2356) 
is  properly  a  process  of  the  cervical  fascia,  with  which 
it  is  continuous  behind.  It  confines  the  masseter 
muscle,  passing  from  the  zygomatic  arch  to  the 
mandible.  It  is  very  thick  and  strong,  and  fluctuation 
under  it  is  felt  with  difficulty.  As  it  confines  the 
underlying  parts,  great  pain  is  felt  in  any  inflammation 
of  the  jjarotid  from  the  presence  of  the  inflammatory 
products.  Under  the  parotid  a  layer  of  fascia  passes 
behind  the  mandible  to  the  pharyngeal  muscles. 

The  buccopharyngeal  fascia  (Fig.  235(5)  covers  the 
superior  constrictor  behind  and  the  buccinator  in  front , 
the  division  between  the  two  being  a  band  which 
passes  from  the  hamular  process  of  the  sphenoid  to 
the  mylohyoid  ridge  of  the  mandible,  and  is  called 
the  pterygomandibular  raph^.  Before  leaving  the 
head  there  should  be  mentioned  a  delicate  fascia 
which  occurs  in  the  orbit,  surrounding  the  ocular 
muscles  and  ensheathing  the  globe  of  the  eye  so  that 
it  rolls  within  it  as  in  a  socket.  This  is  known  as  f  lie 
fascia  bulbi.  It  has  a  prolongation  on  each  of  the 
muscles. 

Neck. — The  cervical  fascia  has  enjoyed  a  rather 
unenviable  reputation.  Malgaigne  speaks  of  it  as  tlie 
anatomical  Proteus  that  takes  different  shapes  ac- 
cording to  the  fancy  of  the  observer.  Viewed  ac- 
cording to  the  principles  above  set  forth,  it  is  not, 
however,  of  any  great  complication,  as  it  strictly 
follows  the  laws  therein  set  down.  It  is  usiud  to 
describe  first  the  superficial  sheets,  but  the  more  logical 
method  is  to  commence  with  those  first  formed, 
adding  those  of  later  development.  Considered, 
therefore,  from  this  point  of  view,  the  following  layers 
mav  be  made  out. 

First,  the  prevertebral  layer,  enclosing  the  vertebral 
group  of  muscles  constituted  by  the  longus  colli  et 
capitis  and  the  rectus  capitis  anterior  in  front,  and  th<- 
semispinales  capitis  et  colli,  the  splenius,  the  levator 
scapulK,  scaleni,  and  others,  laterally  and  behind. 
It  is  limited  above  bv  the  occipital  bono,  and  runs 
below  over  the  longus  colli  muscle  into  the  thorax. 
It  is  strong,  off'ering  considerable  resistance  to 
suppurative  action.  Behind  the  spine  (fascia  nucha>) 
the  intermuscular  septa  enclose  considerable  fat  in 
their  interstices,  and  this  is  the  favorite  seat  of  car- 
buncle. Laterallv  investments  are  sent  to  cover  the 
great  vessels  of  the  neck,  and  as  the  muscles  from  the 
postvertebral  set  detach  themselves  to  go  to  the  ril)S 
(scaleni)  or  scapula  (levator  scapula-),  the  fascia 
ensheaths    them    also,    and    passing    down    on    the 


subclavian  vt-s.^els  and  the  brachial  plvxuH,  furm*  the 
axillary  sheath,  and   join«   the   under  «iirfii<i-  nf  ihi. 


Vlr.  2;i.')7 — FnBci.1  of  the  Neck.  I.  .SuhmandibuUr  tpar^:  2, 
jiiinitid  space;  3,  stcrnooIoidomnHtoid  niUKcIc  id  il»  wkralh;  4, 
supr.'irliivicvilur  fossa:  .5.  ftuprasternftl  npncp;  «l,  pitrmnl  juKular 
vein:  7.  auprncliiviciil.ir  fossa;  8,  inwiinn  vein  of  the  nrck:  9, 
ocpipitjilis  minor  nerve;  10,  nurirulnris  mnienus  nervp;  11,  deltoid 
muscle;  12,  coracoid  proce«.):  l:i.  i-'tnirttrlavirulnr  fasrin  'From 
Eisler.) 


Flo.  235S— Fascia  of  the  Neck  with  the  Intenipooeurotie 
Spaces  injected,  seen  on  Cro»»-»<'clion  immediately  below  the 
Larynx.  1,  Visceral  sheath;  2,  vascular  sheath:  .1.  prev»rtebr»I 
fiiscia;  4,  space  between  the  shoulder-nirdle  and  visceral  layvn; 
,i.  previsceral  space:  l'>.  relrovisceral  and  pirverlebral  siwoe;  7. 
.adipose  tissue;  S.  sheath  of  the  scalenus.  i.\(ter  Poiner  «» 
Charpy.) 

fascia   coracoclavicularis.     An   injection  of  the  spaw 
between  the  spine  and  the  prevertebral  fascia  shows 
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that  fluids  penetrate  downward  as  far  as  the  bifurcation 
of  the  trachea,  that  the  tissues  around  the  esophagus 
are  completely  infiltrated,  and  that  outwardly  they 
pass  under  the  clavicle  into  the  axillary  space. 

Second,  the  visceral  layer.  The  viscera  of  the  neck 
include  the  esophagus,  with  its  continuation  of 
pharynx  and  mouth,  the  trachea,  larynx,  and  thyroid 
gland.  Over  these  a  layer  of  fascia  (fascia  pharyngo- 
basilaris)  passes,  attached  above  to  the  occipital  bone. 


Fig.  2359  — Fascia  of  the  Neck  with  the  Interaponeurotic 
Spaces  Injected  and  Seen  on  Longitudinal  Section.  1.  Shoulder- 
girdle  layer;  2,  visceral  layer;  3,  suprasternal  apace:  4,  pre- 
vigceral  space;  5,  retrovisceral  or  prevertebral  space;  6,  pericar- 
dium.    (After  Poirier  et  Charpy.) 

basis  cranii,  and  pterygoid  process,  forming  the  stylo- 
mandibular ligament,  continuous  with  the  bucco- 
pharyngeal fascia  mentioned  above,  passing  down 
along  the  mylohyoid  ridge  of  the  mandible  to  the 
middle  line.  Below  it  is  attached  to  the  pcsterior 
border  of  the  sternum  in  front,  and  descends  into  the 
thorax  over  the  esophagus,  trachea,  and  great  vessels, 
becoming  continuous  with  the  fibrous  layer  of  the 
pericardium,  and  finally  ending  as  the  central  tendon 
of  the  diaphragm  (see  Fig.  2360).  This  peculiar 
downward  extension  is  determined  by  the  so-called 
descent  of  the  heart  (see  Diaphragm).  Laterally  it 
unites  with  the  prevertebral  fascia  to  form  an  invest- 
ment for  the  great  vessels  of  the  neck,  the  common 
carotid,  the  internal  jugular  vein,  and  the  pneu- 
mogastric  nerve,  and  is  firmly  united  to  the  posterior 
border  of  the  clavicle.  In  the  lower  part  it  is  very 
thick  and  strong,  and  its  investment  of  the  vessels  is 
so  firm  that  it  holds  them  open,  so  that  at  every  in- 
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spiratory  act  the  dilated  thorax  exerts  an  aspiratory 
force  upon  them,  assisting  greatly  the  descent  of 
blood  through  the  jugular  from  the  sinuses  of  the 
brain.  This  same  fact  makes  a  wound  to  vessels  in 
this  region  very  dangerous,  as,  in  such  a  case,  the  air  is 
usually  drawn  into  the  veins  and  the  heart,  and  death 
results.  The  fascia  has  a  tensor  in  the  omohyoid 
muscle,  which  is  invested  by  it  and  held  in  place  by  a 
process  attached  to  the  first  rib.  As  the  fascia 
stretches  immediately  over  the  pleura;,  where  it 
clothes  the  apices  of  the  lungs  behind  the  clavicles,  it 
was  believed  by  Richet  that  the  omohyoid,  by  its 
contraction,  assisted  to  expel  air  from  the  upper  part  of 
the  lungs.  It  is  questionable  whether  this  be  of  any 
importance.  Any  effusion  between  this  layer  and  the 
prevertebral  fascia  may  pass  downward  into  the  pos- 
terior mediastinum,  and  as  the  connective  tissue  there 
is  quite  lax,  it  may  push  through  and  do  considerable 
damage. 

Third,  the  shoulder  girdle  layer,  enclosing  the  exter- 
nal muscular  mantle.  This  mantle  is  originally  abroad 
sheet,  which  encloses  the  limb  of  the  fetus  as  it  buds 
out  laterally  from  the  trunk.  It  becomes  differen- 
tiated, above,  into  trapezius  and  sternocleido- 
mastoid; below  into  latissimus  dorsi,  deltoid,  and 
pectoralis  major,  the  shoulder  girdle  developing  trans- 
versely within  it.-  In  front  there  are  no  muscles 
belonging  to  this  layer,  but  the  muscles  inserted  upon 
the  hyoid  bone  above  and  below,  which  are  really  a 
secondary,  visceral  set,  appear  upon  the  surface.  A 
layer  of  fascia  (lamina  superficialis)  starts  from  the 


Suspensory 
// (/anient  oflivtr\ , 


Central  tendon 


Fig.  2360. — Diagram  showing  the  Continuity  of  the  \'isceral  or 
Deep  Layer  of  the  Cervical  Fascia  with  the  Pericardium  and 
Diaphragm. 

ligamentum  nucha?  behind,  splits  to  enclose  the 
trapezius,  uniting  again  to  cover  over  the  posterior 
triangle  of  the  neck;  then  it  splits  again  to  receive 
the  sternocleidomastoid,  again  reunites,  and  passing 
over  the  hyoid  muscles,  joins  the  similar  sheet  from 
the  opposite  side.  It  is  a  firm,  close  layer.  Above, 
it  is  attached  to  the  edge  of  the  mandible  en- 
closing the  submaxillary  gland;  below,  there  is  a 
splitting  just  above  the  sternum,  to  receive  the  anterior 
jugular  veins.  One  sheet  is  attached  in  front  and  one 
Ijehind  the  sternum.  The  sternal  portion  of  the  sterno- 
cleidomastoid lies  between  these.  It  is  attached  to 
the  anterior  border  of  the  clavicle  and  the  spine  of  the 
scapula.  The  stylomandibular  ligament  is  a  thick- 
ened portion  extending  from  the  styloid  process  to  the 
angle  of  the  mandible,  between  the  parotid  and  sub- 
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Peritoneum 

TransversaliB  fascia.. 
Transversalia  mascle. 
Obliquua  internuB 


maxillary  glands.  The  digastric  muscle  and  its 
congener,  the  stylohj'oid,  act  as  tensors  of  this  facia  in 
the  upper  part;  and  they  thus  effect  a  discharge  of 
the  secretion  of  the  submaxillary  gland.  Below,  the 
sternocleidomastoid  makes  it  tense,  holding  it 
forward  toward  the  middle  line.  It  is  pierced  above 
the  clavicle  by  the  external  jugular  on  its  way  to  tlie 
subclavian  vein,  and  by 
numerous  nerves  and  small 
vessels.  The  figure  will 
show  that  it  is  continuous 
with  the  deeper  fascia  at 
certain  points,  as,  for  in- 
stance, in  the  posterior  tri- 
angle and  over  the  sheath 
of  the  great  vessels. 

Abscesses  between  this 
layer  and  the  one  last 
mentioned  do  not  often 
occur.  Any  effusion  would 
penetrate  over  the  great 
vessels  and  behind  thestern- 
omastoid  into  the  supra- 
clavicular fossa,  and  thence 
break  through  into  the  Obliquua estemua. 
axilla. 

Back. — The  trapezius, 
latissimus  dorsi,  and  the 
rhomboidei  have  special 
coverings,  but  the  most 
important  of  the  invest- 
ments in  this  region  is  the 

one  known  as  the  fascia  lumbodorsalis,  which  is 
attached  on  the  one  side  to  the  spines  of  the  dorsal, 
lumbar,  and  sacral  vertebra;,  on  the  other  to  tlie  rib 
elements,  viz.,  angles  of  ribs,  transverse  processes  of 
lumbar  vertebra;,  and  the  ilium,  forming  along  the 
back  a  tubular  space  enclosing  the  sacrospinalis  and 
deeper  muscles   (see  Fig.  2.361). 

Above,  it  passes  into  the  fascia  nuchre.  Laterally, 
it  becomes  the  external  investment  of  the  intercostal 
muscles  above,  and  of  the  abdominal  muscles  below. 
It  offers  a  great  resistance  to  pus  finding  its  way 


Fascia  lumbo-doniajlfl,  porterior  layer. 
Middle  layer. 


Abdomen. — The  external  layer  of  df<-p  foKcia  U 
derived,  a-s  ju.st  stated,  from  tlie  lamlxid'<r  '  '  i. 
Between  adjoining  mii.tcl(;-«lifct»  ix  thi:  ii- 

which  ia  al.so  derived  from  that  layer  in  \; ■  r 

shown  in  Fig.  2301.  These  piuw  around  in  (ronl  and 
invest  the  rectu.s  abdominiM,  mectinx  on  the  middle 
lino  to  form  a  thick  aponeurotic  layer,  the  linca  alba. 


Bectus. 
Fig.  2362. — .Arrangement  of  the  Abdominal  Fascia. 


Lioca  alba. 

A,  above  the  linea  a«micirculart«;  B.  below  it 


Antenor  layer  with  fascia  tmDS^  er^olis. 
Lattasunus  dom 


^sterior,^ 
inferior  / 


ObUqnoe  1  / 
•xterQiia   ) 

Obliqcus  nlernu 

Troi    erflalis. 


Veua  cava  inferior.' 


Fio.  2361.— The    Lumb.<ir    Fascia   shown   by    Horizontal  .Section 
through  the  Muscles  of  the  Back. 


outward;  when  that  does  occur  it  penetrates  along 
with  the  last  intercostal  artery  and  nerve,  or  the  ilio- 
hj'pogastric  nerve,  along  a  line  from  the  last  rib 
downward.  The  place  shown  in  Fig.  2361,  where  the 
fascia  splits  to  invest  the  abdominal  muscles,  is  where 
it  is  usual  to  cut  it  to  reach  the  colon  or  the  kidney. 


The  investment  is  .somewhat  flifTerent  in  (he  upper 
and  the  lower  parts  of  the  abdominal  wall,  .\bovo 
(Fig.  2362,  B)  the  sheath  of  the  internal  olillciue  »p\U» 
to  enclose  the  rectus,  and  the  aponourosi.s  of  tlie  tran.t- 
versalis  passes  behind.  Below  (Fig.  2362,  .\)  every- 
thing passes  in  front  except  the  delicate  tran.sver.falia 
fascia  which  constitutes  the  real  limiting  fiuscia  of 
the  whole  group  internally.  This  deficiency  in  the 
posterior  wall  of  the  rectus  forms  a  curvefl  edge  with 
concavity  downward,  the  linea  semlcirrulari.s.  It 
commences  on  a  level  with  a  line  joining  the  anterior 
superior  iliac  spines,  .\bove  this,  the  fibers  of  the 
internal  ol)li<iue  and  the  transversali.^  take  origin  from 
fixed  parts  and  are  principally  used  in  strong  expul.'ive 
efTorts;  below,  they  arise  from  movable  parts  and 
mainly  aid  in  respiratory  acts,  pushing  up  the  vi.ioera 
from  below.  The  linea  semicircularis  is.  therefore,  a 
more  or  less  sharply  defiiuvl  boundary  between  the 
stronger,  more  energetically  active  region  of  the 
muscles  and  the  weaker,  more  passive  portion.' 
In  women  who  have  borne  many  children,  and 
consequently  used  the  abdominal  muscles  much  in 
strong  expulsive  efforts,  the  fold  is  thicker  and 
extends  down  farther.*  This  interpretation  is  in  strict 
accord  with  the  laws  of  the  formaticm  of  fa-fcia,  »nd 
seems  more  reasonable  than  that  of  Ilcnle.' who  sup- 
poses the  fascia  here  to  be  thinner,  in  onler  to  ac- 
commodate the  inferior  epigastric  artery  and  prevent 
its  eomi)ression,  or  that  of  Hetzius  and  HyrtI,*  who 
think  it  is  to  accommodate  the  varying  di.stention  of 
the  bhuUler.  Gegenbaur'  has,  however,  pointed  out 
that  this  area  wjis  occupied  by  the  bladder  in  fetal 
life  before  the  full  development  of  the  prlvu<,  the 
bladder  being  reallv  developed  as  an  extraperitoneal 
viscus,  within  the  bodywall.  This  transvcrsalis 
fascia,  which  h.as  been  mentioned,  is  a  secondary 
structure  which  has  developed  by  a  thickening  of  the 
subperitoneal  laver  of  connective  tissue  as  a  conse- 
quence of  the  erect  position.  Above,  it  blends  with 
the  fascia  covering  the  diaphragm.  .Vbout  the  um- 
bilicus it  is  often  thickene.!  to  a  band  of  greater  or  lo»!>rr 
extent,  known  as  the  umbilical  fascia.  Below,  the 
arrangement  of  the  abdominal  fascia  is  especially 
important,  because  of  its  relation  to  hernia.  \\  her*" 
the  muscular  tissue  ends  at  the  lower  part   of  the 
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abdominal  wall,  the  several  laj-ers  of  fascia  become 
condensed  into  a  thickened  cord  which  spans  from 
one  muscular  insertion  to  the  other.  This  is  the 
inguinal  ligament,  certain  reflections  of  which  have 
received  other  names,  the  firm  band  attached  along 


Fig.  2363. — The  Outer  Layers  of  Fascia  of  the  Abdomen  and 
Groin,  a,  h.  The  external  oblique  and  its  aponeurosis,  crossing  at 
c  with  the  fellow  of  the  opposite  side,  at  d  forming  the  crura  of  the 
Subcutaneous  abdominal  ring:  c,  spermatic  cord;  /,  g,  suspensory 
ligament  of  the  penis;  h,  inguinal  ligament. 

the  pectineal  line  being  called  the  lacunar  ligament; 
another  variable  band  extending  under  the  e.xternal 
ring  to  the  opposite  side,  the  reflected  inguinal  liga- 
ment. It  is  here  that  the  spermatic  cord  in  the 
male,  or  round  ligament  of  the  uterus  in  the  female, 
passes  out  (see  Fig.  23G3). 

The  transversalis  fascia  being 
the  innermost  layer,  becomes 
partly  continuous  in  front  with 
the  fascia  over  the  psoas  and 
iliacus    (iliac    fascia),  and  partly  ^^^ 

joins  the  anterior  portion  of  the 
sheath  of  the  femoral  vessels. 
Various  portions  of  it  have  re- 
ceived different  names.  Where  it 
passes  under  the  inguinal  ligament 
It  is  called  the  deep  crural  arch; 
where  it  covers  over  the  abdom- 
inal inguinal  ring,  the  infundibuli- 
form  fascia. 

The  fascia  of  the  posterior  wall 
of  the  abdomen  is  known,  where 
it  covers  the  iliopsoas  muscle,  as 
the  iliac  fascia.  It  follows  the 
muscle  as  far  as  the  inguinal  liga- 
ment into  the  thigh,  and  is  then 
continuous  with  the  iliopectineal 
fascia  which  forms  the  posterior 
wall  of  the  crural  sheath.  Pus 
arising  from  caries  of  the  vertebra; 
usually  runs  down  under  this 
fascia  into  the  leg,  and  points  in 
the  up])er  part  of  the  thigh  just 
outside  the  vessels. 


main  weight  of  the  viscera  rests.  The  pelvic  cavity 
contains  the  rectum,  the  bladder,  and  the  internal 
genital  organs,  which  must  have  their  appropriate 
apertures,  and  the  musculature  and  fascia  must 
protect  them  also.  The  muscles  are  arranged,  there- 
fore, in  two  sets,  which  may  be  called  the  diaphragm 
of  the  pelvic  floor,  and  the  urogenital  diaphragm. 
The  first  is  constituted  by  the  levator  ani  and  the  coc- 
cygeus;  the  second  by  the  sphincter  of  the  membran- 
ous urethra  and  the  transversus  perinei  jjrofundus. 
Outside  of  these  there  is  a  set  of  superficial  muscles 
comprising  the  ischiocavernosus,  and  the  trans- 
versus perinei  superficialis.  Each  diaphragm  and 
each  la.ver  has  its  appropriate  fascia  (Figs.  2364, 
2365,  and  2366).  That  lining  the  inner  surface  of 
the  pelvic  floor  is  known  as  the  pelvic  fascia,  consisting 
of  the  obturator,  the  pyriformis,  and  the  rectovesical 
(portions  Figs.  2365  and  2366).  The  obturator  and 
pyriformis  fasciffi  are  simply  the  perimysia  of  the 
nmscles  of  the  same  name.  From  the  inner  sur- 
face of  the  former  a  thickened  arch  springs  which 
gives  origin  to  the  rectovesical  fascia,  the  internal 
perimysium  of  the  levator  ani,  but  passing  from 
it  on  to  the  prostate  gland,  rectum,  and  bladder,  form- 
ing folds  which  are  known  as  ligaments  of  those 
organs.  It  is  continuous  over  the  middle  line,  and 
closes  in  the  pelvic  outlet  there.  Processes  from  it 
invest  the  rectum,  the  prostate  gland,  and  the 
vesicula;  seminales  in  the  male,  and  the  vagina  in  the 
female. 

The  levator  ani  has  its  external  perimysium,  a  thin 
layer  called  the  anal  fascia  (Fig.  2365,  4).  This  lines 
the   inner  side  of  the   ischiorectal  fossa. 

The  urogenital  diaphragm  is  enclosed  between  two 
layers  of  fascia,  formerly  called  the  triangular  liga- 
ment of  the  urethra  or  subpubic  fascia,  being  stretched 
across  under  the  subpubic  arch.  The  superior  (pos- 
terior) layer  is  a  continuation  of  the  obturator  fascia 
forward  over  the  subpubic  outlet.  The  inferior  is 
firmly  attached  to  the  pelvic  rami  and  connected 
below  with  the  posterior  layer  (Fig.  2364). 


Parietal  pdlvic  fascia 
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Lower  fascia  of  urogenital  diaphragm  (O.T.  lower 
layer  of  triangular  lig.) 


Perineum. — In     order     to     an 
understanding     of     the    perineal 

fascia,  a  few  words  as  to  the  arrangement  of  the 
muscles  are  necessary.  These  are  to  be  regarded  as 
an  apparatus  not  only  for  proper  muscular  func- 
tions, but  for  closing  the  outlet  to  the  pelvic  cavity, 
forming  the  floor  on  which,  in  the  erect  position,  the 


2364. — Diagram  of  the  Pelvic  Fascia  as  seen  in  a  Sagittal  Section  of  the  Pelvis. 
This  fascia  ia  represented  by  the  broken  lines.     (After  Cunningham.) 


The  superficial  fascia  of  the  perineum  consists  of 
two  quite  distinct  portions,  one  behind  the  transversus 
perinei  superficialis,  the  other  in  front  of  that  muscle. 
The  posterior  portion  is  made  up  of  fatty  tissue  that 
fills    up    the  ischiorectal  fossa  and   forms   cushions 
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over  the  tuberosities  of  the  ischium  where  it  is  closely 
adherent  to  the  deep  fascia. 

The  anterior  portion  has  a  superficial  layer  of 
areolar  adipose  tissue  continuous  with  that  just  men- 
tioned and  with  the  similar  layer  of  the  thigh,  and  a 
deeper  layer  condensed  into  a  resistant  membrane 
attached  behind  the  transversus  perinei  superficialis 


Fig.  2365. — Diagram  of  the  Endopelvic  Fascia.  The  pelvis  is 
divided  in  a  coronal  plane  and  the  pelvic  fascia  is  represented  by 
the  broken  lines.  1.  Fascia  iliaca;  2,  peritoneum:  3,  obturator 
internus;  4,  levator  ani  clothed  on  medial  side  by  rectal  fascia  and 
on  outer  side  by  lower  fascia  of  pelvic  diaphragm ;  5,  Alcock's  canal 
containing  pudendal  vessels  and  nerve;  6,  bladder,;  rectovesical 
fascia;  S,  anal  canal.      (After  Cunningham.) 


to  the  deeper  layer  of  the  urogenital  diaphragm  and 
laterally  to  the  pubic  arch,  continuous  in  front  with 
the  superficial  fascia  of  the  anterior  abdominal  wall. 

The  application  of  this  arrangement  to  the  reten- 
tion of  fluids  may  be  readily  seen.  The  pelvic  fascia 
completely  encloses  the  cavit  j'.  A  pelvic  abscess  above 
it  will  be  prevented  from  pointing  externally;  below 


•'••rU 


Bladder, 


Pelvic  fascia  4'i^- 


Levator  ani 

Pubic  arch 
Deep  perineal       t-.^.-^' 
muscles       V  '-j*^ 
Urogenital  diaphragm    ,^  'i^ 

(inferior  layer)       N,^/: 
Crus  penis 
Ischio-cavernosus 

Superficial  perinea' 
vessels  and  nerv 


upon   the  thiKhs,   but  allow*   them   to   najui  upward 
upon  the  abdomen. 

In  accordance  with  the  Kineral  rule  tliat  th»-  rlcvi-l- 
opment  of  these  structuroM  in  detcrriiini-d  by  muitcular 
activity,  the  fascia  of  the  limbs  in  ordinariJy  thicker 
and  stronger  than  that  of  the  trunk. 

THon.«. — The  superficial  fu«pia  over  the  front  of 
the  thorax  is  thick  and  felt  like,  havitiR  within  it 
muscular  fibers  from  the  nhitvsma  that  como  down 
over  the  clavicle  and  elastic  filx-ra  that  pam  from  the 
deep  surface  of  the  skin  between  the  lobes  of  the 
mammary  gland. 

The  deep  fa.scia  consists  mainly  of  the  perimvHlum 
of  the  pectoralis  major  (pectoral  fascia)  attachi-.j  t.. 
the  sternum  and  clavicle  and  continuouH  with  the 
axillary  and  abdominal  fa.scia.  The  perimysium  of 
the  deeper  surface  of  this  muscle  is  conn'cctwl  by 
loose,  areolar  ti.ssue  with  a  strong  shwt,  the  corani- 
clavicular  fascia,  that  pa.s.ses  from  the  first  rib,  the 
clavicle  and  the  coracoid  process  over  the  interval 
between  the  clavicle  and  the  pectoralU  minor.  It 
splits  to  enclose  the  subclavius  and  the  pertoialia 
minor  and  is  then  continued  downward  to  join  the 
axillary  fascia,  assisting  to  hold  it  in  a  vaulted  conili- 
tion  and  hence  called  by  Gerdy  the  suspen.sorv  liga- 
ment  of  the  axilla  (fascia  coracoaxillari.t,  Eisler;  not 
in  HN.V).  The  rlenser  band  of  this  fascia  that  pa-iwe^ 
from  the  first  rib  to  the  coracoid  proces.s  is  sometimi-s 
distinguished  as  the  costocoracoid  ligament.  The 
coracoclavicular  fascia  is  pierced  by  the  cephalic 
vein,  the  coracoacromlal  artery  and  vein  and  the 
lateral  anterior  thoracic  nerve.  The  oval  opening 
through  which  these  structures  pa.s,s  has  boon  called 
bv  Eisler  the  fossa  ovalis  infraclavicularis  (not  in 
BNA). 

.\xiLLA. — The  axillary  fa.scia  is  that    continuation 
of  the  pectoral  fascia  that  extends  between  the  folds 
of  the  axilla,  covering  over  the  serratus  anterior  on  (he 
inner  side  and  blending  with  the  fascia  covering  the 
arm  and  that  over  the  latissimus  dorsi.     Ela.stic  fil>era 
accommodate  it  to  the  various  movements  of  the  arm. 
Over  the  central  porticm  of  the  axillarv  fossa 
it    is   quite  thin,  and   affords   pa.s.saKP   to   a 
number  of  small  ve.-^sels  and  the  branrhi-s  of 
the  intercostobrachial  nerve.     It   has    lx>en 
name<l    by  Eisler  the  lamina   cribro-sa   axil- 
laris (not  in  BN.\).     When  this  thin  layer  is 
there  appears  an  oval  openinK  of 
considerable  size  exposing  the  axillary  vessels 
and  nerves.     This  is  often  bordered  by  well- 
marked  bands  on  the  thoracic  and  brachial 
aspects.      Langer  consldere<l   these  as   con- 
stant  structures  and    named   them    resiK-c- 
tively   the  arcus  axillaris  (.Vch.selbogen  i  and 
the  arcus  brachialis  (.\rnibogen).     They  are 
now  generally  thought  to  be  artificially  pro- 
duced, though  muscle  filx'rs  are  occasionally 
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Fascia  of  Col les 
Fig.  2366. — Vertical  Section  Through  the  Pubic  .\rch  to  show 
Perineal  Compartments.    -(Schematic,  after  Cunningham, 

it  must  come  out  upon  the  perineum,  either  in  front, 
which  is  rarer,  or  behind.  Any  wound  of  the  pelvic 
fascia  (as  in  operations  on  the  "urethra  or  bladder)  is 
dangerous,  because  it  opens  up  the  subperitoneal 
tissue. 

The  attachment  of  superficial  fascia  to  the  urogeni- 
tal diaphragm  prevents  effusions  from  passing  outward 


Shoulder. — The  fascia  of  the  shouliler  is  a 
continuation  of  that  of  the  breast  ami  back, 
quite  thick  and  strong  over  the  delloiil  and 
infraspinatus,  where  it  sends  septa  l)otwo«'n 
the  muscular  fasciculi,  thin  and  delicate  over 
the  teres  minor  and  subscapularis. 

Arm. — .\s   the   muscles  of  the  i;- -  — ; 

the  Two         are   comparatively  simple.  Ivini! 

'  of    two   groups,    the   llexors   ami   > 

with  the  coracobrachialis  as  a  possible  third 
member,  the  brachial  fascia  is  a  simple  sheath,  at- 
tached above,  through  the  deltoid  and  pectoral  fascia, 
to  the  clavicle,  acromion,  ami  spine  of  the  scapula, 
divided  into  two  compartments  by  stronc 
cular  septa,  and  attached  below  to  the  epiciv 
the  olecranon  and  becoming  continuous  .-...  -.* 
fascia  of  the  forearm.    It  is  made  tense  by  fibers  from 
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the  pectoralis  major  and  deltoid,  and  is  stronger  on 
its  posterior  as]3cct. 

At  the  upper  part  of  the  arm  separation  of  the  two 
groups  of  muscles  is  effected  on  the  medial  side  by 
vessels  and  nerves  emanating  from  the  axilla,  but 
below  the  lesser  tubercle  of  the  humerus  a  strong 
septum  commences  which,  blending  above  with  the 
tendon  of  the  coracobrachialis,  may  be  considered  as 
a  continuation  of  that  structure.  It  is  attached  below 
to  the  epicond.vlar  ridge  and  the  epicondyle.  In 
front  of  it  lie  the  brachial  vessels  and  the  median 
nerve,  and  just  below  the  middle  of  the  arm  the  in- 
vesting sheet  is  pierced  to  allow  the  basilic  vein  to 
join  the  brachial.  This  opening,  called  the  hiatus 
semilunaris  by  Henle  and  the  hiatus  basilaris  by  Rau- 
ber-Kopsch,  is  not  noted  in  the  BNA.  The  medial 
cutaneous  nerve  of  the  forearm,  as  well  as  some  lym- 
phatic vessels,  also  pass  through  this  opening.  The 
medial  brachial  cutaneous  nerve  pierces  the  brachial 
fascia  farther  up.  The  brachialis  muscle  and  the  pro- 
nator teres  lie  in  front  of  the  medial  septum  and  the 
medial  head  of  the  triceps  behind.  The  ulnar  nerve 
and  the  superior  ulnar  collateral  artery  are  at  first  in 
front  of  the  septum,  but,  just  below  the  insertion  of 
the  coracobrachialis,  they  penetrate  it  and  lie  behind  it. 
Tillaux  cautions  the  operator  wishing  to  tie  the 
brachial  artery  against  getting  into  the  posterior 
compartment  and  mistaking  the  superior  ulnar  col- 
lateral with  its  companion  nerve'for  the  brachial  with 
the  median  nerve. 

The  lateral  intermuscular  septum  extends  from  the 
greater  tubercle  of  the  humerus  and  the  insertion  of 
the  deltoid  along  the  lateral  supracondylar  ridge  to  the 
lateral  epicondyle.  It  is  not  as  strong  as  the  median 
septum,  but  affords  insertion  to  the  fibers  of  the  tri- 
ceps behind,  the  brachialis,  brachioradialis  and  exten- 
sor carpi  radialis  longus  in  front.  The  radial  nerve 
and  the  profunda  artery  of  the  arm  penetrate  it  from 
behind  forward  a  short  distance  above  the  epicondyle. 

To  accommodate  itself  to  the  varying  form  of  the 
biceps  brachii  the  fascia  is  not  closely  adherent  to  the 
muscle  in  front,  and  is  provided  with  elastic  fibers. 
It  is  pierced  by  cutaneous  nerves  and  vessels  as  fol- 
lows:— by  the  lateral  brachial  cutaneous  nerve  from 


Fig.  2367 — Diagram  showing  how  the  Arm  is  Divided  by  the 
Intermuscular  Septa.,  and  Bone  into  an  Anterior  and  a  Posterior 
Compartment,  a.  Medial  and  6,  lateral  intermuscular  septum. 
(After  Turner.) 

the  axillary,  about  the  middle  of  the  posterior  border 
of  the  deltoid ;  by  the  posterior  brachial  cutaneous  and 
the  dorsal  antibrachial  cutaneous  from  the  radial, 
near  the  upper  end  of  the  lateral  mtermuscular 
septum;  by  the  lateral  antibrachial  cutaneous  in  the 
cubital  fossa  near  the  lateral  edge  of  the  biceps  tendon. 
The  cephalic  vein  ascends  along  the  lateral  septum 
outside  the  investing  fascia  to  the  shoulder,  where  it 
pierces  the  pectoral  fascia  in  the  deltopectoral  groove. 
In  the  cubital  fossa  there  is  a  foramen  of  somewhat 
variable  situation  by  which  the  deep  and  superficial 
veins  of  the  arm  communicate. 
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FoREAHM. — The  fascia  of  the  lower  arm  (fascia 
antibraehii)  is  a  dense  investing  sheet  firmly  united  to 
the  muscles  and  reinforced  by  fibers  which  descend 
oblicjuely  from  the  medial  epicondyle,  from  the  tendon 
of  the  biceps  (lacertus  fibrosus)  and  from  the  tendon 
of  the  triceps  over  the  anconeus  (lacertus  fibrosus 
musculi  tricipitis,  Friinkel,  not  in  BNA).  These  last 
serve  as  tensors  of  the  fascia.  There  are  also  trans- 
verse fibers  that  extend  from  the  posterior  border  of 
the  ulna  in  both  directions  and  near  the  wrist  these 
are  condensed  to  form  retaining  bands,  the  so-called 
annular  ligaments  (transverse  carpal,  volar  carpal, 
and    dorsal    carpal    ligaments).     From    this     strong 


Fig.  236S. — Fascial  Compartments  of  the  Forearm. 

investment  well-marked  septa  pass  between  the  mus- 
cles serving  for  the  insertion  of  muscular  fibers  and 
ensheathing  compartments  that  hold  the  individual 
muscles  in  place.  In  the  proximal  part  of  the  arm 
these  compartments  are  arranged  in  three  groups  as 
shown  in  Fig.  2368,  A,  B,  C;  distally  there  are  added 
to  these  the  extensor  indicis  and  the  extensor  poUieis 
brevis.  The  supinator,  and  the  pronator  Cjuadratus 
have  special  compartments  of  their  own  and  the  com- 
partments of  the  palmaris  longus  and  the  flexor  carpi 
ulnaris  are  especially  well  marked.  The  necessity 
for  independent  movement  of  the  individual  muscles 
causes  the  spaces  between  the  different  compart- 
ments to  be  filled  with  rather  loose  connective  tissue 
which  favors  the  burrowing  of  inflammatory  jiroducts. 
The  radial  vessels  and  the  superficial  branch  of  the 
radial  nerve  pass  down  between  the  brachioradialis 
and  the  contiguous  muscles;  the  ulnar  vessels  and 
nerve  and  the  median  nerve  lie  between  the  superficial 
and  deep  flexors. 

Wrist. — At  the  wrist  the  fascia  is  thickened  by  the 
transverse  retaining  bands  already  mentioned.  On 
the  flexor  surface  the  deeper  one  of  these,  the  trans- 
verse carpal  ligament,  bridges  over  the  carpal  groove, 
thus  producing  the  so-called  carpal  canal  in  which  the 
flexor  tendons  and  the  median  nerve  pass  to  the  hand; 
superficially  the  volar  carpal  ligament  stretches  from 
the  edges  of  the  radius  and  ulna  over  the  flexor  tendons 
before  they  enter  the  canal.  The  ulnar  vessels  and 
nerve  seek  a  special  passage  on  the  radial  side  of  the 
pisiform  bone  which  has  been  called  the  ulnar  carpal 
canal  (Rauber-Kopsch,  not  in  BNA). 

On  the  dorsal  surface  of  the  wrist  a  strong  fibrous 
band,  the  dorsal  carpal  ligament,  extends,  attached 
to  the  styloid  process  of  the  ulna  and  to  the  ridges 
upon  the  distal  end  of  the  radius.  There  are  thus 
formed  the  following  distinct  compartments  for  the 
passage  of  the  various  tendons: 

1.  Abductor  poUicis  and  extensor  pollicis  brevis. 

2.  Extensores  carpi  radiales  longus  and  brevis. 

3.  Extensor  pollicis  longus. 

4.  Extensores  digitorum  communis  and  indicis 
proprius. 

5.  Extensor  digiti  quinti  proprius. 

6.  Extensor  carpi  ulnaris. 

The  sheaths  which  line  these  compartments  extend 
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down  into  the  hand.     Their  arrangement  is  shown  in 
the  article  Biirsir. 

H.\XD. — The  palmar  fascia  Ls  apparently  a  contin- 
uation of  the  tendon  of  the  palmaris  lonpus,  and  in  its 
central  portion  is  a  thick,  dense,  triangular  expansion 
that  covers  the  hollow  of  the  palm,  protectinR  from 
injury  the  subjacent  structures  and  firmly  united  to 
the  skin  which  here  is  never  thrown  into  fokls.  It 
varies  much  in  density  according  to  the  occufjation 
and  habits  of  the  subject.  Distally  it  divides  into 
four  slips  which  pass  to  the  four  medial  digits,  blending 
with  the  sheaths  of  the  flexor  tendons.  The  palmaris 
longus  is  in  some  mammals  a  powerful  additional 
flexor,  and  this  fascia  probably  represents  a  degraded 
condition  of  the  primitive  t\-pe.  It  is,  however, 
present  when  that  muscle  is  absent,  extending  up  the 
arm  as  a  fibrous  cord,  apparently  a  still  more  regres- 
sive stage.  There  may  be  a  band  passing  from  it  to  the 
thumb.  The  lateral  and  medial  portions  of  the  fascia 
are  thin  and  delicate,  covering  the  muscles  of  the 
thenar  and  h^•pothenar  eminences.  At  the  webs  of 
the  fingers  the  fascia  becomes  thickened  again  with 
transverse  fibers,  forming  the  superficial  transverse 
ligament,  called  by  Braune  the  ligamentum  natator- 
lum  or  swimming  ligament.  From  the  deep  surface 
of  the  palmar  fascia  two  thin  septa  extend  to  a  sub- 
jacent layer  covering  over  the  interossei  muscles,  thus 
dividing  the  palm  into  three  compartments:  a  central 
one  which  contains  the  flexor  tendons  and  the  lum- 
bricales;  a  median  one  containing  the  muscles  of  the 
hypothenar  eminence;  and  a  lateral  one  containing 
those  of  the  thenar  eminence. 

Thigh. — As  already  mentioned,  the  iliac  fascia 
clothes  the  iliopsoas  muscle  and  is  continuous  under 
the  inguinal  ligament  with  the  fascia  covering  the 
pectineus.  From  the  iliopectineal  eminence  a  sep- 
tum divides  the  space  under  the  ligament  into  two 
compartments;  a  lateral  one,  the  lacuna  musculorum, 
containing  the  iliopsoas  muscle  and  the  femoral  nerve; 
and  a  medial  one,  the  lacuna  vasorum,  containing 
the  femoral  artery,  the  femoral  vein  and  some  lym- 
phatics, arranged  in  that  order  from  the  lateral  to  the 


Fig.  2369. — Diagram  showing  the  .■Vrrangement  of  the  Three 
Intermuscular  Septa  and  the  Three  Osteofascial  Compartments  of 
the  Thigh,  a,  Medial,  b,  posterior,  c,  lateralintermuscular septum. 
(.\fter  Turner.) 

medial  side.  This  septum  is  sometimes  called  the 
iliopectineal  ligament  (not  in  the  BXA).  When  the 
psoas  minor  is  present  it  appears  to  be  an  expansion 
from  the  tendon  of  that  muscle,  otherwise  it  is  merely 
a  thin  strip  of  the  iliac  fascia.  The  vessels  are  en- 
sheathed  (vagina  vasorum  femoralium)  by  prolonga- 
tions of  the  transversalis  fascia  in  front  and  the  fascia 
covering  the  pectineus  behind.  This  latter,  a  pro- 
longation of  the  iliac  fascia,  is  generally  known  as  the 
iliopectineal  fascia.  The  funnel-shaped  interval  be- 
tween the  psoas  and  the  pectineus  within  which  the 
vessels  descend  is  known  as  the  iliopectineal  fossa. 
It  is  bounded  above  by  the  inguinal  ligament  and  ex- 
tends below  to  where  the  great  vessels  are  given  off. 
Between  the  vessels  and  the  lacunar  ligament  is  a 
space,  the  femoral  ring,  closed  in  by  subperitoneal  fat 
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(the  septum  femorale)  whidi  constitiit.-*  a  wenk  ioot 
through  which  a  femoral  hernia  mav  .1.  ...t,,! 

From  the  medial  edge  of  the  gnr-  ., 

investing  fascia  of  the  thigh,  h»T(!  r:i. 
tent  the  fascia  lata,  i.s  continued  over  th.-  ,  | 

fossa  and  the  ve.s.sel.s  it  contain«,  attachcf I  ,, 
inguinal  and  lacunar  jigament.s.     It 
great  sajjhenous  vein,  carrving  inoMt  ■.  , 

the  surface  of  the  limb,  "comes  to  j ,i 

vein.     This  cau.ses  a  depression  of  the  f  I 

the  fossa  ovalLs,  the  lateral  erlge  of  which,  Ix 
curved,  Ls  known  as  the  falciform  margin,  the  m.-.iuil 
edge,  not  so  well  marked,  dips  under  the  great  wiphi- 
nous  vein  and  becomes  continuous  with  the  ilio- 
pectineal fascia.  The  two  extremiti.-s  of  the  edeo 
thus  superpo.sed  are  called  the  superior  :■!''-  r 
corn\ia.     The  circumference  of  the  fossji  o-.  -i 

mentioned  as  if  it  were  an  opening  in  tin-  : ■,.:. 

and  as  such  styled  the  external  femoral  ring  (not  iii 
BN.V),  but  the  depression  is  in  realitv  coverrti  bv  a 
thin  membrane  which,  as  it  is  pierced  for  the  trans- 
mission of  numerous  small  ve.s,sels  a.s  well  aji  for  the 
great  saphenous  vein,  is  called  th(r  cribrlfr>rm  fiutria. 
The  passage  which  may  be  forced  bv  a  hernia  along  the 
vessels  from  the  internal  to  the  external  ring  is  termed 
the  femoral  canal. 

The  fa.scia  lata  invests  the  entire  region  of  the  thigh, 
attached  above  to  the  sacrum,  the  crest  of  the  ilium, 
the  inguinal  ligament,  and  the  rami  of  the  pubia  and 
of  the  ischium;  and  below  to  the  prominences  about 
the  knee.  It  varies  in  thickness  in  difTerent  parts, 
being  strongest  in  front  and  laterallv.  weaker  Ix-hintl 
and  medially,  and  thickened  below  by  transverse 
fibers  from  the  vasti  muscles.  The  ten.sor  fa.scia>  lata* 
and  a  considerable  portion  of  the  glut:eus  maximu.s 
act  as  tensors  of  this  fascia,  all  Ix-ing  inserte*!  ui>on  a 
thickened  tract  of  the  fascia  at  the  lateral  portion  of 
the  thigh  which  extends  from  the  crest  of  the  ilium 
above  to  the  tuberosity  of  the  tibia  below  and  is 
known  as  the  iliotibial  band  (tractus  iliotibiali.iK 
This  band  is  generally  considered  as  the  homtilogue 
of  a  tendon  that  has  become  united  with  the  fa.scia. 
The  tensor  being  supplied  by  the  superior  gluteal 
nerve,  it  has  been  proposed  to  call  this  blended  muscle 
the  gluteus  anterior. 

Septa  pass  from  the  fascia  lata  lx>tween  the  throe 
great  groups  of  muscles  of  the  thigh,  the  extensors, 
flexors  and  adductors.  The  lateral  and  medial  ones 
are  well  marked,  the  posterior  one,  between  the  ad- 
ductors and  the  flexors,  somewhat  less  so,  then-fore 
not  noted  in  the  list  of  the  BN.V.  In  the  distal  part 
of  its  course  the  medial  septum  is  clos<>Iy  blendefl  with 
the  tendons  of  insertion  of  the  adductor  muscles,  and 
about  the  middle  of  the  thigh  it  is  obscured  by  trans- 
verse fibers  that  pass  from  the  vastus  me<lialis  to  the 
adductor  longus  and  adductor  magTuis,  roofing  over  a 
passage  for  the  femoral  vessels  and  the  saphenous  ncr\c 
called  the  adductor  canal. 

Behind  the  knee  the  fascia  lata  is  continuous  with 
the  popliteal  fascia  which  roofs  over  the  popliteal 
space.  It  is  strengthened  here  by  transverse  filH>rs, 
derived  from  the  tendons  of  the  hamstring  muscles 
which  act  as  tensors  and  is  perforated  by  the  small 
saphenous  vein.  L;iterally  it  forms  the  collateral 
patellar  ligaments,  attached  to  the  patella  and  holding 
it  in  place.  It  is  of  sulTicient  strength  tti  offer  con- 
siderable resistance  to  an  aneurysm  or  to  the  formation 
of  abcesses. 

Leo. — The  deep  fascia  of  the  leg  (fascia  cruris) 
completely  invests  the  limb,  blending  with  the  peri- 
osteum oil  the  medial  surface  of  the  tibia.  .M-  ■. - 
it  is  continuous  with  the  fascia  lata  and  the  jx>p'  •  .il 
fascia.  Septa  pass  from  its  dtvp  surface  to  the  tib  .1. 
making  a  compartment  for  the  ]H>roneal  mu>.  .• - 
There  is  also  a  transverse  septum  sei»arating  the 
superficial  and  the  deep  muscles  of  the  calf.  .\»>.>ut 
the  ankle  this  fascia  is  thickenwi  to  form  retaining 
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bands  (formerly  called  annular  ligaments)  for  the 
tendons  that  pass  to  the  foot.  Tlie  proximal  thick- 
ening (ligamentum  transversum  cruris),  is  a  strip 
some  two  or  three  finger-breadths  wide  passing  from 
tibia  to  fibula  above  the  malleoli.  It  holds  down 
the  tendons  of  the  extensors  and  of  the  tibialis  an- 
terior, the  latter  only  having  a  synovial  sheath  at  that 
level.  Distal  to  this  is  the  cruciate  ligament  (liga- 
mentum eruciatum  cruris),  usually  Y-shaped,  the 
stem  arising  from  the  dorsal  surface  of  the  calcaneus 
and  then  looping  around  the  tendons  of  the  peroneus 
tertius  and  the  extensor  digitorum  longus.  This 
peculiar  arrangement  caused  Retzius  to  name  it  the 
ligamentum  fundiforme  or  sling-like  ligament.  From 
it  the  branches  of  the  Y  diverge,  the  proximal  branch 


EXTENSORS 

TIBIALIS  ANT 


•^■. 


/PER  0  ^t'lSsDcepPeronej/ N^e/<l>^f 
Superb      \  ^^-^  ^J^ 

Perone3//S\  'TpO- 


Fio.  2370. — Diagrammatic  Representation  of  the  Fascia  of  the 
Leg.  The  fascia  of  the  tibialis  posterior  is  more  a  muscular 
aponeurosis  than  a  true  fascial  septum,  but  it  is  convenient  for 
descriptive  purposes  to  regard  it  as  one  of  the  partitions.  (Cunning- 
ham.) 

passing  over  the  tendons  of  the  extensor  hallucis  longus 
and  the  accompanying  vessels  and  nerves,  but  enclos- 
ing the  tendon  of  the  tibialis  anterior,  becoming  finally 
attached  to  the  tibial  malleolus;  the  distal  branch 
passing  over  all  these  structures  to  become  attached 
to  the  border  of  the  deep  plantar  fascia.  The  stem 
of  the  Y  may  split  into  two  bands,  giving  the  whole 
ligament  the  shape  of  an  X,  justifying  the  name  of  the 
cruciate  ligament.  On  the  medial  side  of  the  ankle 
the  structures  pa.ssing  down  into  the  foot  are  retained 
in  place  by  the  laciniate  ligament,  extending  from  the 
tibial  malleolus  to  the  margin  of  the  calcaneus.  Under 
this  there  are  four  compartments,  in  the  following 
order  from  the  medial  side:  1,  "for  the  tendon  of  the 
tibialis  posterior;  2,  for  the  tendon  of  the  flexor  digi- 
torum longus;  3,  for  the  posterior  tibial  vessels  and  the 
tibial  nerve;  4,  for  the  tendon  of  the  flexor  hallucis 
longus.  The  tendons  are  here  surrounded  by  syno- 
vial sheaths.  A  somewhat  similar  arrangement  is 
made  on  the  lateral  side  of  the  ankle  by  fibrous  bands, 
the  peroneal  retinacula,  which  bind  down  the  synovial 
sheaths  of  the  peroneus  longus  and  brevis.  The 
fibers  of  the  superior  retinaculum  run  from  the  fibular 
malleolus  to  the  lateral  surface  of  the  calcaneus,  those 
of  the  inferior  retinaculum  are  continuous  in  front 
with  the  stem  of  the  cruciate  ligament,  and  behind  are 
att  ached  to  the  lateral  surface  of  the  calcaneus. 

Foot. — Upon  the  dorsum  of  the  foot  the  fascia  is 
thin,  covering  over  the  extensor  tendons,  on  the  sole 
it  is  very  thick  and  strong,  having  longitudinal  fibers 
attached  behind  to  the  tuberosity  of  the  calcaneus 
and  extending  forward  to  be  inserted  by  five  slips  into 
the  skin  and  flexor  tendons  of  the  several  toes,  which 
slips  are  united  by  indistinct  transverse  fibers.  The 
fascia  assists  in  preserving  the  arch  of  the  foot  (see 
article  Foot).  Lateral  and  medial  portions  cover  the 
plantar   muscles    on   either   side.     Like   the   palmar 
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aponeurosis  it  is  thought  to  be  the  vestige  of  an  addi- 
tional flexor  muscle  which  would  be  represented  in  the 
calf  by  the  plantaris  that  in  apes  and  lemurs  reaches 
the  sole.  Intermuscular  septa  pass  from  this  fascia, 
dividing  the  muscles  of  the  soles  into  three  groups,  the 
middle  one  of  which  is  the  flexor  brevis. 

Frank  Baker. 
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Fasciola. — A  genus  of  flukes,  Fnaciolidce,  in  which 
the  body  is  broad  and  leaf-like,  the  anterior  end  is 
conical  and  contains  the  mouth.  The  ventral  sucker 
is  near  the  mouth;  cuticle  covered  with  spines.  F. 
hepalica  is  found  all  over  the  world.  It  is  found  as  an 
adult  in  sheep,  goats,  cattle,  horses,  man,  and  other 
animals;  usually  in  the  bile  ducts  of  the  liver,  but 
often  in  other  situations.  The  larva  uses  the  pond 
snail  as  an  intermediate  host,  and  then  becomes 
encysted  on  vegetation  which  may  be  eaten  by  the 
final  host.     See  Trematoda.  A.  S.  P. 


Fascioletta. — A  genus  of  flukes,  Fasciolid(T,  in 
which  the  body  is  small,  elongate,  broader  anteriorly 
than  pofsteriorly,  without  cuticular  spines.  F.  ilocana 
has  been  found  in  the'  intestine  of  a  Filipino.  See 
Trematoda.  A.  S.  P. 


Fasciolldje. — A  family  of  digenetic  flukes  which  are 
liermaphrodite  and  possess  oral  and  ventral  suckers; 
the  excretory  pore  is  at  the  posterior  end.  Important 
genera  are:  Fasciola,  Fascioletta,  Aganiodistomum, 
Fasciolopsis,  Opisthorchis,  Clonorchis,  Metorchis, 
Paragonimus,  Heterophyes,  and  Dicroccelium — all 
found  in  man.  These  worms  are  parasitic  in  the 
liver,  intestine,  and  other  organs.     See  Trematoda. 

A.  S.  P. 


Fasciolopsis. — A  genus  of  flukes,  Fasciolida,  in 
which  the  head  is  conical,  without  cuticular  scales; 
the  acetabulum  is  prolonged  posteriorly  into  a 
pouch;  the  intestinal  ceca  are  unbranched.  These 
worms  are  two  inches  or  more  in  length.  Two 
species  have  been  described  from  the  intestines  of  men 
in  China  and  India.     See  Trematoda.  A.  S.  P. 


Fasting. — See  Starvation. 


Fatigue. — We  may  define  fatigue  so  far  as  it  relates 
to  man  and  his  congeners,  the  most  highly  evolved 
brutes,  as  a  functional'loss  of  irritability  of  the  nervous 
system  arising  from  overuse.  Formerly,  in  the 
physiological  days  of  the  isolated  gastrocnemius  ransp, 
it  was  customary  to  speak  also  of  a  muscle  fatigue, 
and  Angelo  Mosso  made  very  famous  contributions 
to  technical  physiology  of  the  loss  of  irritability  in  this 
direction.  We  physiologists  are  now  giving  up,  slowly 
enough,  to  be  sure,  such  study  of  protoplasm  under 
absurdly  abnormal  conditions,   and   are  at  last  be- 


REFEREXCE    HANDBOOK    OF   THE    MEDICAL   SCIEXCES 


ruUfum 


ginning,  at  least,  to  wrestle  with  the  harder,  but  realer, 
problems  of  actual,  that  is  living,  normal  i)rotoplasiii 
as  part  of  a  breatliing,  metabolizing  unity  of  life.  VVe 
begin  to  see  now,  in  short,  that  there  is  not  better 
reason  for  studying  a  frog's  muscle  cut  off  from  its 
circulation,  optimum  temperature,  oxygen,  etc.,  than 
for  using  it  as  ])hysiologic  {i.e.  "normal")  nuiterial 
after  having  been  dried  or  soaked  in  a  poisonous  solu- 
tion. Living  animalcules,  for  example,  the  crustacean 
Daphnia,  transparent  and  complex,  living  integrations 
are  taking  the  place  of  isolated  tissues  as  physiologic 
"material."  (See  the  present  writer's  article  "A 
Laboratory  Course  in  Physiology  based  on  Daphnia 
and  Other  Animalcules"  in  " Bioloqixche  Ccnlmlhlnll 

Erlangen,  Bd.  xxxii.,  5,  May  20,  1912;  lioalon 
Med.  and  Surg.  Jour.,  clxvii.,  5,  August  1,  1912).  A 
chief  reason  in  another  direction  why  we  tend  to 
confine  considerations  of  fatigue  to  the  nervous  svs- 
tem  lies  in  the  now  well  appreciated  fact  that  a  nor- 
mally nourished  muscle  supplied  with  normal  nerve 
supply  shows  little  sign  of  fatigue,  in  the  jjrojjer  .sense 
of  the  term,  short  of  actual  material  wear  and  tear 
such  as  every  machine,  even  one  made  of  steel,  is 
universally  subject  to;  but  we  should  call  this  neither 
fatigue  nor  even  exhaustion  for  it  is  properly  injury 
due  to  overuse,  and  injury  is  not  fatigue  aiiy  more 
than  paralysis  is  inhibition.  One  of  the  functions 
of  the  nerve  cells  is  to  act  as  "governors"  and  safety- 
valves  of  the  organism,  in  part  mechanically,  and  in 
part  by  way  of  consciousness.  For  this  reason  in 
the  actual  animal  living  about  his  business,  fatigue  is 
always  nerve  fatigue — although,  to  be  sure,  invidious 
separation  of  tissues  is  to  be  avoided  in  any  i^hysio- 
logic  or  psychologic  discussion,  for  the  actual  indi- 
vidual is  always,  more  or  less,  a  perfect  integration. 

Fatigue,  then,  is  always  abnormal  in  so  far  as  this 
attitude  is  not  incompatible  with  its  biologically 
teleologic  function  of  protecting  the  organism  and 
its  parts  from  overexertion  and  from  unhygienic  con- 
ditions. It  is  always  a  consequence  of  abuse  and 
not  of  use  alone.  Fatigue  is  then  an  abnormal 
state. 

Few  facts  at  the  present  time  are  more  jjregnant 
with  meaning  and  value  for  the  public  at  large  than 
that  fatigue  is  always  an  ahiiormal  condition,  to  be 
avoided  in  general  in  the  same  way  as  is  ]jain  and 
largely  for  the  same  reasons;  both  are  indicators  of 
impending  or  actually  contracted  harm.  In  em- 
phasizing this  essential  consideration  it  apparently  is 
necessary  to  suggest  that  such  a  rule  must  be  admin- 
istered with  the  usual  modicum  of  common  sense,  for 
otherwise,  as  sundry  old-fashioned  educators  have 
protested  (and  the  same  conditions  apply  in  thera- 
peutics), the  effect  undoubtedly  might  sometimes  be 
to  make  mollycoddles  of  the  children  and  of  the 
patients.  There  is  clearly  no  hard  and  fast  rule 
as  to  where  the  feeling  of  fatigue  begins  in  every 
individual.  Honce  a  child  or  a  patient  is  by  no 
means  to  avoid  all  feeling  of  fatigue  but  is  to  use  his 
will-push  for  the  acquirement  of  reasonable  and  always 
beneficial  habits  of  physiological  endurance.  As  long 
as  it  is  physiologic  and  not  pathologic,  it  is  of  course 
not  properly  subject  to  the  limitations  of  fatigue 
at  all. 

Not  enough  distinction  has  been  shown  between 
fatigue  and  exhaustion;  they  belong  in  the  same  log- 
ical category,  but  they  are  very  different  conditions. 
We  can  illustrate  this  difference  in  general  by  the 
following  apt  comparison:  Take  a  society  woman 
who  goes  to  an  afternoon  tea  and  there  does  a 
great  deal  of  talking  as  well  as  the  proverbial 
"giggle,  gabble,  gobble,  and  git,"  of  O.  W.  Holmes, 
or  she  goes  to  a  fair  or  to  a  large  dog  show  and 
in  the  course  of  her  afternoon  she  becomes  very 
"weary";  that  is  fatigue.  Now  compare  this  con- 
dition of  fatigue  with  the  condition  of  neurasthenia 
in  which  the  person  has  gone  on  with  that  sort  of 
thing  for  months,  that  is  afternoon  teas,  fairs,  opera, 
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and  dog  shows,  and  with  it  all  Han  ha/1  no  ouUloor 

life  and  nrit  enough  Hleep  and  vou  would  h~.-  ■■  " 

a    condition    of   e.xhauMtion.     lixliiiu«ti.in    i 
exhaustion  of  the  food  supply  in  the  nerv. 
a  lo.ss  of  metabolic  material  'in  the  nerve  ceilii,  ami 
fatigue  means  a  temporary  lowerinR  of  one'*  rciiijttBni-c 
which  Ls  overcome  by  a  good  night's  sleep  and  by  uoe 
or  two  good  meals. 

We  may  discu.ss  one  phase  of  the  theon*  of  (ntlguf, 
then,  under  three  heads:  first,  the  fi-<-linK  of  fjiti«u«-, 
(a)  general  fatigue  and  (b)  general  weurine««;  Bccond, 
neural  or  organic  fatigue  and  exhauntiun;  third, 
muscular  fatigue. 

The  feeling  of  fatigue  is  total  wearinctw,  and  an 
example  of  such  would  be  the  condition  of  fatigue 
resulting  from  going  to  a  great  expo.sition  where  thcro 
are  things  from  all  over  the  worlil  t(j  interest  one  and 
to  take  up  one's  eager  attention  and  where  the  perwrn 
goes  day  after  day;  you  have  wlum  yr)U  get  through 
such  a  period  of  sight-seeing  a  condition  in  whirh 
you  are  tired  in  body,  mind,  and  soul.  There  are 
three  factors  that  enter  into  such  a  condition:  (1)  .\ 
universal  fatigue  of  the  gray  nervous  matter  whirh 
we  can  call  general  gray-matter  fatigue,  especially 
fatigue  of  the  relies  spinal  centers  and  the  gen.Hory 
brain  centers.  We  can  readily  see  how  such  a  ron- 
dition  comes  about  when  one  Ls  experiencing  all  sorts 
of  reflex  attention  to  every  kind  of  a  thing  whereby 
a  great  many  reflex  and  sen.sory  centers  are  involveti. 
(2)  A  general  mild  muscular  fatigue  is  a  part  of  tho 
condition  of  weariness;  the  glycogen  for  example  is 
more  or  less  gone  from  the  muscles  and  from  the  liver. 
In  the  circulation  and  affecting  the  nerve  cells,  on  tho 
otIuT  hand,  there  is  more  or  less  lactic  acid  anil  carbon 
dioxide,  as  well  as  in  the  muscles,  together  with  po- 
tassium acid  phosphate,  these  being  tho  ordinary 
"fatigue  products'  of  the  action  system.  Accor(f- 
ing  to  Weichardt,  there  is  also  present  a  true  toxin 
which  he  calls  kenotoxin.  All  of  these  substances 
pass  more  or  less  into  the  circulation  and  the  muscies. 
Their  presence  serves  to  depress  to  some  extent  the 
brain  centers.  (3)  .\  third  factor  of  general  weari- 
ness is  that  the  stomach  and  the  upper  intestine,  tho 
duodenum  and  the  upper  end  of  the  jejunum,  are  moro 
or  less  empty,  and,  therefore,  the  constant  blood 
stream  is  slightly  depleted  of  its  nutriment  and  fine 
metabolic  substances. 

General  fatigue  is  much  more  noticeable  in  city 
life  than  elsewhere  (other  factors,  however,  help  to 
make  coiintry  life  fatiguing),  and  were  it  not  for 
coffee,  tea,  tobacco,  alcohol,  or  cocoa,  this  fact  would 
be  much  more  commonly  evident,  for  there  are  very  few 
adults  who  do  not  use  some  one  of  these  sulwtanct^. 
The  average  individual  living  in  the  rush  of  an  active 
city  life  never  realizes  that  he  is  tired  because  ho 
almost  invariably  takes  some  form  of  stimulant,  which 
is,  physiologically  speaking,  an  abnormal  thing.  Wo 
are  not  aware  of  general  fatigue  because  the  ner\-- 
ous  system  is  constantly  being  ordinarily  stimu- 
lated by  things  which  are  taken  for  the  express  purpose 
of  preventing  the  feeling  of  fatigvie.  These  things  aro 
not  co!\cerned  with  the  physiological  nutrition  of  tho 
nerve  centers  and  do  not  serve  to  iirevenf  their  wear 
and  tear.  Therefore  this  is  a  condition  which  leads 
to  nervous  ])rostration  and  sometimes  to  untimely 
death.  The  mind  and  the  bo<ly  both  are  involve*!  in 
this  general  sense  of  weariness,  in  this  "general 
fatigue— not  the  fatigue  cjiused  by  such  an  exertion 
as  a  Marathon  race,  or  a  severe  mountain  climb. 
obcrve,  but  a  gincral  condition  of  fatigue  .as  the  rvsult 
of  the  combination  of  active  city  life  proper  and  tho 
strain  attendant  upon  that  life,  in  which  the  ncrvo 
cells,  and  especially  those  of  the  cortex  cerebri.  I>ear 
the  brunt.  Under  the  ordinary  conditions  in  which 
the  person  has  a  good  strong  nervous  s,\-stom  this 
general  condition  of  fatimie  is  relieved  by  the  eating 
of  food  of  cspeciallv  quickly  digestible  material:  tho 
eating  of  liquid  foods  promptly  relieves  the  aeutencss 
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of  this  fatigue  because  it  feeds  the  nerve  cells  within 
three  minutes  from  the  time  that  it  is  taken  into  the 
body.  The  nerve  cells  get  immediate  nutriment 
after  drinking  a  cup  of  strong  hot  bouillon  or  of  malted 
milk. 

The  second  kind  of  fatigue  is  pure  nerve  fatigue. 
This  is  neural  fatigue  and  exhaustion  and  it  is  an  or- 
ganic sort  of  fatigue,  for  it  is  the  nerve  cells  that  are 
concerned.  We  can  arrange  a  nerve-muscle  prepara- 
tion so  that  we  can  stimulate  it  for  hours  with  a 
strong  induced  electric  current  and  at  the  end  of  that 
stimulation  the  nerve  will  conduct  to  the  muscle  just 
as  well  as  it  did  before.  Although  the  nerve  fibers  do 
not  fatigue  easily,  they  cease  their  action  after  a 
period  of  from  three  to  five  hours  when  they  are  de- 
prived of  oxygen.     (See  Verworn's  discussion,  below.) 

Professor  Hodge  showed  that  changes  occur  in  the 
the  nerve  cells  of  birds,  etc.,  when  greatly  fatigued  by 
excessive  or  by  unrested  activity.  It  has  been  more 
recently  shown  that  these  changes  in  the  nerve  cells 
are  due  to  a  loss  of  chromatin  and  of  the  chromatin 
masses.  Hertwig  pointed  out  the  interdependence  of 
the  nucleus  and  the  cytoplasm  as  regards  their  re- 
spective sizes  in  fatigue.  Muscular  activity  such  as 
that  produced  by  a  dog  in  a  treadmill  causes  in  the 
Purkinje  cells,  large  branched  cells  of  the  cerebellar 
cortex,  the  following  changes:  In  the  first  place,  a 
steadj'  increase  in  the  chromatin  (the  Nissl  bodies)  in 
the  cytoplasm,  and  of  the  tigroid  substances  in  the 
nuclei;  thus  there  is  an  increase  in  the  size  of  the 
whole  cell,  a  fact  which  misled  observers  for  some  time, 
for  the  first  step  toward  fatigue  is  an  increase  in  the 
metabolic  power  and  in  the  nutritional  metabolism  of 
the  nerve  cells.  The  increase  of  chromatin  in  the  first 
place  becomes  marked  so  that  the  nerve  cells  of  Purk- 
inje in  the  cerebellar  cortex  take  on  more  than  their 
normal  supply  of  nutriment;  here  it  is  that  the  normal 
limit  of  neuromuscular  action  comes  in.  The  nerv- 
ous system  supplies  itself  with  metabolic  material 
for  activity,  and,  if  the  activity  does  not  go  beyond 
that  stage,  it  is  physiologically  normal,  for  this  is  the 
anabolic  phase  by  which  the  nerve  cells  build  up  and 
store  material. 

If  the  activity  continues  beyond  this  stage,  there 
comes  on  the  katabolic  phase,  in  which  the  waste 
begins  to  overcome  the  supply,  the  anabolic  phase, 
and  this  takes  place  in  the  following  way:  The  first 
thing  is  the  passage  of  the  chromatin  material  out 
from  the  nucleus  into  the  cj-toplasm.  Second  is  the 
passage  of  nutrient  material  from  the  cytoplasm  out- 
ward into  the  lymph  spaces.  The  third  stage  is  that 
of  edema  of  the  nucleus  in  which  it  swells  up,  for  owing 
to  some  osmotic  derangement  the  nucleus  absorbs 
liquid.  Fourth,  there  occurs  an  edema  of  the  cyto- 
plasm. It  is  owing  to  this  edema  of  the  nerve  cell  at 
this  stage  that  it  looks  normal,  but  there  is  a  reversal 
of  the  proportion  in  the  relative  sizes  of  the  nucleus 
and  the  cytoplasm.  The  fifth  stage  in  this  process  is 
when  the  chromatin  osmoses  out  from  the  cytoplasm. 
The  sixth  stage  is  when  it  osmoses  out  from  the  nu- 
cleus; both  neucleus  and  cytoplasm  are  now  larger 
than  normal,  and  this  is  the  onset  of  exhaustion.  That 
occurs  when  the  chromatin,  by  repeated  interchange, 
has  osmosed  out  from  the  cell;  the  cell  is  then  in  a 
completely  exhausted  condition.  The  seventh  stage 
is  when  the  basic  protein  or  chromatin  of  the  nucleus 
has  entirely  gone. 

There  are  two  phases,  then,  the  anabolic  phase, 
which  is  accompanied  by  a  steady  increase  in  the 
amount  of  nutriment  in  the  nucleus  and  the  cytoplasm. 
This  is  the  normal  limit  of  activity.  Second,  there 
is  the  catabolic  phase,  a  decrease  in  the  chromatin 
masses  in  the  nerve  cell.  Chromatin,  in  general,  is 
understood  to  be  the  nutrient  material  of  the  nerve 
cells. 

These  seven  stages  according  to  D.  H.  Dolley's  ac- 
count leave  the  nerve  cells  in  a  condition  of  exhaustion 
such  as  we  would  have  with  a  very  bad  case  of  neuras- 


thenia, and  he  points  out  that  this  is  precisely  like  the 
phenomena  found  in  cases  of  anemia.  The  conditions 
observed  in  bad  anemia  are,  Dolley  thinks,  like  the 
conditions  observed  in  surgical  shock,  so  that  anemia 
and  surgical  shock  are  practically  the  same  in  so  far 
as  the  nerves  are  concerned:  extreme  fatigue  going  on 
to  a  condition  of  exhaustion.  The  increase  in  the 
size  of  the  nerve  cell  at  first  is  a  preparation  for  the 
increased  activity,  and,  secondly,  the  increase  is  due 
to  an  abnormal  swelling  up  with  lymph  rather  than 
being  due  to  a  strong  b.asis  of  nutrient  material. 

Another  factor  in  this  nerve-cell  fatigue  is  that  of 
hormones.  In  this  connection  one  hormone  especially 
is  talked  about  lately  and  that  is  the  secretion  of 
the  hyroid  gland  known  as  iodothyrin.  The  amount 
of  available  and  efficient  nervous  energy  in  ex- 
ophthalmic goiter  is  very  much  decreased  and 
thereby  the  coordination  of  the  muscles  is  more  or 
less  imperfect.  The  speed  of  the  muscle  actions  and 
the  accuracy  of  the  control  are  lessened.  These  are 
conditions  due  to  a  disturbance  of  the  nutrition  of 
the  nerve  cells  from  excessive  amounts  of  iodothyrin 
in  the  circulation  and  represent  fundamentally  some 
defect  in  the  nutrition  of  the  nerve  cells. 

Another  step  in  our  real,  that  is  physiological, 
knowledge  of  fatigue  has  been  usefully  suggested 
by  the  versatile  William  McDougall,  reader  in  philoso- 
phy at  Oxford.  He  points  out  the  importance  in 
the  theory  of  fatigue  of  the  reservoir  idea  frequently 
employed  in  the  past  in  neurological  discussions. 
This  tentative  but  highly  important  notion  is,  in 
short,  that  the  afferent,  sensory  side  of  the  nervous 
system  is,  properly  speaking,  a  reservoir  of  nerve 
energy  and  that  every  sensory  neuron  contributes 
continually  to  this  nerve  supply  of  energy.  The 
afferent  side  of  the  nervous  system  receives,  holds, 
maintains,  and  stores  energv.  McDougall  points 
out  {Brain,  xxxii.,  1909,  2.57-268)  further,  that 
fatigue  is  a  balance  between  the  supply  and  the 
extent  of  expense  of  nerve  energy,  that  is  between 
the  expenditure  and  the  income  of  nervous  energy. 
The  sj'napses  from  this  point  of  view  (following  the 
viewpoints  of  both  Sherrington  and  Schafer)  are 
gates  by  which  the  central  nerve  energy  escapes. 
When  you  are  biologically  interested  in  that  which 
you  are  doing,  all  of  the  special  sources  of  muscular 
and  especially  nervous  energy  and  strength  are  more 
open,  and  the  neural  reservoir  may  be  exhausted. 
Take,  for  example,  the  severe  illness  of  someone  de- 
pendent upon  you  when  you  would  be  obliged  to  sit 
up  all  night  and  when  you  would  get  but  very  little 
sleep  for  weeks.  Such  a  siege  is  enough  for  the 
exhaustion  of  nervous  strength.  Under  conditions 
of  such  interest  you  do  not  notice  the  fatigue,  and 
you  overcome  it  when  you  are  thus  excited  or  very 
much  interested ;  as  a  result  you  do  not  realize  that  you 
are  becoming  very  tired.  On  the  other  hand,  in 
like  manner,  when  you  are  not  interested  but  are  in 
a  condition  of  boredom  and  ennui,  the  b.alance  goes 
quickly  to  the  side  of  fatigue  and  there  is  con- 
sequently then  also  a  great  loss  of  mental  energy; 
and  you  feel  tired. 

Fatigue,  then,  is  a  protective  factor  of  the  organism, 
and,  if  we  are  concerned  in  something  that  is  a  matter 
of  interest  to  us,  it  has  much  to  do  with  keejjing  up 
the  plane  of  efficiency  by  maintaining  the  resistance 
at  the  gates  or  the  sjmapses.  McDougall  has  cer- 
tainly mixed  up  the  feeling  of  fatigue  and  physio- 
logical fatigue  to  some  extent.  None  the  less,  the 
suggestion  that  fatigue  involves  both  the  "reservoir 
and  the  "synapses"  (two  hypothetical  but  useful 
concepts)  is  of  no  little  value  in  the  doctrine  of 
fatigue. 

The  third  kind  of  fatigue  is  "muscular"  fatigue 
pure  and  simple,  or  as  pure  and  simple  as  it  is  reason- 
able to  talk  about  it.  In  this  discussion  I  shall  con- 
sider muscular  fatigue  as  little  as  possible  because  in 
the  living  individual  patient  or  school  child  muscle 
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fatigue  has  certainly  little  part,  the  nerve  cells  acting 
as  most  efficient  safet}--valves  for  the  muscles  and 
neurones  and  therefore  lessening  or  stopping  action 
before  the  muscles  proper  can  be  injured  or  even 
badly  fatigued. 

Angelo  Mosso,  the  great  classic  original  investigator 
along  the  lines  of  muscular  fatigue,  is  an  authority 
upon  this  subject,  although  much  of  his  work  is  for 
therapeutic  and  pedagogic  purposes  now  seen  to  be 
misleading.  Mosso's  ergograph  by  which  the  fatigue 
of  the  index-finger  is  studied  is  to  be  found  in  every 
physiological  laboratory  in  the  world;  tlicv  are,  how- 
ever, now  using  a  spring  (S.  J.  Franz)  instead  of  a 
weight,  and  you  get,  therefore,  isometric  contraction 
instead  of  isotonic  contraction.  Most  of  this  sort  of 
thing  has  been  done  and  discussed  ad  nauseam  and 
much  of  it  has  been  shown  to  be  misleading  because 
the  conditions  as  they  were  studied  were  too  arbitrary 
and  too  artificial  and  many  of  the  researches  were 
made  on  isolated  muscles  and  nerves.  You  find  out 
but  little  as  to  the  actual  living  conditions  in  the  fiuid 
body  when  you  take  out  a  single  muscle  and  study  its 
fatigue.  Moreover,  it  is  almost  as  bad  to  study  a 
"single  muscle"  in  the  body  {e.g.  flexor  indicis)  as  to 
take  out  entirely  the  frog's  gastrocnemius  muscle  and, 
while  thus  isolated,  to  study  it  in  order  to  learn  of 
"the  actual  conditions." 

Save  as  pure  physiology,  therefore,  muscular  fa- 
tigue has  little  meaning,  since  it  rarely  occurs  in  the 
actual  individual  or  if  it  does  so,  from  gross  muscular 
exertion,  it  impels  to  the  soundest  possible  sleep  or  to 
waking  rest  (more  quickly  restful  to  the  muscles  than 
sleep,  of  however  little  account  toward  relieving  the 
fatigue  of  the  neurones). 

The  commonest  causes  of  actual  fatigue  among 
actual  patients  cannot  properly  be  omitted  from  a 
discussion,  however  brief,  of  fatigue,  since  they  are 
part  and  parcel  of  the  fatigue  itself  and  explain  its 
conditions  to  a  considerable  extent. 

Pre-eminently  notorious  among  the  common  modes 
of  nerve  extravagance  and  waste  is  worry.  This  is 
the  sheerest  wastefulness  in  all  our  lives — expenditure 
with  nothing  and  worse  than  nothing  in  return. 
Worry,  when  needless,  is  the  very  stock-gambling  of 
extravagance  in  vital  forces  without  possibility  of  a 
"bull  market"  or  a  "bear  market"  to  recoup  in — 
dice-throwing,  with  the  dice  loaded  always  against 
you.  In  the  terms  of  our  discussion,  every  hour 
spent  in  worrying  about  some  evil,  whether  real  or 
imaginary,  is  a  large  and  wholly  needless  check  drawn 
on  your  bank  balance  of  bodilj'  and  mental  strength. 
If  one  borrow  trouble  the  rate  of  interest  that  one  has 
to  pay  is  rank  usury. 

We  may  define  worry  as  the  habit  of  wasting  the 
soul  and  the  body  on  evils  that  have  not  come.  Many  of 
its  victims  might  properly  define  it  in  the  same  terms 
that  General  Sherman  used  in  regard  to  war — brief, 
but  at  once  philosophic  and  expressive.  James 
Russell  Lowell  never  wrote  anything  more  true  than 
his  statement  that  "the  misfortunes  hardest  to  bear 
are  those  that  never  come,"  for  the  human  imagina- 
tion running  riot  is  verj-  apt  to  make  things  seem  worse 
than  kindly  Nature  often  allows  them  actually  to  be. 

Worry  is  described  by  the  physiologists  as  essen- 
tially a  form  of  more  or  less  chronic  fear — fear  that 
something  evil  is  going  to  happen.  Fear,  of  course, 
does  not  well  become  the  strong  man  or  woman; 
although,  as  everyone  who  is  grown  up  knows  too 
well,  some  worries  cannot  be  avoided  in  this  troubled 
life  (fear  of  the  illness  and  death  of  friends,  for  ex- 
ample). These  must  be  met  as  is  fitting  to  the 
brave. 

Since  the  valuable  physiological  work  of  Au.stin  and 
Sloan  on  the  nerve  cells  of  rabbits,  we  know  the  actual 
effects  which  fear  produces  in  the  nervous  systems  of 
animals,  and  we  know  that  the  effect  is  very  serious 
and  widespread  in  the  body.  Worry  must  produce 
this  same  effect,  and  often  to  a  greater  degree  even 


than  a  period  of  terror,  which  of  iic^iwitv  can  Uut 
but  a  short  time,  «o  exhaunting  ia  it  to  the  Lrain. 

Such  facts  (and  they  are  really  factoj  ounUi  to  \^ 
more  preventive  of  extravagance  in  worry  than  any 
sort  of  mere  logic  would  be.  'I'he  ordinary  anliworry 
argument  of  course  reads :  If  what  you  worry  alx.ut 
can  be  prevented  (jr  cured,  prevent  or  cure  it  ratln-r 
than  suffer  so;  if  it  cannot  be  cured  or  i.r.-.  .f  t..,) 
why  waste  energy  and  time  KufTerinK  Ix"  '  ' 

Excellent  logic,  certainly,  but  woefully  in  i, 

as  most  of  u.s  well  know,  to  r<!«tore  the  wiuilin^  brain- 
cells,  or  to  abolish  unaided  thiH  wortit  of  bad  habitii. 
The  reason  why  so  few  worrleni  adopt  the  fri-<)uently 
ex[)ressed  advice  not  to  worry  Ls  that  worry  ha*  the 
eiiiotional  basis  just  now  sugge.ited,  that  it  i.s  a  f>rling, 
with  a  tremendou.s  motive  power  behind  and  Ix-neath 
it,  hard  to  be  controlled.  We  nee<l  not  uaunc  to 
describe  in  detail  the  physioal  and  mental  cflect«  and 
conditions  of  fear  and  worry;  suffice  it  to  Hay  that  Ha 
depressing  influence  ari.se.s  and  is  felt  in  well-nigh 
every  portion  of  the  body — bowels,  ntoniarh,  h«-art, 
blood-ves.sels,  lungs,  brain,  muscles,  and  nerves— and 
therefore  unfits  its  victim  for  everj'  free  and  u.seful  act. 

The  motive  power  of  much  of  our  human  activity 
is  emotion  or  feeling,  and  those  emotional  states  that 
depress  the  nerve  centers  tend  to  paralyze  action, 
lessening  at  the  same  time  our  desire  todothing.s,  and 
our  power  of  doing  them  well  when  wc  try.  Here 
it  is  that  happiness  comes  into  the  matter.  Multi- 
tudes of  men  and  women  learn  sooner  or  later  that 
not  always,  by  any  means,  as  we  have  often  heard,  is 
the  race  to  the  swift,  or  the  battle  to  the  strong:  rjfti-n, 
very  often  indeed,  one  inclines  to  think  that  both  go  to 
the  happy,  lords  of  the  world. 

Other  modes  of  waste  in  ner\'C  values  when 
combined  are  of  much  importance,  although  together 
even  probably  less  harmful  to  life  cfTicienry  than 
worry.  One  of  these  other  ways  of  extravagance  i.i 
the  habit  of  excessive  emotion  plea.sant  or  unplea.ianl, 
for  even  an  excess  of  joy  will  tire,  and  that  unduly, 
the  nervous  centers.  This  circumstance,  it  i.s  likely, 
depends  primarily  on  the  very  large  proportion  of  the 
nerves  and  muscles  that  are  strongly  active  in  any  well- 
defined  emotion  or  feeling,  and  this  is  .•lo  whether  gross 
muscular  movements  be  discernible  or  not.  Muscle 
constitutes  nearly  half  the  mass  of  the  body,  and 
practically  all  of  it  is  set  in  some  degree  of  activity  as  a 
factor  of  joy  or  grief  or  love  or  fear,  and  with  it  most  or 
even  all  of  the  nerves  are  working  more  or  le<s  actively. 
The  emotional  aspect  of  the  mind  is  a  most  important 
phase  of  it,  and  its  high  tension  oftentimes  makes 
rapid  inroatls,  far  more  rapid  than  is  appreciated  at  the 
time,  or  our  bank  account  of  nerve  energy,  on  the 
nervous  "reservoir"  as  McDougall  and  Clapar«^lc 
call  it.  "A  short  life  and  an  over-emotional  one" 
would  be  a  motto  far  less  expedient  for  most  men  and 
women  than  a  long  life  and  an  emotional  one — for 
the  nerve  cells  wear  out! 

Every  keen  observer  of  himinnViehavior  distinguishes 
at  a  glance  the  disorderly  person  from  the  onlerly,  but 
not  all  of  them  realize  that  order,  besiiU-s  being  at- 
tractive (when  not  overdone),  is  eminently  econoniic.-*! 
of  nerve  energy.  This  iirinciple  applies  alike  to  bodily 
and  to  mental  orderliness.  Take,  for  example,  the 
routine  formuhe  requireil  of  telephone  operators  and 
see  the  immense  saving,  not  only  of  time,  but  of  nerve 
strength  on  the  (lart  of  the  young  women  silling 
before  the  switchboards. 

.\nother  kind  of  mental  order  is  closely  rel.nted  to 
the  ])rinciplc  of  the  concentration  of  attention,  so 
im|)ortant  in  education.  To  concentrate  fully  the 
attention  means  to  attend  to  only  one  thing  at  a  time — 
that  one  thing  then  receiving  your  entire  eners>-  and 
care.  This  i>rinciple  is  that  on  which  the  nervous 
system  acts  in  controlling  our  bodily  movements,  .nnd 
is,  therefore,  the  only  normal  mode  of  action  for  our 
minds  as  well.  Frequent  change  and  rest,  but  x/our 
entire  force  of  mind  on  every  portion  of  your  tcork  or  your 
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play  seems  to  be  the  ideal  condition  of  nervous  economy 
and  of  efficient  effort  as  well.  "One  thing  at  a  time, 
and  that  done  well,  is  as  good  a  rule  as  any  can  tell," 
is  a  motto  as  scientific  as  it  is  ancient,  for  it  makes  not 
only  for  success,  but  for  a  large  bank  balance  of  nerve 
force.  No  habit  which  children  can  acquire  or  adults 
practice  is  more  essential  to  true  success  than  this  one, 
for  with  this  habit  it  is  difficult  for  a  person  to  be  ah 
actual  spendthrift  of  his  nerve  strength,  since  every 
expenditure  brings  him  in  return  something  a  little 
worth  while,  be  it  only  the  practice  in  mental  power. 

Extreme  monotony  is  a  frequent  cause  of  fatigue. 
This  form  of  prodigality  in  nervous  force  and  endur- 
ance applies  especially  to  life  in  general  in  the  country 
districts,  and  to  all  occupations  too  narrow  and  un- 
varied to  be  natural.  This  wastefulness  of  nerve 
health  is  firmly  based  on  physiologic  and  psychologic 
principles  of  the  most  primary  kind  and  importance, 
on  those  especially  underlying  fatigue  and  the  blood 
supply  of  the  different  parts  of  the  body.  Owing  to 
the  technicality  and  complexity  of  these  relations, 
however,  it  is  not  fitting  to  do  more  in  this  place  than 
to  suggest  its  importance  and  to  insist  that  normality 
of  the  nerves  is  dependent  on  frequent  change,  leading 
to  a  re-creation  of  nervous  efficiency.  No  school 
and  no  shop  realizes  practically  as  yet  the  great  im- 
portance of  this  matter  from  a  purely  economic  point 
of  view,  not  to  mention  the  human  side,  quite  as 
important  in  the  end. 

Another  conspicuous  way  in  which  a  variable 
amount  of  our  capital  of  nerve  force,  especially  in  the 
cities,  is  needlessly  dissipated,  is  by  the  useless  over- 
stimulation of  the  senses.  For  practical  purposes  the 
senses  most  concerned  for  the  majority  of  people  are 
hearing  and  vision,  the  former  especially.  The  ner- 
vous income  is  wasted  unduly,  and  f.ar  beyond  general 
understanding,  in  short,  by  too  many  loud  and  dis- 
turbing sounds:  fire  alarms,  locomotive  whistles, 
automobile  horns,  carts,  rough  and  hurried  milkmen, 
bells,  vibrating  trolley-car  trucks,  etc.,  almost  without 
end.  These  and  other  loud  sounds  keep  the  nervous 
system  irritated,  for  most  of  them  are  purely  noises 
with  nothing  pleasant  about  them,  save  to  the  boyish 
irresponsibles  that  produce  or  allow  them.  Moreover, 
these  startling  noises,  besides  preventing  sleep  and 
overstimulating  the  nerves,  are  producing  deafness 
in  multitudes  of  us,  the  ear  specialists  say,  and  this 
partial  deafness  serves  as  an  important  secondary 
source  of  nerve  strain. 

In  a  wholly  similar  way  parts  of  our  cities,  and  many 
of  our  playhouses,  etc.,  are  overlighted  by  overbright 
and  flashing  signs,  and  the  eyes  and  nerves  strained 
by  moving  pictures,  flash  lights,  etc.  To  the  numer- 
ous nervous  systems  that  are  none  too  strong,  these 
and  such  as  these  are  more  important  for  harm  than 
they  may  at  first  thought  seem  to  be. 

A  paper  to-day  on  fatigue  would  be  likewise  incom- 
plete did  it  ignore  the  recent  work  of  Professor  Max 
Verworn  of  Bonn  on  the  basal  phenomena  of  fatigue. 
See  his  "Irritability"  (New  Haven,  1913)  the  en- 
largement of  lectures  delivered  at  Yale  in  October, 
1911,  where  (p.  187)  he  summarizes  the  research 
related  to  fatigue  in  these  words:  "Just  as  all  living 
systems  show  a  refractory  period  after  an  excitation, 
in  which  irritability  is  reduced,  all  living  systems  are 
likewise  capable  of  fatigue.  Both  are  most  intimately 
connected  and  are  based  fundamentally  on  the  facts 
of  metabolism.  [Hence  is  fatigue  always  an  abnor- 
mal condition  as  was  said  above,  for  of  course  under 
normal  circumstances   anabolism  equals  metabolism.] 

An  exciting  stimulus  disturbs  the  metabolic  equilib- 
rium of  rest  by  suddenly  bringing  about  increased 
decomposition  of  certain  substances.  During  and 
directly  after  the  breaking  down,  irritability  is  reduced 
in  the  same  degree  as  the  amount  of  substances  re- 
quired for  disintegration  in  response  to  a  succeeding 
stimulus  is  decreased,  and  the  quantity  of  the  decom- 
position products  is  increased.     This  is  the  refractory 


period.  By  the  metabolic  self-regulation  in  accord- 
ance with  the  principle  of  chemical  equilibrium,  the 
original  metabolic  equilibrium  is  restored  after  every 
excitation.  Irritability,  therefore,  increases  in  the 
same  measure  as  this  occurs,  that  Ls  in  the  form  of  a 
logarithmic  curve,  until  it  again  reaches  the  specific 
degree  of  irritability  of  the  particular  system.  The 
refractory  period  diminishes.  If  the  process  of  disin- 
tegration and  self-regulation  are  delayed,  either  by 
want  of  substance  necessary  for  breaking  down  or  the 
accumulation  of  decomposition  substances,  the  re- 
fractory period  is  prolonged  and  the  response  to  every 
further  stimulation  decreased,  that  is  the  system  is 
fatigued. 

In  all  aerobic  organisms  the  retardation  of  the 
course  of  excitation  and  self-regulation  under  a  con- 
tinuous influence  of  .stimuli  is  a  result  of  the  relative 
want  of  oxygen.  The  processes  of  oxidative  disinte- 
gration are  prolonged  and  restricted  by  relative  defi- 
ciency of  oxygen  and  merge  more  and  more  into 
anoxidative  decomposition.  The  products  of  oxi- 
dative and  anoxidative  decomposition  accumulate. 
Both  factors  decrease  the  strength  of  the  response 
after  energy  stimulation.  Thus  the  want  of  oxygen 
leads  to  reduced  activity." 

This  metabolic  statement  of  the  protoplasmic  con- 
ditions of  fatigue  is  gratifyingly  complementary  to  the 
more  energistic  mode  of  considering  it  such  as  McDou- 
gall  has  expressed  in  the  article  referred  to  above. 
The  matter  is  of  course  extremely  complex  and  only 
its  outside  edges  have  been  as  yet  crossed  by  anyone. 
Fatigue,  for  example,  is  intimately  correlated  with 
the  euphoria-dysphonia  balance  underlying  all  be- 
havior. For  a  brief  discussion  from  this  point  of 
view  see  an  article  ("Certain  Further  Factors  in  the 
Physiology  of  Euphoria")  in  the  Psychological  Reriew, 
xxi.,  May  .3,  1914,  by  the  present  writer. 

George  V.   N.  Dearborn. 


Fat=metabolism,  Disturbances  of. — The  normal 
and  pathological  fat-metabolism  of  the  cells  has  re- 
ceived an  immense  amount  of  study  during  the  last 
decade,  and  the  views  formerly  held  have  been  con- 
siderably altered  as  the  result  of  such  studies,  al- 
though wo  are  still  far  from  a  satisfactory  solution 
of  all  phases  of  the  problem.  Fat-like  substances 
(lipoids  or  lipins)  occur  in  all  of  the  body  cells,  partly 
in  an  invisible  form  and  partly  morphologically  visible 
and  capable  of  microscopic  demonstration.  Mor- 
phologically visible  fat  is  found  in  the  cells  of  adipose 
tissue,  in  liver  cells,  epithelium  of  the  intestine,  gall- 
bladder, sweat-glands,  sebaceous  glands,  salivary 
glands,  adrenals,  kidneys,  cartilage,  etc.  Other  tis- 
sues and  organs  that  show  no  fat  on  microscopic 
examination  may  have  a  fat-content  equal  to  5-25 
per  cent,  of  their  dried  substance.  The  presence  of 
fat  in  the  cells  is  shown  by  the  occurrence  of  highly 
refractive  (singly  and  doubly)  droplets  within  the 
cells  that  are  insoluble  in  acids  and  alkalies,  but  dis- 
solve in  alcohol,  ether,  or  chloroform.  With  Sudan 
III  or  Scharlach  R.  the  droplets  are  stained  orange 
or  red;  indophenol  stains  fat  blue.  When  these 
droplets  contain  oleic  acid  or  oleates  they  wUl  reduce 
osmic  acid  to  OsOo,  giving  the  fat-droplet  a  black 
color.  The  presence  of  soaps  and  fatty  acids  may  be 
demonstrated  by  Benda's  method  (formol  fixation, 
Weigert's  copper-fluorchrom  mordant,  Sudan  III 
and  hematoxylin).  Nile-blue  sulphate  stains  fat 
red  and  fatty  acids  dark  blue.  The  polarization 
microscope  should  be  used  for  the  differentiation  of 
singly  and  doubly  refractive  droplets  (isotropic  and 
anisotropic  lipoids).  The  invisible  fat  of  the  tissues 
is  either  in  such  fine  particles  that  it  cannot  be  dem- 
onstrated, or  it  is  dissolved  in  the  nell  plasma  or 
combined  in  such  a  way  that  it  cannot  be  demonstrated 
until  a  chemical  deconstitution  of  the  cell  takes 
place.     By  means  of  Ciaccio's  method  it  is  possible 
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to  demonstrate   microscopically  the    invisible  intra- 
cellular lipoids. 

The  visible  lipoids  (lipins)  of  the  body  colls  belong 
to  four  classes:  1.  Neutral  fats  or  glycerin  esters 
(singly  refractive);  2.  cholesterol  esters  (doubly 
refractive);  3.  other  intravital  doubly  refractive 
lipoids  of  unknown  nature;  4.  myelin  (autolysis  and 
postmortem  changes  only).  The  fats  of  adipose 
tissue  and  liver-cells,  as  well  as  of  other  cells  that  act 
as  containers  of  fat-droplets,  are  composed  of  singly 
refractive  glycerin  esters.  The  anisotropic  choles- 
terol esters  are  found  normally  in  the  epithelium  of 
the  gall-bladder,  the  adrenal  cortex,  lutein  cells, 
interstitial  cells  of  the  testis,  and  in  the  atrophic 
thymus.  They  appear  pathologically  chiefly  in 
degenerative  processes  and  chronic  iriflaiiiiiiations. 
They  are  distinguished  from  the  neutral  fats  by  their 
double  refraction.  They  stain  more  yellow  than 
red  with  Sudan  III,  and  grayish  rather  than  black 
with  osmic  acid.  With  the  ordinary  microscope  the 
other  intravital  lipoids  may  be  recognized  bv  their 
bright  strongly  refractive  (anisotropic)  droplets  or 
crystal-like  forms.  They  stain  with  the  fat  dyes,  and 
differ  from  the  neutral  fats  in  that  when  treated  with 
acid  chromate  solutions  they  become  insoluble  in 
the  ordinary  fat  solvents  and  can  be  stained  in  sections 
with  Sudan  III  (Ciaccio's  method).  They  represent 
in  a  large  part  the  lipoid  droplets  formerly  called 
myelin.  This  term  is  now  applied  only  to  the  lipoid 
droplets  arising  in  the  process  of  autolysis  and  post- 
mortem degeneration  (postmortal  myelin  decompo- 
sition), that  are  chemically  diiferent  from  the  intravital 
lipoids.  They  probably  arise  from  the  disintegration 
of  the  phosphatide-like  constituents  of  the  nuclei 
and  protoplasm.  They  are  not  doubly  refractive 
but  swell  up  in  water  to  form  the  so-called  myelin 
figures.  In  differentiation  from  the  intravital  fats 
and  lipoids  they  stain  with  neutral  red. 

The  normal  fats  of  the  body  may  be  divided  into 
the  labile  or  deposit  fats  and  the  stable  fats.  The 
labile  fats  are  glycerin  esters  (triglycerides  of  oleic, 
palmitic,  and  stearic  acids).  They  represent  the  fat 
of  the  panniculi,  liver  cells,  etc.,  in  fact,  all  of  the  fat 
that  is  stored  up  in  cells  to  be  removed  quickly  for 
nutritive  purposes  should  the  need  for  it  arise  (fasting, 
starvation).  This  fat  is  brought  to  the  cells  and  re- 
moved from  them  by  the  blood,  in  which  the  fat  occurs 
as  a  very  fine  emulsion  or  dissolved  as  soap's  through 
the  action  of  a  ferment  (lipase)  found  in  the  blood. 
The  amount  of  fat  in  the  blood  may  be  so  great  as  to 
appear  as  lipemia  (diabetes).  In  the  taking  up  of 
the  fat  from  the  blood  the  droplets  appear  in  the  cells 
in  a  more  or  less  regular  arrangement  suggesting  a 
connection  with  definite  cellular  elements  (plasmome 
theory).  Fats  fed  to  the  body  may  preserve  their 
chemical  characteristics  after  passing  through  the 
blood  and  being  taken  into  the  cells  (mutton  fat 
stored  up  by  the  dog,  etc.).  The  stable  fats  arc 
intrinsic  constituents  of  the  cell  molecule  {intrinsic 
fat)  and  are  not  removed  for  nutritive  purposes  during 
fasting  or  starvation.  They  consist  of  the  choles- 
terol esters  and  other  doubly  refractive  lipoids,  and 
vary  greatly  in  character  and  amount'  in  different 
tissue  cells.  In  animals  that  have  starved  the  in- 
trinsic fat  of  the  cells  (muscle,  cartUage,  etc.)  shows 
no  decrease  in  amount. 

The  processes  of  normal  fat-metabolism  are  so 
complicated  and  so  little  known  that  it  seems  hardly 
possible  at  this  time  to  give  any  satisfactory  discussion 
of  pathologic  fat-metabolism."  As  a  matter  of  fact, 
we  know  but  little  about  it.  Formerly  our  con- 
ception of  pathologic  fatty  changes  seemed  very  simple 
and  clear,  when  we  considered  them  as  consisting 
only  of  two  classes,  fatty  injlltratinn  and  fatty  degenera- 
tion. 'Virchow's  conception  of  the  latter  process  as 
a  splitting  up  of  the  albumin  molecule  with  a  new 
formation  of  fat  is  no  longer  tenable.  We  know  now 
that  in  the  so-called  fatty  degenerative  processes  the 
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fat  varies  in  kind  and  that  it  in  in  part  t,rn„ght  u,  and 
taken  up  by  the  degenerating  cell-  •    ia 

invisible  intrinsic  cell  fat  that  ha«  i  m 

the  result  of  a  cheinico-phyMic.'il  .1.  .  de 

cells,  or  it  may  be  a  con'ibin.'  .  «« 

proces.ses.     Still  the  process  in  «  .-.e 

and  degenerative  in  character;  it  ts  lliu  n-nult  of  n  c«-ll 
injury,  and  can  be  interj)reted  only  an  mich.  Tlu-re 
is,  therefore,  no  good  reason  why  the  t«Tm  faitu 
degeneration  hUouUI  not  be  retainMl  nn<l  ap|ilii-<t  to  all 
fatty  changes  in  which  the  proce>.s  i    -  •-     -  jn 

type;  otherwise  we  mu.st  resort  to  tl..  ■■.,» 

as  degeneratiie  fatly  infillralion,  whf .er 

the  whole  ground  of  degenerntive  proci-sjM-«  rhnrac- 
terized  by  the  appearance  of  fat  in  the  cells.  .\«-ver- 
theless,  the  majority  of  the  text-books  at  the  pn-nent 
time  divide  fatly  elinnge«  into  nrnple  fally  infillrnlion 
and  degeneraliee  faUy  infillrnlion.  Such  a  cljis»ifica- 
tion  is  much  more  unsatisfactory  than  the  old  ti-rmii 
fatty  infiltration  and  fatty  de'generatii.'.  \  •' ...ig 
new  terms  are  entering  the"  literature  to  i.e 

nature  of  the  fats  foimd  in  these  procc--  i«, 

the  presence  of  neutral  fats  in  the  cells;  Itpauinnt, 
the  presencp  of  anisotropic  lipoids;  lipo-lipoitlnnM,  a 
mixture  of  both  neutral  fats  and  anisotropic  lipoirli. 
Kawamura  has  attempted  to  cljissify  the  patho- 
logical disturbances  of  the  fat -metabolism  from  the 
standpoint  of  the  chemical  nature  of  the  fat.  the  signi- 
ficance of  the  process  for  the  cells  afTcctetl,  and  the 
origin  of  the  fat,  as  follows: 

I.  Exogenous  fat-formation — fat-storage — st4?at')si« 

(fatty  infiltration). 

1.  Normal  fat-storage  (glycerin  cholest«rin  and 
lipoid  steatosis). 

2.  Pathological  fat-storage  with  the  same  chemi- 
cal varieties. 

A.  From  extracellular  causes:  (o)  Fat-storaRe 
through  feeding;  (6)  transportation  of  fat; 
(r)  local  fat-absorption;  (</)  fat-retention. 

B.  From  intracellular  causes:  Fat-storage  In) 
as  the  result  of  specific  incren.se<l  cell 
activity  (progressive  fatty  infiltration,  local 
or  general  lipomatosis);  (h)  from  diminished 
cell  activity  (degenerative  fatty  infiltration). 

II.  Endogenous    fat-formation — invisible    fat     be- 

coming visible — myelinosis  (fatty  decomposi- 
tion). 

With  our  present  unsatisfactory  knowledge  of  fat- 
formation  such  a  classification  as  Kawamura's  can- 
not be  taken  as  final;  and,  moreover,  it  does 
not  correspond  to  the  prevailing  views  concerning 
the  two-fold  nature  of  the  microscopic  appearance* 
classed  under  "fatty  degeneration."  The  most 
practical  course  is  to  retain  the  old  terms  "fatty 
infiltration"  and  "fatty  degeneration"  from  the 
standpoint  of  microscopical  appearances  :  '  -i- 

pletely  discarding  the  old  idea  that  fatty  ■;  n 

means  the  formation  of  fat  from  cell  proti  .,,.  at 

the  present  time  there  is  no  proof  that  such  a  conver- 
sion ever  takes  place,  although  thixiretically  it  ia 
possible.  AVith  the  anatomical  criterion  .is  the  hasia 
for  our  classification /(I//;/  infillralion  would  be  Hofined 
as  an  accumulation  of  fat  in  cells  that   ~  'v 

are  normal,  the  nuclei  staining  well  and  i 
lets  fused  together  to  form  one  or  a  few 
lets;  while  fatty   degeneration    is    the    ap;  r 

accumulation  of  fat  in  degenerating  or  d  g 

cells,  as  shown  by  changes  in  nucleus  anii  i. 

the  fat-droplets  not  fused  into  one  largi-  ;t 

lying  as  small  droplets  in  the  granular  il 
cell  ("ground-glass  appearance").     In  f:  i- 

tion  the  fat  is  brought   to  the  colls  an;  p 

through  the  action  of  the  cell  lipase  or  i  v 

phagoe\-tosis.  In  fatty  degeneration  the  :  •  -■> 
be  brovichtto  the  damaited  cell  (deiten.  -  v 

infiltration),  or  the  normal  combined  or  r  it 

becomes  visible  as  the  result  of  coU  disintegration. 
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The  taking-up  of  fat  by  injured  cells  may  be  brought 
about  b}'  an  interference  with  oxidation;  when  oxida- 
tion is  lowered  by  any  means  the  processes  of  cell 
disintegration  and  the  taking-up  of  fat  by  the  lipase 
may  go  on  unchecked.  In  fatty  infiltration  the  total 
amount  of  fat  in  the  cells  is  increased;  in  fatty  degen- 
eration it  may  be  increased,  or  remain  normal  (or 
less  than  normal),  according  to  the  character  of  the 
process.  In  both  cases  the  mt  may  be  either  isotropic 
glycerin  esters  or  ailisotropic  cholesterol  esters. 

Fatty  Infiltration. — An  accumulation  of  fat 
from  the  blood  under  the  influence  of  the  cell  lipase 
in  cells  that  show  no  severe  injury  characterizes  this 
pathological  disturbance  of  ceU  metabolism.  It  is 
a  quantitative  change  of  a  normal  process;  the  fat 
comes  from  outside  the  cell  and  is  taken  up  as  such 
or  in  the  form  of  its  components.  The  fat  thus  stored 
up  in  excess  is  usually  a  glycerin  ester,  but  cholesterol 
esters  may  also  undergo  such  a  pathological  infiltra- 
tion. In  "general  the  causes  of  fatty  infiltration  are 
to  be  sought  either  in  an  increase  in  the  fat-building 
metabolism,  or  in  a  decrease  of  the  oxidative  powers 
of  the  ceUs  so  that  fat  is  not  burned  up  but  is  ac- 
cumulated. The  specific  causes  are  varied:  over- 
feeding, lack  of  exercise,  anemia,  cachexia  (tuberculo- 
sis), inherited  tendency,  poisons  reducing  oxidative 
activities  (alcohol,  chloroform,  iodoform,  bacterial 
poisons,  etc.),  disturbances  of  internal  secretion 
(loss  of  pituitary  function,  castration),  etc.  The 
tissues  chiefly  affected  in  fatty  infiltration  are  the 
adipose  tissues  (panniculi)  and  the  liver.  The  fatty 
capsule  and  pelvic  tissues  of  the  kidney,  the  inter- 
muscular septa,  connective  tissue  of  myocardium, 
the  stroma  of  pancreas,  mamma  and  salivary  glands 
may  also  show  fatty  infiltration.  The  condition  may 
be  general  (obesity,  lipomatosis,  adipositas)  or  local. 
The  fat  appears  in  large  droplets  that  maj-  entirely 
replace  the  cell  protoplasm,  the  cell  showing  no  other 
signs  of  injury.  In  the  fatty  infiltrations  of  all  the 
organs  and  tissues  except  the  liver  the  fat  is  always  in 
connective-tissue  (adipose)  cells;  only  in  the  liver  is 
the  fat  of  infiltration  found  in  the  parenchymatous 
ceUs. 

In  fatty  infiltration  of  the  kidney  the  fat  is  found  in 
the  capsule  and  submucous  connective  tissue  of  the 
pelvis;  in  fattj-  infiltration  of  the  pancreas  it  is  found 
in  the  stroma  cells;  in  fatty  heart  the  fat  is  found  in 
the  connective  tissue  of  the  epicardium  and  in  the 
connective  tissue  of  the  myocardium,  extending  in 
along  the  vessels,  and  sometimes  reaching  to  the 
endocardium,  etc.  In  the  kidney,  pancreas,  mamma, 
voluntary  muscles,  etc.,  the  fatty  infiltration  is  often 
secondary  to  an  atrophy  of  the  essential  elements  of 
the  organ  or  tissue  (fatty  atrophy,  adipositas  ex 
vacuo).  Fatty  infiltration  of  the  liver  occurs  as  a 
result  of  an  increase  in  the  labOe  fat  taken  in  by  the 
body  (overeating),  and  as  a  result  of  decreased 
oxidative  activity  (chronic  alcoholism,  anemia, 
tuberculosis,  etc.).  The  infiltration  usually  shows 
first  in  the  cells  of  the  periphery  of  the  liver  lobules, 
but  in  some  cases  the  central  zones  of  the  lobules  are 
first  involved.  In  marked  cases  practically  every 
liver  cell  may  become  a  fat-cell  without  a  trace  of 
liver-cell  protoplasm  remaining.  The  nuclei  are 
pushed  to  the  periphery  of  the  cell,  but  may  stain 
well.  The  f^t  is  brought  to  the  liver  through  the 
portal  vein  and  hepatic  artery  as  nutritive  fat,  but 
the  liver  may  also  receive  fat  from  other  fat-depots 
that  give  up  fat  into  the  blood  (phosphorus  poisoning). 
The  feeding  of  foods  rich  in  cholesterol  may  produce 
great  numbers  of  anisotropic  droplets  in  the  liver, 
adrenals,  and  aorta  (cholesterol  steatosis).  In  the 
obesity  and  fatty  infiltrations  of  hji^opituitarism 
there  is  also  a  cholesterol  steatosis  of  the  liver  and 
adrenals. 

The  results  of  fatty  infiltration  are  lowered  function 
and  ultimate  atrophy  of  the  parenchyma  of  the  organ 
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or  tissue  involved.  The  most  extreme  degree  of  fatty 
infiltration  of  the  liver  may  exist,  however,  without 
any  clinical  appearances  of  altered  hepatic  function. 
Fatty  infiltration  of  the  heart  increases  the  work  of 
this  organ,  and  a  general  passive  congestion  may  be 
produced. 

With  fatty  infiltration  may  be  included  the  absorp- 
tion fatty  infiltration  seen  in  wandering  cells  and 
phagocytes  in  the  neighborhood  of  fatty  emboli, 
areas  of  necrosis  in  central  nervous  svstem,  border  of 
infarcts,  and  necrotic  areas,  etc.  Such  phagocytes 
filled  with  fat-droplets  are  known  as  fat-granule  cells. 
An  absorption  of  cholesterol-ester  fat  takes  place  also 
in  the  epithelium  of  the  gaU-bladder  from  the  bile. 

Fatty  Degeneration. — Fatty  degeneration  is  a 
severe  injury  to  the  cell,  characterized  microscopically 
by  the  appearance  of  small  droplets  of  fat  (either 
isotropic  or  anisotropic)  among  the  granules  of  the 
disintegrated  cell  protoplasm.  The  nuclei  are  more 
or  less  aff'eeted.  The  fat  may  be  nutritive  fat  taken 
up  by  the  disintegrating  cells  from  the  blood;  or  it 
may  be  brought  to  the  latter  from  other  organs  or 
tissues  that  have  given  up  their  fat  into  the  blood. 
In  fatty  degenerations  of  this  kind  the  aff'eeted  organ 
may  show  an  increase  of  fat  (heart,  liver,  etc.).  In 
other  cases  no  fat  is  brought  to  the  disintegrating 
cells,  but  the  fat-droplets  arise  from  the  liberation  of 
the  masked  intracellular  lipoids,  the  invisible  fat  be- 
coming visible  (phanerosis).  Organs  undergoing  such 
a  fatty  degeneration  may  show  microscopically  an 
apparent  great  increase  in  fat,  but  the  total  amount  of 
fat  contained  may  be  no  greater  than  normal  or  even 
much  less.  In  the  case  of  the  liver,  heart-muscle,  and 
pancreas  fatty  degeneration  is  usually  an  infiltration 
of  neutral  fat  from  the  blood  into  damaged  cells,  in 
addition  to  some  liberation  of  invisible  fat  and  the 
fat-content  is  therefore  increased.  In  the  kidneys, 
adrenals,  nervous  tissues,  voluntary  muscles,  and 
spleen  fatty  degeneration  is  nearly  always  the  result 
of  the  liberation  of  the  masked  intracellular  fat  and 
lipoids  through  autolytic  changes  and  the  fat -content 
is  normal  or  less  than  normal.  In  this  second  form 
of  fatty  degeneration  the  fat-droplets  are  usually 
anisotropic,  consisting  of  cholesterol  esters  and  other 
forms  of  lipoids,  fatty  acids,  and  soaps. 

Fatty  degeneration  is  caused  by  any  marked  de- 
crease in  oxidation  and  by  poisons  that  lower  oxida- 
tion or  cause  ceU  disintegration.  Local  or  general 
anemia,  asphyxia,  various  poisons,  particularly  phos- 
phorus, chloroform,  alcohol,  arsenic,  and  bacterial 
toxins,  fever,  and  poor  nutrition  are  the  most  impor- 
tant causes  of  fatty  degeneration.  In  general  anemia 
there  is  always  a  more  or  less  marked  fatty  degenera- 
tion of  the  heart,  liver,  kidneys,  vascular  endothelium, 
and  other  organs.  Local  disturbances  of  circulation 
cause  fatty  degeneration  of  the  anemic  area.  Around 
the  border  of  anemic  and  hemorrhagic  infarcts  there 
is  a  zone  of  cells  showing  fatty  degeneration.  Cells 
whose  normal  environment  is  changed  show  a  fatty 
degeneration.  It  is  common  in  wandering  cells. 
It  is  also  a  very  common  change  in  tumor  cells, 
partly  because  of  the  poor  blood  supply.  Of  the 
poisons  producing  fatty  degeneration  phosphorus  is 
the  most  important;  in  phosphorus  poisoning  the 
liver,  heart  muscle,  kidneys,  blood-vessels,  and  volun- 
tary muscles  may  show  the  most  extreme  change. 
In  arsenic  poisoning  the  degeneration  is  less  severe 
and  more  irregular  in  occurrence.  Fatty  degenera- 
tion is  of  frequent  occurrence  in  the  acute  infections, 
involving  particularly  the  heart,  liver,  kidneys, 
vascular  endothelium,  and  spleen.  It  varies  in 
location  and  degree  according  to  the  character  and 
severity  of  the  infection.  It  is  caused  partly  by  the 
toxins,  partly  by  the  fever,  and  partly  by  changes  in 
the  circulation. 

Organs  showing  a  fatty  degeneration  are  cloudy 
and  lighter  in  color,  grayish  to  yellowish.     The  fatty 
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change  is  often  localized  in  spots  or  streaks  following 
the  course  of  the  veins,  giving  rise  to  the  so-called 
"tiger  heart."  In  the  kidney  the  fatty  degeneration 
is  often  localized  in  the  convoluted  tubules.  In  the 
liver  the  central  zone  of  the  lobules  usually  shows 
fatty  degeneration  first;  in  extreme  cases  the  entire 
lobule  may  show  it.  Cells  farthest  removed  from  the 
oxygen  supply  suffer  the  change  first.  In  the  heart 
the  change  is  often  most  marked  ju.st  beneath  the 
endocardium.  The  intima  of  the  aorta  and  great 
vessels  may  show  lines  of  fatty  change  running  parallel 
to  the  long  axis  of  the  vessel,  corresponding  to  points 
of  greatest  tension  or  friction.  Fatty  degeneration  is 
also  an  essential  part  of  atherosclerosis.  The  cells 
of  pneumonic  exudate,  old  pus,  tubercles,  etc.,  also 
undergo  fatty  degeneration. 

The  essential  microscopic  feature  of  fatty  degenera- 
tion is  the  appearance  of  degeneration.  When  the 
damage  is  not  great  the  condition  is  reparable  and 
resolution  and  recovery  may  take  place.  If  the 
structure  of  the  cell  and  that  of  the  nucleus  are  badly 
injured  the  cell  undergoes  necrosis,  disintegrating  into 
a  fatty  detritus  (soft  caseation).  Slight  degrees  of 
fatty  degeneration  of  the  heart  muscle  may,  however, 
be  sufficient  to  cause  death  from  cardiac  dilatation  and 
acute  insufficiency.  A.  S.  Warthin. 

Fat  Necrosis. — See  Pancreas,  Diseases  of. 

Fats  constitute  one  of  the  three  great  classes  of 
organic  foodstuffs.  They  are  composed  of  carbon, 
hydrogen,  and  oxygen.  Chemically  the  fats  may 
be  defined  as  combinations  (esters)  of  glycerol  and 
fatty  acids  (triglycerides  of  fatty  acids).  Upon 
decomposition,  as  during  digestion,  they  yield 
glycerol  and  soaps  -which  are  absorbed  and  ultimately 
furnish  energy  to  the  body.     See  Aliment.     F.  P.  U. 

Favus. — See  Tinea  Favosa. 

Fayrer,  Sir  Joseph. — Born  at  Plymouth,  England, 
on  December  6,  1824.  He  was  the  second  son  of  a 
family  of  eight  children,  his  father  being  a  Commander 
in  the  Royal  Navv.  Like  most  children  born  in  the 
Na%y  his  early  life  was  spent  in  man.v  countries:  his 
early  education,  however,  was  mainly  obtained  in 
Scotland  and  on  the  Continent.  In  1S40  he  desired 
to  go  to  sea,  after  finishing  a  course  in  engineering, 
but  while  on  a  visit  to  Bermuda  with  his  father,  an 
outbreak  of  yellow  fever  drew  his  attention  to  the 
importance  of  the  profession  of  medicine,  and  he 
immediately  began  his  studies  preparatory  to  obtain- 
ing a  degree.  In  1844  he  entered  the  Charing  Cross 
Hospital  in  London,  and  in  due  course  became  House 
Surgeon  to  the  Westminster  Ophthalmic  Hospital. 
He  also  studied  at  King's  College,  London.  In  1847 
he  was  admitted  a  Member  of  the  Royal  College  of 
Surgeons,  which  marked  his  entrance  into  the  medical 
profession,  and  in  the  same  year  he  was  appointed 
Assistant  Surgeon  on  H.  M.  S.  Victory.  In  1849  he 
was  transferred  to  the  Army,  and  became  Assistant 
Surgeon  to  the  Roval  .Artillery  at  Woolwich,  but  was 
shortly  transferred  to  the  "Bengal  Establishment. 
India  became  the  scene  of  the  work  to  which  he  do- 
voted  his  life.  Here  it  was  that  as  Assistant  Surgeon 
in  charge  of  the  Field  Hospital  during  the  Burmese 
war,  he  obtained  an  intimate  knowledge  of  tropical 
diseases,  sunstroke,  etc.  He  became  Residency  Sur- 
geon at  Lucknow,  a  post  given  to  the  Assistant  Sur- 
geon who  rendered  the  most  approved  service  during 
the  war.  Fayrer  held  this  post  all  through  the  siege 
of  Lucknow,  "returning  to  England  on  sick  leave  in 
1858.  He  spent  his  vear  of  furlough  in  study  in  the 
University  of  Edinburgh,  where  he  took  his  degree, 
and  was  also  elected  a  Fellow  of  the  Royal  Society  and 
of  the  Roval  College  of  Surgeons  of  that  city. 

In  1859  he  returned  to  India  and  became  Professor 
of  Surgery  in  the  Medical  College  of  Calcutta,  later 


becoming  President  of  the  .Me<lical  Facultv  <,f  the 
University.  He  went  back  to  Englanrl  in  I'hT^,  vtu 
appointed  a  member  and  afterward  bcrann-  I'r'-^id.-nt 
of  the  Indian  .Medical  Hoard  and  I'd.-i.:.-  ...  •!.„ 
Secretary  of  State  for  India,  with  tlir-  : 
General,  and  wan  elected  to  the  Kfll.)«  ,1 

College  of  Phy.sicians.  In  lS7.>-7«  he  ai.c.,(i,|,ai.i.-«l 
the  Prince  of  Wales  on  hia  vi«it  to  the  Vjmt ,  nriH  m 
.March,  187f),  wascreated  a  Knight  Coniin.'  '      o 

Star  of  India.     In  187H  he  waH  clertod  a  1  -  <) 

Hoyal  Society,  and  the  frillnwing  vear  f  •: 

Fellowship  of  the  Koyal  College  of'Surgi 
land  and  the  degree  of  LL.  D.  from  the  I  :  f 

Edinburgh.  _  He  was  created  a  Baronet  in  IhWi.  '  Ho 
was  the  recipient  of  numerouH  homirH  from  niediral 
societies  of  Pari.s,  Rijme,  Lisbun,  and  biTatiie  a  .Mem- 
ber of  the  .\cademy  of  Science  and  of  the  Ci)ll<-(;<-  of 
Physicians  of  Philadelphia.  Ho  Mocnt  the  later  yi-ars 
of  his  life  at  Falmouth,  England,  where  he  died  on  .May 
21,  1907. 

During  a  more  than  bu.sy  life,  spent  on  battU-rielda 
as  well  as  in  universities,  Fayrer  found  opportunity 
to  contribute  much  to  medical  literature.  Ho  wrot« 
freely  in  the  medical  journal-s,  and  contributefl  the 
articles  on  sunstroke  and  on  climate  and  frvi-rs  of 
India  in  .\llbutt's  "System  of  .Medicine";  he  aim  re- 
wrote the  chapter  on  troj)ical  liver  abscess  in  M urchin- 
son's  "Lectures  on  Diseases  of  the  Liver"  (third 
edition).  The  article  on  .sunstroke  in  the  "Twentieth 
Century  Practice  of  Medicine"  is  from  his  pon.  In 
18G6  he  wrote  "Clinical  Surgery  in  In<lia";  in  1H.S2  ho 
published  his  work  on  "Climate  and  Fevers  of  India"; 
in  1888  "Epidemiology  of  Cholera"  was  publi.vhi-fl. 
-Vmong  the  best  known  of  his  works  is  "  Thanatophidia 
of  India"  and  "Recollections  of  My  Life"  publi.ihi-*! 
in  1000.  His  "Preservation  of  Health  in  Imlia"  was 
written  in  1894.  E.  L.  J. 

Fear. — See  Phob'^s. 

Feces. — The  term  "feces"  is  applied  to  the  excre- 
mentitious  substance  that  normally  leaves  the  IxmIv 
through  the  anus.  The  material  consults  uf  the  wa-tto 
from  the  intestinal  walls  and  the  unabsorbed  residues 
of  the  various  secretions  into  the  alimentary  tract, 
together  with  an  admixture,  in  varying  amounts,  of 
undigested  and  partially  digeste<l  foo<l.  of  bacterial 
residue,  and  at  times  such  adventitious  siibst.Hnrca 
as  may  be  taken  into  the  aliment;iry  canal  prr  <>» 
and  which  are  not  absorbed.  The  common  idea 
that  the  feces  in  health  consist  chiefly  of  food  residue 
is  not  sustained  bj'  the  results  of  recent  investi- 
gations. 

After  the  intestinal  contents  have  passed  the  ileo- 
cecal valve,  they  rapidly  take  on  the  charactcri.«tic 
consistence,   color,   and  odor  of  fecal   matter.   beinK 
altered  by  the  .absorption  of  the  luiuids  :'■   '       '   '  le 
substances,  as  well  as.  to  some  extent,  by  tl 
tion  of  putrefactive  and  fermentative  proc. 
admixture  with  the  strongly  alkaline  seen' 
large  intestine.     The  extent  of  these  chanf - 
influenced  by  the  rapidity  with  which  the  cuut^'utd 
pass  through  the  colon. 

Physical  Char.\cters. — The  quantily  passod  in 
twenty-four  hours  varies  greatly,  but  is  estim.itol  to 
aver.age  120-200  grams,  in  a  healthy  man  <m  a  nii\o<l 
diet,  "it  is  dependent  to  some  extent  on  the  qu.intily 
and  qualitv  of  food  eaten,  but  is  influenced  .is  well  by 
tlio  condition  of  the  digestive  organs  .is  regard  sorrc- 
tion  and  absorption,  and  the  frequency  of  evacuation. 
.\s  a  rule  the  quantity  of  fecc-s  incrcv-sos  with  the 
relative  increase  in  the  amount  of  vegetable  food  in 
the  diet.  It  is  probable  that  this  i<  due  largely  to  the 
greater  resistance  of  vegetable  food  to  in-.-'ivo 
action  and  the  subsequent  stimulation  <y  •> 

bv  the  undigested  residues,  and  more  e>; 
phytins,  with  a  resulting  diminution  of  ab».'r|)!i»n. 
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In  an  infant  fed  on  cow's  milk  the  quantitj'  is  regularly 
considerably  greater,  even  up  to  ten  times,  than  the 
amount  passed  by  a  breast-fed  babe.  This  is  due 
not  alone  to  difference  in  digestibUity,  but  to  a  con- 
siderable extent  to  the  much  larger  quantity  of  milk 
given  in  artificial  feeding,  which  both  adds  to  the  quan- 
tity of  undigested  food  residue  and  increases  the 
residue  from  intestinal  secretion  and  waste.  The 
quantity  of  feces  evacuated  is  occasionally  increased 
by  pathological  products,  including  mucus,  blood, 
pus,  and  serous  fluid. 

The  color  is  normally  derived  from  the  intestinal 
secretions,  notably  from  the  bile,  and  under  certain 
conditions  is  also  very  considerably  influenced  by  the 
food,  the  stools  of  a  mixed  diet  usually  being  a  medium 
shade  of  brown,  those  of  a  meat  diet  dark  to  blackish- 
brown,  .and  the  evacuations  following  the  exclusive 
ingestion  of  vegetable  food  being  a  light  brown.  The 
stools  of  an  exclusive  milk  diet  vary  in  color  from 
orange  to  light  yellow.  The  dark  color  is  due  to 
hematin,  and  to  some  extent  to  the  compact,  dry 
condition  of  the  fecal  matter.  In  particular  instances 
the  color  may  be  modified  by  special  coloring  matters 
ingested  with  the  food,  as,  for  example,  chlorophyl, 
derived  from  large  quantities  of  green  vegetables. 
Adventitious  ingesta  as,  e.g.  certain  medicaments,  may 
determine  the  color.  Thus,  calomel  may  cause  a 
green  coloration,  probably  by  causing  the  presence 
of  biliverdin,  and  bismuth  or  iron  may  each  be  re- 
duced or  may  exception  aUy  appear  as  the  black  sul- 
phide. Again,  unusual  changes  in  the  intestinal 
contents  may  modify  the  color,  as  the  growth  of  bac- 
teria, producing  pigment,  notably  green,  or,  as  occurs 
frequently  in  infants,  there  may  be  a  procluction  of 
unusualh'  strong  alkalinity  in  the  upper  intestinal 
tract,  causing  the  presence  of  biliverdin  in  the  feces 
in  quantities  sufficient  to  impart  a  green  color. 
Finally,  there  are  the  clay  stools  after  complete  sup- 
pression of  the  bile  and  the  similar  appearance  in 
cases  without  jaundice  due  to  the  presence  of  excessive 
amounts  of  fat. 

The  odor  of  the  fcciil  matter  of  adults  is  character- 
istic and  is  to  be  attributed  to  the  presence  of  skatul 
and  indol,  and  probablv  to  other  aromatic  products 
formed  by  the  putrefaction  of  the  intestinal  contents. 
When  the  p.assage  through  the  intestines  is  rapid  there 
may  be  little  or  no  production  of  skatol,  as  in  the  rice- 
water  stools  of  cholera,  which  are  almost  or  quite 
odorless  or  may  possess  a  distinctive  odor,  referable 
to  cadaverin.  The  stools  of  an  infant  do  not  normally 
have  a  putrid  odor,  but  if  strongly  acid  they  may 
have  a  rancid  smell. 

Normal  stools  are  cylindrically  formed  and  have  a 
definite  consistence.  When  the  passage  through  the 
large  intestines  is  rapid  or  the  secretion  into  the  bowels 
unusually  abundant,  they  may  become  soft  or  even 
watery,  while  under  opjiosite  conditions  they  may  be 
considerably  hardened  and  assume  the  form  of  balls 
or  very  thin  cylinders,  these  hardened  masses  being 
known  as  scybala.  The  so-called  lead-pencil  form  is 
in  no  way  indicative  of  intestinal  stenosis,  but  is  the 
rule  when  there  has  been  complete  abstinence  from 
food,  and  may  be  caused  by  spastic  or  paralytic  con- 
ditions of  the  large  intestines. 

After  the  exclusive  ingestion  of  soft  food  the  struc- 
ture is  usually  homogeneous,  while  in  feces  of  the  vari- 
ous mixed  diets  hard  and  undigested  portions  of  food 
may  be  distinguished — as,  for  example,  seeds,  frag- 
ments of  fruits  and  vegetables,  or  fibrous  tissue. 
Adventitious  admixtures  of  foreign  substances  are 
occasionally  observed,  such  as  fragments  of  wood, 
pieces  of  quill,  buttons  and  pins.  The  appearance 
in  the  stools  of  bits  of  food  tissue,  recognizable  to  the 
naked  eye,  sometimes  results  from  digestive  insuffi- 
ciency, either  mechanical  or  chemical.  Insufficient 
mastication  is  the  most  frequent  mechanical  fault.  A 
failure  of  the  chemical  processes  of  gastric  digestion 
is  followed  by  the  appearance  of  bits  of   connective 
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tissue,  while  insufficient  pancreatic  digestion  leads  to 
the  presence  of  undigested  muscle  fiber.  Either 
biliar\'  or  pancreatic  insufficiency  may  be  followed  by 
the  appearance  of  much  fat.  Food  fragments  are 
more  abundant  in  diarrheal  discharges,  the  material 
in  some  instances  passing  the  entire  length  of  the  ali- 
mentary tract  in  a  few  hours  and  almost  unchanged. 
In  such  stools  pieces  of  meat  may  be  seen  or  milk 
clots  of  various  shapes  and  sizes.  As  a  rule,  the  inner 
portion  of  formed  stools  is  more  recent  than  the  outer, 
the  passage  through  the  intestines  following  the  ordi- 
nary rule  of  flow,  being  more  rapid  in  the  center  and 
ret.arded  at  the  periphery. 

Fecal  matter  has  a  certain  coherence.  If  it  does 
not  contain  evident  food  residue  the  mass  usually 
does  not  crumble  readily,  when  stirred  with  water,  as 
do  stools  in  which  much  food  residue  is  present, 
p.articularly  plant  tissue  and  undigested  casein.  A 
large  amount  of  fat  increases  the  coherency,  as  does 
also  in  some  instances  much  mucus,  though  possibly 
this  is  due  to  the  accompanying  fat. 

Inspection  of  the  alvine  discharges  occasionally 
reveals  the  presence  of  pathological  admixtures.  Blood, 
if  from  the  lower  bowel,  is  recognizable  to  the  unaided 
e.ve,  but,  if  changed  by  contact  with  the  digestive 
juices,  it  merely  imparts  a  dark  color  or  tarry  con- 
sistence to  the  stool.  Likewise  pus  is  recognizable 
only  when  it  has  been  discharged  into  the  lower  part 
of  the  large  intestine.  The  normal  stool  may  contain 
on  its  surface  visible  mucus,  but  not  in  any  consider- 
able amounts.  In  catarrhal  conditions  of  the  intes- 
tines, however,  the  amount  of  mucus  may  be  greatly 
increased,  appearing  either  as  a  glassj-  layer  surround- 
ing the  fecal  matter,  as  in  diseased  conditions  of  the 
lower  portion  of  the  bowel,  or  mixed  with  soft  feces,  in 
which  case  the  mucus  adheres  to  a  glass  rod  dipped 
into  the  evacuation;  or,  finally,  it  appears  in  watery 
dejecta  as  small  floating  particles,  readily  recognized. 
In  membranous  colitis  mucus  is  passed  in  long  strings 
or  as  a  continuous,  tubular  membrane,  sometimes 
dense  and  opaque  so  as  almost  to  appear  fibrinous. 
In  cholera  and  to  a  less  extent  in  some  other  conditions 
great  quantities  of  serous  fluid,  a  true  transudate,  are 
evacuated  with  the  intestinal  contents. 

Microscopic  Characters. — Microscopic  examina- 
tion of  fecal  matter  reveals  a  mass  of  bacteria  and  de- 
tritus in  which  is  embedded  a  greater  or  lesser  number 
of  recognizable  morphological  and  crystalline  elements, 
some  being  residue  of  food  or  adventitious  ingesta, 
others  being  products  from  inhabitants  of  the  intes- 
tinal tract,  while  still  other  such  elements  are  those 
derived  from  the  body  itself  and  its  secretions. 

Vegetable  cells  and  fibers  of  variable  form  may  be 
encountered,  some  containing  starch  granules  or 
masses  of  chloroph.vl.  Occasionally,  especially  in  diar- 
rheal stools  and  where  there  is  a  failure  of  pancreatic 
digestion,  starch  granules  more  or  less  unaltered  are 
recognized  in  considerable  number.  They  turn  blue 
in  contact  with  a  solution  of  iodine.  Rosenheim  states 
that  he  could  not  detect  0.6  per  cent.;  hence  it  appears 
that  less  than  one-half  per  cent,  of  starch  cannot  be 
detected  with  certainty  by  microscopic  examination. 

Of  the  residues  from  animal  food,  connective  tissue 
m.ay  be  present  in  variable  amount,  being  increased 
when  this  class  of  food  is  ingested  in  large  quantity, 
and  when  there  is  a  deficienc\-  of  gastric  digestion. 
Where  such  food  has  been  sparingly  eaten,  the  appear- 
ance of  areolar  fibers  in  not-able  numbers  is  nearly 
always  indicative  of  deficiency  of  the  chemical  proc- 
esses of  gastric  digestion.  Elastic  fibers,  except  to  a 
very  limited  extent  in  the  instances  in  which  they 
come  from  swallowed  tuberculous  sputa,  are  derived 
from  the  food  and  are  not  indicative  of  any  condition 
of  disease.  Partially  digested  bile-stained  muscle 
fibers  are  nearly  always  found  in  the  stools,  still  pre- 
serving their  transverse  striae  so  as  to  be  recognizable, 
though  the  general  appearance  of  the  fibers  may  be 
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much  altered.  They  are  not  rendered  more  numerous 
by  gastric  deficiency  but  they  are  apt  to  remain  bound 
together  by  bands  of  undigested  connective  tissue. 
A  large  increase  on  a  limited  meat  diet  is  indicative 
of  deficiency  of  intestinal  digestion.  Undigested  milk 
clot  is  at  times  present  in  the  excrement  of  adults, 
and  is  frequently  seen  in  the  stools  of  infants.  They 
are  recognized  by  the  absence  of  structure,  the  pres- 
ence of  fat  globules  and  protein,  as  indicated  bj' 
niicrochemical  tests,  and  the  solubility  of  the  coagu- 
lated protein  in  dilute  aliiali  and  its  reprecipitation 
by  acetic  acid. 

Fat,  in  the  form  of  globules  and  as  fat  tissues,  is 
occasionally  seen,  but  is  commonly  present  as  needles, 
single  or  in  clusters.  These  are  probably  fatty  acids 
in  combination  with  calcium  and  magnesium,  alkali- 
earth  soaps.  They  are  present  in  enormous  numbers 
in  alcoholic  stools  and  are  regularly  increased  when 
there  is  a  deficiency  in  the  absorption  of  fat. 

Cholesterin  crystals  rarely  appear  in  the  stools,  this 
substance  not  being  a  normal  constituent  of  fecal 
matter.  Since  it  is  usuallv  present  in  meconium,  in 
the  stools  of  starvation,  and  in  evacuations  when  diges- 
tion is  arrested,  its  appearance  in  crystalline  form  is 
to  be  looked  for  in  these  conditions.  Stercorin,  into 
which  cholesterin  is  normally  converted  in  the  intes- 
tinal tract,  crystallizes  in  thin  delicate  needles  and 
hence  is  distinguished  with  difficulty  from  alkali- 
earth  soaps.  Whether  this  substance  appears  in 
crystalline  form  in  the  stools  is  unknown. 

Phosphate  crystals  are  regularly  seen  in  the  micro- 
scopic examination  of  feces,  either  as  wedge-shaped 
prisms,  single  or  in  clusters,  of  the  neutral  calcium 
salt  or  as  the  triple  phosphate  in  its  various  forms 
(see  under  Urine).  They  are  without  pathological 
significance. 

Calcium  oxalate  crystals  are  frequently  recognized 
in  fecal  matter.  They  are  in  many  instances  derived 
from  the  food,  bu-t  there  is  reason  to  believe  that 
oxalate  is  at  times  formed  in  the  fermentative  and 
putrefactive  processes  of  alimentation.  In  the  light 
of  our  present  knowledge  its  occurrence  in  crystalline 
form  cannot  be  considered  significant  of  any  patho- 
logical process.  Crystals  of  other  organic  salts  of 
calcium  are  described  as  occurring  in  stools,  the  lactate 
in  the  discharges  of  children,  appearing  as  sheaves  of 
radiating  needles,  and  the  acetate  and  but>Tate  in 
the  discharges  of  gastric  and  intestinal  catarrh.  The 
occurrence  of  amorphous  particles  or  dumbbell 
crystals  of  calcium  carbonate  and  of  prisms  or  dumb- 
bell-shaped amorphous  masses  of  calcium  sulphate  is 
exceedingly  rare  and  probably  devoid  of  pathological 
significance.  After  the  administration  of  bismuth 
black  crystals  appear  in  the  stools;  in  shape  they 
closely  resemble  hemin  crystals. 

Charcot-Leyden  crj-stals  are  occasionally  seen,  most 
frequently  when  intestinal  parasites,  particularly 
worms,  are  present.  They  are  also  seen  in  typhoid 
fever  and  in  catarrhal  conditions  of  the  bowel. 

Of  the  ynorphological  elements  derived  from  the  body 
epithelial  cells  are  most  frequently  seen,  as  they  are  al- 
ways present.  Squamous  epithelia  come  from  the 
region  of  the  anus,  and  are  the  least  changed.  The 
columnar  variety  is  less  frequently  recognized,  being 
much  altered  by  partial  digestion  and  abstraction  of 
moisture.  If  in  great  numbers  they  point  to  intesti- 
nal catarrh,  but  are  of  no  further  diagnostic  impor- 
tance. The  possibility  of  the  presence  of  bits  of  neo- 
plasm should  always  be  borne  in  mind,  but  their 
recognition  when  such  a  growth  exists  is  only  occasion- 
ally poisible.  The  casts  of  mucous  enteritis  and 
colitis  frequently  seem  to  be  fibrinous,  but  micro- 
scopic examination  shows  that  they  consist  of  dense, 
more  or  less  transformed  mucus.  Portions  may  be 
infiltrated  with  large  numbers  of  small  round  cells. 
Blood,  unless  present  in  large  amount,  is  recognized 
from  the  red  corpuscles  only  when  it  comes  from  the 
lower   portion   of  the  rectum.     Hemorrhagic   stools 


frequently,  however,  contain  reddinh-brown  hem»- 
toidin,  sometimes  prc«ientiaK  a  suniewhat  i  r.  -t  .Hine 
structure,   the   cry-staU   appimrinK  'n  »•>'■  •■* 

after  a  hemorrhage  had  occurrcl  ncveral  re 

the  stools  were  paired.  The  prp««iice  of  luvuiblp, 
the  so-called  occult  blood  may  l«;  provwl  bv  Hpwiiii 
tests.     Thus,  a  small  portion  of  the-'      '  '  '      '   ip 

with  water  to  a  thin  consLitency,  if  — 

ent,  extracted  with  neutral  other,  tin  :.  iw 

third  the  volume  of  glacial  acetic  acid  ad  m 

mixture  shaken  with  u  small  portion  of  i-i  i  ■  :,e 

case  of  an  emulsion,  a  few  drops  of  aleuhol  may  be 
added.  To  thus  ether  extract  tincture  of  guaiac'and 
ozonized  turpentine  or  hydrogen  pero.xitle  are  added 
which,  in  the  i)resence  of  blood,  yield  a  purple  color. 
The  test  is  more  delicate  and  dlstiiu-tive  if  three  per 
cent,  alcoholic  aloin  solution  i.s  substituted  for  the 
guaiac,  when  a  red  coloration  indicates  a  posit  ivercfiult. 
It  is  even  more  delicate  if  the  final  tc»t  is  made  with 
2  c.c.  each  of  a  saturated  benzidine  solution  and 
hydrogen  peroxide  which  yield  an  intense  green  color. 
Blood  from  the  diet  must  be  excluded.  Pus  cori>UHrlea 
occur  in  dysentery,  ulcerative  proccs-scs,  anri  where  an 
abscess  hiis  emptied  into  the  bowel.  Leucocytes  are 
usually  much  degenerated  and,  if  present  in  consider- 
able numbers,  are  usually  significant  of  ulceration. 

Parasites. — Feces  contain  lower  forms  of  vegetable 
life  which  von  Jaksch  divides  into  two  classes  accord- 
ing to  the  manner  in  which  they  stain  with  iodo- 
potassic-iodide  solutfon,  viz.,  tho.sc  that  stain  brown 
or  brownish-yellow,  and  those  that  stain  blue.  The 
latter  occur  in  relatively  small  numbers  in  health. 
Moulds  are  rarely  present  in  fecal  matter,  only  the 
thrush  fungus  being  occasionally  seen,  and  then  in 
children  with  thrush.  Yeast  cells  are  very  common, 
being  present  even  in  the  stools  of  breast-fed  infants. 
They  are  more  abundant  in  the  acid  stools  of  children. 
The  fission  fungi,  chiefly  bacteria,  probably  in  most 
instances  constitute  the  greater  portion  of  the  bulk 
of  fecal  matter,  occurring  in  enormous  numbers,  a 
milligram  containing  on  the  average  several  hundred 
million  bacteria,  of  which  only  a  relatively  .Mmall 
number,  one  thousandth  or  less  of  the  total,  are 
living  as  judged  by  growth  in  culture  me<lia.  .\ni- 
mals  thrive  in  the  absence  of  these  forms  of  life  in  the 
intestinal  contents,  and  they  are  not  present  during 
fetal  life,  yet  their  presence  is  probably  not  without 
benefit.  On  a  strict  milk  diet  the  niimlwr  rapidly 
diminishes.  In  the  stools  of  infants  the  bacteria 
commonly  present  are  the  liacittus  coli  communis  and 
the  Bacillus  laclis  acrogenes;  they  give  rise  to  acid 
fermentation  with  the  production  of  acetic  and  higher 
fatty  acids  and  occasionally  formic  acid,  but  thoy  do 
not  occasion  a  true  putrefactive  process.  The 
varieties  in  the  stools  of  adults  are  very  numerous, 
more  than  fifty  species  having  been  identified,  a  num- 
ber that  does  not  at  all  adequately  express  the  many 
species  that  probably  are  present  under  all  possible 
conditions.  It  is  generally  accepted  that  the  colon 
bacillus  is  the  most  constant  inhabitant  of  the  lower 
bowel,  and  with  it  are  several  of  the  dilTerent  species 
active  in  putrefactive  processes.  Herter,  a  few  years 
■ago,  called  attention  to  the  bacterial  flora  of  e.irlv 
childhood  in  cases  of  arrested  development  which 
he  termed  intestinal  infantilism.  These  c.iscs  were 
characterized  bacteriologically,  by  the  overgrtiwth 
and  persistence  of  types  belonging  norm.illy  to  the 
nursling  period,  the  dominant  bacteria  In-ing  Gram- 
positive  organisms  belong  to  the  groups  which  he 
designated  as  the  Bacillus  bifidu-i  type,  the  Bacillus 
infantilis  type  (observed  by  Kendall)  and  the  cix-cal 
t\-pe,  with  the  noteworthy  alisence  of  B.  rod  and  B. 

lactis   acrogmis.     Under   appropriate  trc-> •   -ir- 

mal  growth  is  secured  and  the  adult  1<  ra 

established.     For  an  account  of  the  indii  u-s 

and  of  the  pathogenic  bacteria,  sec  the  article  on 
Bacteria  and  those  that  treat  of  the  various  diseases. 
Animal    parasites   of   various   description    at    times 
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Invertin  is  said  to  accompany  diastase  in  the  stools 
of  infants.  A  proteolytic  ferment,  which  is  apparently 
tryij.sin  that  has  escaped  destruction  in  its  raj^id 
passage  through  the  bowel,  is  reported  to  be  present 
in  diarrheal  discharges. 

In  the  study  of  the  digestibility  or  utilization  of  a 
definite  food  or  dietary,  it  is  important  to  distinguish 
the  fecal  matter  containing  the  residue  from  this  par- 
ticular ingested  material.  The  separation  of  the  stools 
thus  becomes  an  im]3ortant  part  of  the  experimental 
observation.  This  is  accomplished  by  the  ingestion, 
at  the  beginning  and  end  of  the  experimental  period, 
of  material  which  so  marks  or  characterizes  the  fecal 
discharge  as  to  render  possible  a  mechanical  separation, 
both  from  the  fecal  matter  preceding  and  from  that 
immediately  following.  A  considerable  number  of 
substances "  have  been  employed  for  this  purpose, 
including  in  dogs  bone,  silica,  and  cork,  and  in  man 
lampblack,  milk,  and  carmin.  Perhaps  the  most 
satisfactory  procedure  is  to  limit  the  meal  immediately 
preceding  the  period  of  the  special  dietary,  and  also 
the  meal  immediately  following,  to  milk,  with  which, 
at  the  same  time,  several  gelatin  capsules  contain- 
ing lampblack  are  to  be  taken.  In  the  separation 
advantage  can  then  be  taken  both  of  the  salve-like 
consistence  of  mUk  stools  and  the  dark  color  im- 
parted by  the  lampblack.  In  many  instances  this 
separation  is  very  satisfactory,  but  in  diarrhea,  and 
particularly  in  constipation  with  formation  of  scyb- 
ala,  the  boundary  line  is  not  always  well  marked. 

After  the  feces  corresponding  to  a  definite  period 
have  been  obtained,  it  is  then  desirable  to  distinguish 
what  portion  of  the  material  is  residue  from  the  in- 
gested diet,  and  what  is  waste  from  the  intestinal 
tract.  The  distinction  between  the  metabolism 
residue,  as  these  products  are  called,  and  the  food 
residue  is  a  matter  of  extreme  difficulty,  and  althoiigh 
it  has  received  much  attention,  there  is  no  method 
known  at  the  present  day  that  serves  to  accomplish 
this  end,  except  under  definite  and  restricted  condi- 
tions. The  procedure  of  estimating  the  metabolic 
products  in  the  feces  of  starvation  and  deducting  this 
amount  from  the  total  is  inapplicable,  since  the  meta- 
bolic products  are  increased  with  the  ingestion  of 
food  and  are  dependent  upon  its.character  and  amount 
In  many  instances  no  effort  is  made  to  distinguish  be- 
tween metabolic  and  food  residues,  the  total  feces 
being  deducted  from  the  amount  of  food  ingested  and 
the  difference,  instead  of  being  termed  "digestible" 
food,  being  called  "available"  or  "utilized"  food, 
and  the  factors  deducted  being  termed  "coefficient 
of  availability"  or  "coefficient  of  utilization."  Evi- 
dently these  factors  represent  the  net  gain  to  the  body 
rather  than  the  digestibility  of  the  food. 

The  feces  are  at  times  the  subject  of  special  examina- 
tion to  ascertain  the  condition  of  the  intestinal  jjroc- 
esses.  The  macroscopic  appearance  alone  may  indi- 
cate a  diminution  of  the  chemical  or  an  increase  in 
motor  function,  by  showing  an  excess  of  fat  or  particles 
of  food  residue;  but  the  microscopic  appearances  are 
of  greater  service  to  this  end.  When  more  exact 
knowledge  is  desired,  the  coefficients  of  availaljility 
of  the  nutrients  of  a  given  dietary  of  known  amount 
and  composition  may  be  determined  and  these  results 
compared  with  the  coefficients  in  health.  Ad. 
Schmidt  and  Strasburger  have  recommended  different 
procedures  that  are  of  value  in  determining  the  utiliza- 
tion of  carbohydrates.  At  the  outset,  after  the  in- 
gestion of  0.3  gram  carmin,  the  patient  is  put  on  a 
special  diet,  known  as  No.  2,  consisting  daily  of  milk, 
1,.560  c.c,  four  eggs,  100  grams  zwieback,  one  plate 
barley  soup  (40  grams  barley),  one  plate  flour  soup 
(25  grams  flour),  375  c.c.  bouillon,  all  containing 
20  grams  sugar,  in  combination  with  the  more  com- 
mon diet  of  GO  grams  chopped  beef,  and  250  grams 
mashed  potatoes  (potatoes  190  grams,  milk  60  grams, 
butter  7  grams).  In  diet  No  1  the  chopped  beef  and 
mashed  potatoes  are  omitted.     No  3  consists  of  1,690 

348 


c.c.  milk,  2  eggs,  flour  soup,  bouillon,  and  mashed 
potatoes  as  in  diet  No.  2,  sugar  10  grams,  milk  rolls 
225  grams,  meat  (cutlet)  150  grams.  The  diets  are 
seen  to  contain  carbohydrate  in  increasing  amounts 
from  1  to  3  and  successively  in  more  difficultly  utiliz- 
able  form,  as  well.  For  most  cases  either  or  both  1 
and  3  will  be  found  advantageous  in  additicm  to  2. 
After  the  disajipearance  of  the  carmin,  usually  after 
an  interval  of  three  or  four  days,  during  which  the 
diet  is  Continued,  the  feces  are  submitted  to  a  fermen- 
tation test,  as  follows:  The  fresh  stools  are  mixed 
with  water  (usually  two  parts)  to  the  consistence  of  a 
thick  fluid,  and  the  mixture  is  put  in  a  fermentation 
tube  of  about  30  c.c.  capacity  and  left  at  body  tem- 
perature. The  formation  of  gas  in  twenty-four  hours 
to  one-third  the  capacity  of  the  tube  is  a  weak  reac- 
tion; to  two-thirds  moderate,  and  more  than  this 
strong.  Five  conditions  determine  the  development 
of  the  reaction,  namely,  the  presence  of  (1)  starch, 
(2)  nutritive  material,  (3)  obligatory  bacteria,  (4)  a 
diastatic  ferment,  and  (5)  the  absence  of  a  high  grade 
of  acidity.  A  late  appearance  of  gas  is  due  to  putre- 
faction of  the  material,  and  is  not  to  be  given  the  same 
consideration  as  the  early  fermentation.  Strasburger 
concludes  that  early  fermentation  with  diet  1  is 
always  pathological;  with  diet  2,  is  on  the  boundary, 
but  is  more  frequently  pathological;  with  diet  3,  is 
normal,  yet  in  the  majority  of  normal  stools  does  not 
appear.  Only  positive  results  are  of  diagnostic  value. 
Under  most  conditions  carbohydrate  is  the  variable 
factor,  and  it  is  apparent  that  Schmidt's  method  is 
primarily  directed  to  the  estimati(m  of  the  utilization 
of  this  class  of  nutrients.  The  same  investigator  has 
devised  a  method  of  measuring  the  bulk  of  undigested 
meat  fiber  in  the  feces  after  the  ingestion  of  these 
same  dietaries.  The  method  consists  essentially  in 
determining  the  reduction  in  volume  which  the  residue 
in  the  feces  undergoes  when  submitted  to  the  action 
of  pepsin-hydrochloric  acid.  The  value  of  the  pro- 
cedure remains  to  be  determined. 

Ernest  Ellsworth  Smith. 


Fecundity. — This  term  signifies  generative  power 
or  fruitfulness.  It  is  sometimes  used  to  signify 
abundant  fruitfulness  or  fertility  in  reproduction.  It 
is  applicable  both  to  males  and  to  females,  to  nations 
as  well  as  to  individuals,  and  to  plants  as  well  as  to 
animals.  It  is  even  used  rhetorically  concerning 
things  or  inanimate  objects. 

The  fundamental  factor  to  be  considered  in  any 
study  of  fecundity  whether  in  man  or  in  animals  is 
the  ovary,  and  its  size  is  not  of  so  much  significance 
as  the  number  of  ova  which  it  may  contain.* 

The  ovary  in  many  species  of  fish  is  relatively  large 
and  contains  an  almo.'^t  incalculable  number  of  ova. 

The  ovary  in  mammalia  is  relatively  small  and 
when  compared  with  that  organ  in  fishes  the  number 
of  ova  which  it  contains  is  small.  The  ovary  in  birds 
is  also  relatively  small.  The  average  hen  lays  about 
600  eggs  during  a  period  of  four  years,  many  ova 
not  maturing,  as  is  the  case  with  all  other  animals. 

The  ovary  in  the  lnunan  female,  from  first  to  last, 
contains   an  average  of  about  30,000  ova. 

It  seems  strange  that  the  ovaries  in  large  animals, 
elephants,  cows,  buffaloes,  etc.,  should  be  little  if 
any  larger  than  those  in  the  human  female,  and  also 
that  there  are  vastly  more  ova  even  in  the  smallest 
ovary  than  can  ever  be  utilized.  Provision  is  thus 
made  for  lavish  waste  and  loss,  that  the  species  may 
not  suffer,  whatever  becomes  of  the  individual.  The 
same  prodigality  of  resource  is  noticeable  in  the  male 
reproductive    element,    the    spermatozoon;    of    the 

*  De  Vries  has  remarked  that  in  the  nucleus  of  the  ovum  all 
the  hereditary  predispositions  of  the  organism  are  represented  and 
they  are  reproduced  by  transmission  to  the  other  ornans  of  the 
protoblast,  thus  giving  rise  to  the  hypothesis  of  intracellular 
pangenesis. 
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thousands  of  spermatozoa  whicli  may  have  the  poten- 
tiality of  fertilizing  an  ovum  but  one  performs  that 
function. 

The  subject  of  fecundity  forms  an  essential  part 
of  tlie  data  of  vital  statistics  and  it  is  to  be  regretted 
that  the  collection  of  such  valuable  information  has 
thus  far  been  neglected  in  this  country.  In  numy  of 
the  States,  especially  the  newer  ones,  it  has  been 
ignored  entirely. 

Let  us  first  note  the  postulates  which  were  enun- 
ciated more  than  a  century  ago  by  Malthus  in  his 
logical  but  severely  criticised  treati.se  on  "The  Prin- 
ciple of  Population,"  for  they  are  fundamental  in 
the  consideration  of  fecundity. 

"1.  Population  is  necessarily  limited  by  the  means 
of  subsistence. 

"  2.  Population  invariably  increases  where  the  means 
of  subsistence  increa.se  unless  prevented  by  some 
very  powerful  and  obvious  checks. 

"  3.  These  checks  and  the  checks  which  repress  the 
superior  power  of  population  and  keep  its  effects  on 
a  level  with  the  means  of  subsistence  are  all  resolv- 
able into  moral  restraint,  vice,  and  miserj'." 

Causes  wmrn  Influence  Fecundity. — These  cau.ses 
may  be  favorable  or  unfavorable,  they  may  be  favor- 
able to-day  and  unfavorable  to-morrow.  They  may 
be  grouped  under  three  general  headings,  individual, 
social,  and  physical.  The  greatest  number  of  the 
causes  which  bear  upon  this  question  are,  of  course, 
those  which  concern  the  individual. 

Food. — Assuming  that  the  first  proposition  of 
Malthus  is  valid  we  must  regard  food  as  the  primary 
factor  in  the  discussion  of  fecundity.  Starving  men 
and  women  are  not  only  minus  the  impulse  which 
prompts  the  sexual  act  but  they  are  physically  im- 
potent, for  the  ova  and  the  spermatozoa  are  vital 
structures  and  the  conditions  which  impair  the  vitality 
of  the  other  structures  of  the  body  during  starvation 
necessarily  apply  also  to  them.  Food  may  also  be 
favorable  or  unfavorable  to  fecundity  according  as 
it  is  nutritious  or  innutritious  and  as  it  excites  or 
does  not  excite  sexual  desire. 

The  former  obtains  with  highly  spiced  and  seasoned 
foods,  with  alcoholic  liquors,  etc.  Of  course  the  mat- 
ter of  individual  susceptibility  enters  largely  into  a 
question  of  this  kind,  for  foods  like  inedicines  vary 
in  their  effects  upon  different  individuals.  A  time 
of  abundant  harvests  is  favorable  to  fecundity,  not 
because  it  leads  to  enjoyment  and  excess  as  it  often 
does  among  the  savage  and  ignorant,  but  because  it 
results  in  good  nutrition,  in  abundance  of  labor,  and 
in  the  elimination  of  worry  in  providing  for  the 
immediate  future. 

Nutrition. — This  is,  of  course,  intimately  associated 
with  the  subject  of  food;  fecundity  is  not  favored  when 
the  nutrition  of  the  male  or  the  female  is  bad. 

The  tul)erc\ilous  and  those  who  suffer  with  other 
serious  disea.ses  are  not  without  .sexual  desire,  indeed 
that  emotion  is  frequently  accentuated  by  disea.se,  but 
even  if  pregnancy  occurs  in  tho.se  who  are  badly 
nurtured  it  will  frequently  end  in  abortion  or  at  best 
in  a  living  child  which  is  so  feeble  that  it  will  speedily 
succumb. 

Unfortunately  it  has  frequently  been  noted  that 
an  unhealthy  father  uniting  with  a  healthy  mother 
may  beget  a  large  family  of  children.  (See  Elderton, 
Gait  on  Laboratory  of  Eugenics,  University  of  London, 
Eugenics  Laboratory  Memoir  No.  18.) 

Deaire  Jot  Offspring. — The  regenerative  power  is 
not  whoUv  dependent  upon  a  desire  for  progenv,  for 
instances  abound  in  which  there  was  either  perfect 
indifference  or  positive  repugnance  to  offspring  and 
yet  the  offspring  came  with  regularity  and  frequency. 

On  the  other  hand,  those  couples  who  are  in  good 
physical  condition  and  have  an  eager  desire  for  off- 
spring are  likely  to  get  them.  This  is  noteworthy 
among  the  Mormons,  the  Jews,  the  Mahometans,  and 


others  who  .see  in  a  large  family  not  merely  the  .satis- 
fying of  a  nat  ural  and  proper  inclination,  but  obedience 
to  a  religious  conviction  aS  well. 

Condition  of  the  Generative  Organs. — It  Is  a  pre- 
requisite to  fecundity  that  the  generative  organs  in 
both  the  nude  and  the  female  be  in  a  normal  condition. 
Reproduction  is  impo.ssible  if  the.so  organs  are  un- 
developed or  absent  in  either  sex.  If  they  are  over- 
developed there  is  usually  increased  .sexual  desire  and 
increased  probability  of  fruitfulne.ss.  If  thej'  are 
diseased  the  chances  of  fecundity  are  les.sened. 

Syphilitic  organs  may  result  in  .sterility  or  in  ofT- 
spring  with  greatly  impaired  vitality,  and  the  same 
is  true  of  some  other  diseases.  It  Ls  a  singular  fact 
that  when  the  ovaries  are  the  seat  of  tumors,  even  of  a 
very  large  .size,  and  the  uterus  or  the  male  organs  of 
generation  the  seat  of  malignant  disease  the  power  of 
reproduction  may  remain.  In  idiots  and  imbeciles 
the  generative  organs  are  often  defective  or  undevel- 
oped and  though  procreation  sometimes  occurs  (an 
idiot  mother  in  a  public  institution  was  only  recently 
reported  as  having  .six  children,  distributed  in  variou.s 
other  pulilic  institutions,  each  one  representing  a 
cost  of  .S.5,000  to  the  State  to  bring  up  to  a  usele.ss 
maturity),  it  is  l)y  no  means  so  frequent  as  some 
writers  would  lead  us  to  fear.  The  ab.sence  of  one 
ovary  is  in  no  respect  a  bar  to  fecundity  as  every 
ovariotomist  knows.  The  writer  removed  an  ovary 
from  a  well-developed  woman  after  the  rupture  of  a 
tubal  pregnancy.  In  a  year  or  tw(j  she  gave  birth  to 
twins,  and  the  following  year  to  another  child.  An- 
other woman,  the  Irish  wife  of  a  vigorous  and  well- 
developed  Italian,  gave  birth  to  three  children,  then 
had  a  nearly  fatal  tubal  pregnancy  on  the  right  side, 
then  had  two  living  children  and  a  third  still-born 
child  at  term.  Then  followed  a  tubal  pregnancy  on 
the  left  side  whicli,  after  rupture,  was  successfully 
operated  upon  by  the  writer. 

Disease. — The  influence  of  tuberculosis  and  syphilis 
has  already  been  referred  to.  Other  diseases  either 
in  the  male  or  the  female  may  have  a  similar  un- 
favorable influence,  examples  being  the  chronic 
wasting  disea.ses,  chronic  metallic  poisoiung,  disease 
resulting  from  the  use  of  the  .T-ray  apparatus,  various 
diseases  of  the  nervous  system,  especially  those  which 
are  associated  with  paralysis,  and  even  some  of  the 
acute  infectious  diseases. 

The  general  princijjle  has  been  stated  that  any 
influence  which  impairs  the  nutrition  and  the  vitality 
in  general  will  uui)air  the  vitality  of  the  ov.a  and  the 
spermatozoa.  If  the  given  disease  occurs  in  early 
life  and  is  recovered  from  the  reproductive  power  may 
be  restored,  but  most  of  the  diseases  which  have  been 
alluded  to  occur  in  mature  life  and  the  more  remote 
they  are  from  the  climax  of  the  procreative  period, 
tiuit  is  from  the  age  of  thirty  in  the  fenuile  and  of 
tiiirty-six  in  the  male,  the  less  the  probability  that 
this  function  will  be  restored. 

Temperament. — Indifference  to  family  life  and  to 
the  propagation  of  offspring  has  much  influence  upon 
fecvmdity.  It  was  noted  at  the  Eugenics  Laboratory 
in  London  (1013)  that  this  was  a  conspicuous  cau.se 
of  the  lowered  fertility  in  the  energetic,  intellectual, 
prudent,  well-to-do  clas.ses  in  England  at  the  pre.sent 
time.  This  is  at  least  one  of  the  causes  why  fertility 
is  so  comparatively  infrequent  among  prostitutes. 
Pregnancy  does  occur  among  them  and  abortions  are 
frequently  jiracti-^ed.  but  the  pregnancies  are  rare 
comjjared  with  the  fretjuency  of  the  opportunities 
wliich  are  offered.  Measures  for  the  prevention  of 
impregnation  are  common  enough  among  the  higher 
grades  of  prostitutes,  if  the  term  is  perniissilile,  but 
not  among  the  more  depraved,  and  careless,  and 
abandoned. 

A  cold,  iHiresponsive,  and  passionless  tempera- 
ment in  husband  or  wife  or  both  is  not  necej-sarily 
a.ssociated  with  infertility.  If  such  individuals  are 
normalh-  developed  physically  they  are  Jis  competent 
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for  procreation  as  those  whose  temperament  is  ardent; 
indeed  more  so  than  those  whose  temperament  is 
ardent,  but  whose  generative  organs  are  defective,  a 
combination  which  is  not  so  very  rare. 

Tlie  chief  reason  why  cold  and  sexually  unrespon- 
sive husbands  and  wives  are  so  frequently  childless 
is  that  the  sexual  act  is  unattractive  to  them.  They 
have  no  children  because  they  are  disinclined  to  use 
the  means  which  are  indispensable  to  the  accomplish- 
ment of  that  end. 

Age. — .\ge  has  much  to  do  with  the  subject  of 
fecundity  and  no  phase  of  the  subject  has  been  more 
carefully  studied  than  this.  The  fecundity  of  most 
women  according  to  Matthews  Duncan  is  greatest 
during  the  first  years  of  the  child-bearing  period, 
reaching  its  climax  at  about  the  age  of  thirty,  those 
who  are  under  thirty  being  usually  more  than  twice 
as  fertile  as  those  who  have  passed  that  age. 

In  Scotland,  the  fecundity  of  which  has  been  care- 
fully investigated  by  Matthews  Duncan,  though  some 
of  the  wives  from  fifteen  to  twenty  are  sterile,  the 
fertility  of  this  group  taken  as  a  whole  is  very  great. 
The  highest  initial  fecundity  is  among  tho.se  whose  ages 
range  from  twenty  to  twenty-four,  but  it  declines  as 
the  latter  limit  is  pa.ssed.  When  women  are  married 
above  the  age  of  twenty-four  the  greater  their  age  the 
greater  the  probability  that  they  will  be  sterile;  after 
five  years  of  sterile  marriage  their  chance  of  offspring 
is  as  one  to  seventeen. 

While  we  have  been  unalile  to  obtain  comparative 
statistics  of  all  coimtries  it  will  be  recalled  that  Scot- 
land is  a  relatively  cold  country,  and  that  maturity 
occurs  later  in  cold  than  in  warm  countries.  It 
would  therefore  seem  probable  that  the  greatest 
fecundity,  initial  or  otherwise,  in  tropical  or  semi- 
tropical  countries  is  in  the  five-year  period  between 
fifteen  and  twenty. 

Quetelet,  a  profound  student  of  this  particular 
subject,  places  the  maximum  of  fecundity  in  women 
as  a  whole  prior  to  the  age  of  twenty-six  and  Mat- 
thews Duncan  states  that  the  naaximum  in  men  is 
from  thirt.v-one  to  thirty-three. 

Lewis  found  that  in  Europe  and  Australia  the  maxi- 
mum feciuidity  of  women  was  between  fifteen  and 
twenty-four  and  that  after  forty-five  it  was  very  low. 
Of  the  illegitimate  births  in  Scotland,  which  are  7.93 
per  cent,  of  the  total  number,  sixty-five  per  cent,  are 
born  of  mothers  between  the  ages  of  twenty  and 
twenty-nine,  but  their  number  is  diminishing  even 
more "  than  the  number  of  legitimate  births.  It 
is  also  interesting  and  remarkable  to  note  that,  accord- 
ing to  the  most  recent  statistics,  eighty-two  per  cent, 
of  all  Scotch  brides  are  ultimately  fecund,  forty- 
seven  per  cent,  within  the  first  year  of  marriage,  and 
sevent_y-four  per  cent,  within  two  years. 

In  some  communities  it  is  not  unusual  for  marriage 
to  take  place  with  considerable  frequency  during 
pregnancy.  Lewis  says  that  among  the  peasants  of 
Denmark  thirty-nine  per  cent,  of  the  children  are 
born  within  seven  months  after  marriage,  and  thirty 
per  cent,  within  the  same  period  in  New  South  Wales. 

Household  Conditions. — When  men  and  women  are 
in  good  physical  condition,  ignorance,  bad  hygiene, 
and  inferior  home  surroundings  have  a  less  unfavor- 
able effect  upon  fecundity  than  might  be  expected, 
init  on  the  other  hand"  good  home  surroundings 
distinctly  favor  fecundity  among  the  thrifty,  the 
industrious  and  the  well-to-do.* 

One  need  only  visit  the  slums  and  congested 
quarters  of  any  large  community,  where  the  rooms  are 
overcrowded,  the  hygiene  bad,  and  the  children  swarm- 
ing in  the  streets  to  prove  the  truth  of  these  .state- 
ments, and  it  must  be  remembered  further  that  the 
resisting  power  of  such  children  is  low  and  their  mor- 

*  Elderton  associates  poor  physique  and  low  social  value  with 
large  families  and  Heron  (Draper's  Research  Memoirs)  states 
that  great  fertility  is  not  unusual  with  stock  which  is  physically 
and  mentally  inferior. 


tality  great.  When  women  are  compelled  not  only  to 
endure  bad  hygienic  conditions,  and  bad  food,  but 
to  look  after  the  household  and  furthermore  to  go  out 
and  work  all  day,  it  is  not  strange  if  the  child-bearing 
faculty  becomes  impaired.  Such  women,  it  is  true, 
do  frequently  bear  several  children  in  rapid  succession, 
but  not  a  few  of  them  succumb  in  early  life  to  ex- 
haustion and  di.sease.  Their  fecundity,  on  the  whole, 
is  therefore  inferior  to  that  which  better  household 
conditions  would  give  them. 

With  better  household  conditions,  a  greater  degree 
of  intelligence,  and  a  greater  sense  of  responsibility, 
preventive  measures  and  self-control  with  regard  to 
the  sexual  life  are  often  regarded  as  essential  to  the 
welfare  of  the  family,  and  fecundity  is  lowered.  Of 
course  this  is  one  explanation  of  the  constantly- 
diminishing  birth-rate  among  those  who  are  in  moder- 
ate and  well-to-do  circumstances  in  civilized  nations, 
but  it  tends  to  maintain  the  quality  of  the  stock  and  is 
a  counterpoise  to  the  deterioration  which  follows 
unrestrained  child-bearing  among  the  ignorant,  the 
thriftless,  and  the  vicious. 

Vicious  Habits. — Foremost  among  these  is  the  use 
of  alcohol  and  other  narcotics.  The  use  of  alcohol 
is  frequently  as.sociated  with  brutality  particularly 
among  the  depraved  and  ignorant.  Unrestrained 
sexual  indulgence,  irregularity  and  intemperance  in 
eating  and  drinking,  insufficiency  of  sleep,  and 
criminal  habits  and  practices  of  all  kinds  are  factors 
which  are  not  without  influence,  direct  or  indirect, 
upon  fecimdity. 

The  number  of  abortions  and  miscarriages  which 
are  associated  with  intemperance  and  brutality 
is  very  great,  and  while  it  is  not  maintained  that  the 
procreative  faculty  is  abolished  at  once  by  these 
vices,  for  drunkards  and  syphilitics  and  criminals  of 
all  kinds  do  bear  children,  it  is  certainly  curtailed  in 
numberless  cases. 

The  influence  of  gonorrhea  in  impairing  the  sexual 
organs  in  men  and  women  is  now  unquestioned  and 
thousands  of  women  are  sterilized  annually  by  this 
disease  alone.  What  is  worse  a  large  proportion  of 
these  cases  occur  in  young  women  at  the  very  begin- 
ning of  married  life  and  all  hope  of  having  offspring  is 
effectually  destro_ved. 

As  to  the  influence  of  crime  and  vice  in  the  propaga- 
tion of  great  nimibers  of  offspring  the  notorious 
Jukes  family  and  a  number  of  similar  ones  are  fre- 
quently cited.  The  illustration  is  an  impressive  one, 
but  it  must  also  be  remembered  that  in  a  far  greater 
number  of  cases  the  vicious  habit,  ipso  facto,  cuts  off 
the  possibility  of  reproduction  not  only  in  the 
criminal  but  in  those  who  are  his  victims. 

The  influence  of  such  narcotics  as  opium  is  manifest 
among  nations  like  the  Chinese  by  many  of  whom  it  is 
used  habitually.  When  it  is  used  in  this  manner 
it  frequenth-  removes  not  only  the  power  of  procrea- 
tion but  the  sexual  desire  as  well.  In  this  country 
the  use  of  opium,  cocaine,  and  other  habit-forming 
drugs  is  said  to  be  increasing  to  an  alarming  extent, 
and  cannot  fail  to  have  a  baneful  effect  upon  the  re- 
productive power  of  those  who  are  its  victims. 

Occupation. — Any  occupation  which  impairs  vitality 
must  affect  fecundity,  either  directly  or  indirectly. 
An  entire  group  of  the  so-called  occupational  diseases 
has  recently  been  studied  and  classified,  and  they  are 
among  the  most  important  developments  of  modern 
life.  The  mother  who  leaves  her  home  and  works 
in  an  unsanitary  shop  or  factory,  the  young  woman 
who  works  in  a  badly  ventilated  store  or  office,  the 
man  who  is  employed  in  a  dark  room  or  one  which  is 
artificially  lighted,  or  in  a  chemical  factory  where  he 
constantly  inhales  noxious  gases,  besides  many  in  other 
unhealthy  occupations,  are  all  engaged  in  work  which 
has  an  effect  upon  reproduction.  In  some  cases,  for 
example  those  who  work  with  the  j-ray  apparatus, 
impotence  which  is  probably  irremediable  has  resulted. 

These  facts  amply  justify  the  interest  which  has  been 
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excited  in  occupational  diseases  and  in  the  sociological 
efforts  which  are  being  so  generally  devoted  to  the 
betterment  of  the  surroundings  of  the  daily  task. 

Wages. — It  is  an  observation  as  old  as  Adam 
Smith  and  Malthus  that  increase  of  wages  and  abun- 
dance of  work  mean  increase  in  population.  This  is 
doubtless  true  of  those  classes  which  are  commonly 
called  the  laboring  classes,  though  among  many  of  the 
laboring  people  who  are  thriftless  and  ignorant  the 
presence  or  absence  of  wages  and  work  seems  to  make 
little  difference  in  the  regularity  with  which  new 
babies  appear. 

An  increase  in  income  means,  to  many  a  man,  the 
justification  of  marrying  and  having  a  family.  It  also 
justifies  many  prudent  married  couples  in  assuming  the 
responsibility  of  adding  to  their  families,  though  this 
also  means  more  mouths  to  feed  and  more  backs  to 
clothe. 

The  result  of  increased  wages  may  therefore  he 
a  very  beneficent  one  in  permitting  the  gratification 
of  a  perfectly  natural  desire  for  children. 

In  many  countries  children  have  long  been  regarded 
as  an  economic  asset  to  the  family,  but  as  the  labor 
laws  throughout  the  world  undergo  modification  and 
the  rights  of  children  are  defended  this  asset  becomes 
less  and  less  valuable,  for  the  children  are  becoming 
less  and  less  convertible  into  income.  This  serves,  to 
some  extent  therefore,  as  a  check  to  those  who  would 
exploit  the  labor  of  their  children,  and  will  also  serve  as 
a  check  to  population.  That  this  is  already  true  is 
shown  by  recent  vital  statistics  in  such  large  manu- 
facturing centers  as  Birmingham  and  Glasgow, 

The  following  are  Elderton's  conclusions  in  the 
Eugenics  Laboratory  Memoirs  Xo,  18:  (1)  Wages 
ought  to  be  directly  proportioned  to  social  value  as 
measured  by  physique  and  mentality.  (2)  The  size 
of  the  family  should  be  proportioned,  on  the  average, 
to  the  wages.  In  other  words  fertility  has  ceased  to 
be  coincident  with  economic  vahie. 

Preventive  Measures. — It  would  be  improper  to 
overlook  the  influence  which  preventive  measures 
exercise  upon  fecundity.  The  late  Professor  T,  G. 
Thomas,  in  his  wonderfully  graphic  lectures,  used  to 
say  that  women  could  be  divided  into  two  great  classes 
in  one  of  which  the  desire  to  have  children  was  con- 
stant, while  in  the  other  the  desire  not  to  have  them 
was  equally  constant. 

There  is  no  doubt  that  fecundity  is  enormously 
modified  by  the  determination  of  men  and  women 
everywhere  throughout  the  world  that  they  will  not 
have  children,  or  that  they  will  have  no  more  than 
they  want,  or  than  they  think  they  can  bring  up. 
This  is  particularly  the  case  in  civilized  countries  and 
leads  to  the  use  of  measures  of  the  most  varied  char- 
acter for  the  prevention  of  pregnancy  or  for  its  inter- 
ruption. The  crudest  and  most  barbarous  means 
are  sometimes  adopted  by  women  to  interrupt  preg- 
nancy and  they  may  be  followed  by  serious  or  fatal 
consequences. 

The  trade  of  the  abortionist  is  a  lucrative  and  busy 
one  in  many  communities,  while  in  China  and  other 
countries  which  are  less  civilized  the  exposure  of 
infants  which  are  not  desired  is  a  cruel  substitute 
for  abortion.  Happily  the  exposure  of  infants  is 
becoming  less  prevalent  everywhere  and  more  rep- 
rehensible than  it  used  to  be  regarded. 

The  prevention  of  pregnancy  by  artificial  means 
is  certainly  less  blameworthy  than  the  practice  of 
abortion,  though  it  often  exacts  severe  penalties  from 
those  wh  o  indulge  in  it.  There  is  no  doubt  in  the 
mind  of  the  writer  that  it  is  often  justifiable  though 
to  what  extent  and  in  what  manner  need  not  be  stated 
at  this  time.  It  certainly  does  seem  reasonable  that 
those  who  are  unfitted  or  unable  to  bear  and  nurture 
healthy  children  ought  not  to  bring  them  into  the 
world,  with  all  their  handicaps,  to  meet  the  distress 
and  mishap  which  will  be  inevitable. 

The  sterilization  of  the  criminal  and  the  mentally 


defective  is  now  a  law  in  eight  of  the  states  of  this 
country.  In  Indiana  where  the  law  has  already  been 
in  operation  several  years  it  is  said  to  have  worked 
well.  It  .seems  reasonable  that  those  who  are  already 
a  burden  to  the  community  should  not  be  permitted 
to  add  to  this  burden  by  procreating  their  deba.sed 
kind.  For  certain  classes  of  degraded  criminals  it 
would  be  desirable  that  even  more  drastic  procedures 
than  the  simple  ligation  of  the  vasa  deferentia,  which  is 
now  practised  upon  defective.s,  should  be  carried  out. 

C.\u.sE.s  OF  A  Social  Character. — Fecundity  is  also 
greatly  modified,  increa.sed  in  some  cases,  diminished 
in  others,  by  cau.ses  which  are  social  or  partly  social 
in  character.  It  is  well  to  remember,  as  stated  by 
Elderton,  that  if  fertility  is  correlated  with  any  anti- 
social hereditary  character  a  population  will  degen- 
erate with  considerable  rapidity.  Thi.s  is  well  illus- 
trated in  the  decadent  and  decayed  nations  whicti 
have  yielded  to  vice,  luxury,  disea.se,  etc.,  notwith- 
standing the  great  fertility  of  [more  or  fewer  indi- 
viduals among  them. 

Indifference. — \  feeling  of  indifference  for  the  re- 
sponsibilities of  bearing  and  bringing  up  children  has 
prevailed  in  many  communities  from  time  immemorial 
and  is  coincident  with  a  low  birth  rate.  On  the  part 
of  many  it  indicates  a  want  of  patriotism  and  upon 
this  ground  statesmen  in  different  countries  have 
repeatedly  appealed  to  their  fellow  countrymen  to 
overcome  it.  It  is  a  common  sentiment  among  well- 
to-do  classes  in  this  country  and  has  formed  the  excuse 
for  many  sermons  from  a  distinguished  statesman  on 
the  folly  of  race  suicide.  It  has  been  a  common 
sentiment  in  France  almost  continuously  since  the 
Revolution,  and  France  has  had  a  diminishing  birth 
rate  almost,  continuously  since  then.  It  is  a  senti- 
ment which  is  growing  in  Germany  and  is  cause  for 
serious  consideration  in  all  civilized  countries.  It 
has  been  counterbalanced  in  part  by  great  improve- 
ments in  hygiene  and  preventive  medicine  and  par- 
ticularly by  a  great  and  almost  universal  diminution, 
of  mortality  among  infants;  this  however  is  pallia- 
tive and  not  curative. 

Divorce. — Akin  to  the  cause  which  has  just  been 
alluded  to  is  the  increasing  nvmiber  of  divorces  in  many 
countries.  In  spite  of  the  rigorous  and  prai.seworthy 
tenets  of  the  Roman  Catholic  Church  upon  this  sub- 
ject the  evil  is  spreading.  It  is  a  scandal  and  a  dis- 
grace in  this  country. 

In  the  countries  of  central  Europe,  especially  in 
Germany,  it  is  as.sociated  with  a  diminishing  number  of 
marriages  and  a  diminishing  birth  rate.  In  1911 
there  were  15,780  divorces  in  Germany  or  twenty-four 
per  100,000  of  population  against  twenty  per  100,000 
in  1906,  while  the  number  of  marriages  in  1911  was 
7,800  per  100,000  against  8,200  in  1906.  In  Berlin 
the  divorces  in  1911  were  ninety-six  per  100.000 
against  sixty-two  in  the  period  from  1901  to  1904. 

High  Cost  of  Living. — This  factor  which  is  so 
conspicuous  in  this  country  exists  also  in  many  others. 
The  cause  need  not  detain  us,  it  is  sufficient  to  know 
that  it  exists.  L'nfortunately  it  is  attended  also  with 
widespread  luxury  and  extravagance  on  the  part  of 
those  who  are  in  easy  circumstances,  and  with  great 
discontent  on  the  part  of  the  poor.  These  are  ominous 
conditions  for  they  affect  not  only  the  welfare  of 
individuals  but  of  nations. 

In  the  reign  of  Augustus,  200,000  Romans  of 
mature  age  received  enough  corn  from  the  government 
to  subsist  upon,  and  they  had  little  else.  Each  had 
enough  for  an  individual  but  not  enough  for  a  famil}-, 
and  it  was  the  time  of  Rome's  greatest  prosperity. 

Irregular  Emploi/menl. — .\s  in  the  individual  so  in 
the  mass  unsteadiness  of  employment  in  consequence 
of  strikes  and  tariff  discussions,  overloaded  markets, 
and  social  disturbances  of  various  kinds  always  reacts 
upon  the  birth  rat<^.  and  unfortunately  it  lowers  the 
rate  among  those  whose  offspring  is  most  desirable  for 
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a  community.  The  lazy  and  the  thriftless  and  those 
who  are  without  forethought  or  care  for  the  future 
continue  to  breed  and  the  additional  burden  of  care 
for  their  offspring  falls  upon  the  prudent,  the  careful, 
and  the  well-to-do.  It  is  such  facts  as  these  which 
justify  preventive  and  even  restrictive  measures  re- 
garding procreation,  in  the  minds  of  many  thoughtful 
people. 

Hygiene. — There  is  no  subject  to  which  more  in- 
telligent thought  has  been  directed  in  recent  years 
than  that  of  hygiene.  It  means  cleaner  streets, 
better  and  better-ventilated  houses  and  shops  and 
factories,  public  baths,  inspection  of  food,  inspection 
of  schools,  prevention  of  di.sease,  and  a  great  many 
other  useful  measures.  It  has  lowered  the  mortality 
rate  in  all  civilized  countries,  it  has  reduced  the 
mortality  among  infants  to  an  extent  that  is  really 
astonishing,  and  it  has  increased  the  average  length  of 
life. 

It  is  probable  that  it  has  diininished  rather  than 
increased  fecunditj-,  especially  in  urban  communities, 
but  in  this  respect  it  certainly  signifies  improvement 
for  it  gives  those  who  come  into  the  world  a  better 
chance  of  remaining  a  while  and  under  more  favorable 
conditions  than  formerly. 

Agrieullural  Life. — No  occupation  or  manner  of  life 
is  better  adapted  to  result  in  health  and  the  normal 
performance  of  the  functions  of  the  body  than  agricul- 
ture. It  means  not  only  abundant  exercise  of  all 
portions  of  the  body  but  the  appropriation  of  an 
abundance  of  life-giving  oxygen.  It  is  not  strange 
therefore  that  statisticians  regard  it  as  the  form  of  life 
which  is  most  favorable  to  fecundit_v.  A  centur}-  ago 
the  majority  of  the  population  of  this  country  were 
farmers,  there  were  few  cities  with  their  allurements 
and  their  dissipations,  and  it  is  not  strange  that 
the  population  increased  with  great  rapidity  even 
apart  from  the  great  accessions  which  were  sub- 
sequently derived  from  immigration.  It  was  a 
common  experience  for  a  farmer  to  have  a  dozen 
children  or  more  and  the  majority  of  them  grew  up  to 
sturdy  manhood  and  womanhood,  and  there  is  nothing 
unusual  in  this,  for  in  new  countries  generally  the  same 
thing  is  observed,  provided  the  climate  and  soil  are 
good. 

It  may  therefore  be  regarded  as  demonstrated  and 
demonstrable  that  fecundity  is  at  its  best,  both  in 
respect  to  numbers  and  quality,  in  rural  rather  than 
in  urban  communities. 

NalioJial  or  Racial  Virility. — The  quality  of  race 
stock  differs  in  human  beings,  just  as  it  does  in 
animals,  and  shows  the  widest  variations  in  the 
tenacity  with  which  it  holds  on  to  life  and  reproduces 
itself.  The  virility  of  the  Jewish  stock  is  wonderful 
and  also  its  power  of  reproduction  even  imder  adverse 
conditions,  and  the  power  of  the  Anglo-Saxon  stock  is 
similarly  remarkable.  Some  of  the  barbarian  and 
semi-civilized  nations  and  races  have  shown  wonder- 
ful reproductive  power  though  lacking  in  other 
important  particulars.  The  swarms  of  barbarians 
which  overran  Europe  in  the  early  centuries  of  the 
Christain  era  illustrate  national  virility,  particularly 
under  the  stimulus  of  migration,  and  show  that  the 
simple  impulse  to  live  and  reproduce  is  sufficient, 
under  favoring  physical  conditions,  for  association 
with  the  greatest  possible  fecundity. 

IVIalthus  remarked  that  the  natural  fecundity  of 
women  is  nearly  the  same  in  all  parts  of  the  world, 
though  it  is  affected  by  various  conditions  in  various 
countries  and  especially  by  late  marriages.  He  also 
observed  that  a  nation  is  in  a  precarious  condition 
when  there  are  fewer  than  four  children  as  the  product 
of  the  average  marriage.  The  last  statement,  if  true 
100  years  ago,  when  the  general  mortality  was  high, 
the  infant  mortality-  more  than  fifty  per  cent,  and 
the  average  expectation  of  life  much  lower  than  now, 
can  hardly  be  true  at  present  when  hygienic  laws  are 
so  much  more  generally  understood  and  obeyed. 
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Polygamy. — The  natural  suppo.sition  would  be  that 
polygamy  and  fecundity  and  overpopulation  would  be 
synonymous,  but  this  is  not  the  case,  and  it  is  far 
from  the  truth  if  polygamy  means  simply  the  in- 
dulgence of  excessive  sexual  de-sire.  The  partriarchs 
in  the  Bible  narrative  were  polygamous  and  had 
large  families  because  that  not  only  conformed  to 
their  desire  but  fulfilled  the  divine  injunction  which 
they  believed  was  imposed  upon  them.  The  Mormons 
professed  to  have  a  similar  religious  conviction  and  as 
long  as  polygamy  was  permitted  in  this  coimtry  they 
increased  with  great  rapidity.  Polygamy  as  a  part  of 
a  social  system  is  now  outgrown  and  its  practice  in 
most  countries  is  neither  lawful  nor  desirable.  Judg- 
ing from  its  present  manifestations  it  favors  fecundity 
neither  in  men  nor  in  women  and  it  has  so  many 
objectionable  features  that  its  disappearance  will  be 
an  advantage  to  the  race. 

War,  Famine,  and  Pestilence. — Of  course  these  calam- 
ities are  unfavorable  to  fecundity.  It  is  true  that 
famine  and  pe,stilence  are  survived"  only  by  the  fittest, 
but  the  jihysical  condition  of  such  survivors  is  not 
usually  favorable  to  reproduction.  After  a  period 
of  rest  subsequent  to  such  calamities  it  has  been  ob- 
served that  population  increases  with  great  raj^idity. 
This  is  particularly  the  case  after  disastrous  wars  so 
that  within  a  few  years  the  loss  in  population  may  even 
be  more  than  repaired.  This  is  shown  in  the  experi- 
ence of  the  United  States  and  Germany  during  the 
half  century  which  has  elapsed  since  the  great  wars 
in  which  they  were  participants. 

Emigration. — This  is  alwa.ys  favorable  to  fecundity 
when  the  condition  of  the  emigrants  is  improved  by 
the  change  in  their  surroundings. 

When  a  barbarous  nation,  in  the  middle  ages, 
swarmed  into  a  covuitry  which  was  better  and  less 
crowded  than  its  own,  it  increased  in  numbers,  at 
any  rate  for  a  time,  and  particularly  if  the  new  stock 
with  which  it  intermarried  was  good. 

The  immigrants  who  came  to  this  country  from 
England  in  the  seventeenth  century  raised  large 
families  and  multiplied  more  rapidly,  in  all  probability, 
than  they  would  have  done  at  home.  Emigrants 
frequently  encounter  trials  and  hardships  in  their 
new  homes  but  these  may  lead  to  the  development  of 
the  finest  physical  and  mental  qualities  and  give  un- 
usual stimulus  to  their  reproductive  apparatus,  as 
they  did  in  the  case  of  our  early  settlers. 

Government. — When  political  conditions  are  good 
and  government  is  .stable  there  is,  of  course,  more 
encouragement  to  raise  a  family  than  when  the.se  con- 
ditions are  bad.  But  this  alone  seems  to  have  had 
comparatively  little  influence  on  the  population  of 
many  of  the  nations  of  the  world. 

The  modern  tendency  in  governments  to  pension 
the  aged,  to  care  for  those  who  are  sick  and  injured 
and  provide  employment  for  a  larger  portion  of  the 
population,  all  of  which  shows  the  inevitable  trend 
to  socialism,  is  bound  to  have  a  great  influence  on 
population  in  the  future.  The.se  beneficent  tendencies 
will  remove  from  the  minds  of  many  the  association 
of  old  age  with  the  poor  house  and  the  fear  of  their 
inability  to  bring  up  children  decently.  It  will 
doubtless  take  from  some  the  feeling  of  independence 
and  self-helpfulness,  but  there  are  thousands  who  have 
never  had  such  feelings  and  such  as  they  will  marry 
and  bear  children  which  they  would  not  have  been  so 
likely  to  do  under  the  old  conditions. 

Causes  of  a  Physical  Nature. — Physical  causes  are 
also  responsible  for  certain  phases  of  fecundity  and 
must  not  be  ignored.  They  are  few  in  number  and 
can  be  briefly  considered. 

Soil. — It  cannot  be  said  that  a  barren  soil  is  alto- 
gether unfavorable  to  fecundity  for  there  are  few 
portions  of  the  world  where  the  soil  is  more  barren 
than  upon  some  of  our  New  England  farms  and  yet 
amost  virile  and  abundant  population  has  lieen  raised 
upon  them.     But  a  barren  soil  is  not  selected  from 
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preference  and  the  generous  soil  of  our  western  country 
attracted  the  younger  generation  of  those  who  had 
lived  upon  the  old  and  rocky  hill  farms. 

The  effect  of  this  migration  upon  fecundity  has  been 
favorable,  on  the  whole,  though  owing  to  various 
social  causes  and  tendencies  the  increase  in  popula- 
tion has  not  been  relatively  as  great,  excluding  the 
accession  of  immigrants  from  foreign  countries,  as 
in  the  early  days.  We  repeat  that  the  agricultural 
life  under  propitious  conditions,  and  especially  in  a 
new  country,  affords  the  greatest  possible  stimulus 
to  fecundity. 

Climatr. — This  influence  upon  fecundity  is  very 
potent,  though  extremes  either  of  heat  or  cold  are 
not  conducive  to  productivity. 

The  Esquimaux  seldom  have  more  than  one  or  two 
children  and  it  is  said  that  the  reproductive  power  of 
the  English  residents  in  India  is  exhausted  in  the  third 
generation. 

The  natives  of  the  tropics  in  general  are  not  so 
prolific  nor  so  virile  as  those  of  temperate  climates, 
the  climax  of  productivity  is  earlier  reached,  there  is 
less  ability  to  resist  disease,  and  life  is  shorter. 

Temperate  climates  with  moderate  heat  and  mode- 
rate cold  unquestionably  offer  the  most  advantageous 
conditions  for  vigorous  manhood  and  vigorous 
reproductive  power. 

Season. — As  a  corollary  to  the  foregoing  it  is  mani- 
fest that  the  impulse  to  reproduction  is  not  greatest 
in  very  cold  nor  in  very  warm  weather,  and  cer- 
tainly not  in  weather  that  is  hot  and  moist,  but  when 
it  is  sufficiently  stimulating  to  bring  all  the  functi(jns 
of  the  body  to  their  greatest  activity.  Even  certain 
days  are  believed  to  be  favorable  or  unfavorable  to 
fecundity,  but  if  this  were  true  it  is  not  due  to  their 
place  in  the  calendar  but  rather  because  they  are 
neither  too  hot  nor  too  cold,  neither  too  wet  nor  too 
dry. 

Multiple  Births  and  Unusual  Fertility. — Giv- 
ing birth  to  twins  or  triplets  at  the  first  labor  is  not 
in  itself  a  mark  of  unusual  fecundity,  for  the  repro- 
ductive power  may  be  exhausted  by  one  such  experi- 
ence. 

The  proportion  of  twins  in  the  total  of  births  is 
about  as  one  to  eighty,  and  a  larger  number  than  two 
at  a  birth  is  ver.v  unusual. 

It  is  a  singular  fact,  as  Duncan  has  remarked,  that 
deformities  are  frequent  in  those  families  in  which 
twins  are  common,  and  that  among  imbeciles  and 
idiots  and  their  relatives,  if  they  bear  at  all  they  not 
infretiuently  liear  twins. 

Duncan  also  draws  the  conclusion  from  his  exten- 
sive obstetric  experience  that  the  whole  hi.story  of 
twin  births  indicates  imperfect  development  and 
feeble  organization,  in  other  words  that  twinning  is  a 
departure  from  physiological  rule,  and  the  dejiarture 
is  even  more  marked  when  triplets  or  quadruplets 
are  produced. 

Very  young  women  are  unlikely  to  have  twins  at 
the  first  pregnancy,  but  with  older  women  such  an 
occurrence  is  not  infreciuent.  In  general  a  woman's 
chance  of  having  twins  increases  with  each  pregnancy, 
that  is,  as  she  approaches  or  passes  the  climax  of  fer- 
tility. Remarkable  examples  of  great  fertility  in 
women  have  been  reported  from  time  to  time,  some 
of  them  bordering  upon  the  marvelous  and  incredible. 
A  fund  of  such  information  has  been  collected  by 
De  Bay  (La  Venus  feconde,  Paris,  1S73)  and  this  is 
our  authority  for  the  statements  which    follow. 

Hippocrates  and  Galen  reported  cases  occurring  in 
Asia  and  Egypt  in  which  from  two  to  five  children 
were  born  at  a  single  birth. 

Osiander  reports  the  case  of  a  woman  who  had  two 
and  three  children  at  a  birth,  her  daughter  also  bear- 
ing two  and  five  at  a  birth.  Her  sister  had  borne 
thirty-three  children  when  she  reached  the  age  of 
thirty-two.     Another  woman  was  the  mother  of  fifty- 
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three  children,  having  borne  one  eighteen  times,  two 
five  times,  three  four  times,  .six  once,  and  seven  once. 

Meckel  tells  of  a  peasant  woman  of  average  size, 
b\it  with  a  large  pelvis,  who  was  the  mother  of  thirty 
children  by  one  man  and  fourteen  by  another. 

Hurdach  tells  of  a  man  who  was  the  father  of  thirty 
children,  and  of  a  workingman  in  Ixjndon  who  was  the 
father  of  forty-six  l)y  eight  women.  A  peasant  in 
Moscow,  in  1782,  is  .said  to  have  had  eighty-seven 
children  by  two  women,  and  two  negrcs-ses  are  said 
to  have  had  twenty  children  each  in  four  labors. 

Elizabeth  Powler  is  said  to  have  had  sixteen  children 
twelve  of  whom  married.  When  she  died  at  the  age 
of  eighty-throe  she  had  114  grandchildren  and  228 
great-grandchildren.  Out  of  these  came  9()0  children 
or  about  1.2.")0  in  five  generations.  The.se  stories 
are  curious  and  interesting,  if  true. 

Stritislics  of  Fecundily  in  Scotland. — It  would  be 
impossible  as  well  as  undesirable  in  an  article  like 
this  to  make  an  exhaustive  analysis  of  the  fecundity 
of  the  various  races  and  nationsof  the  world,  further- 
more the  .statistics  for  such  a  study  are  not  available. 
The  next  best  thing  is  to  take  the  vital  statistics  of 
some  representative  nation  as  a  type  or  standard  and 
draw  comparative  or  approximate  conclusions  from 
them.  There  is  no  more  virile  nation  than  the 
Scotch  and  fortunately  the  .statistics  on  fecundity 
for  the  cities  of  Edinburgh  and  Gla.sgow  have  been 
carefully  elaborated  by  INIatthews  Duncan,  and  those 
of  Scotland  as  a  whole  by  Lewis  and  Lewis.  (J. 
Matthews  Duncan:  Fecundity,  Fertility  and  Sterility, 
Wm.  Wood  and  Co.,  1.S71.  Lewis  and  Lewis:  Natal- 
ity and  Fecundity,  Wm.  Wood  and  Co.,  1900.) 

We  have  already  quoted  from  both  these  writers 
and  shall  add  a  few  brief  summaries. 

I.  (1)  The  fecundity  of  the  mass  of  Scotch  wives 
was  found  to  be  greatest  at  the  beginning  of  the  child- 
bearing  period,  gradually  diminishing.  (2)  Their 
fecvmdity  before  thirt.\'  was  more  than  twice  as  great 
as  after.  (3)  Their  fecundity  declines  rapidly  after 
forty. 

II.  (1)  The  initial  fecundity  of  women  gradually 
waxes  to  its  climax  and  then  gradually  wanes.  (2) 
Initial  fecundity  is  very  high  from  twenty  to  thirty- 
four.  (3)  The  climax  of  initial  fecundity  is  at 
twenty-five. 

III.  (1)  Nearly  all  women  who  are  married  from 
twenty  to  twenty-five  are  fecund.  (2)  The  fecundity 
of  women  married  from  fifteen  to  twenty  is  greater 
than  of  those  married  from  twenty-five  to  twenty- 
nine.  (3)  The  climax  of  fecundity  is  reached  between 
twenty  and  twenty-five.  (4)  The  fecundity  of  the 
average  woman  is  a  wave  which  rises  from  sterility 
to  its  high  mark  and  then  gradually  falls  to  sterility 
again. 

IV.  (1)  The  fertility  in  twins  is  greatest  when  the 
fecundity  is  least  and  vice  rersa.  (2)  The  actual  num- 
ber of  twins  born  to  the  mass  of  women  in  different 
pregnancies  decreases  as  the  number  of  pregnancies 
increases.  (3)  .\  woman  is  more  likely  to  have  twins 
with  each  succeeding  pregnancy  than  at  the  one  im- 
mediately preceding.  (4)  In  most  women  the  birth 
of  twins  indicated  great  fertility  up  to  that  time.  (5) 
A  woman  who  bears  twins  will  probably  have  a 
larger  family  than  one  who  is  uniformly  uniparous. 

V.  (1)  The  fecundity  of  the  majority  of  husbands 
is  greatest  during  the  early  years,  then  it  declines 
but  may  persist  to  a  late  period.  (2)  Fecundity  after 
sixty-four  is  low,  under  forty  it  is  higher  than  from 
forty  to  sixty-four.  (3)  There  is  a  definite  correla- 
tion between  male  and  female  fecundity,  the  former 
being  two  to  three  years  later  than  the  latter. 

VI.  (1)  Wives  from  fifteen  to  nineteen  are  most 
fecund  with  husbands  from  fifteen  to  nineteen,  the 
fecundity  diminishing  as  the  husband  approaches 
forty.  (2)  Wives  from  twenty  to  twenty-four  are 
most  fecund  with  husbands  from  fifteen  to  nineteen, 
their  fecundity  remains  high  with  husbands  to  fifty- 
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nine.  (3)  Wives  from  twenty-five  to  twenty-nine  are 
most  fecund  with  liusbands  from  fifteen  to  nineteen, 
their  fecundity  declines  irregularly  with  husbands 
from  twenty  to  fift.v-fovir.  (4)  Wives  from  tliirty  to 
thirty-four  begin  to  decline  in  fecundity,  their  fecun- 
ditj'  is  highest  with  husbands  from  fifteen  to  nineteen. 
(.5)  Wives  from  thirty-five  to  thirty-nine  are  most 
fecund  with  husbands  from  twenty-five  to  twenty-nine. 
(6)  Wives  from  fort}-  to  forty-four  are  most  fecund 
with  husbands  from  twenty  to  twenty-four  les.s  so 
with  husbands  from  thirty  to  fift.v,  lea.st  with  tho.se 
who  have  passed  sixty.  (7)  Wives  from  fort_y-five  to 
forty-nine  have  low  fecundity. 

VII.  (1)  Of  brides,  fifty-nine  per  cent,  become  preg- 
nant in  the  first  j'ear  of  marriage,  and  ninety  per  cent. 
in  the  second.  (2)  Multijile  birtlis  in  Scotland  are 
as  one  to  8, .391,  the  majority  of  twin  births  occur  in 
women  over  thirty.  (3)  More  males  than  females 
result  from  the  first  pregnancy.  (4)  Of  the  total  of 
births  one-fifth  are  born  of  primiparous  mothers.  (.5) 
The  intervals  between  Ijirths  in  large  families  is  usually 
two  years.  Andrew  F.  Corkier. 

Feeding,  Artificial. — See  Alimentation. 

Feeding,  Artificial  of  Infants. — See  Infant  Feed- 
ing. 

Feeding,  Forcible. — Forcible  feeding  means  the 
introduction  of  food  into  the  organism  against  (or 
without)  the  will  of  the  individual.  It  is  employed 
in  two  groups  of  cases;  (1)  In  patients  exhibiting  a 
comatose  or  semi-comatose  condition  for  a  con- 
siderable period  of  time;  and  (2)  in  patients  afflicted 
with  brain  troiibles  (insanity,  melancholia),  when 
they  refuse  nourishment. 

The  insane  form  the  largest  contingent  of  cases  in 
■which  forcible  feeding  must  be  resorted  to.  Here  it  is 
the  most  important  measure  not  only  to  prolong  life 
but  also  often  for  the  establishment  of  a  cure,  when- 
ever this  is  possible. 

In  some  instances  small  quantities  of  licjuid  or  semi- 
liquid  food  are  introduced  into  the  mouth  of  the 
patient  and  the  latter  is  told  to  swallow.  In  case  this 
jirocedure  is  effective,  enough  nourishment  ma\'  be 
slowly  ingested  in  this  way.  But  if  this  means  fails, 
as  it  often  does,  or  in  patients  who  are  not  accessible 
to  our  exhortations,  the  ])rinci])al  measure  of  forcible 
feeding  consists  in  the  artificial  ingestion  of  nourish- 
ment. The  latter  is  performed  in  three  ways:  (1) 
Gastric  alimentation  by  means  of  a  tube  inserted  into 
this  organ;  (2)  rectal  alimentation;  (3)  subcutaneous 
alimentation. 

By  far  the  most  frequently  emplo3-ed  and  the  most 
efficient  method  of  forcible  feeding  consists  in  the  first 
measure.  It  seems  that  the  stomach  pump  was  used 
for  this  purpose  long  before  its  application  in  gastric 
affections  as  a  therapeutic  measure  (Kussmaul, 
1S67);  for  in  1857  William  Hamilton  mentions  the 
stomach  pump  as  a  well-known  procedure  in  the  feed- 
ing of  the  insane.  The  same  writer  had  also  introduced 
a  new  means  of  gastric  alimentation  by  inserting  a 
tube  through  the  nostril  into  the  esopliagus  and 
providing  it  with  a  funnel.  This  method  is  still 
used  nowadays,  and  I  may,  therefore,  be  allowed  to 
cite  Hamilton  in  full.     He  says: 

"Acting  upon  a  method  advised,  in  cases  of  trismus, 
of  introducing  into  tlie  nostrils  a  tube  to  the  posterior 
fauces,  through  which  nourishment  may  be  passed  to 
a  point  bej'ond  voluntary  muscular  control,  an  instru- 
ment was  constructed  w-hich  was  efficaciou.sly  employed 
on  the  twenty-fourth  of  June  last.  It  consists  of  an 
ela.stic  tube,  twenty-four  mches  long,  the  size  of  a 
catheter,  at  the  open  end  of  which  a  funnel  is  attached. 
Near  its  end  the  tube  is  slightly  curved.  The  curve 
is  maintained  by  the  introduction  of  a  silver  wire, 
two  inches  in  length,  one  end  being  bent  upon  itself 
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to  preserve  it  in  position,  to  prevent  its  impinging  at 
right  angles  upon  the  posteri(.)r  wall  of  the  pharj-nx 
during  the  first  stage  of  the  process,  and  during  the 
second  keeps  the  tube  from  interfering  with  the 
glottis.  The  tube  being  adjusted,  the  operator  pours 
through  it  nutritious  or  medicated  liquids,  which  ' 
are  immediately,  by  automatic  action,  conveyed  into 
the  stomach.  This  operation  is  not  disturbed, 
owing  to  the  length  and  flexibility  of  the  tube,  by  any 
considerable  motion  of  the  patient's  head." 

Forcible  gastric  alimentation  is  performed  in  the 
following  manner:  A  soft-rubber  tube  (regular 
stomach  tube),  provided  with  a  connecting  glass- 
piece  at  the  outside  end,  is  introduced,  either  by  way  of 
the  mouth  (when  this  is  possible,  or  after  keeping  the 
mouth  open  by  a  gag)  or  by  way  of  the  nostril,  into 
the  stomach.  A  rubber  tube  with  funnel  attach- 
ment is  next  .slipped  over  the  glass-piece,  and  the 
apparatus  is  then  ready  for  the  reception  of  food. 
The  latter,  in  liquid  or  semi-liquid  form,  is  poured 
from  a  pitcher  into  the  funnel,  which  at  first  must  he 
somewhat  lowered,  in  order  to  prevent  the  entrance 
of  too  much  air  into  the  .stomach,  and  then  afterward 
raised  to  about  the  level  of  the  patient's  face,  until 
the  whole  cjuantity  desired  has  been  ingested.  Then 
the  entire  apparatus  is  quickly  removed  after  com- 
pressing the  tube  with  the  fingers  in  such  a  manner 
that  no  contents  may  escape  from  it  while  in  the 
pharynx.  It  will  be  readily  understood  that  assist- 
ance is  oftentimes  required  during  this  procedure, 
especially  when  we  are  dealing  with  maniacal  patients. 
The  arms  and  feet  of  such  a  patient  must  .sometimes 
be  kept  quiet  by  strong  assistants.  In  patients  who 
do  not  offer  much  resistance,  a  thin  long  catheter  may 
be  introduced  into  the  stomach  and  left  there  for  a 
week  or  so;  we  then  have  the  canal  always  ready  for 
feeding  purposes.  The  apparatus  described  in  the 
article  on  Alimentation,  Duodenal  may  be  employed, 
permitting  the  end  to  lodge  either  in  the  stomach  or 
duodenum,  as  it  appears  best. 

The  amount  and  kind  of  foods  to  be  introduced 
into  the  stomach  can  be  varied.  The  principle  is,  to 
introduce  liquid  and  .semi-liquid  food  in  sufficient 
quantity  for  the  maintenance  of  life.  As  a  rule  a 
combination  of  milk  and  eggs  beaten  up  together  is  the 
most  important  and  most  frequently  used  form  of 
nourishment.  F.  Jolly  recommends  using  one  quart 
and  a  half  of  milk  and  three  raw  eggs  for  each  feeding, 
twice  daily.  The  milk  can  also  he  combined  with 
cream,  with  somatose,  or  with  plasmon,  or  indeed  with 
any  of  the  beef  juices  in  use.  A  tablespoonful  or 
two  of  sugar  and  some  table  salt  may  also  be  con- 
veniently added.  In  the  same  manner  meat  powder, 
puree  of  brain,  peas,  etc.,  can  be  mixed  witli  water  or 
milk  and  introduced  into  the  stomach. 

Inasmuch  as  forcible  gastric  feeding  permits  us  to 
utilize  a  great  variety  of  foods,  and  especially  a 
considerable  quantity  of  them,  it  lies  within  our 
power  not  only  to  keep  the  patient  in  balance,  but 
also  sometimes  to  make  him  gain  in  flesh.  Forcible 
gastric  feeding  is  therefore  the  means  par  excellence 
for  forcible  feeding.  The  other  two  methods  men- 
tioned above — rectal  alimentation  and  subcutaneous 
feeding — play  here  but  an  unimportant  part.  Rectal 
alimentation  may  be  for  a  time  combined  with 
gastric  alimentation  when  it  is  very  difficult,  on  ac- 
count of  the  patient's  struggles,  to  mtroduce  the  tube 
Into  the  stomach.  Subcutaneous  alimentation  is 
still  less  important,  as  the  amount  of  nutritive  value 
introduced  in  this  way  hardly  amounts  to  anything. 
William  H.  Murray  recommends  subcutaneous  in- 
jections of  olive  oil  (10-20  c.c.)  twice  daily. 

Max  "EiNHORN. 


Fees,  Medical. — In  the  early  history  of  the 
American  Colonies,  the  practice  of  the  healing  art 
was  chiefly  in  the  care  of  the   clergy.     For  several 
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years  previous  to  their  leaving  England,  many  of  tlie 
clergy  took  up  the  stud}'  of  medicine,  and  for  upward 
of  a  century  after  the  settlement  of  New  England, 
numbers  of  the  native  clergy  were  continually 
educated  in  both  professions. 

Tliis  condition  of  things  caused  any  recognition 
of  the  physician's  care  for  his  patient  to  be  in  the 
nature  of  a  gratuity,  rather  than  a  payment,  as  he 
was  caring  not  only  for  the  physical  ailments,  but 
also  for  the  spiritual  condition  of  his  parishoner. 

Tills  condition  of  things  gradiuilly  passed  away, 
until   to-day,   payment  is  demanded    and  expected. 

The  Ajiount  of  the  Fee. — General  Practice. — The 
average  office  fee  in  cities  is  two  dollars  for  advice 
only,  and  more  if  any  special  service  is  recjuired. 
House  calls  vary  from  three  to  five  doUar.s — for 
accouchment,  from  twentj'-five  dollars  upward  ac- 
cording to  the  circumstances  of  the  family,  and 
the  nature  of  the  case. 

For  minor  surgical  operations  done  by  the  family 
physician,  such  as  circumcision,  removal  of  adenoids, 
amputation  of  tonsils,  and  the  like,  twenty-five  to 
fifty  dollars.  Night  calls  are  charged  double  the 
day  rate,  and  according  to  the  distance. 

Twenty-five  years  ago,  it  was  the  common  practice 
for  the  physician  in  the  country  to  charge  for  an 
office  call  only  fifty  cents  and  then  frequently  give 
the  medicine;  at  the  present  time  in  most  places  one 
dollar  is  charged  for  the  ordinary  call  at  the  office. 

For  calls  made  at  the  residence  the  usual  fee  is  one 
dollar  and  fifty  cents  for  within  a  mile,  two  dollars  for 
two  miles,  and  so  on,  in  proportion  to  the  distance. 

For  fractures  of  the  fingers  or  toes,  the  reduction, 
dressings,  and  other  necessary  charges,  five  to  ten 
dollars;  for  the  reduction  of  a  fracture  of  any  of  the 
long  bones,  with  dressings,  twenty-five  dollars. 
Amputation  of  the  leg  or  arm,  or  appendectomy, 
one  hundred  to  one  hundred  and  fifty  dollars  is 
customary. 

Operations  on  the  tonsils  or  the  removal  of  adenoids, 
twenty  to  thirtj-  dollars. 

In  obstetric  practice  ten  to  fifteen  dollars  is  charged 
in  ordinary  cases,  where  no  instruments  are  necessary-, 
and    twenty-five    when    they    are    recjuired. 

Many  practitioners  in  the  country  rely  largely  on  the 
practice  from  the  summer  hotels  in  their  vicinity  for 
the  actual  money  saved  during  the  year,  as  they 
charge  much  larger  fees — from  three  to  five  dollars 
a  call,  the  calls  are  more  frequent,  as  the  city  patient 
requires  it,  the  country  patient  will  say,  "if  we  are 
not  better  will  let  you  know"  thus  limiting  the  number 
of  calls.  Many  physicians  in  suburban  places  and 
country  villages  lose  much  by  rendering  bills  once  or 
twice  a  year  only — making  their  bills  out  from  daily 
memoranda,  carelessly  made  at  the  time,  so  that  they 
are  often  indirect  as  to  the  debtor.  It  is  better  to 
render  bills  monthly  and  thus  educate  the  people 
to  prompt  payments. 

Specialists. — The  usual  office  fee  for  the  first 
visit  is  ten  dollars,  and  five  dollars  for  subsequent 
ones.  In  gynecological  cases  that  require  more  time 
for  the  examination,  frequently,  twenty-five  dollars 
is  the  first  fee. 

When  the  patient  is  brought  to  the  consultant's 
office  by  the  family  physician  the  finst  fee  is  usually 
twenty-five  dollars,  as  more  time  is  consumed  in 
telling  the  patient  as  well  as  the  physician. 

It  is  the  custom  in  many  offices  to  allow  not 
more  than  twenty'  minutes  to  any  one  case,  and  if 
sufficient  facts  are  not  discovered  to  make  a  proper 
diagnosis,  another  visit  is  expected,  the  second  fee 
being  less  than  the  first.  There  are  some  rare  ex- 
ceptions where  the  general  fee  is  twenty-five  dollars, 
for  each  visit. 

Then  again  for  special  work,  like  the  treatment  by 
radium  or  the  making  of  skiagraphs,  and  the  like, 
charges  are  made  according  to  the  time  consumed. 


Consultants. — It  is  the  general  custom  in  New  York 
and  other  large  cities,  to  charge  ten  dollars  an  hour 
from  the  time  of  leaving  the  office,  until  the  return 
to  the  same,  and  to  charge  additionally  for  the 
service  rendered  at  the  place  of  consultation ;  if  there 
is  an  operation,  according  to  its  importance,  and  if 
only  advice  is  given,  according  to  it,s  benefit  to  the 
patient.  Occasionally  the  fee  is  agreed  upon  before- 
hand— a  practice  that  is  much  to  be  jjreferred,  aa 
there  can  then  be  no  misunderstanding  or  dispute. 

Operative  Surgery. — P'ees  in  operative  cases  vary  ac- 
cording to  the  locality,  but  the  variations  are  greater 
than  for  medical  service. 

Many  medical  societies  have  made  schedules,  but 
they  are  never  lived  up  to,  and  it  is  foolish  to  have 
any  such;  each  case  should  be  determined  scparatelj', 
according  to  the  circumstances  of  the  patient,  and 
the  benefit  conferred. 

Accident  insurance  companies  have  adopted  a 
table,  and  in  many  of  the  courts  their  schedule  has 
been  followed.  Their  rates  are,  however,  too  low. 
The  following  are  some  of  them : 

.Appendectomy SIOO.OO 

Fixation  of  kidney 100.00 

Laryngotomy 50.00 

Rectal  operations 25.00 

Mastoiditis 50.00 

Extirpation  of  malignant  tumor 50.00 

.\mputation  of  the  thigh 100.00 

Reduction  of  dislocation  of  the  shoulder,  elbow, 

hip,  or  knee 25.00 

Excision  of  the  shoulder,  hip,  or  knee 100.00 

Reduction  of  fractured  thigh 75.00 

Knee  cap 50.00 

Fibula  or  tibia 50.00 

Radical  treatment  of  hernia 100.00 

The  following  is  a  partial  list  of  fees  allowed  by 
the  New  Jersey  Medical  Society,  at  a  meeting  held 
at  New  Brunswick,  July  23,  1706. 

Phlebotomy Is.  6d. 

Extracting  a  tooth Is.  ttd. 

Incised  or  contused  wounds  of  large  size,  dressings. 

and  ointments 79.  6d. 

Operation  of  the  trepan £3. 

Cataract  extraction £.1. 

Delivering  a  woman  in  a  natural  case £l.  10s. 

These  fees  are  in  the  "Pine  tree  Shillings,"  and  the 
proclamation  money  pound  was  equal  to  one-fourth 
less  then  the  English  pound. 

Large  Fees. — Many  tales  of  large  fees  have  been 
reported  from  time  to  time  but  most  are  not  authentic. 
After  carefully  looking  over  the  field,  and  examining 
thoroughly  the  subject,  I  find  that  the  highest  fee 
ever  paid  in  the  United  States  was  for  an  appen- 
dectomy, done  upon  a  very  wealthy  jjerson ;  the  sum 
paid  the  surgeon  was  25,000  dollars.  A  surgeon 
in  New  York  received  from  a  patient  upon  whom  he 
had  made  a  mastoid  operation  10,000  dollars,  and 
another  surgeon  for  the  same  operation  received 
14,000   dollars. 

A  NewYork  surgeon  was  asked  to  go  out  of  the  city 
some  100  miles  to  examine  and  pas.s  upon  the  sur- 
gical dressings  of  a  patient  who  had  received  an 
injury  to  the  thigh,  the  dressings  having  been  applied 
by  tlie  famOy  physician.  The  patient  was  wealthy, 
the  dressings  were  found  to  be  correct,  and  so  pro- 
nounced by  the  consulting  surgeon;  the  fee  charged 
was  10,000  dollars,  and  was  paid.  Fees  for  appen- 
dectomy are  quite  common  at  1,000  dollars,  and  the 
same  amomit  is  frequently  paid  for  ILvation  of  the 
kidney. 

Maiiv  operators  will  not  undertake  a  laparotomy 
for  lessthan  500  dollars,  and  in  many  instiinces  where 
the  operation  is  performed  in  a  hospital  payment  of 
the  fee  is  demanded  in  advance,  not  that  the  .surgeon 
personally  asks  for  it,  but  tlie  patient  is  told  that  the 
rules  of  the  institution  require  it. 

355 


Fees,  Medical 


REFERENCE    HANDBOOK    OF    THE    MEDICAL    SCIENCES 


For  cataract  extraction  we  have  known  of  2.000 
dollars  being  paid,  and  the  same  amount  for  douljle 
iridectomy  for  glaucoma. 

The  Law  In  Relation  To  Fees. — I'ndcr  the  Roman 
and  Civil  law,  and  formerly  in  England  the  services  of 
a  physician  to  his  patient  were  in  legal  contemplation 
honorific,  like  those  of  an  advocate  or  barrister.  An 
action  for  fees  could  not  be  maintained  by  a  physician 
on  an  implied  contract  as  might  be  done  by  a  surgeon 
or  an  apothecary.  But  since  the  passage  of  the 
Medical  Act,  anyone  registered  thereunder  can 
recover. 

It  sometimes  happens  that  a  patient  dies  leaving 
his  physician  unpaid,  and  the  executors  refuse  to 
pay;  and  then  where  the  plantiff  is  forbidden,  as  in 
New  York  (Code  of  Civil  procedure,  p.  829,  Ross. 
vs.  Ross,  6  Han,  1S2)  to  testify  in  his  own  behalf, 
unless  the  executor  so  testify  in  behalf  of  the  estate, 
proof  of  the  services  must  be  made  otherwise  than 
by  the  physician's  testimony. 

In  the  I'nited  States  no  distinction  is  made  between 
the  laboring  man  working  with  his  hands  and  the 
man  working  with  his  brains  as  to  payment  for 
his  work.  The  honorarium  is  not  known  in  this 
country,  and  the  physician's  right  to  payment  is 
based  on  a  contract  expressed  or  implied.  There 
may  be  an  express  agreement  as  to  amount  of 
compensation,  and  also  as  to  the  person  or  persons 
responsible  for  the  same;  but  this  is  seldom  the 
case  and  the  contract  is  usually  implied,  the  amoimt 
of  the  fee  being  that  usual  in  the  vicinity.  Failure 
to  cure  the  patient  is  no  bar  to  the  action,  as  no 
guarantee  is  given. 

A  asks  a  physician  to  attend  B,  and  says,  "I  will 
pay"  or  "I  will  see  you  paid,"  A  is  liable  and  the 
physician  may  recover.  A  asks  a  physician  to 
treat  B,  and  says,  "if  B  does  not  pay  you  I  will"; 
if  this  is  not  in  T\Titing  the  physician  cannot  recover 
from  A.  Again,  A  says  to  a  physician,  after  services 
have  been  rendered  to  B,  "I  will  pay";  Aisnotlialjle. 

In  the  first  case,  it  is  an  ordinary  contract  and  does 
not  come  imder  the  Statute  of  Frauds,  because 
it  is  an  individual  promise;  the  next  case  is  covered  by 
the  Statute  of  Frauds;  in  the  last  ease,  there  is  no 
consideration  upon  which  to  make  a  contract,  and 
therefore  whether  written  or  oral  there  is  no  legal 
promise. 

Consultant's  Fees. — In  the  case  of  a  consultation, 
the  custom  seems  so  well  established,  that  the  patient 
will  pay  the  fee  of  the  consultant,  that  an  agreement 
between  the  patient  and  the  attending  physician, 
that  the  physician  will  pay  the  consultant's  fee  does 
not  relieve  the  patient  from  paying  such  fees,  unless 
the  consultant  is  informed  of  such  arrangement  before 
the  services  are  rendered  (Shelton  vs.  Johnson,  40 
la.  84).  _ 

Collections  frotn  Estates  of  Decedents. — The  claim 
against  a  decedent's  estate  must  be  filed  or  pre- 
sented by  the  person  who  owns  it  or  has  an  in- 
terest in  it,  with  the  right  of  enforcing  collection,  or 
by  his  la'n-fuUy  authorized  agent;  the  amount  of  the 
claim  should  be  verified  by  affidavit,  setting  forth 
that  the  physician  is  regularly  registered,  that  he 
treated     the     decedent,     that    the    amount    due    is 

•  dollars,  that  no  part  of  it  has  been  paid,  and 

that  it  is  now  due  and  payable. 

At  common  law  the  expenses  for  the  "last  sickness" 
came  sixth  on  the  list  of  items.  In  the  United  States 
the  following  is  the  order:  first,  funeral  expenses; 
second,  expenses  of  administration;  third,  expenses 
of  last  sickness.  This  classification  is  generally 
recognized  in  most  of  the  States,  but  is  not  universal. 
The  latter  include  the  fees  of  the  attending  physician 
and  of  the  attending  nurse,  and  the  cost  of  medicines. 
What  the  term  "last  sickness"  means  is  a  question 
not  free  from  doubt,  as  see  the  following:  In  "Lou- 
isiana,   (Succession  of  Whittaker    7    Rob.   (La.)   91) 
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the  plaintiff  physician  lost  his  case,  as  the  statute 
said  "last  sickness."  In  this  case  the  patient  had 
an  incurable  disea.se  for  which  the  physician  treated 
him,  trying  to  alleviate  his  suffering;  the  immediate 
cause  of  death  was  a  pistol  wound.  The  code 
specified  that  the  "last  sickness"  is  considered  to  be 
that  of  which  the  debtor  died,"  thus  defeating  the 
claimant's  preference. 

A  physician's  charge  for  services  may  be  properly 
based  on  the  patient's  ability  to  pay,  and  it  has  been 
legally  affirmed  that  one  thousand  dollars  is  a  rea- 
sonable fee  for  performing  the  operation  of  gastrotomy 
on  one  whose  estate  was  inventoried  at  S8,70o. 
The  lower  court  gave  a  verdict  for  the  physician  of 
$500;  on  appeal  the  higher  court  gave  the  above  de- 
cision.     (Czarnowski  cs.  Zeyer,  35  La.) 

Responsibilitjj  for  Payment. — A  parent  is  bound  to 
pay  for  medical  services  given  to  his  minor  children ; 
after  majority,  unless  some  special  order  is  given, 
the  parent  is  no  more  responsible  than  a  stranger, 
A  husband  is  liable  for  the  medical  bills  of  his  wife, 
even  though  he  is  not  living  with  her  at  the  time. 

If  the  master  calls  a  physician  to  treat  a  servant 
he  is  responsible,  even  though  he  makes  no  direct 
promise  to  pay.  If  the  master's  wife  calls  the  phy- 
sician in  such  a  case,  the  master  is  not  responsible, 
even  though  his  wife  has  promised  to  pay  the  bill. 
If  it  can  be  shown,  however,  that  the  person  calling 
the  physician  is  acting  as  an  agent,  then  the  principal 
will  be  liable. 

In  treating  an  employe  of  a  corporation  the 
physician  should  be  careful  to  obtain  the  authority 
of  the  proper  officer,  generally  the  president  or  some 
other  member  of  the  Board  of  Directors. 

Division  of  Fees. — This  abuse  and  violation  of  ethics 
was  known,  or  believed  to  exist  for  several  years  be- 
fore any  action  against  it  was  taken  by  the  medical 
authorities.  The  matter  was  first  taken  up  by  the 
Erie  County  (N.  Y.)  Medical  Society  which  con- 
demned the  practice,  and  later  b.y  the  New  York 
Academy  of  Aledicine  which  passed  resolutions  in  con- 
demnation of  the  secret  division  of  fees  and  voted 
that  any  member  of  the  society  proved  to  be  guilty  of 
this  practice  should  be  expelled.  Many  State  medical 
societies  have  framed  similar  resolutions. 

The  legal  aspects  of  fee-splitting  have  been  very 
recentlv  decided  in  Michigan  as  follows:  McNair  vs. 
Parr  (Mich.)  143  N  VV.  R;  42.  In  this  case  the 
Supreme  Court  of  Michigan  reverses  a  judgment  re- 
covered by  the  plaintiff  for  professional  services  for 
operations  performed  on  the  family  of  the  defendant, 
and  grants  a  new  trial.  The  court  says  that  the  de- 
fendant claims  among  other  things,  that  at  the 
time  the  cau.ses  of  action  arose  there  existed  between 
the  plaintiff  and  Dr.  S.,  who  was  then  the  defendant's 
physician,  an  unlawful  agreement  and  combination, 
by  which  the  plaintiff  and  Dr.  S.  were  to  divide  the 
fee  which  the  defendant  was  to  pay  the  plaintiff  for 
the  operations  and  professional  visits  mentioned  in 
the  plaintiff's  bill  of  particulars,  which  combination 
was  unlawful  and  void,  as  contrary  to  public  policy, 
and  in  violation  of  the  statutes  and  common  law 
of  the  State.  The  court  held  that  any  agreement  of 
the  plaintiff  to  split  his  fees  with  Dr.  S.  without  the 
knowledge  of  the  defendant  would  be  void  as  against 
public  policy.  Willi.\ii  Oliver  Moore. 


Fel  Bovis. — Ox -gall. — "The  fresh  bile  of  Bos 
Taurus  L."  (U.  S.  P.). 

A  brownish-green  or  dark  green,  somewhat  viscid 
liquid,  having  a  peculiar,  unpleasant  odor,  and  a 
disagreeable,  bitter  taste.  Specific  gravitv:  1.015 
to  1.025  at  25°  C.  (77°  F.).  It  is  neutral,  or  has  a 
faintly  alkaline  reaction  on  litmus  paper. 

A  mixture  of  two  drops  of  ox-gall  and  10  c.c.  of  water, 
when  treated,  first,  wih  a  drop  of  a  freshly  prepared 
solution  of  one  part  of  sugar  in  four  parts  of  water,  and 
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afterward  with  sulphuric  acid,  cautiously  added, 
until  the  precipitate  first  formed  is  redissolved, 
gradually  acquires  a  brownish-red  color,  changing, 
successively,  to  carmine,  purple,  and  violet. 

Purified 'Ox-gall,  Fcl  Jions  Purificatum  (U.  S.  P.). — 
Fresh  ox-gall,  300  c.c;  alcohol,  100  c.c.  Evaporate 
the  ox-gall,  in  a  tared  porcelain  capsule,  on  a  water 
bath,  to  about  one  hundred  (100)  grams,  then  add  to 
it  the  alcohol,  mix  the  whole  thoroughly,  and  set  it 
aside,  well  covered,  for  tlu-ee  or  four  days.  Then 
decant  the  clear  solution,  filter  the  remainder,  and, 
having  mixed  the  liquids  and  distilled  off  the  alcohol, 
evaporate  the  remainder  to  a  pilular  consistence. 

A  yellowish-green,  soft  solid,  having  a  peculiar 
odor,  and  a  partly  sweet  and  partlj'  bitter  taste. 
Very  soluble  in  water  and  in  alcohol. 

A  solution  of  1  part  of  purified  ox-gall  in  about  100 
parts  of  water  behavestoward  sugar  and  sulphuric  acid 
in  the  same  manner  as  the  solution  mentioned  above. 
An  aqueous  solution  of  purified  ox-gall  should  be 
clear,  and  should  remain  transparent  upon  the  addi- 
tion of  an  equal  volume  of  alcohol  (evidence  of  proper 
purification). 

This  complex  substance  in  its  crude  condition 
consists  of  about  ten  per  cent,  of  solids  and  ninetj-  of 
water.  The  most  important  sohd  contituents  are 
about  three  per  cent,  of  the  sodium  salts  of  taurocholic 
and  glycocholic  acids,  and  several  not  very  well 
distinguished  coloring  matters  {bilirubin,  biliverdin, 
etc.).  Besides  these  it  also  contains  a  number  of 
decomposition  products,  cholesterin,  urea,  etc.,  and 
some  fats  and  mucus.  Further  than  to  show  its 
practical  identity  with  that  of  the  human  subject, 
the  study  of  the  specific  composition  of  ox-gall  is 
unimportant. 

For  the  same  reason  the  study  of  its  action  pertains 
wholly  to  physiology.  We  know  that  bile  has  no 
business  in  the  stomach,  although  it  appears  that  its 
entrance  there,  in  certain  morbid  conditions,  may 
exert  a  stomachic  effect,  without  seriously  inhibiting 
digestion,  and  its  therapeutic  use  may  be  serviceable  in 
this  way.  It  mu.st,  however,  be  remembered  that  the 
properties  of  the  bile  itself  are  subject  to  change  in  the 
stomach,  so  that  suitable  measures  must  be  taken  in  its 
administration  (see  below),  when  the  intestinal  action 
is  desired. 

It  is  equally  well  established  that  bile  in  the  circula- 
tion acts  as  a  poison,  although  there  are  some  facts 
to  suggest  that  its  antitoxic  action  there  may  at  times 
more  than  counterbalance  such  objection. 

It  is  then  in  the  intestine  and  in  the  liver  that  we 
must  look  for  the  beneficial  effects  of  the  administra- 
tion of  bile.  In  the  former  it  is  a  valuable  antiseptic, 
peristaltic  stimulant,  chemical  synergist  of  certain 
purgatives,  and  promoter  of  the  absorption  of  fat. 
None  of  these  processes  requires  discussion.  All  can 
be  effected  by  ox-gall,  properly  administered,  as  by  the 
natural  secretion.  Upon  the  liver,  the  drug  has  the 
effect  of  a  direct  cholagogue,  that  is  an  agent  increas- 
ing the  actual  secretion  of  bile.  Since  the  constituents 
of  the  bile  decomposed  in  the  intestine  are  returned 
to  the  liver  to  be  again  combined,  we  should 
naturally  expect  this  increase  to  be  produced.  It 
appears,  however,  that  the  increa.se  is  greater  than  the 
ratio  thus  accounted  for,  and  it  is  apparent  that  the 
bile  salts  exert  a  stimulating  effect  upon  the  secreting 
mechanism. 

The  action  of  ox-gall  in  assisting  the  absorption  of 
fats  and  oils,  and  its  aid  in  maintaining  intestinal 
antisepsis,  has  suggested  its  use  as  a  proper  means  of 
treating  typhoid  fever  and  some  favorable  reports  of 
such  treatment  have  been  published. 

It  has  been  very  properh'  pointed  out  that  the  en- 
closing of  the  dose  in  keratin  tends  to  prevent  changes 
in  it  by  the  acid  gastric  juice,  in  its  passage  through 
the  stomach. 

Its  injection  intothe  rectum,  in  twenty-grain  doses 
well  diluted,  tends  to  clear  that  organ  of  feces. 


Recently,   the   use  of  the  bile    salts,   in  five-grain 
doses,  has  largely  superseded  that  of  the  bile. 

He-vky  II.   Ru.sbv. 

Fennel. — See  Faniculum. 

Fenugreek. — Fcenttm     Gr>ectm.     The     seeds     of 

TrigoncUa  J ii'uum-grtrrxim  L.  (fam.  Lrguminof<T),  a 
very  ancient  food  and  drug  of  India,  produced  upon  a 
cultivated  and  wild  erect,  branching  herb.  The  seeds 
are  ab<nit  one-ciglith  inch  long  and  nearly  a.s  broad, 
and  a  little  more  than  half  a.s  thick.  They  are  irregu- 
larly rhomboidal,  with  rounded  edges,  and  grooved 
diagonally,  on  both  sides.  They  are  of  a  peculiar 
brownish-yellow,  sometimes  grayi.sh-yellow  color, 
smooth,  peculiarly  and  not  very  pleasantly  odorous, 
and  of  similar  fatty  and  bitter  taste.  About  one- 
fourth  of  their  weight  is  gum,  nearly  as  much  albumin, 
and  there  is  seven  per  cent,  of  ash,  with  six  of  a  dis- 
agreeably smelling  and  tasting  fatty  oil  and  a  little 
re.sin.  There  are  small  amounts  of  choline  and  trigo- 
nelline {C^Yl^,'SO^  +  'R:tO) .  They  are  largely  eaten  as 
an  albuminous  food  and  are  also  regarded  as  tonic 
(doubtless  due  to  the  bitter  alkaloid)  and  carminative. 
They  are  also  very  largely  used  in  the  ground  state 
for  poultices.  The  absorbable  properties  of  the 
alkaloid,  so  applied,  are  unknown.  They  are  very 
largely  used  as  food  and  medicine  for  cattle,  and  this 
is  almost  their  exclusive  use  in  this  country.  The 
very  young  herbage  is  similarly  used  as  a  sort  of 
medicinal  food,  much  as  are  dock  leaves  and  dandelion 
leaves.  Henry  H.  Rusby. 


Ferguson,  Alexander  Hugh. — Born  February 
27,  lSo3,  in  a  small  vill.age  in  Victoria  County. 
Ontario.  He  was  graduated  with  honors  from  the 
Medical  Department  of  Trinity  University,  Toronto, 
in  1881,  and  after  post-graduate  study  in  New  York 
and  Europe  began  the  practice  of  his  profession  in 
Winnipeg,  Manitoba.  He  was  professor  of  physiology 
and  histology  from  1883-1886  and  professor  of 
surgery  from  1SS6-1894  in  the  Manitoba  Medical 
College  and  during  this  time  served  a  term  as  president 
of  the  Manitoba  Branch  of  the  British  Medical 
Association.  In  1894  Dr.  Ferguson  removed  to 
Chicago  where  he  was  appointed  professor  pi  surgery 
in  the  Chicago  Post-Graduate  ^iedical  School,  and 
later  occupied  the  chair  of  clinical  surgery  in  the 
Medical  Department  of  the  University  of  Illinois. 
He  was  soon  recognized  as  a  surgeon  of  the  first 
rank  and  rapidly  acquired  fame  and  a  wide  clientele. 
He  died  October  20,  1911,  from  septicemia  following 
a  carbuncle. 

Ferguson  was  a  man  of  wide  reading  and  was  also 
a  frequent  contributor  to  medical  literature,  over 
forty  articles  from  his  pen  appearing  in  various 
medical  journals  from  1890  to  1911.  He  contributed 
the  article  on  Diseases  of  the  Urinary  Bladder  and 
Prostate  in  the  .\merican  Practice  of  Surgery,  and 
was  the  author  of  "The  Technique  of  Modern 
Operations  for  Hernia,"  190S.  T.  L.  S. 


Fergusson,  Sir  \\'illiam. — Born  at  Preston  Pans, 
Scotland,  .March  20.  ISOS.  At  the  age  of  fifteen, 
according  to  his  own  wishes,  he  was  placed  in  a  law- 
yer's office.  After  two  years  of  work  he  abandoned 
the  law  to  study  medicine,  entering  the  medical 
profession  in  182.1.  .\11  through  his  medical  course 
he  showed  a  wonderful  talent  for  surgery  and  love  for 
anatomy,  becoming  one  of  the  favorite  pupils  of  Dr. 
Robert  Knox.  In  1820  he  was  appointed  assistant  to 
John  Turner,  Professor  of  Surgery  in  the  University 
of  Edinburgh,  and  in  1828  secured  the  post  of  Demon- 
strator of  .\natomy  to  a  class  numbering  four  hundred. 
During  the  same  year  he  became  a  Licentiate  of  the 
Royal  College  of  Surgeons  of  Edinburgh,  and  in  1829, 
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when  but  twenty-one  years  of  age,  obtained  his 
Fellowship  of  that  CoUege  by  examination.  In  1831 
he  was  elected  Surgeon  to  the  Edinburgh  Royal 
Dispensary,  and  made  this  one  of  his  brilliant  periods 
of  work  by  performing,  among  other  operations,  the 
tying  of  the  subclavian  artery,  an  operation  which 
had  been  performed  but  twice  before  in  Scotland.  In 
1835  he  accepted  the  Chair  of  Surgery  at  University 
College  Hospital  in  London.  In  1839  he  was  recalled 
to  Edinburgh  to  become  Surgeon  to  the  Infirmary  and 
a  little  later  he  became  a  Fellow  of  the  Royal  Society 
of  Edinburgh.  In  1840,  however,  he  was  again  called 
to  London  on  his  election  to  the  Chair  of  Surgery  at 


Fig.  2371. — Sir  William  Fergusson. 

King's  College  and  Surgeon  to  the  Hospital,  which 
at  this  time  was  estabUshed  in  connection  with  the 
College.  In  1849  he  was  appointed  Surgeon-in- 
Ordinary  to  H.  R.  H.  the  Prince  Consort,  and  in 
1855  he  became  Surgeon  Extraordinary.  In  1867  he 
was  made  Serjeant  Surgeon  to  the  Queen.  He  be- 
came a  member  of  the  Court  of  Examiners  in  1867 
and  President  of  the  College  in  1870.  As  Professor 
of  Human  Anatomy  and  Surgery  he  delivered  two 
courses  of  lectures  in  1864-65,  which  were  after- 
ward published  under  the  title  of  "The  Progress  of 
Anatomy  and  Surgery  in  the  Nineteenth  Century." 
In  1866  he  was  created  a  baronet.  During  the  last 
years  of  his  life  he  was  Clinical  Professor  of  Surgery 
and  Senior  Surgeon  to  King's  College  and  Hospital, 
also  a  Fellow  of  the  Royal  Society  of  Great  Britain, 
and  a  member  of  '  most  of  the  learned  societies  of 
Europe.     His  death  occurred  on  February  10,  1877. 

Sir  William  Fergusson,  while  successful  as  a 
teacher,  was  chiefly  famed  for  his  skill  as  an  operator. 
The  operations  for  which  he  was  best  known  were 
those  for  cleft-palate,  harelip,  excisions  of  joints, 
removal  of  the  maxilla  (called  Fergusson's  operation), 
and  amputations.  He  did  not  contribute  a  great  deal 
to  medical  literature  and  his  one  work,  mentioned 
above,  is  the  best  known  of  his  writings.       E.  L.  J. 


Fermentation. — By  the  term  fermentation  is 
usually  meant  alcoholic  fermentation,  that  is  the 
formation  of  alcohol  from  sugar  through  the  medium 
of  yeast  cells.  Of  the  various  views  concerning  the 
nature  of  the  processes  concerned  in  fermentation 
may  be  mentioned  that  of  Liebig  and  that  of  Pasteur. 
According  to  the  former  fermentation  was  brought 
about  by  yeast  through  the  presence  of  ferments 
which  were  capable  of  effecting  the  changes  charac- 
teristic of  fermentation  by  their  mere  presence,  or 
by  what  was  described  as  a  catalytic  action.  Pasteur, 
on  the  other  hand,  held  that  alcoholic  fermentation 
is  a  consecjuence  of  the  life  of  the  yeast  organism 
in  contact  with  sugar  and  away  from  the  air.  The 
cell,  according  to  this  view,  must  be  supplied  with  a 
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sufficiency  of  oxygen  and  this,  under  the  fermenting 
conditions,  it  takes  from  the  sugar,  giving  off  carbon 
dioxide  as  an  oxidation  product  and  producing 
alcohol  at  the  same  time,  in  consequence  of  the 
cleavage  of  the  sugar  molecule.  Looked  at  from 
the  standpoint  of  Pasteur,  fermentation  is  to  be 
regarded  as  a  purely  biological  process  with  alcohol 
and  carbon  dioxide  as  excretory  and  respiratory 
products  respectively.  The  theory  of  Pasteur  grad- 
ually supplanted  that  of  Lieljig  in  spite  of  the  fact 
that  the  former  idea  did  not  explain  adequately  all 
the  facts  known  concerning  the  process.  In  line 
with  tills  theory  a  similar  explanation  was  offered  for 
the  action  taking  place  in  the  formation  of  acetic  acid, 
lactic  acid,  and  butyric  acid. 

Although  the  work  of  Pasteur  gave  an  enormous 
impetus  to  the  study  of  the  common  fermentations 
it  is  evident  that  the  biological  explanation  for  this 
process  was  valueless  in  accounting  for  the  changes 
produced  Ijy  the  active  agents  described  as  pepsin, 
trypsin,  diastase,  etc.  To  avoid  confusion  it  became 
customary  to  speak  of  organized  and  unorganized 
ferments,  or  of  insoluble  ferments,  such  as  yeast,  and 
soluble  ferments,  such  as  pepsin,  etc.  In  time 
soluble  ferments  became  known  as  enzymes. 

A  certain  degree  of  skepticism  among  various 
scientists  toward  the  theory  of  Pasteur  manifested 
itself  from  time  to  time  and  gradually  the  idea 
was  evolved  that  the  so-called  organized  ferments, 
or  living  cells,  are  capable  of  producing  the  changes 
characteristic  for  fermentation  because  they  secrete 
soluble  ferments,  or  enzymes.  Repeated  efforts  to 
prove  the  correctness  of  such  a  view  failed  until  in 
1S97  Buchner  succeeded  in  isolating  from  yeast  cells 
an  enzjone  capable  of  carrying  through  the  processes 
of  fermentation  in  every  respect  identical  with  the 
entire  j-east  organism.  This  body  was  called  zymase. 
Since  its  isolation  the  view  that  there  is  a  difference  in 
action  of  organized  ferments  and  iinorganized  fer- 
ments has  been  done  away  with  and  at  the  present 
time  all  fermentation  processes  are  ascribed  to  the 
presence  in  Living  cells  of  enz_\ines.     See  Enzymes. 

Frank  P.  Underbill. 

Ferments. — See  Enzymes. 

Ferments,  Metallic. — Before  entering  in  a  dis- 
cussion of  our  subject  proper  it  will  be  necessary  to 
describe  the  character  of  colloids.  Thomas  Graham 
distinguished  first  between  cry.stalloid  and  colloid 
substances,  the  former  when  in  solution  being  easily 
diffusible,  the  latter  not  being  able  to  diffuse  through 
membranes.  This  original  definition  of  colloids  has 
been  given  up  in  recent  years.  The  diffusibUity  of 
colloids  varies  witliin  wide  limits,  although  they  diffuse 
with  greater  difficulty  than  the  crystalloid  sub.stances 
of  Graham.  Furthermore,  we  now  know  of  typical 
colloids  which,  imder  certain  conditions,  can  be  made 
to  crystallize  and,  reversely,  P.  von  Weimarn  could 
show  that  chemical  reactions  between  concentrated 
solutions  of  salts  (crystalloids)  lead  often  to  the  forma- 
tion of  gelatinous  (colloid)  svibstances;  it  is  even 
probable  that  certain  gelatinous  (colloid)  substances 
consist  of  aggregations  of  minute  crystals  (P.  von 
Weimarn,  R.  Zsigmondy).  The  size  of  the  particles 
of  a  certain  substance  suspended  in  a  liquid  deter- 
mines whether  or  not  it  is  to  be  considered  a  colloid. 
If  the  size  of  these  particles  is  so  largo  that  it  changes 
the  ph.ysical  properties  of  the  mixture  (system)  in  a 
definits  manner,  we  have  to  deal  with  a  colloid.  There 
exists  one  continuous  transition  between  the  coarse 
suspensions,  where  the  colloid  particles  can  easily  be 
recognized  with  the  naked  e.ve  or  the  ordinary  micro- 
scope, to  colloidal  solutions,  where  an  ultramicroscope 
or  other  physical  means  are  required  for  the  detection 
of  the  colloid  ("disperse")  particles  suspended  in  a 
fluid  and  to  the  homogeneous  solutions  in  which  the 
dissolved  particles  are  the  ordinary  molecules. 
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The  transition  is  so  gradual  that  sharp  lines  of 
demarcation  cannot  be  drawn;  thus  the  molecules  of 
dextrin  and  even  of  sugar  when  dissolved  in  water 
have  already  some  of  the  characteristics  of  colloids. 
H.  Siedentopf  and  R.  Zsigmondy  called  particles  still 
visible  tlirough  the  ordinary  microscope  mic.roncs 
(for  instance  particles  of  mastix  or  kaolin).  Particles 
smaller  than  0.1m  and  larger  than  I^m  which  could  be 
recognized  in  the  ultramicroscope  were  called  suOmi- 
crones  (many  particles  of  colloid  solutions  of  metals); 
particles  smaller  than  1  mm  can  no  longer  be  recognized 
through  the  ultramicroscope  (amicrones),  for  instance, 
the  smallest  particles  of  electrically  prepared  solutions 
of  metals,  molecules  of  starch,  dextrin. 

This  variation  in  the  size  of  the  particles  on  which 
the  difference  between  ordinary  homogeneous  and 
colloid  (disperse)  solutions  depends,  leads  to  a  corre- 
sponding difference  in  certain  physical  or  physico- 
chemical  characters  between  these  two  kinds  of 
solutions.  (1)  Colloids  in  solution  diffuse  much  more 
slowly  into  the  surrounding  fluid  of  the  same  character 
as  the  one  in  which  they  are  suspended  than  sub- 
stances which  form  with  the  .same  fluid  a  homogeneous 
fluid;  the  former  penetrate  therefore  also  more  slowly 
into  gelatin  or  agar  than  the  so-called  crystalloids 
(molecular  disperse)  substances.  The  rapidity  of 
diffusion  varies,  however,  between  different  kinds  of 
colloids.  (2)  Colloids  filter  much  more  slowly 
through  parchment  or  collodion  than  crystalloids. 
By  varying  the  character  of  the  filters  and  using 
a  certain  pressure  Bechhold  w-as  able  to  separate 
different  colloids  suspended  in  the  same  fluid  and  to 
determine  approximately  the  size  of  the  colloid  par- 
ticles (ultrafiltration).  (3)  If  a  beam  of  light  is 
passed  through  a  solution,  light  will  bo  given  off  by 
the  colloid  particles  in  all  directions  and  the  solution 
appears  opalescent;  furthermore,  the  lateraU.y  emitted 
light  rays  are  partly  polarized  (phenomenon  of 
Tyndall).  If  the  particles  are  very  small,  and  a  spe- 
cific refraction  and  absorption  of  the  light  rays  through 
the  colloid  particles  does  not  take  place,  the  color  of 
the  scattered  light  is  blue.  If  the  small  particles  cau.se 
a  specific  refraction  or  absorption  of  light  rays,  the 
solution  may  appear  in  various  colors,  a  condition 
which  is  especially  noticeable  in  the  case  of  colloid 
solutions  of  certain  metals. 

In  the  ultramicroscope  colloid  particles,  again.st 
which  a  beam  of  light  is  directed,  are  observed  with 
strong  lenses.  Here  the  submicrones  show  Brownian 
movements,  while  the  still  smaller  amikrones  merely 
cause  a  diffuse  opalescence. 

In  accordance  with  the  large  size  and  proportion- 
ately small  number  of  suspended  particles  in  a 
colloid  solution  only  a  very  slight  lowering  of  the  freez- 
ing or  raising  of  the  boiling  point  takes  place  and  in 
some  solutions  freed  from  adhering  electrolytes  this 
change  seems  to  be  almost  nil.  Colloids  exert  also  a 
certain  osmotic  pressure;  this  osmotic  pressure  is, 
however,  relatively  low  in  pure  solution  and  is  depend- 
ent upon  a  larger  number  of  varialjles  than  in  the 
case  of  electrolytes.  Mechanical  factors,  age  of  solu- 
tion, addition  of  electrolytes  influence  the  osmotic 
pressure  in  a  manner  which  differs  in  the  case  of  vari- 
ous colloids.  The  osmotic  pressure,  furthermore 
does  not  depend  only  on  the  number  of  colloid  particles 
but  also  on  the  size  and  character  of  the  particles. 

A  colloid  solution  in  which  the  dispers  particles 
are  of  the  size  of  suljmicrones  is  called  a  "sol." 
If  the  colloid  particles  in  a  sol  become  massed  together 
so  that  they  form  more  or  less  a  continuous  mass  more 
distinctly  separated  from  the  fluid  in  which  they  were 
formerly  more  equallj-  distributed,  they  have  been 
transformed  into  a  "gel"  (through  precipitation, 
coagulation,  gelatinization  of  the  sol). 

We  may  divide  the  colloids  into  two  classes:  (1) 
the  suspension  colloids  or  suspensoids,  and  (2)  the 
emulsion  colloids  or  emulsoids.  In  the  former  the  dis- 
perse particles  are  solid,  are  sharply  demarcated  from 


the  fluid  in  which  they  are  suspended;  they  are  there- 
fore _  said  to  be  "lyophobe;"  in  the  "latter  the 
particles  are  more  or  less  liquid,  they  c.\ert  a  certain 
attraction  on  the  fluid  in  which  they  are  included,  and 
take  up  a  certain  quantity  of  this  fluid;  they  are  "lyo- 
phil."  Examples  of  the  former  class  are  "the  colloid 
solutions  of  metals,  certain  sulphides  (As^Sj,  SbsSj;, 
and  metal  hydroxides  in  diluted  .solutions,  although  the 
latter  in  concentrated  solution  may  belongtothesecond 
class;  certain  stains  like  congo  red  are  also  suspensoids, 
while  other  .stains  have  rather  the  character  of  emul- 
soids. To  the  second  class  belong  especially  those 
colloid  substances  which  constitute  a  great  part  of 
living  organisms  (proteins,  gelatin,  agar,  various 
lipoids).  In  the  emulsion  colloids  the  gradual  transi- 
tion between  the  disper5e  particles  and  the  surround- 
ing liquid  causes  the  solution  to  be  viscous,  while  the 
suspension  colloids  produce  only  a  very  .slight  viscosity. 
In  suspensoids  the  particles  have  about  the  same  sur- 
face tension  as  the  fluid  in  which  they  are  suspended, 
while  in  colloid  solutions  of  emulsoids  the  .surface  ten- 
sion of  fluid  (especially  water)  in  which  they  are 
suspended  has  been  lowered  The  su.spension  colloids 
can  be  readily  precipitated  through  the  addition  of 
electrolv'tes,  and  this  precipitation  remains  unchanged, 
after  removal  of  the  electrolytes — the  precipitation  be- 
ing irreversible — while  the  emulsion  colloids  are  usually 
very  much  less  sensitive  to  the  addition  of  electrolj-tes 
and  if  coagulation  takes  place,  it  is  generally  a  re- 
versible condition,  removal  of  the  electroh-tes  leading 
to  a  return  into  the  .state  of  colloid  solution. 

The  suspension  colloids  in  a  licjuid  have  an  electric 
charge.  The  metal  hydrates  are  usually  positively 
charged  and  migrate  therefore  in  an  electric  current 
toward  the  cathode,  while  the  majority  of  the  other 
suspension  colloids  have  a  negative  charge  and  migrate 
to  the  anode;  this  holds  good  especially  in  the  case  of 
the  electricallj'  prepared  colloid  metals.  The  charge 
depends  to  some  extent  upon  the  chemical  character 
of  the  suspen.sion  colloid,  in  part,  however,  it  depends 
upon  adsorption  of  certain  ions  which  are  present  in 
the  fluid  .surrounding  the  colloid  particles.  While 
each  particle  of  a  suspension  colloid  is  usually  a  me- 
chanical aggregate  of  chemically  relatively  simple 
molecules,  the  emidsion  colloids  are  in  many  ca.ses  very 
large  single  molecules  the  size  of  which  determines  the 
colloid  character.  Each  particle  may  here  also  consist 
of  aggregates  of  molecules.  The  proteins  are  typical 
emulsion  colloids.  They  are  also  usually  electrically 
active;  this  electric  activity  is  however  very  weak, 
if  the  protein  has  been  freed  as  much  as  possible 
through  dialysis  from  adhermg  electrolytes.  Proteins 
dis.sociate  H  as  well  as  OH  ions,  they  are  therefore 
amphoteric;  their  acid  is,  however,  somewhat  greater 
than  their  alkalme  dissociation  constant,  and  they 
migrate  therefore  slightly  more  to  the  anode  than  to 
the  cathode.  If  we  add  acid  to  the  suspension  or 
emulsion  colloid  both  take  on  a  positive  charge  and 
migrate  to  the  cathode ;  the  reverse  takes  place  if  we 
add  alkali  to  the  solution.  The  mechanism,  however. 
through  which  the  electric  charge  is  influenced  in  the 
case  of  suspension  colloids  and  of  proteins  is  somewhat 
different;  in  the  former  it  depends  upon  adsorption 
of  H  or  OH  ions,  while  in  the  case  of  prot.eins  the  addi- 
tion of  alkali  or  acid  changes  the  acid  and  alkali 
dissociation  constant  of  the  molecule. 

We  stated  above  that  the  readiness  with  whicli 
suspension  colloids  are  precipitated  through  small 
qiiantities  of  electrolytes  is  very  characteristic.  8omc 
very  interesting  rules  determine  the  efficacy  of  vari- 
ovis  electrolytes  in  precipitating  suspension  colloids. 
They  may  be  summarized  as  follows:  (1)  Electrically 
positive  colloids  are  principally  precipitjit<>d  by 
anions  (ions  with  negative  charge),  electrically  nega- 
tive colloids  are  precipitated  by  cations  (Hardy). 
(2)  The  greater  the  valency  (number  of  electric 
charges)  of  ions,  the  greater  is  their  precipitating 
power.     (3)  In  addition  there  may  be,  in  the  case  of 
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certain  ions,  other  factors  of  importance  such  as  their 
Bohition  tension  (their  tendency  to  pass  from  an  elec- 
trode into  a  solution,  to  become  ionized,  electrically 
charged);  the  greater  the  solution  tension,  the  smaller 
is  the  precipitating  power  of  the  substances.  It  is 
also  probable  that  the  mobility  of  the  ions  is  of  im- 
portance, very  rapidly  moving  ions  as  H  and  OH 
being  especially  active. 

There  is  a  marked  parallelism  between  the  pre- 
cipitating power  which  electrolytes  exert  on  coUoids 
and  their  adsorption  by  the  colloid  particles.  For 
instance,  bivalent  cations  which  have  a  greater  pre- 
cipitating power  than  monovalent  cations  are  more 
readily  adsorbed. 

Suspension  colloids  are  precipitated  not  only 
through  addition  of  electrol.^'tes  t)ut  ahso  under  the 
influence  of  other  colloids,  provided  the  two  colloids 
have  the  opposite  electric  charge  and  are  mixed  in 
proportions  which  permit  the  approximate,  at  lea.st 
temporary,  neutralization  of  the  elect.-ic  charges  of 
the  two  colloids.  The  electric  charge  is  also  of  im- 
portance in  the  interaction  between  electrolytes  and 
colloids.  If  the  colloid  particles  are  negatively 
charged  the  cation  of  the  electrolyte  is  mainly  con- 
cerned in  the  precipitation  of  the  colloid,  while  a 
positively  charged  coUoid  is  principally  acted  upon 
by  the  anion. 

Furthermore,  it  has  been  found  that  the  suspension 
colloids  are  the  least  stable  the  nearer  they  are  to  the 
isoelectric  point,  and  the  smaller  is  their  electric  charge, 
and  correspondingly  their  tendency  is  to  move  in  an 
electric  field  toward  an  electrode.  All  these  facts  sug- 
gest that  the  precipitation  is  intimately  connected  with 
a  neutralization  of  the  electric  charge  of  the  colloid 
particle  through  either  an  electrolyte  or  a  colloid 
of  opposite  electric  charge;  we  must  assume  that  the 
carriers  of  the  opposite  charges  unite  in  the  moment 
preceding  the  precipitation.  At  present  it  is  not 
possible  to  explain  in  a  thoroughly  satisfactory  manner 
how  the  neutralization  of  the  charge  leads  to  the  pre- 
cipitation. We  know  that  the  electric  neutralization 
leads  to  a  diminution  in  the  Brownian  movement  of 
the  colloid  particle.  Bredig  .suggested  that  the  in- 
crease in  surface  tension  concomitant  with  the  lower- 
in  g  of  the  electric  potential  at  the  surface  of  the  colloid 
particles  caused  several  particles  to  imite.  Freund- 
lich  suggested  that  temporary  differences  in  the  elec- 
tric potentials  of  the  particles  which  precede  the 
electric  neutralization  lead  to  their  mutual  attraction 
and  union. 

The  precipitation  of  suspension  colloids  is,  as  we 
stated  previousl}',  usually  an  irreversible  process;  a 
removal  of  the  precipitating  substance  from  the 
solution  does  not  lead  to  the  reestablishment  of  the 
colloid  solution,  and  the  precipitate  remains  unaltered. 
The  emulsion  colloids,  on  the  other  hand,  can  under 
certain  conditions  be  brought  back  to  their  original 
soluble  state  after  a  precipitation  by  alkali  salts;  not, 
however,  after  precipitation  by  salts  of  heavy  metals. 
The  process  of  precipitation  is  on  the  whole  more 
complicated  in  the  case  of  the  emulsion  coUoids  and 
especially  of  the  proteins.  All  tho.se  substances  which 
increase  the  ionization  of  the  proteins,  increase  their 
viscosity  and  tend  to  keep  them  in  the  soluble  state. 
Especially  alkali  and  acid  in  a  certain  quantity  have 
such  an  ionizing  tendency.  Neutral  salts,  on  the  other 
hand,  usually  diminish  the  ionization  and  make  the 
coUoid  particles  electrically  neutral;  they  produce 
therefore  coagulation  or  gelatinization.  Heat  and 
alcohol  also  cause  coagulation  of  colloid  particles. 
Under  the  influence  of  these  agencies  emulsoids 
(especially  proteins)  assume  more  or  less  the  character 
of  suspension  colloids  and  the  addition  of  small  quan- 
tities of  electrolytes  leads  now,  as  in  the  case  of  sus- 
pension colloids,  to  an  irreversible  precipitation. 

While  in  the  case  of  suspension  colloids,  particles 
•with  opposite  electric  charges  precipitate  each  other, 
emulsion  colloids,  as,  for  instance,  solutions  of  proteins. 


may  be  precipitated  by  suspension  colloids  of  the 
opposite  as  well  as  of  the  same  electric  charge;  this 
corresponds  to  the  readiness  with  which  proteins  are 
adsorbed  by  positively  as  well  as  negatively  charged 
suspended  particles. 

Fats  and  oils  can  be  easily  emiilsified  in  water  after 
the  addition  of  a  little  alkali.  Such  emulsions  are  some- 
what more  stable  than  the  suspension  colloids.  Leci- 
thin can  be  readily  emulsified  with  water;  this  emul- 
sion resembles  in  its  reactions  lyophile  (hydrophile) 
colloids.  Cholesterin  behaves  more  like  a  suspension 
colloid  and  is  readily  precipitated  by  certain  electro- 
lytes as  well  as  by  certain  colloids.  Both  cholesterin 
aufl  lecithin  behave  as  anodic  (electronegative) 
colloids. 

Coarse  suspensions  (for  instance  charcoal,  kaolin, 
mastix,  bacteria,  red  blood  corpuscles)  are  pre- 
cipitated on  the  whole  under  similar  conditions  as 
colloidal  solutions.  In  most  cases  the  suspended 
particles  are  electronegative  and  they  are  therefore 
precipitated  by  positive  ions,  in  some  cases,  however, 
more  readily  than  in  others;  suspensions  of  bacteria, 
for  instance,  behave  like  suspension  coUoids  and  are 
easily  precipitated  by  electrolytes  only  after  a 
previous  heating  or  after  they  have  been  acted  upon  by 
an  agglutinin,  which  itself  represents  a  hydrophile 
(emulsoid)  colloid. 

We  mentioned  previously  that  emulsion  colloids 
are  more  stable  than  suspen.sion  colloids.  By  adding 
a  certain  amount  of  an  emulsion  (hydrophile  colloid) 
for  instance,  gelatin,  albumose,  dextrin,  gum  arable, 
it  is  possible  to  make  suspension  colloids,  especially  the 
ordinarily  unstable  hydrosols  of  metals,  much  more 
stable;  the  emulsion  colloids  assume  under  those  condi- 
tions to  a  great  extent  the  properties  of  a  protective 
colloid  which,  as  we  may  assume,  forms  a  coat  around 
the  individual  particles  of  the  suspension  colloid. 
The  two  colloids  must,  however,  be  added  in  such 
proportions  that  the  opposite  process,  namely,  a  precip- 
itation, which  as  we  saw  may  take  place  under  certain 
conditions  if  two  colloids  are  mixed,  is  prevented. 
Suspension  colloids  which  are  manufactured  for  thera- 
peutic purpo.ses  (like  collargol)  contain  always  an 
admixture  of  a  protective  emulsion  colloid.  In  a 
similar  manner  do  alcoholic  solutions  of  lecithin 
protect  albumoses  against  the  coagulating  action  of 
alcohol. 

On  several  occasions  we  referred  to  the  importance 
which  electrol.vtes  have  in  determining  the  .state  of 
disjjersion  of  the  colloids.  It  has  been  found  that 
anions  as  well  as  cations  can  be  arranged  in  a  certain 
order  according  to  the  strength  with  which  they  influ- 
ence the  precipitation  or  solution  of  colloids,  the  taking 
up  of  water  by  gelatine  and  so  on.  The  order  of 
cations  is  approximately  as  follows:  Li-Na-K-Rb-Cs. 
The  anions  can  be  arranged  as  follows:  S04-Cl-Br- 
NOj-I-SCN.  It  depends  in  .some  cases  upon  the  elec- 
tric charge  of  the  colloid,  whether  the  first  or  the  last 
ion  exerts  the  strongest  action.  vSimilar  arrangements 
of  the  ions  in  accordance  with  their  strength  of  action 
are  found  if  we  examine  their  influence  on  the  viscosity 
and  surface  tension  of  w.ater,  on  their  catah-tic 
acceleration  of  certain  chemical  reactions.  A  further 
characteristic  of  colloid  solutions  or  of  gels  is  the  grad- 
ual, apparently  spontaneous  ch.ange  which  they  under- 
go in  time.  The  state  and  reactions  of  a  colloid 
depend,  therefore  also  on  its  previous  history,  espe- 
cially on  its  age.  On  the  whole  there  exists  a  tendency 
for  the  solutions  to  become  in  time  less  disperse,  the 
smaller  particles  uniting  to  form  larger  aggregates; 
in  gels  the  density  of  the  more  disperse  jihase  may 
become  greater.  In  certain  .suspension  colloids, 
however,  the  opposite  effect  may  occasionally  be 
observed,  namely  a  greater  dispersion  (decrease  in 
size)  of  the  colloid  particles. 

Colloid  solutions  consist  of  small  particles  suspended 
in  a  liquid.  Each  colloid  particle  is  separated  from 
the  surroimding  liquid  by  a  surface.     Considering  the 
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small  volume  of  the  colloid  particles  the  surface  ia 
relatively  large;  the  smaller  the  particles,  the  greater 
is  the  relative  size  of  the  surfaces.  These  surfaces 
tend  to  withdraw  from  the  surrounding  liquid  certain 
substances  which  are  dissolved  and  to  keep  those 
substances  fixed  to  the  suspended  particles.  We  call 
this  process  adsorption.  If  we  call  X  the  tpiantity 
adsorbed  by  one  gram  of  colloid  substance  and  C  the 
quantity  of  the  substance  which  remains  dissolved  in 
the  liquid  phase,  the  relative  quantity  adsorbed   is 

expressed    by   the   following    equation:       *      =  K. 

C  » 

n  and  K  are  constants,   -  is  alwavs  smaller  than    1. 

n 
From  this  equation  we  may  conclude  that  relatively 
more  substance  is  adsorbed  from  diluted  than  from 
concentrated  solutions.  Not  all  dissolved  suljstances 
are  equally  well  adsorbed;  those  substances  are 
especially  adsorbed  which  lower  the  tension  of  surface 
between  the  suspended  particle  and  tlie  surrounding 
fluid.  A  majority-  of  biologically  important  sub- 
stances (proteins,  enzymes,  soaps)  do  actually  lower 
the  surface  tension  and  are  therefore  readily  adsorbed. 
In  other  cases,  however,  the  difference  in  the  electro- 
chemical potential  between  adsorbing  and  dissolved 
substance  plays  a  considerable  role,  as,  for  instance,  in 
the  case  of  the  adsorption  of  certain  dye.s.  If  the 
adsorbing  surface  is  positively  charged,  only  nega- 
tively charged  ions  are  adsorbed  and  vice  versa. 

The^e  processes  of  adsorption  are  of  great  signifi- 
cance in  the  living  organism.  The  relatively  great 
surface  of  the  particles  enables  certain  suspension 
colloids,  especially  electrically  prepared  platinum,  to 
act  as  catalyzers,  and  in  many  important  particulars 
these  colloid  catalyzers  behave  like  the  special  organic 
catalyzers  which  are  produced  in  the  living  cells, 
namely  the  ferments  (G.  Bredig).  Catalyzers  are 
substances  which  greatly  accelerate  the  velocity  of  a 
chemical  reaction  without  changing  the  end  jiroducts 
of  the  reaction  and  without  theni'^elves  undergoing 
necessarily  anv  permanent  change  during  the  chemical 
reaction.  Without  the  addition  of  the  catalyzer  the 
reaction  would  follow  the  same  course,  but  much 
more  slowly.  A  typical  example  is  the  acceleration 
of  the  inversion  of  cane  sugar  into  levulose  and  dextrose 
under  the  influence  of  acid.  The  acid  is  found  un- 
changed at  the  end  of  the  reaction.  There  exist,  on 
the  other  hand,  some  substances  which  retard  certain 
chemical  reactions;  they  are  called  negative  catalyzers. 
If  the  catalyzer  can  be  readily  mixed  with  the  different 
reacting  substances,  so  that  all  units  of  the  mixture 
are  hoiuogeneous,  we  have  to  deal  with  a  homogeneous 
catalysis,  if  they  cannot  be  readilv  homogeneously 
mixed,  there  exist  several  "phases'*  and  we  have  to 
deal  with  a  heterogeneous  catalysis.  Catalyzers 
can  accelerate  various  chemical  reactions,  as  for  in- 
stance oxidations,  reductions,  hydrolytic  splitting  of 
carbohydrates  and  esters,  polymerization,  various 
syntheses.  In  many  reactions  ions  act  as  catalyzers, 
and  the  catalyzer  is  effective  proportionately  to  the 
degree  of  ionization  of  the  catalyzing  substance. 

The  catalyzers  undergo  in  many  cases  a  union  with 
the  reacting  substance.  The  miion  is  only  a  tempor- 
ary one  and  the  catalyzer  is  restored  to  its  original 
condition  before  the  reaction  is  completed.  These 
intermediary  substances  produced  with  the  aid  of  the 
catalyzer  are  more  labile  than  the  original  substance, 
and  thus  imder  certain  conditions  an  acceleration  of 
the  reaction  can  be  produced  through  the  addition 
of  a  catalyzer.  It  was  known  previously  that  plat- 
inum black  and  similar  substances  can  accelerate 
certain  chemical  reactions.  Also  other  solid  sub- 
stances can  accelerate  certain  reactions.  For  instance, 
the  production  of  H2O  from  H  and  O  is  accelerated 
through  the  surface  of  the  porcelain  dish  and  is  pro- 
portionate to  the  size  of  this  surface. 

There  is  present  a  certain  degree  of  specificity  in 


the  action  of  inorganic  catalyzers  and  furthermore 
the  catalyz(^rs  arc;  often  partly  destroyed  during  the 
principal  reaction  as  a  result  of  secondary  reactions 
taking  ijlace.  In  most  respects  these"  inorganic 
catalyzers  resemble  therefore  the  ferments  which  are 
of  such  significance  in  the  processes  taking  place  in  the 
living  organisms.  The  latter  consist  mainly  of 
colloidal  subst.iiu-es  (emulsion  colloids)  and  it  is  there- 
fore of  the  greatest  interest  to  know  that  also  suspen- 
sion colloids,  especially  colloidal  metals,  can  act  a.s 
catalyzers  and  that  there  exist  far-going  similarities 
in  the  action  of  these  colloidal  metals  and  c)f  ferments. 
We  owe  mainly  to  Bredig  and  hLs  pupils  the  analysis 
of  these  similarities. 

15redig  showed  that  colloidal  solutions  of  many 
heavy  metals  can  be  produced  by  letting  a  constant 
electric  cvirrent  pass  through  carefully  prepared  dis- 
tilled water,  so  that  a  spark  penetrates  through  the 
water.  Under  these  conditions  small  particles  of  the 
metal  are  torn  off  from  the  cathode  and  these  particles 
are  suspended  in  the  water.  Bredig  showed  further- 
more that  these  colloidal  (rather  unstable)  solutions 
can  act  as  catalyzers  accelerating  various  chemical 
reactions;  he  analyzed  especially  the  decomposition 
of  HoOj  into  H-iO-pO.  In  these  cases  we  have  to  deal 
with  a  catalysis  in  a  heterogeneous  .system,  a  definite 
surface  separating  each  colloidal  particle  from  the  sur- 
rounding li(iuid  which  contains  the  substance  which 
undergoes  chemical  changes.  The  rapidity  of  a  cata- 
lytic reaction  in  a  heterogeneous  system  depends  to 
a  great  extent  upon  the  rapidity  with  which  the  sub- 
.stances  dissolved  in  the  surrounding  fluid  diffuse 
through  the  fluid  to  the  surface  of  the  catalyzer.  At 
the  surface  of  the  colloidal  catalyzer  the  various  sub- 
stances are  condensed,  their  concentration  is  increased 
and  they  undergo  therefore  certain  chemical  changes 
more  rapidly  tluin  if  homogeneously  distribut-ed  in 
the  fluid.  This  is  supposedly  the  mechanism  through 
which  colloid  metals  act  as  catalyzers. 

Just  as  in  the  ca.se  of  the  catalyzer  of  the  blood,  a 
very  small  quantity  of  the  metallic  catalyzer  is  suffi- 
cient to  split  a  relatively  enormous  quantity  of  H;Oj. 
Both  the  reactions  under  the  influence  of  the  catalase 
and  those  under  the  influence  of  the  colloidal  metal 
follow  the  equations  for  monomolecular  reactions. 
The  temperature  coefficient  is  greater  if  colloidal 
solutions  of  platiniun  than  if  sheets  of  platinum  are 
used  as  catalyzers  and  there  exists  in  the  case  of  fer- 
ments as  well  as  of  colloidal  solutions  an  optimal 
temperature. 

The  catalytic  action  of  colloidal  solutions  of  metals 
is  increased  if  a  certain  ciuantity  of  alkali  is  added. 
In  a  similar  manner  addition  of  alkali  to  some,  of 
acid  to  other  ferments  increases  their  activity.  Min- 
imal quantities  of  such  substances  as  HCN.  HgCl-, 
H2S  paralyse  the  catalyzing  effect  of  the  colloidal 
solutions  of  metals  as  well  as  of  the  catalase  of  the 
blood  and  certain  other  ferments,  and  in  both  cases, 
after  some  time,  a  recovery  can  take  place  from  the 
effect  of  certain  of  these  ])oisons.  Both  colloidal 
solutions  of  metals  and  ferments  arc  very  labile. 

There  exist  therefore  marked  analogies  between  fer- 
ments (enzymes)  of  the  living  cells  and  colloidal 
metals.  It  is  even  probalile  that  in  the  case  of 
colloidal  solutions  of  metals  intermediary  relictions 
take  place  between  the  metal  and  the  HjO-  and  that 
the  acceleration  through  the  catalyzer  depends  upon 
the  temporary  formation  of  such  intermediary  bodies. 

It  is  of  great  interest  that  the  catalyses  effected 
through  mercury  are  represented  by  a  pulsating  cur\o, 
short  periods  of  greater  and  of  diminished  accelera- 
tion alternating;  sinuiltaneously  can  be  fomui  pulsating 
changes  in  the  electric  potential  of  the  system,  similar 
to  the  pulsating  differences  in  the  electric  potential  dur- 
ing the  rhythmic  activity  of  the  heart ;  there  is  further- 
more a  similar  influence  of  the  temperature  on  the 
pulsatile  catalytic  decomposition  of  H;0;  throiigh  mer- 
cury and  on  the  rhythmic  contraction  of  the  heart. 
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These  analogies  between  the  action  of  enzymes  and 
that  of  colloidal  solutions  of  metals  is  certainly  of  great 
interest  and  significance,  even  if  at  the  present  time 
we  may  hesitate  to  admit  the  essential  identity  in  the 
mode  of  action  of  these  two  kinds  of  substances. 

These  colloidal  solutions  of  metals  exert  definite 
effects  on  the  cells  in  vitro  as  well  as  in  the  body.  If 
a  certain  quantity  of  an  electrically  or  chemically 
prepared  inorganic  colloid  is  added  to  autolyzing 
liver,  the  autolysis  is  accelerated  provided  the  (chemi- 
cally prepared)  colloid  is  not  added  in  too  large  an 
amount,  in  which  case  it  has,  on  the  contrary,  an 
inhibiting  eff'ect.  Positively  as  well  as  negatively 
charged  colloids  exert  this  influence  equally  well  (M. 
Ascoli  and  G.  Izar). 

After  intravenous  injcetion  of  colloidal  metals  in 
mammals  the  output  of  nitrogen  is  increased,  even  if 
relatively  small  quantities  are  given.  Colloidal  solu- 
tions of  various  metals  have  the  power  to  oxidize 
certain  substances  or  they  accelerate  the  action  of 
certain  oxidizing  ferments. 

Colloidal  solutions  of  various  metals  have  a  bacterici- 
dal action  in  vitro.  Their  action  on  different  organisms 
is  not  equally  strong.  Colloidal  Ag  acts  strongly  on 
the  typhoid  and  dysentery  organisms  and  is  also 
active  on  the  staphylococcus  and  anthrax  organism, 
less  on  the  colon  bacillus.  The  degree  of  the  bacteri- 
cidal efficiency  seems  to  depend  on  the  size  of  the 
colloidal  particles;  the  smaller  the  particles  the 
stronger  is  the  bactericidal  effect  (V.  Henri).  In 
vivo  also  it  has  been  possible  to  demonstrate  the 
bactericidal  effect  of  colloidal  solutions  of  metals. 
According  to  Foa  and  Aggazzotti  it  is  possible  to 
delay  but  not  to  prevent  the  death  of  rabbits  infected 
with  staphylococci  or  streptococci  through  subsequent 
injections  of  colloidal  metals.  After  infection  with 
the  typhoid  bacillus  death  can  be  prevented  through 
such  injections. 

Colloidal  solutions  of  metals  have  also  a  certain 
action  on  toxins.  They  destroy  in  vitro  staphylolysin 
(Hamburger).  Some  other  toxins  are,  however,  not 
affected  in  vitro.  In  vivo  it  protects  rabbits  against 
a  dose  of  tetanus  or  diphtheria  toxin  ten  times  as 
large  as  the  lethal  dose. 

After  an  intravenous  injection  of  a  colloidal  solution 
of  these  metals  into  a  normal  organism  there  follows 
a  rise  in  temperature  (the  maximum  being  reached 
about  three  to  five  hours  after  the  injection)  and  an 
increase  in  the  rate  of  the  pulse  and  respiration. 
There  may  be  rigor  concomitant  with  the  rise  in  tem- 
perature. There  is,  after  a  brief  transitory  diminu- 
tion, an  increase  in  the  n\imber  of  polynuclear  leuco- 
cytes. Later  there  may  be  noticed  a  relative  increase 
in  the  number  of  lymphocytes.  The  addition  of  small 
quantities  of  colloidal  metals  to  leucocytes  increases 
their  phagocytic  power  toward  certain  bacteria  and 
different  metals  seem  to  stimulate  the  phagocytosis 
of  different  organisms. 

We  have  observed  in  patients  which  had  received  a 
long  series  of  injections  of  colloidal  copper,  either  with 
or  without  additional  injections  of  casein,  a  relative 
increase  in  the  lymphocytes  lasting  for  many  months 
after  the  cessation  of  the  injections. 

No  injurious  influence  on  the  kidneys  is  noticeable, 
even  after  injections  of  large  quantities  of  colloidal 
copper.  In  dogs,  however,  after  very  great  doses  of 
colloidal  silver  signs  of  nephritis  seem  to  have  been 
observed. 

After  intravenous  injections  of  solutions  of  colloidal 
metal  the  presence  of  the  colloidal  particles  can  be 
demonstrated  in  the  blood  and  also  soon  in  the  bile, 
pancreatic  juice,  and  urine,  but  not  in  the  spinal  fluid 
(V.  Henri).  On  sections  it  is  possible  to  recognize 
the  small  particles  of  meta!  in  the  convoluted  tubules 
and  in  the  ascending  tubules  of  Henle  in  the  kidney 
(A.  Mayer  and  Stodel). 

Especially  colloidal  silver  but  also  colloidal  solutions 
of  other  heavy  metals  have  been  used  in  the  treatment 
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of  various  acute  infectious  diseases,  as  septicemia  and 
pyemia,  pneumonia,  typhoid  fever,  and  also  articular 
rheuniatism.  Some  results  seem  to  have  been  obtain- 
ed in  septicemia  and  pyemia;  also  in  pneumonia  the 
general  condition  of  the  patient  appears  to  be  benefici- 
ally influenced  through  the  injections.  A  definite  influ- 
ence on  the  condition  of  the  lungs  and  the  duration  of 
the  disease,  however,  does  not  seem  to  be  effected 
through  this  treatment.  In  typhoid  fever  the  effect 
of  the  injections  does  not  seem  to  be  favorable. 

Within  the  last  few  years  colloidal  solutions  of 
metals  have  been  iised  in  the  treatment  of  tumors. 
The  action  of  various  substances  on  the  tumor  growth 
can  most  advantageously  be  investigated  in  the  case 
of  the  transplantable  animal  tumors.  Here  the 
conditions  are  much  less  variable  than  in  the  case  of 
human  cancers.  The  writer  showed  a  number  of 
years  ago  that  by  subjecting  tumors  i?i,  vitro  to  the 
action  of  certain  chemicals  the  energy  of  their  sub- 
sequent growth  in  the  body  can  be  diminished  in  a 
graded  manner.  About  two  years  ago  von  Wasser- 
mann  discovered  that  a  combination  of  selenium 
and  eosin  injected  intravenously  into  mice  causes 
a  retrogression  of  tumors  in  a  certain  number 
of  cases.  The  curative  was  very  near  the  lethal  dose. 
Somewhat  later  Neuberg  and  Caspari  announced 
th.at  preparations  of  metals  (cobalt,  copper,  silver, 
and  others)  in  which  the  metal  would  act  in  a  colloidal 
condition  had  a  similar  effect.  Neither  von  Wasser- 
mann  nor  Neuberg  stated  the  chemical  character  of 
the  preparations  they  used.  We  found,  in  collabora- 
tion with  Dr.  Mover  S.  Fleisher,  that  electrically 
prepared  colloidal  solutions  of  copper  and  platinum 
inhibited  the  growth  of  transplanted  mouse  tumors 
during  the  period  of  injection;  chemically  prepared 
colloidal  solutions  of  selenium  were  either  inactive  or 
much  less  active  than  colloidal  copper;  while  the 
latter  was  again  much  less  active  than  leech  extract. 
Certain  proteins  as  casein  and  nucleoprotein  were  also 
active.  Ionized  salts  of  copper,  gold,  and  some  other 
metals  were  either  ineffective  or  very  slightly  active. 
We  see  then  that  colloidal  solutions  of  metals  have  a 
definite  inhibiting  effect  on  the  growth  of  animal 
tumors  and  that  this  effect  is  a  specific  one.  We  found 
more  recently  with  Mover  S.  Fleisher  and  Miguel 
Vera  that,  after  a  certain  number  of  injections  have 
been  given,  an  immunity  against  the  effect  of  colloidal 
copper  is  established.  This  immunity  has  a  twofold 
source.  In  the  first  place  it  is  due  to  certain  reactive 
changes  taking  place  in  the  organism  of  the  injected 
animal  and  in  the  second  place  it  is  due  to  an  immunity 
acquired  by  the  tumor  cells  themselves.  It  is,  at  least 
to  a  certain  extent,  a  specific  immunity,  inasmuch  as 
immimization  against  colloidal  copper  does  not  protect 
against  the  effect  of  leech  extract  on  the  tumor  and 
vice  versa. 

This  immunization  which  takes  place  very  rapidly  is 
a  process  not  only  of  great  theoretical  but  also  of 
practical  interest.  It  prevents  the  continued  action 
of  the  substance  on  the  tumor  and  permits  in  many 
cases  the  tumor,  after  a  temporary  check  or  partial 
retrogression,  to  resume  its  growth. 

Similar  processes  of  immunization  seem  to  take 
place  after  continued  injection  of  solution  of  colloidal 
copper  in  cases  of  human  cancer.  In  human  as  well 
as  in  mouse  cancer  colloidal  copper  exerts  an  inhibiting 
action  on  a  certain  number  of  tumors.  In  both  cases 
immunization  takes  place  and  after  a  period  of  in- 
hiliition  freciuently  a  new  growth  of  the  cancer  takes 
place  (McClurg,  Sweek,  Fleisher,  and  Loeb). 

It  remains  for  us  to  mention  briefly  the  significance 
■which  a  study  of  the  colloids  has  for  the  anal.vsis  of 
various  phenomena  of  life.  The  substratum  of  life 
consists  to  a  great  extent  of  protein  and  lipoid  sub- 
stances, which  are  both  colloids.  Changes  in  the 
state  of  the  colloids  will  lead  to  physiological  changes 
in  the  cells.  Thus  we  find  cations  and  anions  to 
influence  various  phj'siological  processes  (as  for  in- 
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stance  stimulation  of  muscle  and  nerve,  hemolysis) 
in  the  same  order  in  which  they  influence  the  colloid 
state  of  emulsion  colloids  and  the  taking  up  of  water  by 
gelatin.  Entrance  of  substances  into  the  cells  depends 
to  a  great  extent  upon  the  influence  these  substances 
have  on  protein  or  lipoid  colloids.  The  solubility  of 
substances  in  the  cell  membrane  plays  a  great  part 
in  the  theory  of  narcosis  (Overton-Meyer)  and  of 
artificial  parthenogenesis  (.Jacques  Loeb).  Similar 
considerations  also  hold  good  in  the  analysis  of  edem.a 
(Jac(iues  Loeb,  Martin  Fischer).  In  thi.s,  as  well  as 
in  all  other  cases,  we  have  to  consider  the  fact  that 
cells  are  not  directly  comparable  to  homogeneous 
colloids  like  gelatin,  but  that  the  colloid  character  of 
the  cell  membrane  differs  from  that  of  the  interior  of 
the  cell,  and  that  therefore  such  processes  as,  for  in- 
stance, the  taking  up  of  water  by  the  living  cells  are 
governed  by  laws  that  differ  from  those  holding  good 
in  the  case  of  gelatin.  The  colloids  of  the  cell  mem- 
brane seem  furthermore  to  be  of  the  greatest  signi- 
ficance for  the  oxydation  processes  in  the  cells 
(Jacques  Loeb,  Warburg). 

In  the  case  of  the  blood  cells  of  Limulus  the  writer 
could  show  that  the  influence  of  ions  on  the  cell 
granula  and  ameboid  naoveraents  is  similar  to  their 
action  on  emulsion  colloids  and  that  here  again 
the  different  ions  can  be  arranged  according  to  their 
action  in  the  order  which  we  mentioned  on  previous 
occasions. 

In  the  formation  of  stones  in  the  gall-bladder  and 
in  the  urinary  tract  the  precipitation  of  colloids  plays 
a  great  role  (Schade,  Lichtwitz,  Bacmeister)  and 
laws  which  determine  the  solubility  of  urates  cannot 
well  bo  understood  without  a  consideration  of  the 
colloids  of  the  blood. 

The  various  interactions  between  antigens  and 
immune  bodies  are  reactions  between  colloids  and  it 
is  probalile  that  they  represent  a  combination  of 
adsorption  and  secondary  chemical  processes.  The 
specificity  of  these  reactions  alone  could  not  very 
well  be  explained  on  the  basis  of  mere  adsorption. 
In  the  effect  of  toxins  on  an  organism  it  is  also  very 
probable  that  processes  of  adsoiption  pla.y  a  great 
part.  Thus  in  the  action  of  the  toxin  of  heloderma, 
processes  of  adsorption  can  to  some  extent  explain 
some  of  the  differences  in  the  dose  lethal  for  various 
classes  of  animals  (M.  S.  Fleisher  and  Leo  Loeb). 

Leo  Loeb. 


Ferment  Test,  Aberhalden's. — Aberhalden  holds 
that  in  the  process  of  digestion  and  assimilation,  the 
food  materials  are  broken  down  by  the  ferments  of  the 
gastrointestinal  tract  into  indifferent  substances  of 
relatively  little  complexity  which  he  calls  " Bausteme." 
These  Bausteine  (building  stones)  are  taken  up  by  the 
body  and  are  synthesized  into  the  native  materials  of 
the  organism.  Lhider  normal  conditions  the  process  is 
so  regulated  that  the  blood  contains  only  unelaborated 
material  and  substances  native  to  the  body  {korper- 
eigen).  The  process  of  synthesis  involves  a  number  of 
steps.  The  blood  carries  "blood-native"  (hluleigen) 
substances  which  it  furnishes  to  the  cell.  These  are, 
however,  foreign  to  the  cell  [scUfremdc)  and  must  be 
transformed  by  the  cellular  ferments  into  "cell- 
native"  {zcUeigen)  substances.  Only  those  foods  such 
as  glucose  and  inorganic  salts  which  lack  what  he 
calls  a  specific  constitution,  are  absorbed  and  as- 
similated unchanged.  An  important  part  of  his 
theory  is  that  the  majority  of  proteolytic  ferments  are 
quite  highly  specific  in  that  they  will  act  only  upon 
certain  definite  proteins,  each  ferment  having  its  own 
protein  which  alone  it  is  capable  of  breaking  down. 
The  general  proteolytic  ferments,  pepsin  and  trypsin, 
of  the  gastrointestinal  tract  are  greatly  in  the  minority. 
If  now  any  blood-foreign  material  finds  its  way  into 
the  blood  stream  it  must  be  converted  into  indifferent 
material,  broken  down  into  Bausteine,  before  it  can  be 


utilized.  For  this  purpose  the  body  elaborate.s  a 
specific  ferment  which  will  act  only  upon  the  substance 
in  question.  This  action  is  analogous  to  the  forma- 
tion of  an  antibody  following  the  injection  of  an 
antigen.  Thus  bacteria,  when  they  gain  entrance  to 
the  l)lood  .stream,  act  as  specific  proteins  and  stimu- 
late the  formation  of  specific  proteolytic  ferments  which 
are  capable  of  digesting  them,  but  which  are  unable  to 
act  upon  any  other  proteins.  Rather  exten.sive 
application  of  Abderhalden's  theory  has  been  made  in 
the  effort  to  devi.se  a  method  for  the  diagnosis  of 
various  conditions.  If  a  serum  is  incubated  with  an 
emulsion  of  a  given  bacterium  and  on  examination  is 
then  found  to  contain  the  jjroducts  of  digestion,  there 
is  reason  to  believe  that  the  serum  contains  the 
specific  ferment  for  that  bacterial  protein,  and  that 
the  individual  from  whom  it  came  has  been  infected 
with  it. 

Up  to  the  time  of  writing  this  article  the  test  has 
been  u.sed  most  frequently  in  the  fliagnosis  of  preg- 
nancy. In  this  condition  the  jjlacenta,  although 
knrperrigcn,  is  a  specialized  ti.ssuo  anri  hlulfremde. 
From  time  to  time  chorionic  cells  find  their  way  into 
the  blood  stream  and  there  stimulate  the  body  to  the 
production  of  a  ferment  which  is  able  to  digest  only 
placental  tissue.  The  detection  of  this  ferment  in  the 
blood  of  a  woman  is  thus  held  to  be  strong  evidence 
that  she  is  pregnant. 

In  the  case  of  cancer  it  does  not  seem  always  to  be 
necessary  for  the  cell  to  gain  entrance  to  the  blood. 
The  cancer  cell  is  an  abnormal  one  and  its  metabolism 
is  sufficiently  disturbed  so  that  it  possibly  gives  off  to 
the  blood  hlulfremde  substances  which  excite  specific 
ferment  production.  In  some  other  disease  conditions 
it  is  thought  that  for  unknown  reasons  ferments  are 
developed  against  some  of  the  body  cells  and  the  re- 
sult may  be  dementia  pra?cox,  exophthalmic  goiter, 
etc.,  depending  upon  what  cells  are  affected. 

Two  methods  have  been  followed  for  the  detection 
of  this  ferment  in  blood  serum,  the  optic  method  anci 
the  dialysis  method.  The  optic  method  depends 
upon  the  change  that  takes  place  in  the  rotating 
power  of  preparations  of  proteins  when  acted  upon 
by  specific  ferments.  This  method  is  long  and  difficult 
and  involves  the  use  of  expensive  apparatus.  It  has 
not  been  used  very  much  and  need  not  be  described. 
The  dialysis  method  depends  \ipon  the  fact  that 
proteins  do  not  diffuse  through  a  semi-permeable 
membrane  while  the  products  of  protein  digestion, 
peptones  and  amino  acids  do  diffuse  through  and  can 
be  recognized  in  the  dialysate  by  means  of  appropriate 
tests.  This  method  is  also  one  of  some  technical 
difficulty  and  requires  a  very  strict  adherence  to  the 
details  as  described  by  Abderhaldcn.  Only  a  brief 
descrii)tion  can  be  given  here  and  the  reader  is  re- 
ferred to  the  original  work  for  complete  directions. 

The  organ  which  is  to  be  used,  the  placenta  for 
example,  is  obtained  in  fresh  condition,  cut  into  small 
pieces  and  washed  absolutely  free  from  blood  in 
physiological  salt  solution  and  in  distilled  water.  If 
very  fatty  it  is  necessary  to  extract  the  material  with 
chloroform.  It  is  then  boiled  in  water  containing  a 
little  acetic  acid  and  boiled  several  times  in  changes  of 
distilled  water.  This  boiling  is  repeated  tintil  the 
filtrate  gives  a  negative  test  w'ith  ninhydrin.  The 
tissue  so  ])reparcd  is  stored  in  chloroform  water 
under  toluol  and  kept  on  ice. 

Ninhydrin  is  triketohydrinden  hydrate  and  on 
boiling  with  solutions  containing  pejjtones  or  alpha 
amino  acids  develojjs  a  violet  color.  It  is  easier  to 
read  than  the  biuret  test  and  has  an  additional  !id- 
vantage  since  the  latter  docs  not  react  to  the  amino 
acids.  P^or  the  semiiu-rmeable  membrane,  Schleicher 
and  Schiill  diffusion  thimbles  Xo.  .t'O.V  are  selected. 
It  is  necessary  to  test  out  each  thimble  before  use  to 
prove  its  impermoalMlity  to  serum  albumin  and  its 
permeability  to  ))optone. 

Since  the  blood  serum  during  digestion  contains  a 
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variable  quantity  of  diflfusible  substances  which  might 
react  to  ninhydrin,  it  is  necessary  to  obtain  the  speci- 
men after  tlie  completion  of  digestion.  It  is  best 
drawn  directly  from  the  vein  into  a  sterile  centrifuge 
tube.  It  is  eentrifugcd  after  coagulation  and  the 
clear  serum  pi])etted  off  into  a  clean  sterile  tube. 
The  ])resence  of  hcniohsis  in  any  degree  is  said  to 
render  the  serum  unfit  for  use. 

All  glassware  must  be  scrupulously  clean  and 
sterile.  For  the  performance  of  the  test  20  c.c. 
of  sterile  distilled  water  is  placed  in  each  of  a  sufficient 
number  of  small  tubes  or  Erlenmeyer  flasks  and  cov- 
ered with  a  layer  of  toluol.  The  diffusion  .shells 
are  washed  in  distilled  water  and  boiled  in  water  for  one- 
half  to  one  mintue.  Five-tenths  gram  of  the  prepared 
albumin  is  placed  in  each  shell,  1.5  c.c.  of  serum  and  a 
layer  of  toluol  added.  The  top  is  carefully  closed  and 
the  outside  washed  off  with  sterile  distilled  water. 
The  shell  is  then  placed  in  the  tube  in  such  a  manner 
that  the  portion  containing  the  serum  is  completely 
exposed  to  the  water  outside.  All  of  the  manipula- 
tions are  to  be  carried  out  in  such  a  manner  that 
sterilit.v  is  jjreserved.  They  are  then  incubated  at 
37°  C.  for  sixteen  hours.  At  the  end  of  this  time  10 
c.c.  of  the  dialysate  is  removed,  free  from  toluol, 
and  boiled  for  exactly  one  minute  with  0.2  c.c.  ninhy- 
drin. The  development  of  a  violet  color  within  thirty 
minutes  indicates  a  positive  reaction.  There  should 
be  ample  control  of  each  test  using  normal  and  inac- 
tivated serum  as  well  as  the  specimen  being  in- 
vestigated. If  possible  a  known  positive  control 
should  also  be  employed. 

In  pregnancy  the  test  has  proven  very  reliable,  at 
least  as  far  as  intrauterine  pregnancy  is  concerned. 
It  becomes  positive  during  the  second  month  and 
disappears  within  about  one  month  after  delivery. 
In  other  conditions  the  results  reported  thus  far  are 
not  sufficient  grounds  on  which  one  might  form  any 
conclusions.  It  has  been  reported  as  positive  in  the 
majority  of  carcinomata  and  in  a  large  percentage  of 
the  cases  of  exophthalmic  goiter.  In  cases  of  dementia 
precox  positive  results  have  been  obtained  with  tissue 
from  the  cerebral  cortex  and  the  ovaries  and  testicles. 
The  absolute  specificity  of  the  reaction  is  stoutly  as- 
serted by  some  investigators  and  cjuestioned  by  others 
who  speak  of  "group  reactions."  The  ultimate 
truth  will  probably  be  found  to  lie  in  some  middle 
ground  and  the  test  itself  will  come  to  have  marked 
value.  Ralph  G.  Stillman. 
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Fernel,  Jean. — This  most  celebrated  of  the  French 
physicians  of  the  sixteenth  century  was  born  at  Cler- 
mont in  1490.  He  was  of  a  most  studious  disposition 
and  eager  for  learning,  and  his  native  place  not  afford- 
ing what  he  needed,  he  went  early  to  Paris,  where  he 
gave  himself  up  to  a  study  of  mathematics  and  phi- 
losophy. His  health  soon  broke  down  under  the  strain 
and  while  he  was  recuperating  in  the  country  he  be- 
came interested  in  medicine.     On  returning  to  Paris  he 


took  up  this  study,  supporting  himself  by  teaching  phi- 
losophy. He  began  the  practice  of  his  jjrofession  in 
1.536.  Fernel  was  a  profound  student  and  greatly 
preferred  the  science  to  the  art  of  medicine,  avoiding 
practice  as  far  as  he  could.  But  in  si)ite  of  himself  he 
soon  acquired  such  fame  that  Henri  II  wished  to 
appoint  him  his  own  physician,  but  he  resisted  for  a 
long  time  under  one  jjretext  and  another.  Finally, 
however,  he  was  forced  to  yield  and  accompanied  the 


Fio.  2372. — Jean   Fernel. 

king  to  the  siege  of  Calais,  but  soon  after  his  return  to 
Fontainebleau  he  fell  ill  from  exposure  during  the  in- 
clement winter,  and  died  April  26,  1.558. 

Among  the  many  works,  mathematical,  philosoph- 
ical, and  medical,  written  by  Fernel,  we  may  mention 
the  following:  "Cosmotheoria,"  Paris,  1528,  in 
which  he  suggested  measuring  one  degree  of  the  me- 
ridian of  the  earth,  thus  foreshadowing  the  founda- 
tion of  the  metric  system  of  weights  and  measures; 
"De  Abditis  Rerum  Causis,"  Paris,  1548;  "  Medicina," 
Paris,  1554,  ten  editions;  "Therapeutices  Univer- 
sales"  in  seven  volumes,  Paris,  1554;  "  De  Luis  Ve- 
nerea; Curatione,"  Antwerj);  "  Pathologia,"  Frankfort; 
"Emissi  Sanguinis  Observatio."  T.  L.  S. 


Fern,  Maiden=Hair. — .Vdiantum.  Venus-Hair 
Fern.  Adiantum  is  a  large  genus  of  ferns,  several  of 
whose  species  have  been  used  in  medicine,  more 
e.specially  the  A.  capillus-vetieris  L.  of  Europe  and 
the  A.  pedatum  L.,  growing  throughout  North 
America,  except  the  far  North  and  the  Southwest, 
and  abundant  also  in  parts  of  Asia.  The  herb  is  the 
portion  used.  It  has  an  aromatic-bitter  taste,  due 
to  constituents  which  have  not  been  studied.  Its 
use  is  historical,  it  having  been  employed  mainly  in 
the  treatment  of  catarrhal  afre<'tions,  especially  of 
the  respiratory  tract.  At  the  present  time  it  is  largely 
used  in  the  manufacture  of  some  patent  medicines, 
but  scarcely  in  any  other  way.       Henky  H.  Rusby. 

Fern,  Alale. — See  Aspidiiim. 

Fern,  Sweet. — This  name  has  been  applied  to  a 
number  of  plants;  to  some  true  ferns,  because  of 
their  fragrance;  and  to  some  flowering  plants  with 
leaves  resembling  those  of  ferns,  especially  to  the 
Comptonia  peregrina  (L.)  Coulter  (fam.  Myricacece), 
also  called  Fern-Bush,  Fern-Gale,  or  Sweet  Bush. 
It  is  exceedingly  abundant  in  rocky  meadows,  espe- 
cially amidst  blueberry  bushes,  in  northeastern 
North  America.  The  le.aves  are  peculiarly  pin- 
niitifid,  with  nearly  semicircular  segments  alternat- 
ing upon  the  two  sides.  They  contain  tannin,  a, 
small  amount  of  an  irritant  glucoside,  and  a  peculiar 
volatile  oil,  smelling  like  bay  oil  and  somewhat  like 
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Ferris  Hot  Sprlnics 


cinnamon.     This  oil  has  a  specific  gravity  of  0.920 
and  solitlifies  at  a  freezing  temperature. 

The  leaves  are  useful  as  a  milri  astringent  of  rlo- 
li?htful  fragrance,  and  are  at  the  same  time  markedly 
stimulant,  owing  to  the  oil.  The  bark  also  contains 
tannin  and  is  used  as  an  astringent.  The  dose  of 
the  leaves  is  gr.  xv.-xxx.  (1.0-2.0);  of  the  bark, 
twice  as  much. 

Myrrhis  odorala  Scop.  (fam.  Utnbellifcra!)  has  also 
been  called  sweet  fern.  It  is  the  sweet  chervil  of 
Europe  and  its  root  is  used  as  a  carminative. 

Henry  H.   Rusby. 


Ferns. — (Xat.  ord.  Filicinefe  or  Filices.)  This  im- 
mense and  interesting  cla-ss  of  exquisitely  beautiful 
plants  has,  unfortunately,  but  limited  practical  ap- 
plications outside  of  decorative  art.  A  few  species 
yield  extractible  amounts  of  starch,  while  the  rhizomes 
or  young  shoots  of  others  are  cooked  and  eaten. 
Dye-stuffs  are  yielded  by  a  number,  while  several 
contain  cumarin.  There  are  many  species  which, 
although  used  to  a  large  extent,  and  with  good  results, 
as  domestic  remedies,  are  not  known  to  professional 
medicine.  The  commonest  property,  perhaps,  is 
that  of  being  anthelmintic,  and  many  species  of 
many  genera,  especially  of  PUris,  Dryopleris  (in- 
correctly called  "Aspidium"),  and  Polypodium,  are 
so  used.  Many  of  these  are  poisonous,  resembling 
in  this  respect  the  male  fean.  Next  in  importance 
are  the  astringent  properties,  due  to  tannin-like 
constituents,  for  which  a  very  great  number  are  in 
native  use.  In  one  or  two  cases,  like  that  of  ciholium, 
the  hemostatic  effects  are  mechanical,  after  the 
fashion  of  lint.  Many  species  are  distinctly  diuretic, 
and  a  few  carminative,  while  a  great  number,  like 
hart's-tongue  or  scolopendriura,  are  in  use  as  pectorals. 
The  gummy  exudation  from  incisions  in  some  of  the 
South  American  tree  ferns  forms  a  most  useful, 
permanent,  and  elastic  protective  covering  to  slight 
wounds.  IIe.vry  H.  Rusby. 


Ferrein,  Antoine. — Born  at  Frespech,  October  2.5, 
1693.  Uncertain  at  first  what  profession  to  embrace, 
he  studied  theology,  law,  and  medicine,  but  finally 
chose  the  latter,  the  study  of  which  he  pursued  with 
ardor  at  Montpellier,  where  he  received  his  doctorate 
in  1728.  Two  professorial  chairs  at  the  university  be- 
coming vacant  soon  after,  he  entered  the  competition 
and  was  unanimously  selected  as  the  first  of  the  three 
candidates.  His  rivals  had  more  influence,  however, 
and  were  appointed  by  the  king.  Ferrein  was  natur- 
ally incensed  at  this  show  of  favoritism  and  left  Mont- 
pellier in  anger,  going  to  Paris  where  he  became  very 
successful  as  a  teacher  of  anatomy.  He  was  sent  to 
Italy  as  physician  in  chief  of  the  military  hospitals 
and  on  his  return  was  commissioned  by  the  govern- 
ment to  investigate  the  sweating  sickness  then  pre- 
vailing. In  1741  he  was  elected  a  member  of  the 
Academie  des  Sciences,  and  the  following  year  was 
appointed  to  the  chair  of  surgery  at  the  College  de 
France.  In  1758  he  was  chosen  professor  of  anatomy 
in  succession  to  Winslow.  He  died  of  apoplexv, 
February  28,  1769. 

Among  the  works  published  b}'  Ferrein  were  the 
following:  "Sur  la  structure  de  la  foie  et  de  ses 
vaissaux,  17.33;  ''Observations  sur  de  nouvelles  arteres 
et  veines  l.vmphaticiues,"  1741 ;  "  De  la  formation  de  la 
voix  de  riiomnie,"  1741;  Sur  le  mouvement  des  deux 
machoires,"  1744;  "Sur  I'inflammation  des  visceres 
du  bas-ventre,"  1766;  "Sur  le  veritable  sexe  de  ceux 
qu'  on  appelle  hermaphrodites,"  1767.  In  his  work 
on  the  formation  of  the  human  voice  he  called  atten- 
tion to  the  fact  that  the  larynx  is  a  musical  instru- 
ment, and  described  the  vocal  cords.  .Among  the 
eponyms  to  which  his  name  is  attached  are  Ferrein 's 


canal  frivus  lacrimalLs),  Ferrein 's  cord.s  fthe  true 
vocal  cords),  Ferrein 's  foramen  ( hiatus canalLs  facialis), 
Ferrein 's  pyramid  (the  pars  radiata  of  a  cortical  lobule 
of  the  kidney),  and  Ferrein 's  tubes  (the  convoluted 
tubules  of  the  kidney).  T.  L.  S. 


Ferris    Hot    Springs. — (Bozeman    Hot   Springs), 

Gallatin  County,  Montana. 

Post-office. — Bozeman.     Hotel. 

.\crE.ss. — Ferris  or  Bozeman  Hot  .Springs  property 
is  situated  on  the  Gallatin  Valley  Electric  Railway. 
The  main  line  of  the  Northern  Pacific  Railway  run.s 
through  Bozeman,  eleven  miles  distant,  reached  by 
the  Gallatin  Valley  Electric  and  the  Chicago,  Mil- 
waukee, and  Puget  Sound  Railways.  The  Gallatin 
Valley  Electric  Railway  connects  Bozeman  and 
Salesville  through  the  Bozeman  Hot  Springs  tract. 
The  Gallatin  Valley  branch  of  the  Milwaukee  road 
connects  Bozeman  Hot  Springs  with  Three  Forks  and 
Butte  on  the  main  line  of  the  Chicago,  Milwaukee,  and 
Puget  Sound  Railway. 

These  springs  are  located  on  the  east  bank  of  the 
West  Gallatin  River,  seven  miles  by  wagon  road  and 
eleven  miles  by  rail,  west  of  Bozeman.  They  were 
discovered  about  forty  years  ago.  .\bout  twenty 
years  ago  Mr.  I'erris  bought  the  Springs  and  erected 
a  handsome  modern  hotel,  improved  the  natural 
charming  surroundings,  and  placed  the  resort  on  a 
par  with  the  most  attractive  in  the  West.  Since  then 
the  property  has  again  changed  hands.  The  loca- 
tion of  the  hotel  po.sses.ses  unusual  advantages. 
To  the  northeast  and  south  a  broad  expanse  of  level 
country  stretches  out,  dotted  here  and  there  with 
groves  of  cotton-wood  and  poplars,  the  intervening 
ground  being  occupied  by  fields  of  growing  grain  and 
verdant  meadow  lands.  On  the  west  the  river  sweeps 
along  in  magnificent  curves,  the  line  of  tall  trees 
conforming  to  the  meanderings  of  the  stream.  Back 
of  all,  the  grand  old  Rockies — snow-crowned,  rock- 
ribbed,  majestic — form  an  apparently  unbroken 
guard  to  the  enchanting  scenes  which  lie  in  tranquil 
loveliness  below.  The  location  is  4, .500  feet  above  the 
sea-level.  Fish  and  game  are  found  in  great  abun- 
dance and  variety  in  the  neighborhood.  .\n  analysis 
of  the  waters  by  Messrs.  Riggs  and  Clark  of  the 
United  States  Geological  Survey  in  18S5  resulted  as 
follows : 


Solids. 

Grains  to  imp. 
gal. 

Grams  to  liter. 

Silica 

5.7S2 
7.6S6 
2.730 
0.252 
5.250 
0.93S 
4.949 
13.818 
0.070 

0.0826 

0.1098 

Calcium  carbonate. . 
Magnesium  carbonate. 

0.0390 
0.0036 
0.0758 

Potassium  chloride 

Sodium  chloride 

Sodium  sulphate 

0.0134 
0.0707 
0.1974 
0.0010 

41.475 

0.5933 

The  analysis  shows  sufficient  sulphate  of  sodium  to 
give  the  waters  a  laxative  effect  when  taken  in  con- 
sider.able  quantities.  They  are  recommended,  both 
for  internal  use  and  for  bathing,  particularly  in  cases 
of  gout,  rheumatism,  and  diseases  of  the  kidneys 
and  liver.  The  cleansing  properties  of  these  waters 
is  remarkable,  no  soap  being  necessary.  On  skin 
diseases  their  effect  is  pronounced,  a  short  series  of 
baths  leaving  the  skin  clear,  white  and  smooth. 

Emma  E.  Walker. 
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vari;il)lo  quantity  uf  ditTusible  substances  which  miglit 
react  to  ninhydrin,  it  is  necessary  to  obtain  the  speci- 
men after  tlie  completion  of  digestion.  It  is  best 
drawn  directly  from  the  vein  into  a  sterile  centrifufje 
tube.  It  is  ecntrifuged  after  coagulation  and  the 
clear  serum  (jipetted  off  into  a  clean  sterile  tube. 
The  presence  of  heniolvsis  in  any  degree  is  said  to 
render  the  serum  unfit  for  use. 

All  glassware  must  be  scrupulously  clean  and 
sterile.  For  the  performance  of  the  test  20  c.c. 
of  sterile  distilled  water  is  jilaced  in  each  of  a  sufficient 
number  of  small  tubes  or  Krleiimeyer  flasks  and  cov- 
ered with  a  layer  of  toluol.  The  diffusion  shells 
are  washed  in  distilled  water  and  boiled  in  water  for  one- 
half  to  one  mintue.  Five-tenths  gram  of  the  prepared 
albumin  is  |)laced  in  each  shell,  1.5  c.c.  of  serum  and  a 
layer  of  toluol  added.  The  top  is  carefully  closed  and 
the  outside  washed  off  with  sterile  distilled  water. 
The  shell  is  then  placed  in  the  tube  in  such  a  manner 
that  the  portion  containing  the  serum  is  completely 
exposed  to  the  water  outside.  All  of  the  manipula- 
tions are  to  be  carried  out  in  such  a  manner  that 
sterility  is  preserved.  They  are  then  incubated  at 
37°  C.  for  sixteen  hours.  At  the  end  of  this  time  10 
c.c.  of  the  dialysate  is  removed,  free  from  toluol, 
and  boiled  for  exactly  one  minute  with  0.2  c.c.  ninhy- 
drin. The  development  of  a  violet  color  within  thirty 
minutes  indicates  a  positive  reaction.  There  should 
be  ample  control  of  each  te.st  using  normal  and  inac- 
tivated serum  as  well  as  the  specimen  being  in- 
vestigated. If  possible  a  known  positive  control 
should  also  be  employed. 

In  pregnancy  the  test  has  proven  very  reliable,  at 
least  as  far  as  intrauterine  pregnancy  is  concerned. 
It  becomes  positive  during  the  second  month  and 
disappears  within  about  one  month  after  delivery. 
In  other  conditions  the  results  reported  thus  far  are 
not  sufficient  grounds  on  which  one  might  form  any 
conclusions.  It  has  been  reported  as  positive  in  the 
majority  of  carcinomata  and  in  a  large  percentage  of 
the  cases  of  exophthalmic  goiter.  In  cases  of  dementia 
praecox  positive  results  have  been  obtained  with  tissue 
from  the  cerebral  cortex  and  the  ovaries  and  testicles. 
The  absolute  specificity  of  the  reaction  is  stoutly  as- 
serted by  some  investigators  and  questioned  by  others 
who  speak  of  "group  reactions."  The  ultimate 
truth  will  probably  be  found  to  lie  in  some  middle 
ground  and  the  test  itself  will  come  to  have  marked 
value.  Ralph  G.  Stillman. 
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Fernel,  Jean. — This  most  celebrated  of  the  French 
physicians  of  the  sixteenth  century  was  born  at  Cler- 
mont in  1496.  He  was  of  a  most  studious  disposition 
and  eager  for  learning,  and  his  native  place  not  afford- 
ing what  he  needed,  he  went  early  to  Paris,  where  he 
gave  himself  up  to  a  study  of  mathematics  and  phi- 
losophy. His  health  soon  broke  down  under  the  strain 
and  while  he  was  recuperating  in  the  country  he  be- 
came interested  in  medicine.     On  returning  to  Paris  ho 


took  up  this  study,  sujjporting  himself  by  teaching  i)hi- 
losophy.  He  began  the  practice  of  his  profession  in 
1.5.36.  Fernel  was  a  profound  student  and  greatly 
preferred  the  science  to  the  art  of  medicine,  avoiding 
practice  as  far  as  he  could.  But  in  spite  of  himself  he 
soon  acquired  such  fame  that  Henri  II  wished  to 
appoint  him  his  own  physician,  but  he  resisted  for  a 
long  time  under  one  pretext  and  another.  Finally, 
however,  he  was  forced  to  yield  and  accompanied  the 


Fig.  237: 


king  to  the  siege  of  Calais,  but  .soon  after  his  return  to 
Fontainebleau  he  fell  ill  from  exposure  during  the  in- 
clement winter,  and  died  April  26,  1.55S. 

Among  the  many  works,  mathematical,  philosoph- 
ical, and  medical,  written  by  Fernel,  we  may  mention 
the  following:  "Cosmotheoria,"  Paris,  1.52S,  in 
which  he  suggested  measuring  one  degree  of  the  me- 
ridian of  the  earth,  thus  foreshadowing  the  founda- 
tion of  the  metric  s.vstem  of  weights  ancl  measures; 
"De  Abditis  Rerum  Causis,"  Paris,  1.548;  "  iMedicina," 
Paris,  1.554,  ten  editions;  " Therapeutices  Univer- 
sales"  in  seven  volumes,  Paris,  1554;  "  De  Luis  Ve- 
nerea; Curatione,"  Antwerp;  "  Pathologia,"  Frankfort; 
"Emissi  Sanguinis  Observatio."  T.  L.  S. 


Fern,  Maiden=Hair. — Adiantum.  Venus-Hair 
Fern.  Adiantum  is  a  large  genus  of  ferns,  several  of 
whose  .species  have  been  used  in  medicine,  more 
especially  the  A.  capillus-veneris  L.  of  Europe  and 
the  A.  pedatum  L.,  growing  throughout  North 
America,  except  the  far  North  and  the  Southwest, 
and  abundant  also  in  parts  of  .Vsia.  The  herb  is  the 
portion  used.  It  has  an  aromatic-bitter  taste,  due 
to  constituents  which  have  not  been  studied.  Its 
use  is  historical,  it  having  been  employed  mainly  in 
the  treatment  of  catarrhal  affections,  especially  of 
the  respiratory  tract.  At  the  present  time  it  is  largely 
used  in  the  manufacture  of  some  patent  medicines, 
but  scarcely  in  any  other  waj'.      Henry  H.  Rusby. 

Fern,  JWale. — See  Aspidium. 

Fern,  Sweet. — This  name  has  been  applied  to  a 
number  of  plants;  to  some  true  ferns,  because  of 
their  fragrance;  and  to  some  flowering  plants  with 
leaves  resembling  those  of  ferns,  especially  to  the 
Complonia  peregrina  (L.)  Coulter  (fara.  Myricacea], 
also  called  Fern-Bush,  Fern-Gale,  or  .Sweet  Bush. 
It  is  exceedingly  abundant  in  rocky  meadows,  espe- 
cially amidst  blueberry  bushes,  in  northeastern 
North  America.  The  leaves  are  peculiarly  pin- 
natitid,  with  nearly  semicircular  segments  alternat- 
ing upon  the  two  sides.  The.v  contain  tannin,  a 
small  amount  of  .an  irritant  glucoside,  and  a  peculiar 
volatile  oil,  smelling  like  baj'  oil  and  somewhat  like 
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cinnamon.     This  oil  has  a  specific  gravity  of  0.926 
and  sohdifies  at  a  freezing  temperature. 

The  leaves  are  useful  as  a  mikl  astringent  of  de- 
lightful fragrance,  and  are  at  the  same  time  markedly 
stimulant,  owing  to  the  oil.  The  bark  also  contains 
tannin  and  is  used  as  an  astringent.  The  dose  of 
the  leaves  is  gr.  xv.-xxx.  (1.0-2.0);  of  the  bark, 
twice  as  much. 

Myrrhis  odorala  Scop.  (fam.  UmbelKferw)  has  also 
been  called  sweet  fern.  It  is  the  sweet  chervil  of 
Europe  and  its  root  is  used  as  a  carminative. 

He.vry  H.   Rusby. 


Ferns. — (Nat.  ord.  Filicinece  or  Filices.)  This  im- 
mense and  interesting  class  of  exquisitely  beautiful 
plants  has,  unfortunately,  but  limited  practical  ap- 
plications outside  of  decorative  art.  A  few  species 
yield  extractible  amounts  of  starch,  while  the  rhizomes 
or  young  shoots  of  others  are  cooked  and  eaten. 
Dye-stuffs  are  yielded  by  a  number,  while  several 
contain  cumarin.  There  are  many  species  which, 
although  used  to  a  large  extent,  and  with  good  results, 
as  domestic  remedies,  are  not  known  to  professional 
medicine.  The  commonest  property,  perhaps,  is 
that  of  being  anthelmintic,  and  many  species  of 
many  genera,  especially  of  PUris,  Dryoplcris  (in- 
correctly called  ■' Aspidium"),  and  Pohjpodium,  are 
80  used.  Many  of  these  are  poisonous,  resembling 
in  this  respect  the  male  fern.  Next  in  importance 
are  the  astringent  properties,  due  to  tannin-Uke 
constituents,  for  which  a  very  great  number  are  in 
native  use.  In  one  or  two  cases,  like  that  of  cibolium, 
the  hemostatic  effects  are  mechanical,  after  the 
fashion  of  lint.  Many  species  are  distinctly  diuretic, 
and  a  few  carminative,  while  a  great  number,  like 
hart's-tongue  or  scolopendrium,  are  in  use  as  pectorals. 
The  gummy  exudation  from  incisions  in  some  of  the 
South  American  tree  ferns  forms  a  most  useful, 
permanent,  and  elastic  protective  covering  to  slight 
wounds.  He.vry  H.  Rcsbt. 


Ferrein,  Antoine. — Born  at  Frespech,  October  2.5, 
1693.  Uncertain  at  first  what  profession  to  embrace, 
he  studied  theology,  law,  and  medicine,  but  finally 
chose  the  latter,  the  study  of  which  he  pursued  with 
ardor  at  MontpeDier,  where  he  received  his  doctorate 
in  1728.  Two  professorial  chairs  at  the  university  be- 
coming vacant  soon  after,  he  entered  the  competition 
and  was  unanimously  selected  as  the  first  of  the  three 
candidates.  His  rivals  had  more  influence,  however, 
and  were  appointed  by  the  king.  Ferrein  w-as  natur- 
ally incensed  at  this  show  of  favoritism  and  left  Mont- 
pellier  in  anger,  going  to  Paris  where  he  became  very 
successful  as  a  teacher  of  anatomy.  He  was  sent  to 
Italy  as  physician  in  chief  of  the  military  hospitals 
and  on  his  return  was  commissioned  by  the  govern- 
ment to  investigate  the  sweating  sickness  then  pre- 
vailing. In  1741  he  was  elected  a  member  of  the 
Academie  des  Sciences,  and  the  following  year  was 
appointed  to  the  chair  of  surgery  at  the  College  de 
France.  In  17.58  he  was  chosen  professor  of  anatomy 
in  succession  to  Winslow.  He  died  of  apoplexv, 
February  28,  1769. 

Among  the  works  published  by  Ferrein  were  the 
following:  "Sur  la  structure  de  la  foie  et  de  ses 
vaissaux,  1733;  "Observations  sur  de  nouvelles  arteres 
etyeineslymphatiques,"  1741;  "  De  la  formation  de  la 
volx  de  I'homme,"  1741;  Sur  le  mouvement  des  deux 
machoires,"  1744;  "Sur  I'inflammation  des  visceres 
du  bas-ventre,"  1766;  "Sur  le  veritable  sexe  de  ceux 
qu  on  appelle  hermaphrodites,"  1767.  In  his  work 
on  the  formation  of  the  human  voice  he  called  atten- 
tion to  the  fact  that  the  larynx  is  a  musical  instru- 
ment, and  described  the  vocal  cords.  Among  the 
eponyms  to  which  his  name  is  attached  are  Ferrein 's 


canal  (rivus  lacrimalis),  Ferrein 's  cords  (the  true 
vocal  cords),  Ferrein 's  foramen  (hiatus  canalLs  facialis), 
Ferrein 's  pjTamid  (the  pars  radiata  of  a  cortical  lobule 
of  the  kidnev),  and  Ferrein 's  tubes  (the  convoluted 
tubules  of  the  kidney).  T.  L.  S. 


Ferris  Hot  Springs. — (Bozeman  Hot  Springs), 
Gallatin  County,  Montana. 

Post-office. — Bozeman.     Hotel. 

Access. — Ferris  or  Bozeman  Hot  Springs  property 
is  situated  on  the  Gallatin  Valley  Electric  RaUwaj'. 
The  main  line  of  the  Northern  Pacific  Railway  runs 
through  Bozeman,  eleven  miles  distant,  reached  by 
the  Gallatin  Valley  Electric  and  the  Chicago,  Mil- 
■waukee,  and  Puget  Sound  Railways.  The  Gallatin 
Valley  Electric  Railway  connects  Bozeman  and 
SalesvUle  through  the  Bozeman  Hot  Springs  tract. 
The  Gallatin  Valley  branch  of  the  Milwaukee  road 
connects  Bozeman  Hot  Springs  with  Three  Forks  and 
Butte  on  the  main  line  of  the  Chicago,  Milwaukee,  and 
Puget  Sound  Railway. 

These  springs  are  located  on  the  east  bank  of  the 
West  Gallatin  River,  seven  miles  by  wagon  road  and 
eleven  miles  by  rail,  west  of  Bozeman.  They  were 
discovered  about  forty  years  ago.  About  twenty 
years  ago  Mr.  I'erris  bought  the  Springs  and  erected 
a  handsome  modem  hotel,  improved  the  natural 
charming  surroundings,  and  placed  the  resort  on  a 
par  with  the  most  attractive  in  the  West.  Since  then 
the  property  has  again  changed  hands.  The  loca- 
tion of  the  hotel  possesses  unusual  advantages. 
To  the  northeast  and  south  a  broad  expanse  of  level 
country  .stretches  out,  dotted  here  and  there  with 
groves  of  cotton-wood  and  poplars,  the  intervening 
ground  being  occupied  b\"  fields  of  growing  grain  and 
verdant  meadow  lands.  On  the  west  the  river  sweeps 
along  in  magnificent  curves,  the  line  of  tall  trees 
conforming  to  the  meanderings  of  the  stream.  Back 
of  all,  the  grand  old  Rockies — snow-crowned,  rock- 
ribbed,  majestic — form  an  apparently  unbroken 
guard  to  the  enchanting  scenes  which  lie  in  tranquil 
loveliness  below.  The  location  is  4, ,500  feet  above  the 
sea-level.  Fish  and  game  are  found  in  great  abun- 
dance and  variety  in  the  neighborhood.  An  analysis 
of  the  waters  by  Messrs.  Riggs  and  Clark  of  the 
United  States  Geological  Survey  in  1885  resulted  as 
follows : 


Grains  to  imp. 

Grams  to  liter. 

gal. 

5.782 

0.0826 

7.686 

0.1098 

2.730 

0.0390 

0.252 

0.0036 

5.250 

0.0758 

0.938 

0.0134 

4.949 

0.0707 

13.818 

0.1974 

0.070 

0.0010 

41.475 

0.5933 

Silica 

Sodium  silicate 

Calcium  carbonate. . . . 
Magnesium  carbonate 
Sodium  carbonate. . . . 
Potassium  chloride. .  . . 

Sodium  chloride 

Sodium  sulphate 

Loss 

Total 


The  analysis  shows  sufficient  sulphate  of  sodium  to 
give  the  waters  a  laxative  effect  when  taken  in  con- 
siderable quantities.  They  are  recommended,  both 
for  internal  use  and  for  bathing,  particularly  in  cases 
of  gout,  rheumatism,  and  diseases  of  the  kidneys 
and  liver.  The  cleansing  properties  of  these  waters 
is  remarkable,  no  soap  being  necessary.  On  skin 
diseases  their  effect  is  pronounced,  a  short  series  of 
baths  leaving  the  skin  clear,  white  and  smooth. 

Emma  E.  Walker. 
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Ferrum. — Iron. — I.  General  Medicinal  Proper- 
ties OF  Compounds  of  Iron. — All  iron  preparations 
capable  of  absorption  are  qualified,  in  some  degree, 
to  exert  a  peculiar  influence  upon  nutrition  generally. 
Given  to  a  person  in  health,  the  influence  appears  to 
be  slight,  since  the  clinical  symptoms  are  insignificant. 
A  rather  hard  and  quickened  pulse,  a  feeling  of  fulness 
and  tension  of  the  head,  and  dull  pains  and  discomfort, 
generaUy,  constitute  about  all  the  obvious  derange- 
ment. When,  however,  the  mineral  is  administered 
to  a  sufferer  from  anemia  of  the  ordinary  type,  or 
from  chlorosis,  much  more  marked  effects  follow. 
The  morbid  conditions,  in  these  diseases,  that  are 
the  expression  of  deficient  hemoglobin  tend  to  sub- 
side with  greater  or  less  rapidity;  the  pale,  waxy 
skin  becomes  rosy,  the  flabliy  tissues  become  firm, 
weight  increases,  appetite  is  gained,  and  in  everj-  way 
the  invalid  improves  in  health  and  strength.  In 
pernicious  anemia,  however,  iron  is  commonly 
without  effect. 

The  clinical  results  thus  seen  to  follow  the  medicinal 
giving  of  iron,  both  in  health  and  disease,  obviously 
suggest  that  the  action  of  the  drug  is  to  determine  an 
increase  in  the  quantity  of  hemoglobin  present  in 
the  circulation,  either  by  enrichment  in  hemoglobin 
of  the  red  blood  corpuscles,  or  by  a  quickening  in  the 
rate  of  evolution  of  these  bodies,  or  possibly  by  both 
means  combined.  Exact  observations  on  the  blood 
of  anemics  and  chlorotics  during  a  course  of  iron  show 
that  the  medicine  is  indeed  capable  of  producing  both 
the  effects  described.  With  large  doses,  the  tendencv 
is  first  to  increase  the  hemoglobin  richness  of  the  red 
corpuscles,  and  later  the  number  of  the  globules; 
with  .small  do.ses,  to  reverse  this  order  of  proceeding. 
Probably,  in  either  case,  the  essential  action  of  the 
iron  is  to  determine  hemoglobin  enrichment,  the 
effect  on  rate  of  corpuscular  evolution  being  a 
secondary  consequence.  How  iron  accomplishes  this 
feat  is,  as  usual  in  the  matter  of  the  action  of  a  medi- 
cine, entirely  unknown.  The  original  idea  was  the 
simple  one  that  since  in  clilorosis  there  is  a  deficiency 
of  hemoglobin,  medicinal  iron  is  absorbed  and  ap- 
propriated to  make  good  the  deficit,  and  that  is  the 
whole  of  the  story.  Later,  however,  it  was  observed 
that  even  when  iron  is  giv'en  in  quantities  enormously 
in  excess  of  physiological  needs,  the  normal  trace 
of  iron  occurring  in  the  urine  is  not  increased.  Ac- 
cordingly, it  was  argued  that  no  excretion  by  the 
kidneys  of  adventitious  iron  must  mean  none  to 
excrete,  and  therefore  that  medicinal  iron  is  not  ab- 
sorbed. So  came  about  theories  of  the  action  of 
iron  in  chlorosis  based  on  the  different  chemical  be- 
havior of  iron  when  in  ordinary  saline  combination, 
on  the  one  hand  ("inorganic"  iron,  so  called),  and, 
on  the  other,  in  that  peculiar  combination  in  which 
the  metal  occurs  as  a  constituent  of  the  animal  body, 
as  in  hemoglobin  ("organic"  iron).  "Inorganic" 
iron  is  precipitated  from  solutions  by  alkaline  sul- 
phides, but  "organic"  iron  resists  such  attack  \mles3 
the  sulphides  are  present  in  excess.  According  to 
the  theory,  therefore,  ordinary  medicinal  iron,  being, 
as  it  is,  "inorganic"  iron,  is  all  precipitated  by  the 
sulphides  of  the  alimentary  canal,  and  consequently 
is  not  absorbed  at  all.  "inorganic"  iron,  then,  can 
cure  chlorosis  indirectly  only,  by  promoting  in  some 
way  assimilation  of  the  "organic"  iron  of  the  subject's 
dietary.  And  two  such  ways  have  been  assumed: 
the  one,  by  simple  improvement  of  digestion  generally, 
through  local  action  of  medicinal  iron  upon  the  in- 
testine, and  the  other  by  vicarious  sacrifice  of  the 
"inorganic"  iron  itself  as  follows:  It  is  assumed 
(Bunge)  that  in  cUorosis  there  is  an  excess  of  sulphides 
in  the  primte  vis  whereby  even  the  "organic"  iron 
of  the  foods  is  attacked  and  precipitated.  By  reason 
of  such  precipitation,  then,  the  food  iron  is  not  ab- 
sorbed in  full,  and  the  chlorotic  condition  results. 
But  if  now  a  chalybeate  is  taken,  the  sulphides  seize 
upon    such    "inorganic"    iron    in    preference   to   the 
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"organic"  food  iron,  and  so  the  latter  is  saved  for 
absorption. 

But  to  this  theory  of  the  non-absorption  of  "in- 
organic" iron  there  are  fatal  objections.  First, 
under  the  theory,  anything  else  than  iron  equally 
effective  either  to  improve  digestion  or  to  precipitate 
sulphides  ought  to  be  ju.st  as  good  as  iron  for  curing 
chlorosis,  whereas  such  is  distinctly  not  the  case. 
Secondly,  iron  should  be  inoperative  if  introduced  in 
the  form  of  sulphide  into  the  intestine;  but  again 
the  fact  is  the  other  way.  Thirdly  and  conclusively, 
absorption  of  "inorganic"  iron  introduced  into  the 
alimentary  canal  has  positively  been  demonstrated, 
and  in  different  ways,  by  a  number  of  experimenters 
upon  animals. 

The  non-excretion  by  the  kidneys  of  ingested  iron 
is  very  simply  explained  by  the  fact  that,  as  in  the 
case  of  other  heavy  metals,  iron  is  excreted  mainly 
by  the  intestittes.  The  history  of  iron  in  the  animal 
system  is  undoubtedly  this:  It  is  absorbable  from  the 
intestines,  whether  originally  presented  as  "inorganic  " 
or  "organic"  iron;  and,  after  absorption,  so  much 
as  may  be  wanted  for  physiological  needs  is  stored 
away,  mainly  in  the  liver  and  spleen,  thence  to  be 
put  forth,  as  may  be  required,  in  the  form  of  "organic  " 
iron.  What  is  absorbed  in  excess  of  needs  is  excreted, 
but  this  excretion,  as  ju.st  said,  is  principally  by 
the  same  avenue  as  that  of  entry  into  the  system, 
namely,  by  the  intestines. 

It  is  unfortunate  that  the  theory  of  non-absorption 
of  "inorganic"  iron  should  have  gained  such  vogue 
as  has  been  the  case.  For  the  result  has  been,  on 
the  one  hand,  undeservedly  to  discredit  the  ordinary 
chalybeates,  and,  on  the  other,  to  flood  the  market 
with  new  and  expensive  preparations  purporting  to 
offer  iron  in  a  condition  especially  fit  for  assimilation, 
when,  as  a  matter  of  fact,  the  standard  and  cheap 
preparations  of  the  Pharmacopoeia  are  just  as  good. 

Being  itself  a  normal  constitutent  of  the  animal 
substance,  iron  is  non-poisonous  so  far  as  constitu- 
tional effect  is  concerned  in  any  ordinary  dosage. 
Locally,  however,  there  is  the  widest  possible  differ- 
ence in  the  action  of  the  different  iron  preparations, 
some  being  absolutely  bland,  while  others  are  irritant 
or  astringent  and  styptic. 

The  character  of  an  iron  compound,  in  re  astrin- 
gency  or  irritation,  is  determined  in  part  by  the 
solubility  of  the  salt,  and  in  part  by  the  character 
of  the  salt's  acid  radical.  For,  of  course,  in  the  first 
place,  all  compounds  insoluble,  or  but  sparingly 
soluble,  in  fluids  of  aqueous  basis  are  locally  bland, 
so  that  metallic  iron,  ferrous  carbonate,  and  ferric 
hydroxide  and  hypophosphite,  are  bland  irrespective 
of  the  quality  of  their  several  acids.  Of  aqueously 
soluble  compounds,  those  that  are  salts  of  the  so- 
called  organic  acids — acetic,  citric,  and  tartaric — 
and  the  mixed  salts  of  the  United  States  Pharma- 
copoeia passing  under  the  names  of  "phosphate" 
and  "pyrophosphate,"  are  comparatively  bland — 
the  citrates,  tartrates,  and  phosphates  being  quite 
so,  the  acetate  not  so  purely.  The  salts  of  the  strong 
so-called  mineral  acids  are  in  varying  degree  as- 
tringent, irritant,  or  both,  as  follows:  Powerfully 
styptic,  are  ferric  chloride,  and  the  two  grades  of 
ferric  sulphate,  normal  and  basic  ("tersulphate" 
and  "subsulphate,"  respectively);  powerfully  as- 
tringent, but  with  proportionately  less  coagulating 
faculty,  ferrous  sulphate  ("green  vitriol,"  "sulphate 
of  iron")  and  amnionio-ferric  sulphate  ("iron-alum"); 
decidedly  irritant,  but  not  distinctively  astringent, 
ferrous  iodide.     True  "organic"  iron  is  always  bland. 

Clinically,  the  respective  local  effects  of  the  two 
broad  groups  thus  defined  are  as  follows:  The  as- 
tringent or  irritant  compounds  have  a  harsh,  puckery, 
generally  sour  and  disagreeably  inky  taste,  and,  upon 
frequent  taking,  tend  to  blacken  and  even  to  corrode 
the  teeth.  The  blackening  is  removable  by  a  tooth- 
brush, but  the  corrosion  is,  of  course,  a  serious  matter, 
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and  necessitates  the  clinical  rule  to  order  solutions 
of  astringent  chah-beates  to  be  taken  through  a 
ghiss  tube  set  far  back  over  the  tongue,  and  the 
mouth  to  be  well  rinsed  after  the  swallowing.  Ujion 
the  healthy  stomach,  small  doses  of  the  astringents, 
in  common  with  most  other  not  overnoxious  irritants, 
tend  to  excite  appetite  and  quicken  digestion,  but 
large  doses  to  derange.  Upon  a  stomach  the  seat 
of  a  decided  catarrh — as  is  unfortunately  often  the 
case  in  the  very  circumstance  of  anemia"  calling  for 
chalybeate  medication — e\en  comparatively  small 
doses  act  so  unkindly  that  the  astringents  have  to  be 
set  aside  and  a  bland  chalybeate  substituted.  Upon 
the  bowels  there  is  a  strong  tendency  to  constipate — 
BO  strong  that  in  a  considerable  course  of  medication 
with  an  astringent  iron  salt  the  condition  of  the  bowels 
must  carefully  be  watched  and  regulated.  In  overdose 
the  astringents  are  irritant  poisons — fatal,  it  may  be, 
in  sufficient  volume  and  concentration  of  solution. 

Of  these  various  effects  there  is  seen  but  a  shadow, 
or  not  even  that,  among  the  bland  preparations. 
Some  of  the  soluble  ones  may  taste  a  little  inky  and 
blacken  the  teeth,  but  they  do  not  corrode.  Some 
tendency  to  constipation  may  be  noted,  but  far  less 
in  degree  than  with  the  astringent  compounds;  while 
severe  irritation  of  the  stomach,  poisoning,  and  local 
stypticity  are  entirely  wanting.  Chalybeates  of  the 
bland  group  that  are  insoluble  of  course  have  practi- 
cally no  taste  and  aljsolutely  no  astringency,  and  do 
not  blacken  the  teeth.  After  being  swallowed  such 
preparations  are  attacked  by  the  free  acid  of  the 
gastric  juice,  and  being  changed  thereby  to  soluble 
form,  are  capable  of  absorption,  and  thus  of  full 
chalybeate  constitutional  power. 

Ail  chalybeates,  finally,  bland  and  astringent, 
blacken  the  stools  by  their  presence  therein  in  the  con- 
dition of  tannate  or  sulphide.  These  derived  salts 
thus  discharged  in  the  dejicia  may,  in  part,  represent 
a  certain  portion  of  the  iron  dose  that  has  entered  the 
blood,  and,  after  a  due  career  in  the  circulation,  has 
been  excreted  by  the  bowels,  and  in  part  they  may  be 
and  undoubtedly  are,  the  simple  excess  of  dose  that, 
unabsorbed,  has  been  passed  along  the  alimentary 
canal  to  the  rectum.  Of  course,  the  blackening  of 
the  stools  is  of  no  consequence;  the  only  point  is  that 
the  patient  should  be  forewarned  of  the  circumstance, 
lest  the  unusual  color  of  the  feces  excite  alarm. 

Therapeutically,  the  two  main  applications  of  iron 
compounds  are  their  internal  administration  for  the 
cure  of  anemia — in  which  case  the  medicine  is  referred 
to  as  a  chalybeate — and  the  local  use  of  the  ferric 
styptics  for  the  control  of  hemorrhage.  There  are, 
however,  certain  special  ajiplications  of  certain  com- 
pounds  which  will  be  detailed  in  due  place. 

II.  Medicinal  Prepar.\tions  of  Iron. — The  prepa- 
rations of  iron  official  in  the  United  States  Phar- 
macopoeia are  derived  from  the  following  chemical 
conditions  of  the  metal:  1.  The  metal  uncombined,  in 
state  of  powder.  2.  The  metal  in  ferrous  combination, 
as,  severally,  carbonate,  stdphate,  and  iodide,  3.  The 
metal  in  ferric  combination,  as,  severally,  hydroxide 
acetate,  citrate,  ammoniocitrate,  potassiotartratc,  am- 
moniolartrate,  sodiophosphate  ("phosphate"),  sodio- 
pyrophosphate  ("pyrophosphate "),  hijpophosphite, 
chloride,  basic  sulphate  ("subsulphate"),  normal  sul- 
phate ("tersulphate"),  and  ammoniosulphatc.  These 
several  compounds  will  be  discussed  seriatim,  together 
with  the  preparations  of  the  United  State  Pharmaco- 
poeia derived  from  each. 

Iron  uncombined,  metallic  iron,  in  the  condition  of 
fine  powder,  is  a  valuaWe  chalybeate  of  the  bland  va- 
riety, characterized  by  richness,  tastelessness,  and  per- 
fect blandness,  combined  with  promptness  and  effi- 
ciency. Because  of  these  qualiiies,  metallic  iron  is 
especially  serviceable  in  the  case  of  children  or  of  sub- 
jects of  any  age  with  sensitive  stomachs  or  squeamish 
palates.     Iron  in  powder  is  easily  obtainable  by  reduc- 


ing ferric  oxid<!,  heated  in  a  reduction  tube,  bv  a  htrcam 
of  hydrogen  gas.  The  [)roduct  is  oificial  in  the  United 
States  Pharmacopceia  under  the  title /i'errum/^tJuc/um, 
Reduced  Iron,  also  known  as  Quercnne'n  iron,  and 
iron  by  hydrogen.  Reduced  iron,  pulverulent  at  the 
forming,  is  subjected  to  further  fine  pulverization, 
and  then  appears  as  a  soft,  smooth,  heavy  powder 
of  a  lusterless,  blackish-gray  hue.  It  is,  of  course, 
insoluble  in  neutral  fluids,  such  as  water,  alcoliol,  or 
glycerin,  but  it  dissolves,  with  effervescence  of  hydro- 
gen, in  dilute  acids,  by  entering  into  saline  combina- 
tion therewith.  Its  medicinal  activity  is  determined 
by  this  reaction,  the  acids  of  the  gastric  juice  acting 
as  solvents.  Reduced  iron  should  be  kept,  well  dried, 
in  a  tightly  stoppered  bottle,  in  order  to  prevent 
oxidation,  a  reaction  to  which  the  preparation  is  very 
prone.  Purity  is  important,  since  impure  specimens 
give  rise  to  eructations  of  disagreeable  gas  after 
taking.  A  good  .sample  is  a  gray-black,  and  not  deep 
black,  and  on  treatment  with  dilute  sulphuric  acid, 
warmed,  dissolves  wholly,  and  the  hydrogen  gas 
evolved  is  nearly  without  odor.  Black  specimens, 
effervescing  but  .slightly  with  dilute  acids,  are  -spurious. 

The  do,se  of  reduced  iron  ranges,  from  gr.  iij. 
to  vi.  (0.2-0.4),  given  three  times  a  day.  Being 
tasteless,  the  preparation  may  be  given,  even  to 
children,  in  powder,  or  it  may  be  ordered  in  pill,  or, 
convenient  for  children,  in  chocolate  lozenge.  The 
administration  should  be  at  or  about  meal-times,  so 
as  to  secure  the  prerequisite  of  presence  of  acid  gastric 
juice;  and  if  digestion  be  sluggish,  it  is  well  even  to 
add  an  acid,  for  which  purpose  the  innocent  acid  of 
lemonade  is  perfectly  efficient. 

Ferrous  Carbonate  (FeCO.,),  also  insoluble,  closely 
resembles  reduced  iron  in  combining  perfect  blandness 
with  efficiency.  But  since  the  salt  undergoes  rapid 
spontaneous  decomposition,  it  is  available  for  pre- 
scribing onlv  in  certain  pharmaceutical  preparations 
wherein  decomposition  is  prevented  by  the  presence 
of  sugar.  These  preparations,  in  the  United  States 
Pharmacopceia,  are  as  follows: 

Ferri  Carbonas  Saccliaralus,  Saccharated  Ferrous 
Carbonate.  A  solution  of  ferrous  sulphate  is  added 
to  one  of  sodium  l)icarbonate;  ferrous  carbonate  forms 
as  a  pale,  bluish-white  precipitate,  which  is  collected, 
washed,  drained,  and,  while  still  moist,  mixed  with 
sugar.  Then  the  mixture  is  dried  over  a  water-bath, 
and  the  product  is  pulverized.  Such  powder  is  to 
be  kept  in  small  b\ilk,  in  tightly  .stoppered  bottles. 
Saccharated  carbonate  of  iron  thus  made  is  a  dull, 
greenish-brown  powder  of  a  saccharine  and  faintly 
ferruginous  taste.  It  is  neutral  in  reaction;  in  water 
only  the  sugar  of  its  composition  dissolves,  but  in 
dilute  acids  the  entire  powder  disappears  by  chemical 
conversion  of  the  iron  salt,  the  reaction  attended  by 
copious  evolution  of  carbon  dii>\ide.  The  dose  is 
from  gr.  v.  to  xv.  (0.3-1.0),  three  times  a  day,  given 
in  a  powder  or  pill.  But  if  the  pill  form  be  desired, 
the  following  official  preparations  arc  better: 

Alassa  Ferri  Carbonatis,  Mass  of  Ferrous  Carbonate, 
known  also  as  Vallet's  tnass,  or  Valhi' s  ferruginous  pills. 
Ferrous  carbonate  is  precipitated  as  in  making  the 
foregoing  preparation,  but  now  from  a  syrupy  instead 
of  from  a  simple  atpieous  solution  of  ferrous  sulphate, 
and  syrup  instead  of  plain  water  is  used  for  the  wash- 
ings. The  protective  influence  of  sugar  is  thus 
utilized  from  the  start,  with  the  result  of  securing  a 
quite  perfect  preser^-ation  of  the  ferrous  salt.  After 
collection,  the  precipitate  of  the  carbonate  is  in- 
corporated with  honey  and  sugar,  and  the  mixture 
evaporated  to  a  certain  weight.  .V  greenish-black, 
soft,  pilular  mass  results.  The  mass  contains  about 
half  its  weight  of  the  iron  salt,  and  may  be  given  in 
doses,  thrice  daily,  of  from  gr.  iij.  to  v.  (0.2-0.3),  of 
course  in  pill. 

Pilula'  Ferri  Carbonalis,  Pills  of  Ferrous  Carbonate, 
"Ferruginous  Pills."  "Chalybeate  Pills,"  "Blaud'a 
Pills."     These  pills  are  an  imit-ation  of  the  famous 
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French  "Fraud's  ferruginous  pills,"  and  are  com- 
pounded of  ferrous  sulphate,  potassium  carbonate, 
sugar,  tragacanth,  and  alth^a,  made  into  pilular 
consistence  with  a  few  drops  of  glycerin  and  water. 
Tlie  usual  double  decomposition  occurs  between  the 
ferrous  sulphate  and  the  alkaline  carbonate,  with 
the  production  of  ferrous  carbonate.  The  pill.s  should 
be  made  freshly  when  wanted,  and  two  or  three  may 
be  given  at  a  dose. 

Ferrous  carbonate  is  the  salt  of  iron  present  in  the 
following  preparation  of  the  United  States  Phar- 
macopo-ia,  designed  to  afford  the  association  of  iron 
with  myrrh  for  prescription  to  women,  when  anemia 
is  complicated  with  menstrual  debility  or  an  hysterical 
tendency: 

Mistura  Ferri  Composita,  Compound  Iron  Mixture, 
"Griffith's  Mixture."  In  this  mixture,  ro.se-water, 
flavored  with  spirit  of  lavender,  and  charged  with  the 
necessary  sugar,  holds  in  suspension  myrrh  and 
ferrous  carbonate,  the  latter  precipitated  by  mLxturo 
of  ferrous  sulphate  and  potassium  carbonate.  The 
mixture,  despite  the  sugar  present,  does  not  keep  well, 
and  should  be  made  fresh  on  prescription.  From  one- 
half  to  an  oun<>e  may  be  given  three  times  a  day. 

Lastly,  ferrous  carbonate  is  the  condition  in  which 
iron  exists  ordinarily  in  chalybeate  waters,  the  salt 
being  held  in  solution  by  the  excess  of  carbonic  acid 
with  which  the  waters  are  charged.  The  rust- 
colored  deposit  which  these  waters  yield  is  due  to  the 
ferric  hydroxide  resulting  from  the  usual  spontaneous 
decomposition  of  the  carbonate. 

Ferrous  Sulphate  (FeSOj.-l-THsO)  is  the  salt  so  well 
known  as  green  vitriol,  and  also  in  the  impure  state  as 
copperas.  Medicinally,  it  is  of  triple  interest,  being  effi- 
cient as  a  chalybeate,  an  astringent,  and  a  disinfectant. 
The  salt  can  be  obtained  in  the  condition  of  large 
crystals,  crystalline  grains,  and  in  the  powder  that 
results  from  depriving  the  crystals,  by  efflorescence 
and  heat,  of  the  greater  part  (six  molecules)  of  their 
water  of  crystallization.  All  three  conditions  are 
official  in  the  United  States  Pharmacopceia,  the 
cry.stalline  being  entitled  Ferri  Sulphas,  Ferrous 
Sulphate;  the  granular,  Ferri  Sulphas  Granulatus, 
Granulated  Ferrous  Sulphate;  and  the  powder  of 
efflorescence  Ferri  Sulphas  Exsiccatus,  Exsiccated 
Ferrous  Sulphate.  The  official  crystals  represent  a 
pure  form  of  the  article,  such  as  alone  should  be  used 
if  intended  for  internal  administration.  The  crystals 
are  large  monoclinic  prisms  of  a  pale  bluish-green 
color,  and  effioresce  slowly  on  exposure.  The 
crystalline  grains — the  "granulated  sulphate"  of 
the  United  States  Pharmacopceia — result  from 
pouring  a  solution  of  ferrous  sulphate  slowly,  with 
constant  stirring,  into  alcohol.  The  salt  then, 
being  insoluble  in  alcohol,  separates  in  a  crystalline 
powder,  which  powder  is  of  the  same  tint  as  the 
ordinary  crystals,  and  also  effloresces  in  dry  air. 
The  third,  the  "exsiccated"  form,  is  obtained  by 
heating  the  previously  effloresced  salt  so  long  as  it 
yields  water  of  crystallization,  and  then  pulverizing, 
it  is  a  fine,  grayish-white  powder,  of  which  a  little 
over  three  parts  are  the  equivalent  in  chalybeate 
value  of  five  of  the  crystals. 

Ferrous  sulphate  in  all  its  forms  dissolves  in  water, 
the  two  varieties  of  crystals  fully  and  freely,  the 
effloresced  powder  more  slowly  and  with  a  small 
residue.  In  alcohol  it  is  insoluble.  The  salt,  al- 
though not  truly  styptic,  is  strongly  astringent  and 
is  capable,  in  overdose,  of  producing  irritant  poisoning. 
Medicinally  it  can  be  used  as  a  chalybeate,  and  is 
important  in  being  the  only  decidedly  astringent 
chalybeate  that  can  conveniently  be  given  in  pill 
form.  When  prescribed  internally,  therefore,  it  is 
commonly  in  such  form,  and  for  this  the  exsiccated 
sulphate  "  should  invariably  be  selected,  since  the 
crystals,  by  efflorescence,  would  tend  to  disintegrate 
a  pill  mass.  The  dose  is  from  gr.  i.  to  ii'.  (0.06-0.12), 
three  times  a  day.     If  ordered  in  sohi+ion  (in  which 


condition,  however,  ferrous  sulphate  presents  no 
particular  reason  for  selection),  one  of  the  crystalline 
forms  should  be  prescribed,  and  care  should  be  taken 
to  avoid  in  the  .solution  any  of  the  many  chemical 
incompatibles  of  the  salt.  These  are  catalogued  as 
the  alkalies  and  their  carbonates,  soaps,  lime  water, 
calcic  and  basic  chlorides,  sodiiun  borate  and  phos- 
phate, silver  nitrate,  and  lead  acetate  and  sub- 
acetate. 

If,  furthermore,  the  iron  sulphate  contain  any  rf 
the  hydroxide,  as  it  is  very  apt  to  do,  anything  charged 
with  tannic  or  gallic  acid,  as  are  many  vegetable 
infusions,  will  make  ink  on  admixture.  This  reaction, 
however,  can  be  prevented  by  the  addition  of  a  small 
C)uantity  of  any  of  the  pharmacopoeial  dilute  mineral 
acids — an  addition  rarely  objectionable  under  the 
circumstances  in  which  the  chalybeate  is  likely  to  be 
prescribed.  Ten  drops  of  diluted  sulphuric  acid  to 
about  four  fluidounces  of  a  half-per-cent.  solution 
of  ferrous  sulphate  and  tannic  acid  has  been  found 
competent  to  prevent  the  usual  precipitation. 

Ferrous  sulphate  can  be  used  locally  for  the  usual 
purposes  of  the  mineral  astringents,  but  is  rarely  so 
employed,  since  it  presents  no  advantage  over  the 
time-honored  salts  of  silver,  copper,  zinc,  etc.  If 
used,  it  is  to  be  applied  in  solution,  whereof  the 
strength  will  range  from  one-fifth  per  cent,  to  about 
two  per  cent.,  according  to  the  sensitiveness  of  the 
part;  or  it  may  be  made  into  ointment  of  from  one  per 
cent,  to  three  per  cent,  in  strength. 

Thirdly,  ferrous  sulphate  has  an  old-time  reputation 
as  a  so-called  "disinfectant."  Recent  exact  experi- 
ments have  shown  that  the  salt  may  fail  utterly  as  a 
germicide,  although  capable,  in  0..5  per  cent,  solution, 
to  inhibit  temporarily  the  vital  activity  of  certain 
microorganisms.  Limitations  in  the  employment  are 
that  the  salt,  not  being  volatile,  is  useless  for  aerial 
disinfection,  and  that,  because  of  its  staining,  it  must 
not  be  employed  to  treat  textile  fabrics,  floors,  or 
walls.  But  for  bed-pans,  close  stools,  sinks,  drains, 
cesspools,  privies,  etc.,  ferrous  sulphate  is  unobjection- 
able, and  has  the  positive  advantages  of  being  cheap 
and  odorless.  For  application,  the  very  cheap  com- 
mercial copperas  answers  just  as  well  as  the  pure 
pharmacopoeial  salt.  A  handful  of  the  crystals  may 
be  put  into  a  bed-pan  or  close  stool  that  is  to  receive 
offensive  or  contagious  discharges,  or,  where  a  solution 
is  more  convenient,  this  may  be  made  of  about  fifteen 
per  cent,  strength,  and  should  be  used  liberally.  When 
large  cjuantities  are  wanted,  a  convenient  plan  is  to 
suspend  a  basket  holding  about  sixty  pounds  of  cop- 
peras in  a  barrel  of  water,  from  which  barrel  the  solu- 
tion is  dipped  out  as  wanted. 

Lastly,  concerning  ferrous  sulphate,  it  is  the  iron 
salt  present  in  the  official  preparation  of  the  United 
States  Pharmacopoeia  entitled  Pilulce  Aloes  et  Ferri, 
Pills  of  Aloes  and  Iron.  (This  preparation,  being  rather 
one  of  aloes  than  of  iron,  has  been  mentioned  under 
Aloes,  which  see.) 

Ferrous  Iodide:  Felj.  In  the  medicinal  virtues 
of  ferrous  iodide,  the  iodine,  because  of  its  small 
actual  quantity  in  allowable  doses  of  the  com- 
pound, plays  a  very  subordinate  part.  The  salt 
salt  is  therefore  essentially  a  chalybeate,  with  but  a 
dash,  so  to  speak,  of  iodine  virtues.  Ferrous  iodide  is 
irritant,  without  being  astringent,  and  is  somewhat 
remarkable  for  a  tendency  to  relax  rather  than  to  con- 
stipate the  bowels.  It  is  sometimes  also  diuretic.  As 
a  chalybeate  it  is  efficient,  and  is  most  commonly  se- 
lected in  cases  in  which  the  action  of  iodine  is  desired 
along  with  that  of  iron- -this  rather  on  theoretical 
grounds.  It  has  been  used  in  cases  of  tuberculous 
adenitis,  rickets,  and  arthritis.  Chemically,  ferrous 
iodide,  like  the  carbonate,  is  hopelessly  unstable,  so 
that  the  prescriber  is  again  restricted  to  special  phar- 
maceutical forms  for  the  administration.  These  in  the 
United  States  Pharmacopceia  are  as  follows: 

Syrupus  Ferri  lod.idi,  Syrup  of  Ferrous  Iodide.     Fer- 
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rous  iodide  is  formed  in  solution  by  bringing  together 
iron  wire  and  iodine  in  the  presence  of  water,  and  tiie 
sohition,  with  proper  nianijjulations  of  heating  and 
filtering,  is  mixed  with  syrup,  of  the  proper  quantity 
to  make  the  product  contain  five  per  cent,  of  ferrous 
iodide.  When  freshly  made  this  syrup  is  of  a  clear, 
pale-green  color,  is  odorless,  and  of  a  combined  sweet 
and  harshly  ferruginous  taste.  Despite  the  sugar  in 
its  composition,  it  is  very  prone  to  change,  in  which 
case  the  color  passes  from  green  to  yellow,  or  even 
brown.  This  change  occurs  mainly  through  exposure 
to  the  oxygen  of  the  atmosphere,  the  iodide  being  in 
part  decomposed,  the  iron  suffering  oxidation,  and  the 
iodine  being  set  free.  To  prevent  change  the  syrup 
should  be  kept  in  small  vials,  well  stoppered,  fully  filled, 
and  exposed  to  diffused  daylight.  Syrup  of  ferrous 
iodide  is  a  very  frequently  used  and  thoroughly  effi- 
cient chalybeate.  It  is  given  in  doses,  thrice  daily,  of 
from  TTl  viii.  to  xxx.  (0.. 5-2.0),  and  should  always  be 
given  well  diluted  with  water,  and  without  being 
mixed  with  anv  other  drug.  The  medicine,  further- 
more, being  very  liable  to  attack  the  teeth,  should 
be  taken  through  a  glass  tube  and  the  mouth  well 
rinsed  after  each  dose. 

Pilula-  Ferri  lodidi,  Pills  of  Ferrous  Iodide.  Iodine 
and  reduced  iron  are  made  to  react  in  presence  of 
water,  until  all  the  iodine  is  converted  into  iodide. 
Then  certain  proportions  of  licorice,  sugar,  extract 
of  licorice,  and  gum  arable  are  added,  and  the  mixture 
is  evaporated  to  pilular  consistence.  The  mass  is 
then  cut  up  into  pills,  and  the  individual  pills  are 
coated  with  balsam  of  Tolu  dis.solved  in  a  little  ether, 
to  protect  them  from  the  action  of  the  atmosphere. 
These  pills  are  in  imitation  of  the  so-called  Blancard's 
pills,  and  are  an  efficient  representative  of  the  virtues 
of  ferrous  iodide.  Each  pill  contains  one  grain  of 
ferrous  iodide,  and  one-fifth  grain  of  reduced  iron, 
and  from  one  to  two  pills  constitute  a  dose. 

Ferric  H ydroxide,  is  peculiar  among  the  medicinal 
ferric  compounds  in  being  insoluble  in  water.  Fur- 
thermore, it  seems  to  resist  obstinately  the  solvent 
powers  of  the  alimentary  juices,  for  when  taken 
internally,  even  in  quite  large  quantities,  in  anemia, 
it  produces  very  little  effect.  Locally,  as  might  be 
inferred,  it  is  absolutely  bland.  Because  of  its 
feebleness,  the  hydroxide  is  practically  useless  as  a 
chalybeate,  and  its  medicinal  value  is  solely  because 
of  a  peculiar  chemical  reaction  it  affords  with  arsenical 
compounds,  whereby  it  becomes  a  chemical  antidote 
in  poisoning  by  arsenic.  The  reaction  is  that  ferric 
hydroxide,  when  freshly  made  and  still  moist,  attacks 
arsenical  compounds  in  solution,  and  forms  out  of 
them  a  ferrous  arsenate  which  is  insoluble,  and 
therefore  inert.  So  long  as  the  arsenical  is  in  solid 
condition  there  is  no  reaction,  but  as  fast  as  solution 
takes  place  the  hydroxide,  if  upon  the  ground,  attacks 
the  dissolved  compound,  as  described.  For  the  reac- 
tion in  full,  the  estimate  is  that  twelve  parts  of  anti- 
dote are  needed  for  each  part  of  poison;  but  since  the 
hydroxide  is  harmless,  the  practice  is  to  give  it  freely 
and  frequently  so  long  as  the  symptoms  of  poisoning 
persist. 

Ferric  hydroxide  is  easily  obtainable  by  treating 
with  an  alkali  a  solution  of  a  ferric  salt.  The  salt  is 
decomposed,  its  acid  radical  going  over  to  the  alkali, 
and  its  basic  precipitating  as  ferric  hydroxide.  The 
precipitate  thus  occurring  is  brick-red,  pulpy,  taste- 
less, and  perfectly  bland.  Washed  and  mixed  w-ith 
the  proper  amount  of  water,  it  forms  a  magma,  in 
which  condition  it  is  given  in  teaspoonful  doses  every 
five  minutes,  in  application  as  antidote  to  ar.senic. 
Two  formulse  for  procuring  the  hydroxide  are 
authorized  by  the  United  States  Pharmacopceia, 
and  since  the  physician  may  need  himself  to  prepare 
the  antidote,  the  formula;  are  here  reproduced  in 
full: 

Ferri  Hijdroxidum,  Ferric  H.vdroxide.  "Solution 
of  ferric  sulphate,  100  c.c;  ammonia  water,  138  c.c; 
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water,  a  sufficient  quantity.  To  the  ammonia  water, 
previously  diluted  with  .500  c.c.  of  cold  water,  add, 
with  constant  stirring,  the  solution  of  ferric  sulphate' 
previously  diluted  with  1,000  c.c.  of  cold  water'. 
As  soon  as  the  precipitate  has  subsided,  draw  off  the 
clear  licpiid  by  means  of  a  siphon,  then  mix  the 
precii)itatt;  intimately  with  about  1,000  c.c.  of  cold 
water,  again  draw  off  tlie  clear  liquid  after  subsidence 
of  the  preciijitate,  and  repeat  this  operation  until  a 
portion  of  the  decanted  liquid  gives  not  more  than  a 
slight  cloudiness  with  bariiuu  chloride  test  .solution. 
Finally,  transfer  the  preci|)itate  to  a  wet  muslin 
strainer,  and,  after  it  has  drained,  mix  it  with  sufficient 
cold  water  to  nuike  the  mixture  weigh  .300  gm." 
(U.  S.  P.). 

The  objection  to  this  process  is  the  time  consumed 
in  the  washing  and  straining,  and,  accordingly,  the 
following  preparation  is  offered,  in  which  the  hy- 
droxide is  precipitated  by  nuigiicsia  instead  "of 
ammonia,  and  the  excess  of  magnesia  and  the  mag- 
nesium sulphate  resulting  from  the  reaction  with  the 
iron  sulphate  are  permitted  to  remain,  since  they  are 
harmless.  Accordingly  the  preparation  is  ready 
for  use  at  once; 

Ferri  Hijdroxidum  cum  Magnesii  Oxidn,  Ferric 
Hydroxide  with  Magnesium  Oxide.  "Solution  of 
ferric  sulphate,  40  c.c;  magnesium  oxide,  10  grams; 
water,  a  sufficient  quantity.  Mix  the  solution 
of  ferric  sulphate  with  125  c.c.  of  water,  and 
keep  the  liquid  in  a  large,  well-.stoppered  bottle. 
Rub  the  magnesiimi  oxide  with  cold  water  to  a  smooth 
and  thin  mixture,  transfer  this  to  a  bottle  capable  of 
holding  about  1,000  c.c,  and  fill  it  with  water  to 
about  about  three-fourths  of  its  capacity.  When  the 
preparation  is  wanted  for  use,  shake  the  magnesium 
oxide  mixture  to  a  homogeneous  thin  magma,  add 
it  gradually  to  the  diluted  solution  of  ferric  sulphate, 
and  shake  them  together  imtil  a  uniform,  smooth 
mixture  results.  Note. — For  the  rapid  preparation 
of  this  antidote  to  arsenical  poisoning  the  diluted 
solution  of  ferric  sulphate  and  the  mixture  of  mag- 
nesium oxide  with  water,  should  always  be  kept 
on  hand  in  separate  bottles,  readv  for  immediate 
use"  (U.  S.  P.). 

Of  the  next  following  salts  of  iron,  the  acetate  and 
the  various  citrates,  tartrates,  and  phosphates  have 
so  many  features  in  common  as  to  constitute  a  distinct 
subclass.  These  salts  are  all  soluble  in  water,  bland 
in  action,  and  of  little  taste;  they  decompose  spontane- 
ously in  aqueous  solution,  and,  obtained  in  solid 
form  by  evaporation  of  such  solution,  present  the 
appearance  of  thin,  shining  scales,  looking  like  broken 
bits  of  thin,  colored  gelatin.  They  are  valuable, 
medicinally,  as  affording  bland  chalybeates  whose 
.solubility  and  freedom  from  taste  enable  them  to 
be  given  without  objection  in  fiuid  form.  They  are 
common  as  the  iron  basis  of  many  fancy  fiuid  phar- 
maceutical preparations.  Tliey  should  be  kept  in 
well-stoppered  bottles,  jirotected  from  light. 

Ferric  Acetate:  FeHC'HaO^je.  Since  acetic  acid  is 
a  pretty  sharp  acid,  ferric  acetate  has  a  sharp 
quality,  and,  accordingly,  is  not  so  purely  bland 
as  are  the  citrates  and  tartrates.  It  is  an  excellent 
chalybeate  of  its  type,  and  is  official  in  the  United 
States  Pharmacopa'ia,  not  in  solid  form,  but  only  in 
the  following  pharmaceutical  preparation: 

Liquor  Ferri  et  Ammonii  Anliilis,  Solution  of  Iron 
and  .\mmonium  Acetate,  Basham's  Mixture.  This 
solution  is  an  elegant  elixir,  containing  a  weak  charge 
of  iron  in  condition  of  acetate.  It  is  compounded 
of  tincture  of  chloride  of  iron  (four  per  cent.),  diluted 
acetic  acid,  solution  of  ammonium  acetate,  aromatic 
elixir,  glycerin,  and  water.  By  reaction  the  iron  be- 
comes the  acetate,  and  part  of  the  ammonium  acetate 
becomes  ammonium  chloride,  but  the  greater  part 
of  the  ammonium  salt  remains  imchangod.  The 
preparation  is  a  beautifully  clear,  reddish  solution  of 
agreeable  elLxir  taste,  with  scarcely  a  trace  of  ferrugin- 
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ous  flavor.  For  its  strength  it  is  efiicicnt,  and  may 
be  given  in  doses  of  a  tablespoonful  three  or  four 
times  a  day.  It  decomposes  spontaneously  on  keep- 
ing for  anj'  length  of  time,  and  accordingly  should  be 
freshly  made,  when  wanted.  The  pharmacopceial 
dose  is  four  drams  (16  c.c). 

Ferric  Citrate:  Fe-.(C6H5O7):  +  0H2O.  Normal  ferric 
citrate  is  peculiar,  among  the  group  under  consider- 
ation, in  that  it  dissolves  cjuite  slowly,  although  fully, 
in  cold  water,  and  when  once  insolution  is  com- 
paratively stable.  Because  of  slow  solubility  it  is 
peculiarly  fitted  for  prescription  in  pill.  The  salt  is 
official  as  follows: 

Ferri  Citras,  Ferric  Citrate.  "It  should  contain 
not  less  than  sixteen  per  cent,  of  metallic  iron  and 
should  be  kept  in  well-stoppered  bottles,  protected 
from  light.  Thin,  transparent,  garnet-red  scales, 
without  odor,  and  having  a  slightly  ferruginous  taste. 
Slowly  but  completely  solul.ile  in  water  at  77°  F., 
(25°  G.)  and  readily  soluble  in  hot  water,  but  dimin- 
ishing in  solubility  with  age;  insoluble  in  alcohol. 
Average  dose  four  grains  (0.250  gm.)"  (U.  S.  P.). 

Ferri  et  Qidnince  Citras,  Iron  and  Quinine  Citrate. 
The  above  scaled  preparation  and  quinine  in  the  pro- 
portion of  eighty-five  of  the  former  to  twelve  of  the 
latter,  are  dissolved  together  in  water,  with  the 
addition  of  a  little  free  citric  acid,  and  the  solution  is 
then  evaporated  for  the  yielding  of  scales.  The  prod- 
uct is  in  transparent,  reddish  or  yellowish-brown 
scales,  bitter  and  mildly  ferruginous  in  taste,  and 
dissolving,  as  does  the  simple  citrate,  completely  but 
slowly  in  cold  water.  The  scales  should  be  kept  in 
the  dark,  in  well-stoppered  bottles.  They  represent 
the  ingredients  probably  in  simple  mixture  only. 
The  preparation  affords  a  means  of  giving  a  chalybeate 
in  conjunction  with  quinine;  convenient  where  the 
indication  fits  the  one  proportion  between  the  con- 
stituents which  these  scales  provide,  but  otherwise 
not.  The  dose  averages  about  gr.  v.,  (0.30)  repre- 
senting rather  less  than  gr.  i.  (0.06)  of  quinine,  given, 
by  natural  selection,  in  pill. 

Ammonio-jerric  Citrate. — If  the  official  solution  of 
citrate  of  iron  be  charged  with  one-fourth  of  its  weight 
of  water  of  ammonia,  and  the  mixture  then  evaporated 
in  the  usual  manner,  scales  will  be  obtained  identical 
in  characteristics  with  the  scales  of  the  citrate  already 
described,  except  that  they  dissolve  rapidly  instead 
of  slowly  in  cold  water.  Such  scales  are  regarded  as 
representing  a  double  citrate  of  the  two  bases,  but  the 
exact  chemical  constitution,  as  is  the  case  with  all  the 
composite  scale  preparations,  is  difficult  to  determine. 
The  preparation  is  official  as  Ferri  et  Ammonii  Citras, 
Iron  and  Ammonium  Citrate,  and  is  medicinally  con- 
venient as  a  substitute  for  the  simple  citrate  when 
the  chalybeate  is  desired  in  solution.  Pharmaceu- 
tically,  it  is  the  basis  of  the  following : 

Vinum  Ferri,  Wine  of  Iron.  Four  per  cent,  of  the 
ammonio-citrate  scales  is  dissolved  in  a  mixture  of 
tincture  of  sweet  orange-peel,  syrup,  and  white  wine. 
This  wine  makes  a  weak  chalybeate  elixir,  to  be  given 
in  doses  of  a  teaspoonfvd,  representing  about  gr.  iij. 
(0.2)  of  the  iron  compound. 

Ferri  et  Strychriince  Citras,  Iron  and  Strychnine 
Citrate.  Scales  of  the  anamonio-citrate  are  dissolved 
in  water,  and  the  solution  is  mixed  with  a  solution  of 
strychnine  citrate,  made  by  adding  strychnine  and 
citric  acid  together  to  water.  From  the  mixed  solu- 
tion scales  are  obtained  in  the  usual  way.  The  com- 
posite scales  thus  derived  are  indistinguishable  in 
appearance  and  solubility  from  those  of  the  plain 
ammonio-citrate,  but  declare  themselves  by  their 
bitter  taste.  They  contain  two  per  cent,  of  the  citrate 
of  strychnine,  equivalent  to  a  little  less  than  one  per 
cent,  of  the  alkaloid  itself.  The  average  dose  is 
about  gr.  ij.  (0.125). 

The  ammonio-citrate  also  occurs  in  the  following 
preparations: 

Ferri  et  Quinina;  Citras  Solubilis,  Soluble  Iron  and 


Quinine  Citrate.  This  preparation  is  made  of  the 
sanie  ingredients  and  in  the  same  way  as  the  simple 
iron  and  quinine  citrate,  but,  by  the  addition  of  am- 
monia water  to  the  solution  before  evaporation,  the 
ammonio-citrate  forms,  and  the  resulting  scales  are 
rapidly  and  completely  soluble  in  cold  water.  This 
preparation,  accordingly,  is  to  be  selected  when  the 
double  citrate  is  wanted  in  solution  instead  of  in  pill. 
The  scales  are  of  a  greenish-yellow  color. 

Vinum  Ferri  Amarum,  Bitter  Wine  of  Iron.  This 
wine  is  compovmded  of  five  per  cent,  of  the  foregoing 
soluble  iron  and  quinine  citrate,  made  into  an  elixir 
with  tincture  of  sweet  orange-peel,  syrup,  and  white 
wine.     It  is  given  in  teaspoonful  doses. 

Potassio-ferric  Tartrate. — Although  not  selected  for 
the  making  of  fancy  preparations,  the  potassiotartrate 
of  iron  is  a  valuable  chalybeate,  being  of  little  taste, 
perfectly  bland,  and,  perhaps  because  of  the  potassium 
tartrate  of  its  composition,  less  disposed  to  constipate 
than  the  average  of  iron  salts.  The  salt  is  official 
under  the  title  of  Ferri  et  Potassii  Tartras,  Iron  and 
Potassium  Tartrate,  as  a  scale  preparation,  gotten  in 
the  usual  way,  from  a  solution  resulting  from  admix- 
ture, in  water,  of  fresh  ferric  hydroxide  and  acid  potas- 
sium tartrate  ("bitartrate").  The  scales  are  garnet- 
red,  similar  in  appearance  to  the  scales  of  the  citrate, 
and  probably  represent  a  double  tartrate  of  the  con- 
tained bases.  The  preparation  is  so  bland  that  it 
ma3'  be  given  in  comparatively  large  doses,  ranging 
from  gr.  x.  to  xxx.  (0.65-2),  most  naturally  in  solution. 

Ammonio-ferric  tartrate. — Is  substantially  a  dupli- 
cate of  the  potassio-tartrate  just  described.  It  occurs 
in  scales,  derived  from  a  solution  wherein  the  salt  is 
made  by  a  process  analogous  to  the  foregoing.  The 
preparation  is  official  as  Ferri  et  Ammonii  Tartras, 
Iron  and  Ammonium  Tartrate,  and  in  appearance, 
solubility,  and  dose  conforms  to  the  example  of  the 
potassio-tartrate. 

(Sodio-)  Ferric  Phosphate. — Under  the  title  Ferri 
Phosphas  Solubilis,  Soluble  Ferric  Pho.sphate,  the 
United  States  Pharmacopoeia  makes  official  a  scale 
preparation  containing  sodio-ferric  phosphate  and 
obtained  out  of  a  solution  in  which  ferric  citrate  has 
been  decomposed  by  the  addition  of  uneffloresced 
sodivun  phosphate.  The  preparation  must  not  be 
confounded  with  a  formerly  official  "phosphate," 
which  consisted  of  the  slate-colored,  insoluble  ferroso- 
ferric  phosphate  that  precipitates  from  reaction  of 
ferrous  sulphate  and  sodium  phosphate  in  solution. 
The  scales  of  the  present  preparation  differ  from  those 
of  the  citrates  and  tartrates  in  being  of  a  bright-green 
color  instead  of  garnet-red.  They  are  bland,  of  little 
taste,  and  make  an  excellent  chalybeate  of  their  kind. 
Dose,  from  about  gr.  v.  to  x.  (0.3-0.65),  in  pill  or 
solution. 

Compounded  from  these  scales  and  from  quinine, 
strychnine,  and  phosphoric  acid  is  an  official  syrup 
entitled  Syrupus  Ferri,  Quinince,  et  Strychninie  Phos- 
phatum.  Syrup  of  the  Phosphates  of  Iron,  Quinine, 
and  Strychnine.  The  dose  is  limited,  by  the  pres- 
ence of  strychnine,  to  a  teaspoonful,  which  cjuantity 
contains  about  gr.  i.  of  the  iron  compomid,  gr.  If  of 
the  quinine,  and  gr.  -uV  of  strychnine.  This  syrup 
does  not  keep  well,  and  is  at  best  an  unnecessary 
preparation. 

(Sodio-)  Ferric  Pyrophosphate. — Under  the  title  of 
Ferri  Pyrophosphas  Solubilis,  Soluble  Ferric  Pyro- 
phosphate, a  scale  preparation  is  official  in  the 
United  States  Pharmacopoeia,  which  is  a  twin  brother 
of  the  "phosphate"  described  above,  the  mode  of 
preparation  being  identical,  except  that  sodium 
pyrophosphate  is  substituted  for  the  ordinary 
orthopho-sphate.  The  present  scales  are  apple-green 
in  color,  freely  soluble,  of  little  taste,  and  perfectly 
bland.  They  constitute,  therefore,  a  favorite  form 
for  giving  iron.  Chemically,  here,  as  also  with  the 
other  "phosphate,"  the  exact  relation  between  the 
two  acid  and  basic  radicals  represented   in  the  two 
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salts  conjoined  in  the  preparation  is  not  known. 
Dose,  from  gr.  ij.  to  v.  (0.12-0.3)  three  times  a  day,  in 
pill  or  solution. 

Passing  from  the  scale  preparations,  other  ferric 
compomids  are  as  follows: 

FcTTic  Hijpophosphile  (FeHjPO,),.— The  salt  is 
official  as  Ferri  Hypophosphis,  Ferric  Hypophosphite. 
It  is  a  grayish-white  powder,  of  little  taste,  per- 
manent in  air,  only  sparingly  soluble  in  water,  and 
insoluble  in  alcohol.  It  was  introduced  into  medi- 
cine as  a  means  of  combining  the  virtues  of  a 
hypopho.sphite,  as  such,  with  those  of  iron.  From 
the  point  of  view  of  its  qualities  as  a  chalybeate, 
it  is  mild  in  operation,  but  feeble  in  effect.  "  Do.so, 
from  gr.  v.  to  x.  (0.3-0.65)  three  times  a  day,  in 
powder  or  pill. 

The  remainder  of  the  iron  salts,  again,  form  a 
natural  group.  They  are  all  ferric  salts  of  the 
stronger  so-called  mineral  acids,  and  are  characterized 
by  free  solubility  in  water,  and  the  possession  of  in- 
tensely strong  astringent,  or  even,  most  of  them, 
styptic,  qualities.  Their  taste  is  harsh  and  puf'kery, 
with  a  combined,  strong,  inky,  and  acidulous  flavor 
— on  the  whole,  very  decidedly  disagreeable.  With 
the  exception  of  the  ammonio-sulphate,  they  yield 
solutions  of  a  color  ranging  from  a  golden-yellow  to 
a  deep  orange  or  reddish-brown.  They  comprise  the 
most  powerful  representatives,  both  of  the  chalybeate 
and  hemostatic  virtues  of  iron,  and  in  overdose  are 
capable  of  producing  irritant  poisoning. 

Ferric  Chloride  (FeCl3  +  12H.,0)  commonly  (form- 
erly called  also  sesquichloride  and  percldoride),  is 
the  most  powerful  known  combined  chalybeate  and 
styptic,  and  has  the  qualities  mentioned  above 
developed  to  the  highest  degree.  It  is  official  as 
follows: 

Ferri  Chloridum,  Ferric  Chloride.  Iron  wire  is 
tredted  with  dilute  hydrochloric  acid,  whereby  ferrous 
chloride  forms,  with  effer\'escence  of  hydrogen.  The 
solution  of  the  ferrous  salt  is  then  treated  with  ad- 
ditional hydrochloric  acid,  followed  by  nitric  acid,  by 
which  means  the  ferrous  is  converted  into  the  ferric 
chloride.  The  resulting  solution,  which  under  the 
details  of  the  process  is  hot  and  concentrated,  becomes 
a  crystalline  mass  on  cooling.  Ferric  chloride,  thus 
derived,  is  in  lumps  of  crystalline  texture,  orange- 
yellow  in  color,  -without  smell,  but  of  a  harsh,  cha- 
lybeate, and  sour  taste.  It  deliquesces  with  great 
readiness,  dissolves  freely  in  water,  and  is  also  soluble 
in  alcohol  and  ether.  The  salt  is  convenient  for 
ordering  in  solution  for  styptic  purposes;  it  is  a  power- 
ful but  harsh  hemostatic.  Applied  to  a  bleeding 
part  it  forms,  with  the  coagulable  elements  of  the 
part,  a  reddish,  slimy,  pultaceous  slough — an  opera- 
tion entailing  a  good  deal  of  irritation.  Because  of 
such  irritation,  the  sulphate  of  iron,  which  irritates 
much  less,  while  it  is  hardly  inferior  in  styptic  power, 
is  common!}'  preferred.  If  the  chloride  is  used,  and 
the  bleeding  area  is  small,  as  in  the  case  of  hemorrhage 
from  a  tooth  socket,  a  concentrated  application  may 
be  made  by  taking  a  drop  or  two  of  a  deliquesced 
sample,  or  by  mixing  a  small  fragment  of  the  solid 
stuff  into  a  paste  with  a  very  little  water.  For 
more  extended  applications,  solutions  may  be  ordered 
of  strengths  ranging  from  five  to  twenty  per  cent,  or 
so.  Strong  solutions,  even  so  strong  as  fifty  per  cent., 
have  been  used  to  inject  varicose  aneurysms,  but  in 
some  instances  with  fatal  consequences. 

Liquor  Ferri  Chloridi,  Solution  of  Ferric  Chloride. 
This  is  an  original  solution  wherein  ferric  chloride  is 
formed  exactly  as  described  above.  It  contains 
twenty-nine  per  cent,  of  anhydrous  salt,  with  some 
free  hydrochloric  acid,  and  is  a  dark-reddish  fluid. 
It  may  be  used  as  a  strong  solution  for  st\-ptic  pur- 
poses, or  in  doses  of  a  few  drops,  very  largely  diluted, 
as  a  chalybeate  medicine,  but  its  essential  purpose 
is  to  afford  the  preparation  next  to  be  described. 

Tinctura  Ferri  Chloridi,  Tincture  of  Ferric  Chloride. 


The  above  solution  of  the  chloride  is  diluted  with  three 
times  its  own  volume  of  alcohol,  and  the  mixture  is 
ordered  to  be  kept  before  dispensing  for  at  least  three 
months.  The  object  of  the  latter  requirement  is  to 
afford  time  for  a  slow  reaction  that  takes  place 
between  the  free  hydrochloric  acid  derived  from  the 
original  iron  solution  and  the  alcohol,  whereby  an 
ethereal  body  is  formed,  which  imparts  the  peculiar 
flavor  to  the  tincture,  and  is  commonly  accredited — 
perhaps  justly — with  having  .something  to  do  with 
the  somewhat  peculiar  effects  of  this  preparation. 
Tincture  of  ferric  chlortde  is  a  clear,  yellowi.sh- 
brown  fluid,  of  a  rough,  a.stringent,  acid,  and  ferrugin- 
ous taste.  It  is  decompo.sed  by  alkalies,  alkaline 
earths  and  their  carbonates,  astringent  vegetable 
infusions,  and  mucilage  of  acacia.  In  its  effects  it 
is  strong  enough  in  ferric  chloride  to  be  locally  .st\7)tic, 
and,  if  swallowed  in  considerable  quantity,  to  set  up 
irritant  poisoning.  Its  almost  sole  application  is  as 
a  chalybeate  medicine,  in  which  role  it  is  unsurpassed. 
Besides  being  of  avail  in  anemia  and  chlorosis,  it 
often  shows  marked  power  in  the  individual  disease.s 
— acute  tonsillitis,  diphtheria,  scarlet  fever,  and 
erysipelas — if  given  boldly  in  full  do.ses.  Moderate 
doses,  furthermore, will  often  seem  to  oppose,  .so  far 
as  medicines  can,  the  progress  of  kidney  degeneration. 
In  prescribing  this  tincture  it  must  be  borne  in  mind 
that  it  is  a  pow-erful  medicine;  that  even  in  moderate 
doses  it  tends  to  blacken,  if  not  to  injure,  the  teeth, 
to  irritate  the  stomach,  and  constipate  the  bowels, 
while  in  large  do.ses  it  may  cau.se,  in  addition,  headache 
and  irritation  of  the  genitourinary  tract.  Yet  in 
the  acute  diseases  mentioned  above,  in  which  large 
doses  are  so  commonly  prescribed,  the  medicine  is 
remarkably  well  borne.  The  dose  of  the  tincture 
ranges  from  TTl  ij.  to  x.  or  so,  three  times  a  day,  in 
anemia,  to  a  teaspoonful,  or  more  even,  every  hour 
or  two,  in  the  grave  diseases  requiring  full  dosage. 
The  medicine  must  be  well  diluted,  at  least  fourfold, 
with  water,  and  the  addition  of  some  glycerin — about 
twenty-five  per  cent,  of  the  potion  as  swallowed — 
remarkably  disguises  the  harsh,  unpleasant  taste  of 
the  draught  without  affecting  its  efficiency.  The 
dose  should  be  sucked  through  a  glass  tube  and  the 
mouth  well  rinsed  after  the  swallowing,  and  the  ad- 
ministration should  be  preferably  a  while  after  meals 
rather  than  before.  In  anemia  good  results  often 
follow  the  giving  of  small  and  copiously  diluted 
doses  of  the  tincture — two  drops  diffused  through 
a  tumblerful  of  water.  And  thus  administered,  the 
medicine  is  practically  freed  from  the  objectionable 
taste  and  irritant  action  on  the  stomach  which  often 
preclude  its  use  in  larger  dosage. 

Basic  Ferric  Sulphate,  Fe2(SOi)3+4Fe:03.— This 
salt  closely  resembles  the  chloride  in  intense 
styptic  quality,  yet  differs  from  the  same  in  the  ad- 
vantageous way  of  being  decidedly  le.ss  irritant.  It 
is  official  in  tlie  United  States  Pharmacopoeia  only 
in  an  original  solution,  as  follows: 

Liquor  Ferri  Subsulphalis,  Solution  of  Ferric  Sub- 
sulphate,  "  Monsel's  Solution."  Ferrous  sulphate  in 
a  fixed  proportion  is  added  to  a  mixture  in  fixed 
proportion  of  sulphuric  and  nitric  acids,  at  the  boiling 
temperature.  Conversion  of  the  ferrous  to  the  ferric 
sulphate  results,  but,  by  virtue  of  the  proportion  of 
sulphuric  acid  taken,  it  is  the  basic  salt  that  forms. 
.\fter  the  reaction  is  complete  the  solution  is  brought, 
by  the  addition  of  distilled  water,  to  the  standard 
strength — a  strength  corresponding  to  about  13.ti 
per  cent,  of  metallic  iron  (U.  S.  P.).  This  solution 
is  a  deep  ruby-red  fluid,  analogous  in  all  general 
characteristics  to  the  solution  of  the  chloride.  It 
is  especialy  intended  and  used  as  a  st\-ptic,  in  which 
capacity  it  is  pre-eminent. 

Solution  of  the  subsuli)hat«  may  be  applied  cl«»r  to 
parts  within  reach;  may  be  swallowed  in  ten-drop 
doses,  well  diluted,  in  hematemesis,  and  inhaled  in 
atomized  spray,  in  a  two  percent,  aqueous   dilution, 
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in  hemoptysis.  Tlie  solution  is  also,  of  course,  a 
possible  chalybeate  medicine,  l)ut,  having  no  especial 
advantage  over  the  tincture  of  the  chloride,  is  rarely 
used  for  its  medical  virtues.  The  dose  would  be  ten 
drops  or  so,  largely  diluted.  This  solution  is  the  one 
formerly  known  as  "solution  of  persulphate  of  iron"; 
and  is  dispensed  whenever  such  solution  is  prescribed. 

Normal  Ferric  Sulphate,  Fe2(S04)3. — The  normal 
sulphate  differs,  medicinally,  from  the  basic  only  in 
l)eing  more  irritant  in  its  local  effects.  It  is  official  in 
the  United  States  Pharmacopoeia  for  pharniaceutical 
purposes  only,  and  in  the  following  original  solution: 

Liquor  Ferri  Tersulphalis,  Solution  of  Ferric  Sul- 
phate. This  solution  is  made  in  precisely  the  same 
manner  as  the  foregoing,  only  with  such  proportion 
of  the  ingredients  as  to  yield  the  normal  instead  of 
the  basic  sulphate.  It  is  of  a  strength  corresponding 
to  about  ten  per  cent,  of  metallic  iron.  It  is  impori  ant 
as  being  the  preparation  out  of  which  ferric  hydroxide 
is  made,  both  when  this  compoimd  is  called  for  as 
an  antidote  to  arsenic,  and  also  when  it  is  required 
for  the  making  of  the  scale  preparations  of  iron,  as 
already  seen.  This  solution  is  efficient  as  a  chalybeate 
and  as  a  hemostatic,  but,  having  no  advantages 
for  such  application,  is  rarely  so  used. 

Ammonio-ferric  Sulphate,  FeNH4(S04)2  +  12H20. — 
The  salt  is  official  under  the  title  Ferri  et  Ammonii 
Sulphas,  Ferric  Ammonium  Sulphate,  "Iron  Alum." 
It  has  the  chemical  structure  and,  phy.siologically, 
the  peculiar  strong  astringency,  without  excessive 
irritation,  of  the  true  ahmis.  It  occur.s  in  octahedral 
crystals  of  a  delicate  lilac  or  violet  color,  which  dis- 
solve freely  in  water,  but  are  insoluble  in  alcohol. 
It  is  u.sed  in  strong  solution,  as  a  styptic,  or  internally, 
as  a  combined  astringent  and  chalybeate,  in  ca.ses  of 
anemia.  Dose,  from  gr.  v.  to  x.  (0.3-0.0,5)  three  times 
a  day. 

Besides  the  foregoing  official  preparations  there  are 
numerous  others,  not  official  either  beeau.se  now 
dismissed  from  the  Pharmacopceia  as  obsolete,  or 
because  not  deemed  worthy  of  recognition,  or  because 
newly  proposed. 

Dialyzed  iron  at  one  time  had  considerable  vogue  in 
medicine,  although  never  recognized  by  the  United 
States  Pharmacopoeia.  As  a  chalybeate  it  is  bland, 
but  feeble,  and  as  an  antidote  to  arsenic — its  other 
possible  application — it  is  considered  inferior  to  the 
'ferric  hydroxide  with  magnesium  oxide,"  on  the 
score  that  the  insoluble  eomi)Ound  that  it  forms  with 
the  arsenical  is  less  .stable  in  the  presence  of  acids. 

Genuine  dialyzed  iron  is  a  clear,  reddish-brown 
solution,  odorless,  practically  tasteless,  and  perfectly 
bland  and  innocent.  Any  decidedly  ferruginous  or 
styptic  taste  probably  means  a  sham  specimen.  The 
true  article  mixes  in  all  proportions  with  distilled 
water,  alcohol,  glycerin,  and  simple  syrup;  but  upon 
admixture  with  alkalies,  many  salts — notably  sodium 
chloride — and  most  organic  matters,  it  suddenly 
tran.sforms  itself  into  a  soft  gelatinous  mass,  in  color 
and  con.sistence  much  resembling  clotted  blood. 
Such  reaction  must  inevitably  ensue  on  swallowing, 
and  in  the  colloidal  state  resulting  the  iron  is  in- 
capable of  absorjjtion.  What  of  dialyzed  iron  ever 
gets  access  to  the  blood  must,  therefore,  be  through 
some  chemical  attack  upon  it  by  the  alimentary 
juices,  with  the  development  of  new  and  soluble  iron 
compounds.  The  dose  of  dialyzed  iron  must  be  large 
if  any  effect  at  all  is  to  be  expected — at  least  a 
teaspoonful  of  the  usual  ten-per-cent.  solution  three 
times  a  day.  As  an  antidote  to  ar.senic,  teaspoonful 
doses  should  be  given  every  five  minutes;  and  since 
now  gelatinizing  is  of  advantage,  some  common  salt 
should  follow  each  dose. 

Organic  Compounds  op  Iron. — A  distinct  class  of 
preparations  is  afforded  by  certain  compounds  of 
iron  with  protein  sub.stances,  de.signed  to  fvirnish  iron 
in  a  condition  allied  to  the  "organic"  iron  of  hemo- 


globin, and  this  because  of  the  notion  that  ordinary 
iron  preparations  are  not  capable  of  assimilation 
(see  ante).  Of  these  preparations  the  most  important 
are  those  containing  iron  as  an  albuminate  or  a 
peptonate. 

By  reaction  of  solution  of  ferric  chloride  upon 
albumin  ferric  albuminate  forms,  wliich  i)recipitates 
from  the  .solution  by  addition  of  a  solution  of  com- 
mon salt.  The  precipitate,  washed  and  dried,  ap- 
pears as  a  brown  powder,  soluble  in  water.  Dose, 
gr.  xx.-xxx.  (1.3-2.0).  In  this  preparation  the 
iron  is  not  in  the  condition  of  "organic"  iron,  for 
a  solution  of  the  albuminate  precipitates  with 
alkaline  sulphides  the  same  as  does  a  solution  of 
an  ordinary  salt  of  iron. 

Ferric  Peptonate. — A  solution  of  freshly  peptonized 
albumin  is  treated  with  dialyzed  iron,  and  from  the 
solution  of  ferric  peptonate  finally  obtained  scales  are 
prepared  in  the  usual  way.  These  scale.'?  are  brown 
in  color,  contain  about  one-quarter  of  their  weight  of 
iron,  and  dissolve  slowly  in  cold  water.  They  make 
a  bland  chalybeate,  in  which,  however,  as  in  the  case 
of  ferric  albuminate,  the  iron  is  in  "inorganic"  and 
not  "organic"  condition. 

In  addition  to  the  preparations  mentioned  above, 
the  following  are  also  used  in  place  of  the  inorganic 
salts. 

Arsenoferratose  is  a  proprietary  article  containing 
arsenic,  albumin,  and  iron. 

Arsentriferrol  is  a  solution  of  triferrin  and  arsenogen 
which  latter  contains  arsenic,  phosphorus,  nitrogen, 
and  iron. 

Bivo  is  a  beef  and  iron  wine.     Dose  one  teaspoonful. 

Carniferrin  is  a  compound  of  iron  with  phos- 
phocarnic  acid.  It  is  in  the  form  of  powder,  tasteless 
and  bland;  is  soluble  in  alkaline  fluids,  and  may  be 
given  as  a  chalybeate  in  doses  of  a  few  grains.  It 
contains  about  thirty  per  cent,  of  iron.  ' 

Carniferrol  is  a  liquid  preparation  of  iron  and  meat 
peptone. 

Ferralbumose  is  another  preparation  in  form  of 
powder,  obtained  by  precipitating  with  a  solution  of 
ferric  chloride  a  solution  of  albumose  derived  from 
meat  by  treatment  with  artificial  gastric  juice. 

Ferrarin  is  a  solution  of  iron  arsenate,  and  has  been 
used  hyjiodermatically  in  some  cases  of  anemia 
secondary  to  phthisis. 

Fcrratin  is  a  preparation  made  to  imitate  the  normal 
ferratin  discovered  by  Schmiedeburg  in  the  liver  of 
the  hog.  It  is  made  by  reaction  of  alb\imin  with  a 
double  tartrate  of  iron  and  one  of  the  alkali  metals. 
The  preparation  is  in  the  form  of  a  brownish  powder, 
almost  insoluljle  in  water  but  soluble  in  alkaline 
liquids.  It  contains  from  six  to  eight  per  cent,  of 
iron.  It  is  claimed  that  in  ferratin  the  condition  of 
the  iron  is  certainly  very  near  to  that  of  natural 
"organic"  iron,  but  yet  the  preparation  reacts 
with  the  hematoxylon  test,  which  true  "organic" 
iron  does  not  do. 

Ferratogen  is  an  insoluble  yellowish  powder  made  as 
follows:  yeast  is  grown  on  a  medium  containing  iron; 
the  nuclein  thus  formed  being  isolated  and  digested 
with  gastric  juice,  then  washed  with  alcohol  containing 
hydrochloric  acid.  It  represents  one  per  cent,  of 
iron  and  is  said  not  to  be  affected  by  the  gastric 
juice,  and  to  be  well  absorbed  in  the  intestine. 

Ferrotose  is  a  sweetened  solution  of  ferratin. 

Ferrinol  is  an  iron  nucleid  containing  about  six 
per  cent,  of  iron. 

Ferroplasma  is  derived  from  Rumex,  and  contains 
iron  in  organic  combination. 

Fcrropyrine  is  an  orange-colored  powder  made  by 
acting  on  antipyrine  with  ferric  chloride.  It  contains 
sixty-four  per  cent,  of  antipyrine  and  twelve  per 
cent,  of  iron  is  soluble  in  water  and  alcohol,  and  is 
said  to  have  remarkable  st\-ptic  properties  without 
caustic  effects.  It  is  used  in  twenty  per  cent,  to 
full  strength  as  a  styptic  in  uterine  and  other  hcmor- 
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rhages,  in  one  to  two  per  cent,  solution  as  an  astringent 
in  gonorrhea,  and  in  close  of  gr.  v.  to  xv.  (0.3-1.0) 
internally  for  anemia  and  chlorosis. 

Ferronol  is  a  saccharated  ferrous  oxide  with  sodium 
chloride. 

Ferroslyplin  is  probably  a  combination  of  iron  and 
urotropin;  it  is  used  locally,  as  a  styptic,  in  a  twenty 
per  cent,  solution. 

Fersan  is  an  acid  albiuiiin  obtained  from  erythro- 
cytes, and  is  a  ferruginous  nutritive  containing  a 
high  percentage  of  phosphorus.  It  is  said  to  rank- 
high  as  a  hematinic  and  as  an  albuminoid  food. 
Dose  gr.  XV.  to  xxx.  (1.0-2.0)  three  times  a  day. 

Hemaholoids  is  a  proprietary  article  said  to  contain  a 
vegetaVjle  iron  with  peptone,  bone-marrow,  and 
nuclein. 

Ilemalbumin  contains  hematin,  hemoglobulin,  para- 
globulin,  serum  albumin,  and  the  inorganic  con- 
stituents of  blood. 

Hemalicum  is  a  red-brown,  clear  hydroalcoholic 
liquid  containing  indifferent  comijounds  of  iron. 

Hematogen  is  a  preparation,  said  to  contain  eighty 
parts  of  hemoglobin  and  twenty  parts  of  glycerin. 

Hemalol  is  a  sterilized  hemoglobin  containing 
glycerin  and  brandy. 

HemogaUol  is  an  4/idifferent  preparation  of  iron 
obtained  by  the  reditting  action  of  pyrogallol  on  the 
hemoglobin  of  ox-blood.  It  is  a  red-brown  powder 
the  iron  of  which  is  not  changed  to  chloride  by  the 
gastric  juice.     Dose  gr.  v.  to  xv.   (0.3-1.0). 

Ilemol,  a  congener  of  hemogallol,  is  obtained  by  the 
reduction  of  hemoglobin  with  zinc  dust.  This" sub- 
stance has  been  combined  with  various  metals 
forming: 

Arsenokemol  containing  one  per  cent,  of  arsenous 
acid. 

Bromohemol  containing  2.7  per  cent,  of  bromine. 

Copper-hemol  containing  two  per  cent,  of  copper. 

Hydrargyro-iodo-hemol  containing  12.35  per  cent,  of 
mercury  and  twenty-eight  per  cent,  of  iodine. 

lodohemol  containing  16.6  per  cent,  of  iodine. 

Zinc-heviol  containing  one  per  cent,  of  zinc. 

Oi'oferrin  has  nothing  to  do  with  yolk  of  egg.  It 
is  a  protein-iron  compound  derived  from  blood  serum 
and  solution  of  ferric  hydroxide. 

Triferrin  also  called  ferrinol  contains  phosphorus 
and  a  nuclein  in  addition  to  the  iron.  Dose  about 
five  grains  three  times  a  day. 

Triferrol  is  the  fluid  equivalent  of  triferrin. 

Other  organic  iron  preparations  are'  the  ammonium 
arsenocitrate,  easeinate  (nucleo-albuminate),  dextri- 
nate,  glycerophosphate,  inulate,  malate,  and  vitel- 
linate  (iron  and  egg  yolk)  of  iron,  iron  and  sodium 
albuminate  and  citroalbuminate,  hematinalbumin, 
hemochromogen,  hemoferrum,  hemoglobin,  methcm- 
oglobin,  pepto-ferromangan,  and  ferrosomatose  (two 
per  cent.  iron). 

The  various  protein  preparations  of  iron  have  the 
certain  merit  that  they  do  not  upset  the  stomach  and 
that  the.v  are  readily  absorbed.  They  are,  however, 
comparatively  expensive,  and  it  is  not  demonstrated 
that  they  cure  chlorosis  any  more  effectively  than 
well-selected  preparations  from  among  the  pharma- 
copceial  list. 

III.  Gener.\l  Therapeutics  of  Iron  Compounts. — 
Excepting  certain  special  applications  of  individual 
compounds,  the  therapeutics  of  iron  comprises  the 
internal  use  for  the  cure  of  anemic  conditions,  and 
the  local  employment  for  astringent  or  styptic  purpose. 
Concerning  the  two  applications,  the  following 
practical  points  are  to  be  made: 

Anemia. —  (1)  Except  in  pernicious  anemia,  iron 
proves  so  serviceable  that,  given  an  anemic  state,  the 
medicine  is  commonly  held  to  be  indicated,  unless 
there  be  either  fever  or  a  tendency  to  active  hemor- 
rhage— conditions  apt  to  be  aggravated  by  iron.  (2) 
In  the  matter  of  choice  of  preparations,  in  general, 


the  astringent  chalybeat<-s  are  more  powerful  than 
the  bland,  hut  yet  it  will  lie  wiser  to  try  the  latter 
kind  first  if  either  the  stomach  be  over-irritable,  the 
bowels  strongly  jjronc  to  constipation,  the  teeth 
fragile,  or  the  patient  of  careless  liabits;  or  if,  as  with 
children,  the  disagreeabk;  taste  of  the  astringent 
[jreparations  be  jjurticularly  obno.\ious.  On  the  cjther 
liand,  the  astringent  chalybeatt-.s  are  especially 
iidvantageous  when  the  appetite  is  poor  and  yet  the 
stomach  is  not  unduly  Bensitive,  or  when  there  is 
general  laxity  of  tissue,  or  a  tendency  to  pas.sive  fluxes 
or  hemorrhages,  {'.i)  In  particular,  concerning  the 
preparations,  if  an  a.stringent  be  wanted,  the  tincture 
of  the  chloride-  answers  every  purpo.se  as  a  fluid  form, 
and  the  dried  sulphate  (ferrous)  as  one  for  giving 
in  solid  form  in  pill.  If  a  bland  compound  be  re- 
quired, there  may  be  prescribed,  in  powder,  reduced 
iron  and  the  saccharated  carbonate;  in  pill,  reduced 
iron,  pills  of  the  carbonate,  "Blaud's  pills,"  and  the 
citrate;  and  in  solution,  the  potassio-tartrate  or  the 
pyrophos|)hate,  with  the  others  of  the  scaled  prepara- 
tions as  substitutes.  For  the  rest,  the  various  com- 
pound salts  and  the  fancy  pharmaceutical  prepara- 
tions are  often  convenient,  but  are  never  indispensable. 
(■1)  The  frequency  of  dosage  is  most  conveniently 
fixed  at  three  times  a  day,  and  the  do.ses,  as  already 
given,  are  intended  for  such  frequency.  But  in  ex- 
ceptional u.ses  of  iron,  as  of  the  tincture  of  the  chloride 
in  diphtheria,  the  fre<)uency  will  be  far  different — 
according  to  the  severity  of  the  case,  even  to  hourly 
administration,  day  and  night.  (.5)  The  timing  of  the 
doses  is  best  arranged  to  be  at  meal-hours,  the  ad- 
ministration to  be  rather  after  than  before  eating. 
This  certainly  with  the  astringent  chalybeates,  but 
with  the  very  bland  the  rule  need  not  be  enforced. 

To  Arrcxt  Hcminrhage. —  (1)  In  general,  it  mu.st  be 
remembered  that  arterial  hemorrhage  belongs  by 
right  to  the  domain  of  surgery,  and  that  medicinal 
hemo.statics  are  only  proper  when  the  vessel  is  either 
too  small  for  mechanical  measures  or  is  inaccessible. 
This  rule  needs  especial  observance  in  connection 
with  the  iron  styptics,  for  if  they  fail  to  stop  the 
bleeding  the  surgical  search  for  the  bleeding  point, 
through  the  indiscriminately  slough-obscured  tissue 
resulting  from  the  styptic  application,  is  made  exas- 
peratingly  difficult.  Furthermore,  this  same  slough 
cau.sed  by  the  styptic  seriously  interferes  with  speedy 
healing  of  the  wound.  (2)  Of  the  .styptic  ])repara- 
tions  the  official  solution  of  the  subsulphate  is  gen- 
erally the  best,  because  the  least  irritant;  but  if 
extreme  power  be  required,  and  the  area  to  be 
subjected  to  the  application  is  small,  a  drop  or  two  of 
the  deliquesced  chloride  may  l)e  allowed. 

The  individualized  applications  of  iron  compounds 
are  of  the  hydroxide,  as  an  antidote  to  arsenic;  of 
ferrous  sulphate,  as  a  disinfectant;  of  the  tincture  of 
the  chloricle  as  a  medicine  of  peculiar  virtues;  of 
the  solution  of  ferric  sulphate  for  purposes  of  phar- 
macy, and  of  the  ammonio-sulphate  as  a  pure 
astringent.  Edw.uu)  Ci-rtis. 

R.  .1.  E.  Scott. 


Fetus,  Development  of  the. — Our  knowledge  of 

the  development  of  the  fetus  was  in  an  exceedingly 
fragmentary  condition  until  Wilhelm  His,  the  distin- 
guished German  anatomist,  published  about  twenty- 
five  years  ago  his  noteworthy  "Anatomic  nienschlichcr 
Embrvonen."  This  was  one  of  the  first  and  is  to-day 
one  of  the  most  important  works  on  human  embryol- 
ogy. A  multitude  of  articles  and  monographs  have 
appeared  since  then  in  foreign  and  .Vmerican  scientific 
journals,  as  weU  as  several  comprehensive  manuals 
and  text-books.  Among  the  latter  the  reader  is 
referred  for  fuller  accounts  to  such  works  as  Kcihel 
and  Mall,  "  Manual  of  Human  Embryology."  1910; 
Kollmann,  "llanclatlas  des  Entwickluncsgeschichte 
des  Menschen,  '  1(107;  Keibel  und  Elzc,  "  Xormentafel 


373 


Fetus,  DeTelopment  of 


REFERENCE   HANDBOOK   OF   THE    MEDICAL  SCIENCES 


z.  Entwicklungs-geschichte  des  Menschen,"  1908; 
Broman  "Normale  und  Abnorme  Entwicklung  des 
Menschen,"  1911.  The  great  difficult}'  in  obtaining 
embryos  of  the  first  two  months  of  pregnancy  renders 
progress  comparatively  slow.  The  main  sources  of 
such  material  are  from  postmortem  examinations,  op- 
erations, and  abortions;  so  the  human  embryologits 
Is  thus  dependent  upon  the  courtesy  of  physicians 
and  surgeons  for  his  material. 

Age. — In  regard  to  the  ages  of  embryos  of  the  first 
two  weeks  much  uncertainty  exists.  Length  is  not 
entirely  reliable,  owing  to  distortions  and  variability 
in  size.  In  attempting  to  determine  age  from  the 
last  day  of  the  last  menstrual  period  as  the  date  of 
conception,  there  is  often  the  difficulty  of  inexact 
history.  The  following  table  indicates  in  a  fairly 
accurate  way  the  length  and  ages  of  embryos: 

Age.  Length.           Age.  Length. 

Two  weeks 2  mm.  Three  months 50  mm. 

Three  weeks 5  mm.  Four  months 100  mm. 

Four  weeks 8  mm.  Five  months 200  mm. 

Five  weeks 11-12  mm.  Six  months 300  mm. 

Six  weeks 16  mm.  Seven  months 370  mm. 

Seven  weeks 20  mm.  Eight  months 425  mm. 

Eight  weeks 25  mm.  Nine  months 500  mm. 

According  to  Mall  their  ages  in  days  corresponds 
to  the  formula  \/lOOX  (length  in  millimeters)  for  all 
embryos  from    1   to   100  millimeters  long.     Multiply 

the  length  of  the 
embryo  from  ver- 
tex to  the  breech 
in  millimeters  by 
one  hundred,  and 
extract  the  square 
root,  and  the  result 
will  be  its  age  in 
days.  In  embrvos 
from  100  to  220 
millimeters  long 
from  vertex  to 
breech  their  length 
in  millimeters 
equals  their  age  in 
days.  Fig.  2.373 
indicates  the  rela- 
tive sizes  during 
the  first  eight 
weeks. 

There  are  but 
few  good  collec- 
tions of  embryos 
in  the  world;  the 
one  at  Baltimore 
is  the  most  im- 
portant. 

In  development 
it  is  convenient  to 
distinguish  the 
three  stages  sug- 
gested bj'  His. 
The  stage  of  the 
ovum  embraces 
the  first  two 
weeks;  the  embry- 
onal stage  from 
the    third    to    the 


Fig.  2373. — Six  Human  Embryos  taken 
from  His'  Standard  Chart.  Enlarged 
three  times.  The  figures  in  the  cut  indi- 
cate the  ages  of  the  embryo  in  weeks. 
2  is  His'  embryo  S  R.;  3,  embryo  Lr.;  4, 
embryo  A.;  5,  embryo  C":  65,  embryo 
XCL;  S,  embryo  Wt.  (After  Mall.) 


fifth  week,  during  which  time  the  characteristic  em- 
bryonal features  and  the  principal  organs  are  estab- 
lished; lastly  the  fetal  stage,  during  which  time  the 
embryonal  features  change  to  those  of  the  fetus  and 
full-term  child. 

The  Ovum  Stage. — There  are  no  observations  on 
normal  ova  of  the  first  nine  or  ten  days.  It  is  evident 
from  the  material  of  the  latter  part  of  the  stage  of  the 
ovum  that  there  is  an  early  and  precocious  develop- 
ment of  the  chorion  and  villi. 

The  youngest  known  normal  ovum  was  described 
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by  Peters  in  1899.  It  is  ten  to  eleven  days  old  and 
consists  of  a  vesicle  3X1.5X1.5  millimeters  in  size. 
A  section  through  the  entire  ovum  is  seen  in  Fig.  2374. 
The  vesicle  is  formed  by  the  chorionic  membrane, 
consisting  of  an  outer  layer  of  epithelial  cells  covered 
by  numerous  villi  which  are  in  contact  with  the  uterine 
wall  of  the  mother,  and  an  inner  layer  of  mesenchyme, 
.attached  to  this  inner  layer  at  one  side  is  the  small 
embryo,  but  0.19  nullimeters  in  length.  It  is  appar- 
ently simple  in  structure,  consisting  of  an  epithelial 
plate  facing  the  small  amniotic  cavity  lined  by  flat 
epithelial  cells,  which  are  continuous  with  the  epithe- 
lial cells  of  the  plate.  On  the  other  side  of  the  plate 
is  a  layer  of  mesenchyme,  and  projecting  from  this 
is  the  yolk  sac  lined  by  entodermal  cells.  The  epithe- 
lial plate  of  the  embryo,  as  well  as  the  epithelium  of 
the  amnion,  was  probably  at  an  earlier  st.age  con- 
tinuous with  the  epithelium  of  the  chorion  and  the 
embryo,  subsequently  cut  off  after  its  sinking  down 
or  projecting  into  the  vesicular  cavity.  One  stage 
of  such  a  process  has  been  found  in  the  monkey  by 
Selenka.  The  projecting  embryo  is  surrounded  by 
mesenchyme  continuous  with  that  lining  the  chorion, 
as  well  as  with  that  between  the  yolk  sac  and  epithelial 
plate. 

Already,  then,  in  the  youngest  known  ovum  the  so- 
called  three  primary  germ  layers  are  present.  From 
these  at  a  later  period  various  structures  arise.  From 
the  epithelial  layer  develop  the  epidermis  of  the  skin 
and  its  appendages,  such  as  hairs,  nails,  sweat  glands, 
etc.,  the  central  nervous  system,  and  portions  of  the 
eye  and  ear,  mouth  and  nose.  From  the  middle  or 
mesenchymal  layer  develop  the  skeletal,  muscular, 
circulatory,  and  urogenital  sy.stems;  and  lastly  from 
the  inner  or  entodermal  laj'er,  which  is  here  repre- 
sented by  the  lining  of  the  yolk  sac,  develop  the  ali- 
mentary tract  (pharynx,  esophagus,  stomach,  and 
intestines),  the  trachea  and  lungs,  liver  and  pancreas, 
and  bladder. 

The  next  important  human  ovum  was  described  by 
Spec  in  1896.  It  measures  7x5.5  millimeters  and 
the  embryo  within  is  0.37  millimeters  in  length.  Its 
age  is  about  eleven  days.  The  chorion  is  covered 
with  villi  and  lined  with  mesenchyme  (see  Fig.  2375). 
The  embryo  is  attached  at  one  side  by  a  broad  pedicle, 
the  so-called  belly  stalk.  The  amniotic  sac  is  small 
and  is  continuous  with  the  epithelial  plate  of  the 
embryo,  as  in  the  preceding  ovum.  The  primitive 
streak  is  represented  in  this  embryo  by  a  slight  groove 
along  the  center  of  the  epithelial  plate.  Mesenchyme 
separates  the  epithelial  plate  from  the  large  yolk  sac, 
and  a  small  diverticulum  of  the  sac  projects  into  the 
mesenchymal  pedicle,  constituting  the  first  trace  of 
the  allantois.  We  thus  see  that  the  embryo  in  this 
ovum,  although  about  twice  as  long  as  the  Peters 
embryo,  shows  very  little  advance  in  structural  differ- 
entiation.    Both  are  in  the  primitive  streak  stage. 

Spee  also  described  an  ovum  10X8.5X6.5  milli- 
meters containing  an  embryo  1.54  millimeters  in 
length  and  about  eleven  and  one-half  days  old.  The 
cliorion  is  covered  by  large  branching  villi,  lined  by 
mesenchj'me,  and  attached  at  one  side  by  a  short 
pedicle  is  the  embryo  (see  Fig.  2376).  The  primitive 
streak  stiU  persists,  and  near  its  anterior  end  the 
neurenteric  canal  has  formed,  thus  connecting  the 
amniotic  cavity  with  the  yolk  sac.  All  traces  of  it 
are  soon  lost.  More  anteriorly  still  are  traces  of  two 
longitudinal  ridges,  short  distances  on  either  side  ^of 
the  median  line.  These  are  the  so-called  medullar.v 
folds  and  are  the  first  traces  of  a  ditTerentiation  for 
the  centr.al  nervous  system.  The  allantois  as  in  the 
preceding  embryo  projects  from  the  yolk  sac  into  the 
pedicle  or  belly  stalk. 

Between  this  stage  and  the  next  one  we  shall  con- 
sider, the  embryonic  plate  changes  from  a  flat  dis- 
coidal  structure  to  a  somewhat  cylindrical  body  by  a 
bending  ventrally  of  its  lateral  edges,  to  which  the 
amnion  is  attached,  thus  gradually  constricting  the 
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broad  attachment  of  the  yolk  sac.  At  the  same  time 
the  head  and  tail  ends  begin  to  project  more  ancl  more, 
and  the  yolk  sac  is  thus  also  constricted  in  an  anterior 
posterior  direction.  Connecting  pockets  of  the  yolk 
sac  remain  at  both  the  head  and  tail  ends  of  the  embryo 
to  form  the  beginnings  of  the  digestive  tract.  During 
this  time  the  medullary  folds  have  lengthened  and 
grown  toward  each  other, 
so  as  to  meet  in  the  mid- 
dorsal  line,  thereby  enclos-  .  ...j...  . 
ing  a  central  canal,  the  ':  ■'Hr.s!-"'"'"-';.-j,i  •(■• 
beginning  of  the  central  '■.'•.■.■■'.•.■■.■;;;>-.-.^-' 
canal  of  the  .spinal  cord  and 
the  ventricles  of  the  brain. 
In  the  next  oldest  ovum  we 
are  to  consider,  which  was 
described  by  P^ternod,  there 
was  an  embryo  2.H  milli- 
meters in  length.  The 
medullary  folds  have  not 
only  met,  but  are  fused  for 
a  considerable  portion  of 
their  length  to  form  the 
neural  tube  (see  Fig.  2377). 
The  head  of  the  embryo  now 
projects  some  distance  be- 
yond the  constricted  yolk 
sac,  and  on  the  ventral 
side  of  this  head  fold  is  a 
slight  invagination  of  the 
ectoderm  for  the  mouth. 
Between  the  mouth  invagi- 
nation and  the  attachment 
of  the  yolk  sac  the  heart  is 
in  the  process  of  develop- 
ment from  two  lateral  tubes, 
which  soon  fuse  together  to 
form  the  simple  tubular 
heart.  The  blood-vessels 
which  have  developed  in  the 
extra  embryonic  area  and 
those  that  have  developed 
in  the  body  of  the  embryo 
have  now  become  connected 
with  the  heart,  and  at  its 
head  end  arises  the  ventral 
aorta  dividing  immediateh' 
into  three  pairs  of  branchial 
arches,  which  pass  around 
the  primitive  foregut  to 
unite  beneath  the  medul- 
larv  plate  into  the  dorsal 
aorta.  From  the  dorsal 
aorta  are  given  off  the 
omphalo-raesenteric  and  the 
umbilical  arteries.  The 
first  veins  to  develop  are 
those  which  accompany  the 
first  formed  arteries, 
namely,  the  o  m  p  h  a  1  o  - 
mesenteries,  connected  with 
the  yolk  sac,  and  the  um- 
bilicals,  connected  with  the 

allantois.  Soon  after  these  are  formed  the  veins 
within  the  body  of  the  embryo  develop,  the  first 
ones  being  the  anterior  cardinals,  or  internal  jugu- 
lars and  the  inferior  cardinals,  the  latter  draining 
the  blood  from  the  caudal  portion  of  the  body. 
An  anterior  and  a  posterior  cardinal  of  each  side 
unite  to  form  the  ductus  Cuvieri.  The  two  ducts, 
one  on  either  side,  pass  transversely  toward  the  median 
line  and  open  into  the  sides  of  the  sinus  venosus. 
The  omphalo-mesenteric  veins  coming  from  the  yolk 
sac  and  the  umbilicals  from  the  allantois  join  the  sinus 
venosus  at  a  slightly  earlier  date  than  do  the  Cuvierian 
ducts.  At  a  later  stage  we  .shall  see  how  this  primitive 
arrangement  is  modified  to  form  the  adult  condition. 
The  volk  sac  in  this  embrvo  is  somewhat  constricted 


along  its  attachment,  leaving  pockets  of  entoderm 
connected  with  it  that  lie  in  the  head  and  tail  ends  of 
the  embryo.  They  form  the  primitive  foregut  and 
hindgut.  At  either  side  of  the  neural  tube  the 
mesenchyme  has  become  differentiated  into  eight 
primitive  .segments  or  myotomes,  from  which  later 
much  of  the  muscular  system  becomcti  dillerentiated. 
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FiQ.  2374. — Peters'  Early  Ovum.  (Enl.irged  about  thirty-five  diameters.)  f.B..  Uterine  epi- 
thelium; Bl.L.,  lakes  of  blood;  Caps.,  decidua  refleia;  G.P.  "GewebspiU;"  Dr.,  uterine  glaods: 
V.Z..  decidua  vera:  Tr..  trophoblasts;  C.  capillaries;  K.A.,  beginning  embryo;  Bt.G..  large  blood- 
vessels; a-b,  point  of  entrance  of  ovum. 

A  slightly  older  embryo,  of  about  the  same  length, 
described  by  Mall,  consists  of  an  ovum  measuring 
18X8X8  millimeters,  and  containing  an  embryo  2.1 
millimeters  in  length.  The  age  is  about  two  weeks 
(see  Fig.  2378). 

Many  important  changes  have  taken  place.  The 
embryo  is  connected  to  the  chorion  by  a  thinner  stalk 
of  mesenchvme  containing  the  blood-bcssels  that  carry 
on  the  circ'idation  between  the  embryo  and  chorion, 
the  latter  being  in  close  contact  with  the  uterine  wall, 
and  thus  afTonling  opportunity  for  nourishment  and 
oxvsen  to  pass  from  the  mother  through  the  thin  walls 
of  the  villi,  to  supplv  tlie  rapidly  growing  embryo  with 
the  essentials  for  growth  and  life.  The  embryo  itself 
has  greatly  increased  ih  length,  and  is  curved  into  a 
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semicircular  form.  The  medullar j' plate  is  converted 
into  a  tube  and  the  groove  into  its  canal.  At  the 
anterior  end  of  this  tube  are  enlargements  marking  the 
beginnings  of  the  brain.  The  remainder  of  the  tube 
forms  the  spinal  cord.  The  j'olk  sac,  which  is  covered 
by  blood-vessels  that  communicate  with  those  of  the 


Fig.  2375. — Ovum  Me.isuring 
6X4.5  mm.  (Enlarged  about  10 
diameters.)  The  left  half  of  the 
chorion  has  been  removed  to 
show  the  embryo,  a.  Amniotic 
cavity:  6,  belly  stalk;  c,  chorion; 
f,  embryonic  disc;  r,  chorionic 
villus:  y,  yolk-sac.      (von  Spec.) 


Fig.  2376.— Embryo  1.54 
mm.  in  Length,  from  the  Dorsal 
Surface.  (Enlarged  about  20 
diameters.)  a.  Amnion;  m, 
medullary  groove;  nc,  neuren- 
teric  canal;  ps,  primitive  streak: 
y,  yolk  sac.     (von  Spee.) 


embryo,  is  more  constricted  and  the  fore-  and  hindguts 
are  longer  than  in  the  preceding  stage.  From  the  fore- 
gut  arises  the  pharynx  with  two  giU  pockets  and  a 
thyroid  pocket.  The  neurenteric  canal  connects  the 
hindgut  with  the  central  canal  of  the  central  nervous 
system.  So  while  from  the  yolk  sac  are  differentiating 
the  two  ends  of  the  alimentary  tract,  the  main  portion 
is  still  embodied  in  the  large  sac.  Near  the  origin 
of  the  foregut  is  a  slight  projection  of  the  yolk  sac 

for  the  beginning  of 
the  liver.  In  the 
anterior  wall  of  the 
yolk  sac,  posteriorly 
to  the  mouth  and  be- 
neath tlie  pharynx, 
is  the  tubular  heart. 
There  are  now  four- 
teen pairs  of  mesen- 
chymal segments  or 
myotomes — three  in 
the  head,  eight  in 
the  neck,  and  three 
in  the  thoracic  re- 
gion. The  amnion 
at  this  period  forms 
a  small  sac  about 
the  dorsal  surface  of 
the  embryo. 

In  an  embryo  de- 
scribed by  KoU- 
mann  (Fig.  2379), 
and  measuring  2.5 
millimeters  in 
length,  the  edges  of 
the  medullary  folds 
have  come  in  con- 
tact throughout 
their  entire  length 
except  for  a  short 
distance  anteriorly,  and  thirteen  pairs  of  mesodermie 
somites  or  myotomes  are  visible.  The  constriction 
of  the  yolk  sac  is  even  more  pronounced  than  in  the 
preceding  embryo,  and  the  hind  end  of  body  has 
become  defined,"  the  belly  stalk  no  longer  seeming  to 
be  a  posterior  continuation  of  the  body,  but  arises 
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Fig.  2377. — Reconstruction  of  Em- 
bryo 2.11  mm.  Long.  (Enlarged  about 
25  diameters.)  aU  Allantois;  am,  am- 
nion; S,  belly  stalk;  ch,  chorion;  h, 
heart;  Tns,  mesodermie  somite:  os,  oral 
fossa:  ph,  pharynx:  v,  chorionic  villi; 
Y,  yolk-sac.     (After  Eternod.) 


from    the  ventral    surface, 
marked. 


The  oral  fossa  is    more 


Am 
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Fig.  2378. — Profile  Reconstruction  of  the  Embryo,  2.1  mm. 
Long.  No.  XII.  X  35  times.  Am,  Amnion;  01',  optic  vesicle: 
.4  V.  auditory  vesicle:  CT.  umbilical  vesicle;  //,  heart,  VOM,  om- 
phalo-mesenteric  vein:  MR,  septumt  ransversum;  O3,  third  occipital 
myotome;  Ce,  eighth  cervical  myotome.     (After  Mall.) 

The  general  shape  of  this  embryo  is  quite  different 
from  that  of  the  preceding  one,  the  embryo  being  nearly 
straight;  and  it 
has  probably  been 
distorted,  as  has 
also  the  His  em- 
bryo (Fig.  2.3S0), 
as  the  normal 
curve  of  the  me- 
dullary tube  at 
this  period  is 
probably  some- 
what semicircu- 
lar, as  seen  in 
Fig.  2378.  This 
so-called  dorsal 
flexure,  which  is 
often  pictured  in 
text  Looks  as  a 
normal  condtiion 
at  this  stage. 
I  have  been  able 
to  produce  in 
pig  embryos  of  a 
correspon  ding 
stage  by  rough 
handling  while 
removing  them 
from  the  uterus. 
Others  from  the 
same  uterus, 
which  were  more 
carefully  handled, 
do  not  show  such  a 
dorsal  flexure,  and 
we  naturally  con- 
clude that  similar 
treatment  has 
produced  a  simi- 
lar effect  in  the 
human  embryo. 

The  His  embryo  Lg,  2.15  millimeters  long,  contained 
in  an  ovum  15  X  12.5  millimeter,  is  the  ne.xt  important 
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Fig.  2379. — Embryo  2.5  mm.  Long. 
(Enlarged  about  33 diameters.)  Am,  Am- 
nion; B,  belly  stalk;  k,  heart;  m,  closed 
and  7w',  still  open  portions  of  the  medul- 
lary groove;  Om,  omphalomesenteric  vein; 
OS,  oral  fossa;  1',  yolk  sac.     (Kollmann.) 
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one  to  consider.  Its  age  is  about  fourteen  days. 
(Fig.  2380).  The  forebrain  has  a  marked  ventral 
bend.  Between  the  forebrain  and  the  lieart  is  now  a 
well-marked  invagination  of  the  skin  to  form  the 
mouth  cavity.  It  is  not  as  yet  connected  with  the 
pharynx.  Projecting  from  the  forebrain  are  the  optic 
vesicles,  and  farther  back  are  invaginations  of  the 
ectoderm  for  the  internal  ear.     Two  gill  clefts  and 
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Fig.  2380. — Embryo  Lg..  2.15  mm.  Long.  (Enlarged  about 
30  diameters.)  am.  Amnion;  fi,  belly  stalk;  C\  chorion;  h,  heart: 
Y,  yolk  sac.      (His.) 

three  branchial  arches  are  present,  and  branches  of 
the  aorta  pass  through  the  latter.  The  heart  consists 
of  a  much  bent  tube. 

The  branchial  arches  and  clefts  are  of  great  morpho- 
logical importance,  since  they  determine  to  a  large 
extent  the  arrangement  of  the  various  organs  of  the 
head  region.  In  the  human  embryo  four  clefts  and 
five  branchial  arches  appear  on  each  side.  The  last 
arch  is  very  indistinct. 

We  thus  see  that  during  the  first  two  weeks,  which 
constitute  the  ovum  stage,  there  has  developed  from 
the  simple  one-celled  ovum  or  egg  an  embryo  with  its 
membranes,  the  amnion  and  chorion,  the  latter  having 
over  its  entire  surface  numerous  long  branching  villi, 
and  in  the  embryo  are  already  present  the  beginnings 
of  the  central  nervous  system,  the  alimentary  tract, 
the  circulatory  system,  the  muscular  and  skeletal 
systems,  the  latter  being  represented  by  the  chorda 
dorsalis,  which  has  dilTerentiated  from  the  dorsal  wall 
of  the  entodermal  sac  and  canal.  The  primitive 
urogenital  s.ystem  has  also  begun  to  appear.  The 
yolk  sac  remains  throughout  this  stage  the  dominant 
feature  of  the  embryo. 

The  Embryonal  Slage. — During  the  third  week  the 
embryo  grows  rapidly  in  size  and  attains  a  length  of 
about  four  millimeters.  The  brain  increases  in  size  and 
shows  the  three  primary  divisions.  The  optic  and  otic 
vesicles  become  more  prominent.  Two  more  gill 
clefts  and  three  more  gill  arches  appear  caudal  to  the 
ones  already  formed.  The  attached  area  of  the  yolk 
sac  has  diminished.  The  mouth  cavity  communicates 
with  the  pharynx.  By  the  twenty-first  day  the  limb 
buds  appear  (see  Fig.  2381).  Internally  the  heart  is 
enlarged  and  takes  the  form  of  an  S-shaped  tube. 
From  the  aorta  now  arise  five  pairs  of  arteries  which 
pass  through  the  five  pairs  of  gill  arches,  joining  on  the 
dorsal  side  of  the  pharj-nx  into  the  common  dorsal 
aorta. 

By  the  narrowing  of  the  attachment  of  the  yolk  sac 
more  of  the  primitive  gut  has  been  folded  off,  so  that 


now  the  forogut,  midgut,  and  hindgut,  are  to  be  distin- 
guished. In  the  foregut  can  already  be  made  out  the 
[jharynx  with  its  diverticula,  the  e.sophagus,  anrl  the 
stomach.  Of  the  pharyngeal  diverticula  there  are  four 
pairs  of  gill  pockets  corresponding  to  the  gill  clefLson 
the  external  surface  and  separated  from  the  gill  clefts 
by  a  thin  membrane.  The  diverticulum  for  the  res- 
piratory tract  has  begun  to  bud  from  the  esophagus. 
The  first  indication  of  the  lungs  and  trachea  is  found 
in  embryos  of  about  3.2  millimeters  in  length  in  the 
form  of  a  groove,  the  pulmonary  groove,  along  most 
of  the  ventral  surface  of  the  esophagus.  During  the 
embryonal  stage  this  groove  deepens  especially  toward 
the  stomach,  where  it  ends  in  a  rounded  projection, 
which  lengthens  and  gives  off  branches.  These,  by 
rejjeated  branching,  give  rise  to  the  various-sized 
bronchi  and  the  epithelial  portion  of  the  lungs.  The 
pulmonary  groove  gradually  becomes  constricted  off 
from  the  esophagus  fo  form  the  trachea.  At  the 
upper  end,  however,  it  remains  open  into  the  pharynx, 
in  the  regicm  of  the  fourth  branchial  diverticulum,  to 
form  the  glottis.  The  midgut  gives  rise  to  the  small 
intestine  and  to  a  portion  of  the  large  intestine.  From 
it  have  arisen  diverticula  which  give  rise  to  the  liver 
and  pancreas.  The  hindgut  gives  rise  to  the  rest  of 
the  large  inte.stine  and  to  the  rectum. 

The  primitive  urogenital  system  has  appeared  as  two 
longitudinal  ridges  projecting  into  the  celom  along  its 
dorsal  wall,  one  at  either  side  of  the  median  line  in  the 
posterior  half  of  the  embryo.     This  ridge  contains  the 
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Fi.;  -  ;^1. — Kiubryo  Lr..  4.2  mm.  Long.  (Enlarsed  about  23 
diameters.)  am,  .\mnion:  axi,  auditor>'  capsule:  B,  belly  sLtlk; 
h,  heart:  LI,  lower  atd  VI,  upper  limb:  Y,  yolk-sac.     (His.) 

Wolffian  duct,  the  pronephros  with  its  two  tubules  and 
rudimentary  glomeruli.  The  Wolffian  duct,  which  is 
the  first  to  appear,  develops  from  the  mesenchyme, 
and  extends  from  the  heart  region  to  the  cloaca. 
Soon  after  the  non-function.al  pronephros  is  formed,  the 
mesonephros  begins  to  develop  and  its  tubules  join  the 
Wolffian  duct.     The  mesonephros   is  a   much   more 
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important  structure  than  the  pronephros,  and  we  shall 
consider  it  again  later.  The  beginning  of  the  JNIiil- 
lerian  duct  is  also  jjresent  at  this  stage. 

During  the  fourth  week  growth  is  relatively  more  ac- 
tive than  at  any  other  time,  except  during  the  very 
early  stages  of  the  first  week  or  ten  days.  The  em- 
bryo about  doubles  in  length,  and  attains  a  length  by 
the  end  of  this  week  of  about  six  or  seven  millimeters. 


Fig.  2382, — Reconstruction  of  Embryo  No.  II..  Johns  Hopkins 
University  Collection.  (Enlarged  17  times.)  V  and  A',  Fifth  and 
tenth  cranial  nerves;  1,  2.  3,  and  4,  ca.st  of  the  bianchial  pockets; 
1  and  8,  first  and  eighth  cervical  nerves,  from  the  fourth  the 
phrenic  arises;  12,  twelfth  dorsal  nerve;  A,  auricle:  V,  ventricle: 
L,  lung;  S,  stomach:  P.  pancreas:  W  D,  Wolffian  body:  K,  kidney: 
M,  mesentery:  S  T,  septum  transversum ;  O,  openings  which  com- 
municate with  the  peritoneal  cavity  of  the  opposite  side.  The 
black  line  around  the  heart  marks  the  pericardial  cavity.  (After 
Mall.) 

During  the  first  part  of  the  week  the  embryo  becomes 
very  much  flexed,  so  much  so  that  the  head  and  tail 
nearly  touch.  The  brain  vesicles  are  better  developed, 
as  are  also  the  gill  clefts  and  arches,  the  eyes,  ears, 
and  nasal  pits.  The  heart,  which  is  much  enlarged, 
lies  in  the  cervical  region,  near  the  mouth,  and  pro- 
duces with  the  liver,  which  is  now  of  considerable  size,  a 
large  ventral  bulge.  The  simple  tubular  heart  with 
its  single  cavity'  is  rapidly  changing  into  a  complicated 
four-chambered  structure  with  imperfect  partitions. 
By  the  end  of  the  fourth  week  (see  Fig.  23S2)  the  ante- 
rior enlarged  portion  of  the  head  has  become  bent 
at  right  angles  to  the  main  axis  of  the  body.  From 
the  first  gill  arch  a  maxUlary  process  is  developing 
which  will  ultimately  form  a  portion  of  the  upper  jaw. 
From  the  main  portion  of  the  arch  will  form  the  lower 
jaw.  The  Umb  buds  have  increased  in  size.  The 
arm  bud  projects  from  the  cervical  region  and  the  leg 
bud  from  the  lumbar  region.  The  yolk  sac  is  very 
small  and  the  amniotic  sac  is  much  enlarged.  During 
the  early  part  of  the  fourth  week  the  intestinal  tube, 
composed  of  its  .several  characteristic  segments,  lies 
in  the  sagittal  plane  attached  to  the  dorsal  wall  of  the 


body  cavity  by  the  straight  primitive  mesentery. 
Toward  the  last  of  the  week  rapid  growth  takes  place, 
the  intestine  lengthens,  and  becomes  coiled  and 
twisted. 

The  nerves  have  begun  to  grow  from  the  medullary 
tube  or  central  nervous  system  into  the  mesenchyme. 
Plexuses  are  forming,  but  the  nerves  are  not  attached 
to  their  end-organs.  There  are  now  thirty-eight 
primitive  segments  or  myotomes  whch  have  been 
formed  from  the  mesenchyme  lateral  to  the  spinal 
axis.  Muscle  fibers  are  beginning  to  differentiate 
from  the  cells  of  these  segments.  Their  ventral  ends 
have  begun  to  grow  into  the  primitive  abdominal 
wall  formed  by  the  growing  around  of  the  amnion. 
Condensed  mesenchyme  marks  portions  of  the  ver- 
tebral column.  In  the  arm  bud  the  mesenchyme  ia 
beginning  to  differentiate  to  form  the  skeletal  core  of 
condensed  niesenchj'me.  The  Wolffian  ridge  has  in- 
creased in  size  and  the  Miillerian  duct  is  now  formed 
and  runs  parallel  with  the  Wolffian  duet.  A  diverticu- 
lum from  the  lower  end  of  the  Wolffian  duct  near  the 
cloaca  indicates  the  beginning  of  the  permanent  kidney 
and  its  duct,  the  ureter.  On  the  Wolffian  ridges  are 
also  seen  the  first  traces  of  the  sexual  glands,  but  they 
are  indifferent  in  type,  and  not  until  the  fifth  week 
can  sex  be  determined  by  microscopical  examination. 

By  the  middle  of  the  fifth  week  the  embryo  is  nine 
millimeters  in  length.  The  amniotic  sac  is  now  so 
much  enlarged  tliat  it  is  everywhere  in  contact  with 
the  chorion.  A  true  umbilical  cord  of  some  length  has 
developed  by  the  enclosure  of  the  entire  belly  stalk 
and  yolk  stalk  within  a  tubular  prolongation  of  the 
embryonic  ectoderm  and  somatic  mesoderm  of  the 
embrvo.     The  embrvonic  ectoderm  at  the  end  of  the 


Fig.  2383. — Lateral  \i  n  <:  a  Human  Embryo  9mm.  in 
Length  and  About  Four  ajiil  ( im-half  Weeks  Old.  No.  CLXIII. 
Johns  Hopkins  University  Collection.  (Enlarged  about  S  diam- 
eters.) The  areas  from  which  the  skin  has  been  removed  are 
drawn  from  reconstructions,  the  remaining  portions  from  excelleLt 
photographs.  The  myotomes  are  growing  into  the  body  wall. 
Portions  of  the  premuscle  masses  of  the  arm  are  seen  and  also  the 
preskeletal  tissue  of  the  arm  and  leg  with  the  beginnings  of  the 
lumbar  sacral  plexuses.      (After  Bardeen  and  Lewis.) 

cord  is  continuous  with  the  extra  embryonic  ectoderm 
of  the  amnion,  and  the  somatic  mesoderm  with  that 
of  the  amnion,  which  is  in  contact  with  that  of  the 
chorion.  So,  strictly  speaking,  the  umbilical  cord  is 
a  portion  of  the  embr.vo,  the  amnion  having  been 
carried  farther  and  farther  from  the  umbilicus  by 
extension  of  the  embryonic  ectoderm.  The  head  is  as 
large  as  the  rest  of  the  body,  and  bent  at  right  angles 
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to  it.  Its  lurfje  size  is  due  to  tlio  nipid  growth  of  the 
brain.  The  three  primary  divi.sions  of  the  lirain  are 
more  marked  and  bent  upon  each  other.  From  the 
forebrain  the  cerebral  hemispheres  have  begun  to  grow. 
The  spinal  cord  forms  a  thicls-walled  tube  of  nervous 
tissue.  The  various  cranial  and  spinal  nerves  now 
extend  some  distance  into  the  body  and  the  motor 
nerves  of  the  head  and  shoulder  reach  the  premuscle 
masses.  The  rami  communicantes  are  already  present 
at  this  stage  and  connect  with  the  sympathetic  cord. 
The  latter  forms  a  continuous  column  of  cells  in  front 
of  the  vertebrae,  and  has  not  as  yet  separated  into 
ganglia.  The  sympathetic  nerve  cells  have  reached 
this  position  b}'  migration  from  the  ganglia  of  the 
dorsal  roots. 

At  about  this  time  the  suprarenals  commence  their 
development  and  are  found,  at  the  beginning  of  the 
third  month,  occujjying  their  characteristic  position 
as  a  cap  fitted  over  the  head  of  the  kidney.  They 
rapidl.v  acc|uire  a  verv  large  size  and  at  birth  have 
their  permanent  volume.  There  is  no  developmental 
relation  between  the  suprarenals  and  the  kidney.  The 
suprarenals  are  probably  derived  partially  from  the 
mesonephros  and  partially  from  the  sympathetic 
nervous  system,  the  latter  giving  rise  to  the  medullary 
portion  and  the  former  to  the  cortical  portion. 


Fio.  2384. — Lateral  View  of  a  Human  Embrj-o  11  mm. 
in  Length  and  .\bout  Five  Weeks  Old.  No.  CIX.,  Johns 
Hopkins  University  Collection.  (Enlarged  about  7  diameters.) 
The  dissected  area  was  drawn  from  a  reconstruction.  (After 
Bardeen  and  Lewis.) 

The  gill  clefts  and  arches  are  undergoing  marked 
changes.  From  the  first  arch  the  upper  and  lower 
jaws  are  developing.  From  the  first  cleft  the  external 
auditory  canal  and  ear  drum  arc  forming,  and  from 
the  pharyngeal  portion  of  the  cleft  the  Eustachian 
tube  and  middle  ear.  The  malleus  and  incus  of  the 
ear  arise  from  the  dorsal  portion  of  the  cartilage  of  the 
first  gill  arch,  and  from  its  ventral  portion  Meckel's 
cartilage.  From  the  second  arch  are  forming  the 
stapes,  styloid  process,  and  the  hyoid  apparatus,  to 
which  later  the  tongue  muscles  become  attached.  The 
remaining  arches  and  clefts  are  beginning  to  disappear 
by  sinking  into  the  depth  of  the  neck,  remaining 
connected  with  the  surface,  however,  by  a  deep  sinus, 
the  so-called  cervical  sinus.  Occasionally  one  may 
persist  to  adult  life  as  a  sinus  or  cyst.  The  arm  and 
leg  are  enlarged  and  show  two  segments  (see  Fig.  23S3). 
The  skeletal  system  consists  of  a  condensed  mesen- 
chymal tissue  and  precartilage.     The  premuscle  masses 


of  the  head  and  arm  are  dilferentiating  fr<jm  the 
mesenchyme.  Those  of  the  trunk  arising  from 
the  myotome.?  contain  mu.scle  fibers  and  are  more 
advanced,  while  tho.se  of  the  Limbs  appear  to  develop 
in  nitu  about  the  preskeletal  mesenchyme,  and  show 
no  fibrillation.  The  heart  still  lies  elo.se  to  the  mouth 
in  the  neck  region.  It  is  much  changed  in  shape 
and  is  imperfectly  four-chambered.  The  truncus 
arteriosus  is  undergoing  division  into  two  tubes  by 
the  formation  of  the  aortic  septum. 

The  modification  of  the  primary  arterial  8y.9tem  U 
progressing  rapidly.  The  main  portions  of  the  first 
two  arches  have  disappeared,  giving  rise  with  the  third 
arch  to  the  common  carotids  and  their  branches. 
From  the  last  arch  the  ])ulmonary  arteries  arc  devel- 
oping, and  from  the  fourth,  which  seems  to  be  a 
combination  of  the  fourth  and  fifth,  develop  the  large 
aortic  arch  on  the  left  side  and  innominate  and 
subclavian  on  the  right  side.  The  latter,  however, 
still  retains  its  connection  with  the  dorsal  aorta, 
giving  a  condition  found  in  reptiles.  The  important 
connection  of  the  last  arch  on  the  left  side  with  the 
aorta  remains  of  large  size,  and  that  portion  of  it  be- 
tween the  pulmonary  artery  and  the  aorta  forms  the 
ductus  arteriosus,  a  very  important  fetal  structure, 
as  it  enables  the  venous  blood  from  the  right  side  of 
the  heart  to  pass  into  the  aorta  without  going  through 
the  lungs.  The  growth  of  the  liver  has  also  been  an 
important  factor  in  bringing  about  modifications  in 
the  venous  system.  With  the  diminution  of  the  um- 
bilical vesicle  the  extra  embryonic  portion  of  the 
omphalo-mesenterics  disappears,  but  the  embryonic 
portions  of  the  two  veins  form  the  portal  system.  Of 
the  two  umbilical  veins,  the  left  persists  entire,  to  form 
the  single  umbilical  vein  of  the  embryo  and  cord. 
The  right  umbilical  vein  degenerates  into  an  unim- 
portant vein.  The  presence  of  the  liver  has  also  modi- 
fied the  proximal  ends  of  the  umbilical  veins.  The 
left  one  becomes  divided  into  a  capillary  net,  which 
again  collects  into  a  short  vein  that  opens  into  the 
sinus  venosus.  The  development  of  the  ductus  veno- 
sus  soon  forms  a  channel  for  most  of  the  blood  carried 
by  the  umbilical  vein.  The  proximal  portion  of  the 
inferior  vena  cava  is  developed  iis  a  new  structure. 
The  distal  end  of  this  unites  with  the  right  inferior 
cardinal  in  the  region  where  the  renal  arteries  arise; 
and  the  caudal  continuation  of  the  cardinal  from  this 
point  of  union  becomes  the  inferior  portion  of  the 
vena  cava.  The  remaining  portions  of  the  two  car- 
dinals form  the  azygos  veins.  A  cross  anastomosis 
develops  from  the  left  jugular  to  the  right  jugular,  and 
from  the  common  stem  thus  formed  develops  the 
superior  vena  cava.  The  proximal  portion  of  the 
ductus  Cuvieri  on  the  left  side  then  loses  its  connec- 
tion with  the  jugular  and  becomes  the  coronar.v  sinus 
of  the  heart. 

By  the  time  the  embryo  is  five  weeks  old  it  has 
attained  a  length  of  eleven  millimeters  (see  Fig.  2-384). 
The  head  is  still  very  large  and  bent  at  right  angles 
to  the  main  axis  of  the  body.  The  maxillary  and 
nasal  processes,  which  fuse  at  a  later  stage  to  form 
the  upper  jaw,  are  now  more  marked  and  approaching 
each  other.  The  external  nares  are  nearing  the  middle 
line.  The  external  ear  is  represented  by  several  small 
protuberances  about  the  first  cleft.  The  general 
body  musculature  is  well  advanced  and  h.is  its  nerve 
supply.  The  ribs  and  the  muscles  of  the  thorax  and 
abdomen  have  grown  some  distance  into  the  thin 
membrane,  membrana  reuniens.  which  in  early  stages 
constitutes  the  ventral  body  wall.  The  limbs  are 
much  enlarged  and  contain  a  skeletal  core  of  cartilage 
surrounded  by  the  develoijiiig  muscles.  The  arm 
keeps  about  two  weeks  in  advance  of  the  leg  in  its 
internal  differentiation.  The  vertebral  column  and 
ribs  are  formed  partially  in  cartilage.  The  fourth 
pair  of  the  aortic  arches  still  persists  entire  and  the 
others  are  modified  in  various  ways  to  form  the  larger 
arteries  in  this  region.     The  liver  has  been  increasing 
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Fig    2385  -Shoeing  the  Development  of  the  Fetal  Face  and  Head.     (After  Retzius  from  Broman.1     A.  Fetua  25  mm.  long  (X2  dm.); 
B,  fetus  42.5  mm.  long  (X2  dia.):  C,  fetus  52  mm.  long  CX2  dia.);  D.  fetus  117  mm.  long  CX1.5  dia.). 
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rapidly  in  size,  and  in  this  embryo  as  in  the  preceding 
stage  forms  with  the  heart  most  of  the  large  projecting 
abdomen  and  thorax.  The  allantois  forms  a  long 
narrow  tube  extending  from  the  hindgut  into  the  um- 
bilical cord  as  far  as  the  chorion.  At  a  later  stage  the 
umbilical  portion  becomes  obliterated,  while  the 
portion  near  the  hindgut  enlarges  into  the  bladder. 

During  the  fifth  week  the  esophagus  elongates  and 
the  stomach  acquires  its  characteristic  form,  as  well  as 
an  obUquely  transverse  position,  its  former  left  side 
becoming  directed  anteriorly  and  upward,  and  its 
former  right  side  looking  backward  and  downw'ard. 
This  explains  the  distribution  of  the  left  vagus  nerve 
to  the  front  of  the  stomach  and  the  right  to  the  back ; 
for,  before  the  twisting  of  the  stomach  began,  these 
nerves  had  already  reached  the  stomach.  The  con- 
nection of  the  yolk  stalk  or  vitelline  duct  with  the  in- 
testinal canal  rapidly  becomes  less  marked,  and  by  the 
end  of  this  week  onl}'  a  small  duct  attaches  the  yolk 
sac  to  the  intestine. 

During  the  last  part  of  the  embryonal  stage  and  the 
first  part  of  the  fetal  stage  there  are  very  important 
shiftings  or  migrations  of  various  organs  in  the  body. 
That  of  the  heart  and  diaphragm  from  the  cervical 


Fig.  2386. — Drawing  from  a  Reconstruction  of  a  Human 
Embrj-o  20  mm.  in  Length  and  About  Seven  Weeks 
Old.  No.  XXII.,  Johns  Hopkins  University  Collection.  (En- 
larged about  5  diameters.)  The  muscular  systems  of  the  hmbs  and 
body  wall  are  seen  to  be  well  developed.  (,\fter  Bardeen  and 
Lewis.) 

region  into  the  thoracic  region  is  of  especial  interest, 
as  other  structures  are  dragged  along  with  them. 
The  large  blood-vessels  are  puUed  downward,  and  svich 
nerves  as  the  recurrent  laryngeals  indicate  this 
process.  Originally  they  passed  directly  from  the 
vagus  to  the  larynx  just  posterior  to  the  fifth  aortic 
arch,  and  by  the  migration  of  the  heart  and  large 
blood-vessels"  they  are  brought  into  the  position  seen 
in  the  adult.  The  diaphagm  in  its  descent  obtains 
muscle  tissue  and  its  nerve  in  the  cervical  region,  and 
both  are  then  carried  down  to  the  lower  part  of  the 
thorax.  The  limbs  also  exhibit  a  migration,  the  arm 
from  the  cervical  to  the  thoracic  region  giving  the 


caudal  inclination  to  the  brachial  i>lexiis,  which  origi- 
nally went  straight  out  into  the  arm  withcnitthi.s  caudal 
inclination.  The  leg  likewi.se  migrates.  Many  in- 
dividual muscles  also  take  part  in  this  shifting  and 
migrating,  such  as  the  trapezius  from  the  upper  cer- 
vical region  and  the  latissimus  dorsifrom  the  lower 
cervical.  The  path  of  the  nerve  from  its  exit  at  the 
intervertebral  foramen  to  its  point  of  entrance  into 
the  muscle  indicates  the  path  the  migrating  muscle 
has  taken,  while  the  branching  within  the  muscle 
probably  inrlicatcs  the  direction  in  which  the  muscle 
lias  increased  in  size. 

During  the  embryonal  stage  the  yolk  sac  has  dimin- 
ished to  an  organ  of  relatively  small  size  and  impor- 
tance, while  the  central  nervous  sy.stem,  with  its 
greatl.v  enlarged  anterior  end,  the  brain,  giving  to 
the  head  its  great  i)rominence,  becomes  the  predom- 
inating feature  of  the  embryo.  The  head  through- 
out most  of  this  stage  is  about  equal  in  bulk  to  the  rest 
of  the  body  of  the  embryo. 

Felal  Singe. — In  an  embryo  seven  weeks  old  and 
twenty  millimeters  long  the  early  fetal  features  are 
fairly  well  marked.  The  head  is  nearly  erect.  The 
fusion  of  the  maxillary  and  na.sal  processes  is  proceed- 
ing rapidly  to  form  the  upper  jaw,  and  the  nasal  pits 
have  approached  nearer  to  the  median  line.  Failure 
of  fusion  between  these  processes  gives  rise  to  the 
various  forms  of  cleft  palate  and  harelip.  The  gradual 
flevelopment  of  the  fetal  face  and  head  is  best  .seen 
by  a  comparison  of  Fig.  2.'5S5.  The  arms  and  legs 
are  much  elongated,  and  show  the  three  segments 
seen  in  adults.  Fingers  and  toes  are  also  to  be  dis- 
tinguished. Practically  every  muscle  of  the  body  can 
now  be  recognized,  with  its  nerve  -supply  (see  Fig. 
23S6).  The  thoracic  and  abdominal  muscles  have 
pushed  farther  out  into  the  ventral  wall  of  the  body. 

By  the  end  of  the  embryonal  stage  most  of  the 
skeletal  elements  are  laid  down  either  in  cartilage  or 
in  condensed  mesenchyme  or  connective  ti.ssue,  and 
only  in  the  latter  part  of  this  period  does  ossification 
begin  to  take  place.  The  membrane  or  connective- 
tissue  bones  are  the  first  ones  to  ossify — the  membran- 
ous portion  of  the  mandible  and  the  maxilla  in  em- 
bryos about  fifteen  millimeters  in  length.  The 
ossification  of  the  other  bones  begins  as  indicated  in 
the  following  table  in  the  early  fetal  stage. 

The  following  table  gives  length  of  embryo  in  which 
ossification  begins  in  the 

(.\)  Membr.\ne  Bones  of  the  Head. 

Ossa  maxillaria 15  mm. 

Ossa  zygomatica 31  mm. 

Ossa  frontalia 31  mm. 

Ossa  parietalia 31  mm. 

Ossa  palatina 33  mm. 

Vomer 33  mm. 

Ossa  nasalia 42  mm. 

Ossa  lacrimalia "0  mm. 

(B)    CABTILAQI.VOtJS  BoNES  OF  THE  He.vD. 

Incus 190-200  mm. 

Stapes 210  mm. 

Os  ethmoidale 250  mm. 

Concha  inferior 250-350  mm. 

(C)  Part  Membrane  and  Part  Cabtilaoe  Bone.s. 

Mandibula  (membranous  part.) 15  mm. 

Os  occipitale _ 31  mm. 

Os  temporale ' 31  mm. 

Sphenoidale 34  mm. 

Malleus  (cart,  part) 190-200  mm. 

(D)  Bones  of  -\rm  and  Shoclder  Girdle. 

Clavicula 15  mm. 

Humerus 18  mm. 

Radius '9  n>™- 

Ulna 24  mm. 

Scapula 30  mm. 

Distal  phalanx  thumb 31  mm. 

The  metacarpals  and  distal  phalanges  of  the  other 
fingers  begin  next,  then  the  proximal  phalanges  and 
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lastly  the  middle  row,  that  of  the  little  finger  not 
ossifying  until  tlie  emijryo  is  120  millimeters  long. 
The  carpals  do  not  ossify  until  after  bii'th. 

(E)  Bones  of  Leg  and  Pelvis. 

Femur 18  mm. 

Tibia 19  mm. 

Fibula 30  mm. 

Os  ilei 31  mm. 

Os  ischii ISO  mm. 

Oa  pubis 190  mm. 

Distal  phalanx  big  toe '  3.5  mm. 

Second  metatarsal 35  mm. 

The  remaining  metatarsals  and  phalanges  follow 
in  about  the  same  order  as  in  the  hand,  the  middle 
phalanx  of  the  little  toe  not  ossifying  until  the  eighth 
or  ninth  month;  calcaneus,  sixth  month;  talus,  sixth 
month;  cuboideum,  about  birth;  the  other  tarsal 
bones  after  birth. 

Ribs  (Nos.  5-7) 30  mm. 

Vertebrae 33-34  mm. 

Sternum  (variable)  fourth  to  fifth  month. 


Fig.  23S7. — The  Bony  Skeleton  of  an  Embryo  about  70  mm.  in 
Length,  X  2  dia  -  (Broman.) 
1.  Parietal:  2,  squama  superior  and  3,  squama  inferior  of  the 
occipital;  4,  temporal:  5.  occipital:  6,  annulus  tympanicus;  7. 
clavicle:  8,  scapula:  9,  ilium;  10,  frontal:  11,  nasal;  12,  mandible; 
13,  humerus;   14,  ulna;   15,  femur;   16,  tibia. 

In  a  fifteen-millimeter  embryo  the  ends  of  the  upper 
seven  ribs  have  fused  on  either  side  to  form  the  two 
halves  of  the  sternal  anlagen.     The  sternal  anlagen 


lie  first  in  the  lateral  wall  of  the  body.  They 
gradually  come  together  and  fuse  in  the  median 
line.  This  process  is  usually  complete  in  a  thirty- 
millimeter  embryo.  The  progress  of  ossification 
during  the  early  fetal  stage  is  seen  in  Fig.  2387. 
Before     the    fetal     stage     begins    the     telcnceph- 


Pallium 


i 


Fig.  238S. — Left    Lateral    Aspect  of  the  Embryonis  Brain,  natural 
size  (After  G.  Retzius  from  Broman.) 

alon  or  cerebrum  constitutes  a  comparatively 
small  portion  of  the  brain.  The  thalamic  portion  of 
the  diencephalon,  the  mesencephalon  or  midbrain, 
the  metencephalon  or  pons  and  cerebellum,  and  the 
myelencephalon  or  medulla  form  by  far  the  largest 
portion.  The  cerebrum  has  already  begun  to  grow 
out  from  the  forebrain  in  a  ten-millimeter  embryo 
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FiQ.  23S9  —Left  Lateral  Aspect  of  the  Embryonic  Brain,  natural  size.     (After  G.  Retiius  from  Broman.) 
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and  begins  to  predominate  in  tlie  fetal  stage.  In  a 
fetus  120  millimeters  li)ng  it  constitutes  the  greater 
portion  of  the  brain.  The  increase  in  the  size  of  the 
brain  and  the  formation  of  the  fissures  and  sulci  can 
be  followed  in  Figs.  2388  and  23S9. 

By  the  end  of  the  second  month  the  permanent 
kidney  is  fairly  well  formed  and  the  Wolffian  body, 
which  so  far  in  the  life  of  the  embryo  has  performed 
the  function  of  an  excretory  organ,  begins  to  lose  its 
importance.  All  but  the  middle  portion,  which  later 
forms  the  sexual  gland,  atrophies.  Its  duct  in  the 
male  forms  the  vas  deferens,  in  the  female  degenerates, 
while  in  the  female  the  Mullerian  ducts  form  the 
Fallopian  tubes  and  uterus,  and  in  the  male  degener- 
ate. Thus  by  the  end  of  the  second  month  most  of 
the  organs  which  are  found  in  the  adult  are  formed. 
The  main  processes  which  now  take  place  until  birth 
are  the  growth  and  shifting  about  of  these  organs. 

The  third  month  establishes  the  human  form,  al- 
though the  head  still  unduly  predominates.  The 
limbs  have  acquired  their  definite  shape,  and  the  im- 
perfect nails  are  present  on  both  fingers  and  toes. 
The  external  organs  of  generation  become  definitely 
differentiated,  although  they  make  their  appearance 
several  weeks  earlier. 

In  the  female  the  genital  tubercle  remains  much  less 
developed  to  form  the  clitoris.  The  genital  furrow- 
remains  open  to  form  the  vestibule  and  the  genital 
swellings  the  labia  majora.  The  prepuce  and  labia 
minora  developing  from  the  genital  folds  lie  at  either 
side  of  the  genital  sinus.  The  genital  swellings  in  the 
male  when  they  develop  into  the  scrotum  have  layers 
identical  with  those  of  the  abdominal  wall,  as  seen  in 
the  folio wiiig  scheme: 

Abdominal  Walls.  Scrotum. 

Integument.  Integument. 

Superficial  fascia.  Dartos. 

External  oblique  muscle.  Intercolumnar  fascia. 

Internal  oblifiue  muscle.  Cremasteric. 

Transversalis  muscle.  Infundibuliform  fascia. 

Peritoneum.  Tunica  vaginalis. 

The  tunica  vaginalis  lines  the  sac,  communicating 
above  with  the  peritoneal  cavity;  and  into  this  sac 
later  the  testicle  descends.  The  anterior  end  of  the 
ureter  now  reaches  the  neighborhood  of  the  suprarenal 
where  it  ends  in  the  kidnc.y,  which  consists  of  about 
eighteen  lobes,  one  for  each  group  of  tubules  connected 
with  the  ureter.  This  lobulation  persists  until  after 
birth.  The  suprarenals  now  fit  cap-like  over  the  an- 
terior end  of  the  kidnej^  At  the  end  of  the  month 
the  fetus  weighs  about  120  grams  (3i  ounces),  and 
measures  about  five  centimeters  (2  inches)  in  length. 

During  the/oi(r//i  month  hairs  devoid  of  pigment  ap- 
pear on  the  scalp  and  other  parts  of  the  body,  which 
IS  now  covered  with  firmer  skin  of  a  rosy  hue.  The 
eye-lids,  nostrils,  and  lips  are  closed.  The  anus  opens, 
and  the  coils  of  intestine,  which  before  extended  into 
the  umbilical  cord,  now  lie  entirely  within  the  abdom- 
inal cavity.  The  point  of  emergence  of  the  umbilical 
cord  lies  low  down  close  to  the  pubes.  The  head  forms 
about  one-fourth  of  the  entire  body.  The  bones  of 
the  skull  while  ossifying  are  still  widely  separated. 
The  sexual  distinctions  of  the  external  genital  organs 
are  well  defined.  By  the  end  of  this  month  the  fetus 
weighs  about  230  grams  (7i  ounces),  and  measures 
about  ten  centimeters  (4-|  inches)  in  length. 

During  the  ffth  month  the  lower  extremities  become 
longer  than  the  arms,  nails  are  weU  formed,  and  hairs 
are  more  plentiful,  but  devoid  of  color.  The  fetal 
movements  are  distinctly  felt  b.v  the  mother.  The 
sudoriparous  glands  arise  during  this  month  as  solid 
cylindrical  outgrowths  from  the  primary  ridges  of  the 
cijidermis  into  the  dermis.  Later  they  become  coiled 
and  a  lumen  appears.  The  heart  and  liver  share 
with  the  head  in  the  undue  preponderance  which 
these  parts  prosent.     At  the  end  of  this  month  the 


fetus  measures  twenty  centimeters  (8  inches)  in  length, 
and  weighs  about  .500  grams  (I  pound). 

During  the  sixth  month  the  surface  presents  many 
wrinkles  and  is  of  a  dirty  reddish  hue;  the  sebaceous 
coating,  the  vernix  caseosa,  begins  to  appear.  This 
whitish  substance  is  composed  of  shed  surface  epithe- 
lium, mingled  with  the  secretions  of  the  sebaceous 
glands;  its  iirimary  function  seems  to  be  the  protec- 
tion of  the  integument  from  maceration  by  the  amni- 
otic fluid.  The  eyebrows  and  eyelashes  begin  to  grow. 
The  length  of  the  fetus  by  the  end  of  this  month  is 
about  thirty  centimeters  (12  inches),  and  its  weight 
about  1,000  grams  (2  pounds). 

The  Seventh  Month. — The  formation  of  fat  causes  an 
appearance  of  greater  plumpness,  although  the  surface 
is  still  somewhat  wrinkled.  The  hairs  are  longer, 
about  five  millimeters  in  length.  The  eyelids  are 
now  permanently  open.  The  liver  is  still  relatively 
large;  the  testicles  have  descended  as  far  as,  or  even 
into,  the  inguinal  canals.  Children  born  at  the  end 
of  this  month  ma}^  live.  The  fetus  measures  at  the 
end  of  this  period  about  thirty-seven  centimeters  long 
(1.5  inches),  and  weighs  about  1,500  grams  (3  pounds). 

The  Eighth  Month. — This  and  the  ninth  month 
complete  the  fetal  period.  The  chief  changes  are 
great  increase  in  weight,  as  by  the  end  of  the  eighth 
month  the  fetus  weighs  from  2  to  2.5  kilograms  (4  to 
5  pounds)  and  measures  about  forty-two  centimeters 
in  length.  The  scalp  is  well  supplied  with  hair,  and 
the  finger  nails  almost  reach  the  finger  tips.  The 
lanugo  or  embryonal  down  begins  to  disappear.  The 
subcutaneous  fat  has  increased  considerably,  giving 
a  more  rounded  form  to  the  body. 

The  Ninth  Month. — During  this  month  there  is  a 
relatively  large  increase  in  weight,  from  2  to  2.5 
kilograms  to  about  3  or  3. .5  kUograms  (6  to  7  pounds), 
while  the  increase  in  length  is  only  from  about  42  to 
50  centimeters  (20  inches).  The  skin  is  less  highly 
colored  and  the  lanugo  has  almost  entirely  disappeared. 
The  testicles  have  descended  into  the  scrotum;  in  the 
female  the  labia  majora  are  in  contact.  Centers  of 
ossification  usually  appear  in  the  epiphysis  at  the 
lower  end  of  the  femur,  and  often  in  the  upper  epiphy- 
ses of  the  tibia  and  humerus. 

\\'.\RnE-v  n.\RMON  Lewis. 


Fetus,  Diseases  of  the. — Seventeen  per  cent,  of 
infant  deaths  during  the  first  year  are  due  to  con- 
genital causes.  Thirty-three  per  cent,  of  these  occur 
during  the  first  month.  We  shall  consider  this 
subject  in  the  following  manner: 

(A)  The  influence  of  acute  infectious  diseases  of 
the  mother  upon  the  fetus. 

(B)  The  influence  of  chronic  diseases,  infectious 
and  non-infectious,  of  the  mother  upon  the  fetus. 

(C)  Acute  non-infectious  poisoning  of  the  fetus 
from  (a)  chloroform,  (h)  acute  toxemias  of  the  mother, 
of  the  convulsive  and  non-convulsive  types. 

(D)  Diseases  due,  in  part  at  le:ist,  to  errors  in 
development:  (a)  congenital  stenosis  of  the  pylorus; 
(b)  hemorrhagic  diseases  of  the  new-born;  (c)  con- 
genital goiter;  (d)  fatal  endocarditis;  (c)  fetal  nephritis; 
(/)  diseases  of  the  nervous  sj-stem. 

iNFLTJENrB   OP   AcUTB    INFECTIOUS    DISEASES   OF   THE 

Mother. — Pneumonia. — The  maternal  mortality  in 
pneumonia  is  very  high.  This  is  due,  in  part,  to 
the  disease  itself,  "and  in  part  to  the  great  tendency 
to  abortion  or  to  premature  labor.  Fetal  pneumonia 
may  develop  but  this  is  of  rare  occurrence.  The 
infection  with  the  pneumococcus,  in  the  presence  of 
an  active  pneumonia  in  the  mother,  usually  manifests 
itself  as  a  general  infection.  The  pneumococcus 
seems  to  traverse  the  placenta  without  difficulty, 
although  it  is  doubtful  whether  or  not  this  can  take 
place  through  an  undamaged  placenta.  The  writer 
is  inclined   to   believe  that  such  is   rarelv   the   case 
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and  that  some  portion  of  the  placenta,  or  tliat  certain 
groups  of  cells,  must  be  previo\isly  altered — in  this 
instance,  by  the  toxins  of  the  disease — before  the 
actual  passage  of  the  organisms  from  mother  to  child. 
The  prognosis  in  fetal  pneumonia  info<-tion  is  thor- 
oughly bad.  Of  those  infants  that  escape  intra- 
uterine death  and  that  are  born  prematurely,  the 
vast  majority  meet  with  an  early  death. 

Influenza. — The  effect  upon  the  fetus  of  maternal 
influenza  depends  entirely  upon  the  virulence  of 
the  attack.  The  simple  cases  have  little  or  no  effect; 
the  severe  cases  are  responsible  for  a  high  jiorcentage 
of  abortions  and  premature  labors.  'I'lie  fetal 
death  rate  is  in  part,  dependent  upon  prematurity, 
in  part  upon  the  toxemia  of  the  mother,  and  only 
in  rare  instances  is  it  due  to  an  active  invasion  of  the 
hacilhis. 

Typhoid  Fever. — Typhoid  fever  is  always  a  serious 
complication  of  pregnancy.  It  markedly  increa.ses 
the  fetal  mortality  and  it  results  in  abortion  or 
prematurit\-,  in  fifty  to  seventy  per  cent,  of  the 
cases.  This  early  interruption  of  pregnancy  is  due 
in  part  to  the  temperature,  in  part  to  the  toxemia, 
and  in  part  to  the  death  of  the  fetus.  Many  of 
those  born  alive  of  typhoid  mothers,  readily  succumb 
in  the  early  weeks  of  life.  P.  Ernst,  Morse,  and 
others  such  as  Chantemese,  Vidal,  Frascani,  and 
Remlinger  have  shown  that  undoubtedly  the  bacillus 
of  typhoid  can  pass  from  mother  to  child  through  the 
placenta,  but  it  is  a  question,  here  as  in  other  Ijacterial 
Infections,  whether  or  not  this  can  take  place  through 
normal  placental  tissue. 

The  study  of  typhoid  fetuses  has  shown  conclusively 
that  the  intestinal  lesions  so  typical  of  typhoid  fever 
are  rarely,  if  ever,  apparent  at  this  stage  of  life. 
The  disease,  on  the  other  hand,  assumes  the  form  of 
pure  tA-phoidal  sepsis  in  the  majority  of  ca.ses.  The 
organisms  are  found  most  often  in  the  spleen.  The 
Widal  reaction  is  not  infrequently  positive,  but  is  as 
a  rule  more  or  less  imcertain.  Finally,  it  is  possible 
for  a  pregnant  woman  to  have  typhoid  fever  without 
infection  of  the  offspring. 

Ballantyne,  A.  Charrin,'  Charrin  and  Nattau- 
Larrier,-  Charrin,  Guillemonat,  Levaditi^  have  called 
especial  attention  to  the  possible  late  results  that 
may  develop  in  Infants  who  have  survived  an  in- 
trauterine typhoid.  These  changes  are  probably 
due  (1)  to  active  typhoidal  poison  and  (2)  to  toxins 
transmitted  to  the  fetus  over  a  considerable  period 
of  time.  Such  changes  involve  a  tendency  to  Ijron- 
chopneumonia,  gastroenteric  disturbances,  marasmus, 
and,  rarely,  lessened  intellectuality  (J.  E.  Corbin,-" 
W.  Osier*): 

Diphtheria. — Diphtheria  during  pregnancy  is  not 
common.  In  the  eases  in  which  it  does  occur,  danger 
to  the  fetus  is  present  only  in  the  severe  grades  of 
intoxication.  Although  Init  few  careful  clinical 
observations  have,  so  far,  been  made  in  this  line,  in 
human  subjects,  Schmidlechner  has  obtained  definite 
results  in  animal  experimentation.  He  inoculated 
nineteen  animals  with  "diphtheria  toxin.''  From 
his  studies  on  these  animals,  he  deduced  the  following: 
(1)  A  portion  of  the  diphtheria  to.xin  is  transferred 
to  the  fetus,  and  causes  in  it  similar  changes  as  found 
in  the  mother.  (2)  The  intensity  of  these  changes 
depends  upon  the  quantity  of  toxin  injected  in  the 
mother.     (3)  The  changes  develop  quickly  in  the  fetus 

(4)  The  mode  of  transmission  is  through  the  placenta. 

(5)  Most  of  the  toxin  in  the  fetal  circulation  remains 
for  a  long  time  unchanged,  and  the  injection  of  this 
blood  into  another  animal  causes  the  same  changes  as 
were  present  in  the  first  mother  and  child. 

Scarlet  Fever. — Scarlet  fever  is  not  uncommon  in 
pregnancy;  abortion  may  or  may  not  take  place. 
It  has  been  believed  that  the  pregnant  woman  possesses 
a  certain  immunity  to  the  disease.  This  viewpoint, 
quoting  Williams,  "was  held  by  such  men  as  Braxton- 
Hicks  and  Olshausen,  who  supported  this  theory  on 
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the  ground  that  scarlet  fever  is  seen  much  less 
frequently  during  pregnancy  than  in  the  puerpcrium. 
It  is  probable,  however,  that  a  large  percentage  of 
so-called  puerperal  ca.ses  were  not  examples  of  true 
scarlet  fever  but  were  examples  of  puerperal  sepsin. 

It  is  well  known  to-day  that  a  considerable  number 
of  obstetrical  patients  suffering  from  one  of  these 
severe  tj-pes  of  infection,  develop  rashes  rew-mbling 
scarlet  fever.  The  prognosis,  when  the  fetus  is 
infected,  is  uncertain.  We  know  that  it  is  pcssible 
for  a  healthy  child  to  Ije  born  despite  an  active  scarlet 
fever  in  the  mother. 

Numerous  authors  believe  that  children  bom  of 
mothers  who  have,  or  h.ave  had,  scarlet  fever  during 
pregnancy,  develop  imnuinity  to  the  disease.  While 
this  may  be  true  in  certain  cases,  we  believe  that  there 
are  many  exceptions,  for  several  writers  have 
reported  instances  in  which  healthy  children,  who  have 
been  born  of  mothers  with  scarlet  fever,  later  con- 
tracted it  through  the  nursing. 

Inasmuch,  then,  as  considerable  uncertainty  still 
exists  in  this  regard,  a  conservative  viewpoint,  in  the 
nuuKigenieiit  of  such  children  who  are  born  alive, 
sho\ild  be  followed. 

Meanle-s. — While  measles  in  itself  is  not  a  dangerous 
disease,  still,  when  it  occurs  during  pregnancy  it  is 
very  likely  to  cause  abortion  or  premature  deliverv. 
A  few  cases  of  undoubted  intrauterine  mea.slcs  have 
lieen  reported  in  the  literature,  but  such  cases  are 
rare. 

Smallpox. — Smallpox  complicating  pregnancy  has 
naturally  a  more  serious  prognosis  than  at  other  times; 
it  exerts  a  deleterious  influence  upon  the  offspring, 
frequently  causing  the  interruption  of  the  pregnancy. 
This  interruption  of  pregnancy  may  be  due  to  the 
direct  transmis.sion  of  the  disease  to  the  fetus,  to 
the  liigh  temperature,  or  to  hemorrhagic  changes  in 
the  placenta.  The  occurrence  of  intrauterine  small- 
pox has  been  definitely  established,  as  children  are 
occasionally  born  in  the  eru|)tive  stage  of  the  disease 
and  with  distinct  pock-marks.  On  the  other  hand, 
in  the  case  of  women  suffering  from  an  early  active 
variola  who  abort  at  an  early  stage  of  the  "disease, 
it  is  possible  for  the  infants  to  be  born  either  dead 
or  alive  without  any  signs  of  the  disease.  The 
development  of  intrauterine  immunity  is  now  believed 
to  be  most  improbable. 

Gonorrhea. — Gonorrhea  in  pregnant  women  should 
be  considered  as  a  serious  complication  both  for 
mother  and  child.  In  many  instances  the  organisms 
invade  the  decidua  giving  rise  to  inflammatory  con- 
ditions which  lead  to  abortion  or  premature  labor. 
Gonococci  have  been  demonstrated  in  decidual 
endometritis  by  Newman,  Maslovski,  WiUiams,  and 
others. 

In  the  study  made  on  this  subject  in  1906  by 
James  A.  Harrar  and  Ralph  W.  Lobenstine  it  was 
found  "that  gonorrhea  in  the  mother  in  the  later 
months  of  pregnancy  is  not  only  a  cause  of  a  large 
number  of  premature  births,  but  that  it  has  decided 
influence  in  lowering  the  average  birth  weight  at  term; 
and  this  low  average  birth  weight  is  largely  due  to 
the  local  effects  of  the  disease,  vitiating  the  normal 
nutrition  of  the  fetus." 

Influence  of  Qhronic  Dise.\ses  of  the  Mother. — 
Tuberculosi.'i.^ — We  are  still  ignorant  of  the  exact  part 
played  by  heredity  in  the  production  of  tuberculosis. 
In  the  attempt  to  answer  this  important  and  in- 
teresting question,  two  tlieories  have  been  advanced: 
(1)  The  theory  of  an  heredit^ary  predisposition;  (2) 
the  theory  of  direct  bact^'rial  infection  in  utero. 
In  support  of  the  first  theory:  (1)  Direct  bac- 
terial transmission  is  far  too  imusual  to  account  for 
the  frequency  of  the  disease  in  the  young.  (2) 
A  predisposition  to  the  disease  may  be  derived  almost 
as  frequently  from  the  father  as  from  the  mother; 
while  in  the  case  of  the  true  congenital  transmission, 

385 


Fetus,  Diseases  of 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES 


no  authentic  case  of  direct  transmission  from  ttie 
father  is  on  record.  (3j  The  predisposition  may 
be  handed  down  from  a  parent,  grandparent,  etc., 
having  only  a  mild  form  of  the  di.sease;  while  in  those 
cases  in  which  direct  bacterial  infection  takes  place, 
the  parent  (the  mother)  suffers  usually  (not  always 
according  to  Schmorl)  from  a  severe  type  of  the 
disease — most  frequently  from  a  general  miliary 
tuberculosis. 

In  support  of  the  second  theory:  The  first  im- 
doubted  case  of  congenital  tuberculosis  was  described 
by  Johne  in  1S85,  and  occurred  in  a  (calf)  fetus 
of  eight  months,  foiuid  in  the  uterine  cavity  of  a 
cow  which  died  of  jjhthisis,  the  uterus  and  placenta 
being  normal. 

Since  then  numerous  cases  have  been  described  by 
other  veterinaries,  until  in  1898  more  than  sixty  cases 
of  calves  with  congenital  tuberculosis  had  been  re- 
ported, and  Klapp  estimated  that  2.G3  per  cent,  of  all 
calves  born  of  tuberculous  cows  are  tuberculous. 

Human  cases  of  congenital  tuberculosis  are  much 
less  frequent,  Schmorl  and  Birch-Hirschfeld  being 
the  first  to  descrilje  the  case  of  a  seven-months 
fetuB  born  of  a  tuberculous  mother  and  showing 
tubercle  bacilli  in  its  liver  and  the  placenta,  no 
histological  changes  of  tuberculosis  being  present. 

Sabouraud  was  the  first  to  describe  a  well  authen- 
ticated case  of  congenital  tuberculosis  in  which 
miliary  tubercles  were  found  in  the  liver  and  the 
spleen  of  the  infant.  Other  cases  have  been  re- 
ported since  the  year  1825,  but  in  the  absence  of 
convincing  microscopical  examinations,  these  must 
remain  doubtful. 

The  literature  has  been  critically  reviewed  more 
recently  by  Warthin,  Cowie,  and  Wollstein,  who.se 
stricter  classification  has  served  to  separate  the 
imdoubted  from  the  doubtful  cases,  the  criteria 
rec}uired  being  "the  presence  of  characteristic  ana- 
tomical changes  and  of  tubercle  bacilli,  the  develop- 
ment of  the  lesions  within  such  a  short  time  after 
birth  as  to  preclude  the  po.ssibility  of  extrauterine 
infection,  and  the  exclusion  of  syphilis."  From 
this  point  of  view  the  undoubted  cases  of  congenital 
tuberculosis  have  been  reduced  to  a  mere  handful. 
Not  a  single  indisputable  case  of  direct  bacterial 
infection  from  the  father  is  on  record;  even  though 
experiments  have  proven,  beyond  a  doubt,  that  the 
semen  may  contain  tubercle  baciUi  in  advanced 
general  tuberculosis,  or  severe  tuberculosis  of  the 
testes. 

The  infection  is  transmitted  in  all  cases  through 
the  placenta  or  decidua  basalis,  from  the  maternal 
blood  (although  the  ovary  may  be  the  seat  of  the 
tuberculosis,  it  has  not  been  positively  demonstrated 
that  direct  infection  has  taken  place  through  an 
infected  ovum).  The  i)Iacenta  shows,  in  all  cases, 
tuberculous  changes;  but  the  degree  of  infection  of 
the  child  does  not  necessarily  depend  upon  the  degree 
of  those  changes. 

Character  of  the  Involvement  of  the  Child. — (1) 
There  may  be  bacterial  infection  without  definite 
lesions.  (2)  There  may  be  both  bacterial  changes 
and  tubercle  bacilli. 

Schmorl  has  described  placental  tuberculosis  as 
occurring  in  four  forms,  dependent  upon  the  localiza- 
tion of  the  tubercle  bacilli;  on  the- periphery  of  the 
villi,  when  the  tubercles  form  in  the  intervillous 
spaces;  in  the  interior  (stroma)  of  the  villi;  in  the 
basal  decidua;  in  the  chorion,  involving  the  amnion 
as  well.  The  fir.st  form  is  the  most  frequent  one, 
and  occurs  especially  in  placenta;  which  are  fully 
formed;  the  third  variety,  on  the  other  hand,  occurs 
in  the  early  months  of  pregnancy.  The  second 
variety  is  very  rare,  as  a  jirimary  placental  lesion 
(Schmorl  having  found  it  but  once),  though,  as  in 
our  case,  tubercles  in  the  substance  of  the  villi  often 
occur  secondarily  to  their  formation  in  the  intervillous 
spaces.     The  rarity  of  this  form  of  primary  placental 
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tuberculosis  would  argue  against  the  villus  involve- 
ment while  the  syncytium  remains  normal.  The  case 
described  by  Wollstein  and  Lobenstine'  illustrates 
the  intervillous  and  chorionic  localization  of  tubercle 
bacilli,  with  secondary  involvement  of  the  villous 
stroma.  Schmorl  describes  one  case  in  which  the 
tuberculous  area  in  the  chorion  had  perforated  the 
amnion  and  tubercle  bacilli  were  found  on  the  surface 
of  that  membrane.  Thus,  says  Schmorl,  there  is  the 
possibility  of  ga.strointestinal  infection  of  the  fetus  by 
means  of  the  tubercle  bacilli  in  the  liquor  amnii. 

Of  late  a  number  of  the  best  foreign  observers 
have  been  disposed  to  believe  that  a  good  many  of 
the  so-called  early  postnatal  infections  have  in  reality 
been  cases  of  intrauterine  infection.  Certainly  in 
the  light  of  the  recent  work  on  tuberculosis  of  the 
placenta,  etc.,  this  possibility  should  be  carefully 
weighed.  Francine  contends  that  the  tubercle 
bacillus  may  lie  dormant  in  the  lymphatics  of  the 
new-born  and  not  become  active  until  some  weeks 
after  birth.  Today  such  men  as  Jung,  Schmorl,  and 
Baumgarten  cling  strongly  to  the  belief  that  not 
infrequently  tubercle  bacilli  are  to  be  found  in  the 
blood  of  the  new-born.  Even  if  we  believe  that  the 
villi  must  be  damaged  in  order  to  allow  the  passage 
of  tubercle  bacUli,  we  may  still  readily  appreciate 
how  this  injury  can  take  place  during  the  height  of 
the  labor. 

Schmorl,  Schlimpert,  Norak,  Ranzel  and  others 
consider  it  quite  possible  and  probable  that  during 
hard  uterine  contractions  tubercle  bacilli  are  forced 
from  the  placenta  into  the  fetal  circulation. 

After  conception  has  taken  place,  it  is  but  reason- 
able to  suppose  that  abortions  are  somewhat  more 
common  than  in  non-tuberculous  cases.  This  is 
partly  due  to  the  cough,  partly  to  the  vomiting,  or 
to  the  temperature;  it  may  be  due  to  an  endometritis 
or  to  a  beginning  tubercvilosis  of  the  decidua.  We 
find,  moreover,  that  the  tendency  to  premature  labor 
is  even  greater  than  the  tendency  to  miscarry.  This 
is  particularly  seen  in  tuberculosis  of  the  larynx. 
When  the  disease  is  stationary  or  when  the  pulmonary 
condition  is  but  moderately  active,  it  is  possible  for 
the  tuberculous  woman  to  bring  forth  an  appar- 
ently well-nourished,  active,  and  healthy  child.  This 
fact  is  but  seldom  noted  in  the  severer  grades  of 
tuberculosis. 

According  to  W^einberg,  67.9  per  cent,  of  infants 
of  tuberculous  parents,  whose  mothers  died  within  one 
year  after  labor,  died  likewise  within  the  first  year 
of  life,  as  against  a  normal  death  rate  of  twenty-five 
per  cent.  Of  fifty-seven  infanta  born  alive,  whose 
mothers  died  within  four  weeks  of  labor,  78.8  died 
within  the  first  year.  If  to  these  early  cases  we  add 
the  vast  army  of  children  that  later  develop  the 
di.sease  from  contact  with  the  tuberculous  parent,  we 
wiU  appreciate  the  great  toll  on  health  and  life,  due 
to  faulty  inheritance  and  faidty  surroundings.' 

Malaria. — In  this  climate  malaria  contracted 
during  pregnancy  has,  in  the  majority  of  cases,  little 
influence  upon  the  course  of  the  latter.  This  state- 
ment applies  merely  to  the  more  usual  types  of  the 
disease.  In  the  severe  grades,  it  is  unque.stionably 
true  that  both  abortion  and  premature  lalior  occur 
not  infrequently;  premature  labor  as  a  result  of  the 
malarial  infection  is  far  more  common  than  abortion. 
This  fact  depends  very  considerably  upon  the  tend- 
ency of  the  quinine  to  initiate  uterine  contractions, 
although  several  writers  have  claimed  that  the 
oxytoxic  properties  of  the  quinine  are  apparently 
in  abeyance  under  these  conditions.  This  belief, 
in  the  writer's  opinion,  should  be  accepted  with  great 
caution.  Whether  or  not  the  Plasrnodiutn  malariw 
has  e^•er  been  found  in  the  fetal  blood  or  in  the  several 
organs  is  still  a  question  of  wide  discussion.  There 
are  undoubted  cases,  however,  in  the  writer's 
experience  as  well  as  in  that  of  numerous  other  ob- 
servers, in  which  the  child  at  birth  has  given  evidence 
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— either  within  the  first  few  days  of  life  or  at  least 
during  the  first  few  weeks — of  active  malarial  in- 
fection. A  congenital  hypertrophy  of  the  spleen 
is  the  most  constant  pathological  feature  found  in  the 
child  born  of  a  motlier  who  has  recently  suffered  from 
active  malaria. 

Chronic  Lead  Poisoning. — In  pregnant  women 
suffering  from  chronic  lead  poisoning  abortion  occurs 
in  fully  sixt.v  per  cent,  of  the  cases.  Children  born 
alive  show  a  high  secondary  mortality,  exhibit  marked 
tendency  to  convulsions  and  instability  of  the  nerv'ou.s 
system  generally.  When  both  mother  and  father 
are  affected  with  plumbism  at  the  time  of  conception, 
the  intrauterine  death  rate  may  reach  as  high  as 
eighty-five  per  cent.  The  metal  has  been  found 
in  the  organs  of  the  fetus  where  it  has  apparently 
caused  inflammatory  changes.  By  means  of  ex- 
periments on  guinea-pigs,  lead  has  been  shown  to 
pass  from  mother  to  oflfspring  and  to  be  widely  dis- 
tributed in  the  latter.  It  has  further  been  proved 
experimentalh-  to  be  a  strong  abortifacient. 

In  1860  Constantin  Paul  from  experiments  and 
observations  concluded  that  lead  poisoning  may,  in 
its  effect  upon  the  fetus,  act  very  similarly  to  syphUis; 
viz.,  either  the  fetus  may  perish  in  utero  or  it  may, 
and  probably  wUl,  suffer  after  birth  (when  born  alive) 
from  certain  d.vscrasia  resulting  from  the  parental  con- 
dition. BaUantyne  reports  the  results  of  eighty-one 
observations  made  by  Paul  on  workers  in  lead  factories. 
These  observations  were  arranged  in  six  series. 

In  the  first  group  he  placed  women  who  had  had 
more  or  less  serious  signs  of  plumbism.  There  were 
four  women  in  this  series  who  had  had  fifteen  preg- 
nancies, of  which  ten  had  ended  in  abortions,  two  in 
premature  labor,  one  in  a  dead-born  infant,  one  in 
an  infant  that  died  in  twenty-four  hours,  and  one  in 
an  infant  that  suri-ived  birth. 

In  the  second  group  were  placed  five  women  (in- 
eluding  the  original  case  referred  to  above)  who  had 
had  normal  pregnancies  prior  to  their  working  in 
lead,  but  who  afterward  out  of  thirty-six  new  preg- 
nancies had  had  twenty-six  abortions,  one  premature 
labor,  two  dead-births,  five  infants  of  whom  four 
died  in  the  first  year,  and  two  infants  who  survived. 

In  the  third  series  is  a  single  case,  that  of  a  woman 
■who  had  ceased  to  work  in  the  type-foundry;  as  a 
worker  she  was  five  times  pregnant,  and  had  five 
abortions ;  after  ceasing  to  work  she  had  one  pregnane}', 
the  result  of  which  was  a  living  and  healthy  infant. 

In  the  fourth  series  were  two  cases:  (1)  That  of  a 
woman  who  had  ceased  to  work  in  the  foundry,  gave 
birth  to  a  living  infant  four  years  later,  and  had  then 
returned  to  work,  and  had  since  had  one  abortion  and 
probably  three  others;  (2)  that  of  a  woman  who  had, 
on  two  occasions,  ceased  to  work,  and  in  each  interval 
had  had  a  living  (and  surviving)  infant,  and  who  had 
thereafter  worked  continuously  and  had  two  abortions. 

The  fifth  series  was  very  interesting;  it  contained 
seven  cases,  in  which  either  the  husband  alone  was 
exposed  to  lead  poisoning,  or  in  which,  although  both 
parents  were  exposed,  the  husband  alone  suffered 
from  signs  of  saturnism.  Out  of  thirty-two  preg- 
nancies, there  were  eleven  abortions  and  one  dead- 
birth,  while  of  the  twenty  infants  born  alive,  eight 
died  in  the  first  year,  four  in  the  second,  five  in  the 
third,  and  three  "suri-ived.  The  conclusion  drawn  is 
that  the  father  as  well  as  the  mother  may  transmit 
the  evil  effects  of  lead  poisoning,  although  in  a  less 
grave  degree,  to  the  offspring;  but  to  do  so  he  must 
be  suffering  from  the  lead  ("en  puissance  de  plomb") 
at  the  time  of  fecundation. 

In  the  sixth  and  final  series  were  the  cases  where 
the  blue  line  on  the  gums  was  the  only  sign  of  plumb- 
ism; there  were  six  women  in  this  series,  who  had 
twenty-nine  pregnancies,  among  which  there  were 
eight  abortions,  one  premature  labor,  twelve  dead 
infants,  and  eight  living  infants;  so  that,  when  the 
effects  of  the  lead  on  the  parent  were  less  marked,  the 


results  to  the  offspring  were  al.so  less  severe.  Paul 
draws  the  evident  conclusion  that,  while  lead  poison- 
ing' does  not  prevent  fecundation,  it  very  gravely 
interferes  with  antenatal  life;  for,  out  of  a  total  cif 
one  hundred  and  twenty-three  pregnancies,  in  seventy- 
three  the  product  was  dead  before  expulsion  from  the 
uterus,  and  thirty-five  infants,  born  alive,  died  in  the 
first  three  years  of  life. 

Manifestly  it  is  a  grave  matter  for  the  fetus  when 
one  or  both  its  parents  are  "en  puissance  de  plomb." 
In  a  later  article  Paul"  added  two  other  cases  to  the 
list,  giving  a  total  of  one  hundred  and  forty-one 
pregnancies,  ninety-one  abortions,  dead-births,  and 
premature  labors,  and  thirty-five  infants  who  died 
in  the  first  three  years  of  life. 

Fournicr's  exclamation  regarding  syphilis  is  surely 
not  inapplicable  here  also".  "Quelles  statistiquea! 
Quelles  horribles  tables  mortuaires!" 

Later,  F.  Roqvie'  ascribed  to  working  in  lead, 
not  merely  the  high  infant  mortality,  but  also  the 
frequent  occurrence  of  idiocy,  imbecilitv,  and  epilepsy. 

In  1881,  O.  Rennert'"  found  that,  of'the  children  of 
eleven  men  working  in  pottery-glazing,  many  had 
certain  cranial  anomalies.  These  eleven  men  suffered 
from  plumbism  while  the  wives  showed  some  signs 
thereof.  Either  at  birth  or  .soon  thereafter,  the  heads 
of  the  infants  were,  in  many  instances,  peculiarly 
square-shaped,  and  increased  in  size  more  rapidly 
than  the  normal,  without,  however,  the  signs  of 
hydrocephalus.  There  were  no  signs  of  rachitis. 
Later  these  infants  showed  a  tendency  to  develop 
convulsions,  and  of  their  number,  fifty  per  cent. 
died  (twenty-eight  out  of  fifty-six  affected). 

"The  localization  of  the  effects  of  the  lead  upon  the 
brain  and  cranium  is  interesting,  when  taken  in 
conjunction  with  Porak's  experimental  results  in 
which  the  metal  was  found  especially  in  the  ner\'ou3 
system."  On  the  other  hand,  Legrand  and  Winter 
found  in  a  case  of  their  own  that  the  lead  was  most 
easily  recovered  from  the  liver  and  spleen. 

At  the  present  day,  the  worst  examples  of  plumbism 
are  foimd  in  Hungary  in  the  potteries.  In  .some  of 
the  villages,  the  majority  of  the  workers  in  the  pot- 
teries have  no  children.  The  children,  in  other 
villages,  that  survive  have  a  tendency  to  hydro- 
cephalus, meningitis,  convulsions,  epilepsy.  Those 
that  reach  adolescence  have  a  peculiarly  stunted 
appearance.     Infantilism  is  common. 

At  Temerrin,  T.  Oliver  found  that  in  one  family 
seven  children  had  died  in  con^•ulsions;  in  another 
famil}'  six  children  had  thus  perished. 

Dr.  George  Reid  (Rept.  Dept.  Committee  on 
Dangers  Attendant  on  the  Use  of  I.,ead)  found  that, 
"females  who  worked  in  lead  before  marriage  mis- 
carried twice  more  frecjuently  than  the  non-lead 
workers,  and  that  those  who  worked  in  lead  after 
marriage  miscarried  tliree  times  more  frequently." 

Next  to  syphilis,  plumbism  destroys  and  injures 
more  lives  than  any  other  agent  known.  (This  is 
relative  of  course,  depending  upon  the  country  in 
question.) 

Chronic  Mercurial  Poisoning. — In  pregnant  women 
who  are  subject  to  chronic  mercurialism,  the  tendency 
to  abortion  and  premature  labor  is  again  found  to 
be  high.  This  is  directly  opposite  to  the  action  of 
mercury  in  the  presence  of  syphilis  and  pregnancy. 
In  the  latter  condition,  mercury  in  large  doses 
not  only  prevents  abortion  but  is  a  real  life  saver. 
Mercury  has  been  found  in  the  placenta,  liquor  amnii, 
and  fetiis  ("in  the  brain,  heart,  lungs,  liver,  kidney, 
and  spleen"). 

Phosphorism  and  Arsenicism. — The  chief  efTect  of 
both  phosphorus  and  arsenic  upon  the  fetus  when 
the  mother  is  suffering  from  chronic  poisoning  there- 
from, consists  in  the  high  percentage  of  interrxiptions 
of  pregnancy.  Lead,  arsenic,  and  phosphorus  are 
widely  used  to  produce  criminal  abortion,  and  have 
been  responsible  for  many  deaths. 

387 


Fetus,  Diseases  of 


REFERENCE   HANDBOOK   OF   THE    MEDICAL  SCIENCES 


There  is  good  evidence  at  hand  to  warrant  the 
belief  that,  in  certain  cases  at  least,  of  acute  phos- 
phorous poisoning,  the  lesions  of  the  fetus  are  identical 
with  those  found  in  the  adult  under  such  circum- 
stances, namely,  fatty  degeneration,  disintegration 
of  the  parenchyma  cells,  particularly  of  the  liver  and 
kidneys,  ecchymosis,  and  acute  hemorrhages.  Phos- 
phorus is,  of  all  the  metallic  abort  if  acients,  the  strong- 
est and  is  used  to  a  considerable  degree  for  this 
purpose,  despite  the  tremendous  risk  involved,  among 
the  ignorant  classes  in  certain  countries.  I  have 
myself  observed  one  such  case  which  resulted  in 
death  to  both  mother  and  fetus. 

Chronic  Alcoholism. — The  principal  action  of  alcohol 
upon  the  fetus  is  shown  in  the  distressingly  high 
tendency  to  nervous  disorders  both  of  the  brain  and 
spinal  cord,  as  well  as  many  other  features  of  de- 
generacy. It  is  unquestionably  a  curse  to  the 
offspring.  Experimental  investigation  has  proved 
beyond  a  doubt  that  alcohol  passes  readily  from 
mother  to  fetus,  both  in  human  beings  and  in  animals. 
This  action  may  be  either  immediate  or  remote. 
During  pregnancy  it  has  a  tendency  to  interfere 
with  the  normal  progress  thereof,  either  by  its  direct 
effect  opon  the  fetus,  or  by  means  of  its  action  upon 
the  placenta.  Aside  from  the  fact  that  it  increases 
intrauterine  mortality,  it  so  influences  the  resistance 
of  the  offspring  that  many  of  these  die  at  an  early  age. 

Sullivan'!  found,  in  an  exhaustive  study  of  the 
subject,  that  to  120  female  inebriates  were  born  600 
children  of  whom  55.8  per  cent,  died  under  two  years 
of  age  or  were  still-born. 

In  thirty-three  ca.ses  of  non-alcoholic  women 
related  to  the  above  inebriates,  the  rate  of  still- 
births and  early  infant  mortality  was  23.9  per  cent. 
Sullivan  further  demonstrated  that  the  fetal  death 
rate  among  alcoholics  was  progressive  in  type,  thus 
illustrating  the  frightful  ravages  of  maternal  al- 
coholism. The  earlier  the  mothers  became  alcoholics, 
the  higher  the  infant  mortality. 

Nicotine  Poisoning. — It  is  a  strange  fact  that, 
considering  the  extensive  use  of  tobacco  in  the  world 
at  large,  and  considering  the  great  number  of  dis- 
cussions that  have  been  forthcoming,  on  fetal  and 
infant  mortality  and  morbidity,  so  little  has  been 
said  about  the  possible  pernicious  effects  of  nicotine 
upon  the  offspring.  Observations  made  by  Dr^sdale 
of  London,  Kostral  of  Austria,  Hurteau  of  Paris, 
Omer  Bey  of  Turkey,  Tidswell  of  Khartoum,  Torquay, 
and  most  recently  Woods  of  Philadelphia  are,  as 
yet,  not  widely  known  by  either  medical  profession 
or  laymen,  but  are  worthy  of  the  closest  scrutiny. 
Tidswell  in  his  book  on  the  "Tobacco  Habit"  (London 
1912)  gives  the  results  of  his  own  close  study  with 
regard  to  the  effect  of  nicotine  upon  intrauterine 
life,  and  upon  the  infant  in  the  early  years. 

He  strongly  believes  that  habitual  smoking  of  the 
father,  and  forced  inhalation  of  tobacco  fumes  and 
tobacco  dust  by  the  pregnant  woman  have  a  markedly 
deleterious  effect  upon  the  offspring,  and  nicotine 
may,  according  to  his  view-point,  as  well  as  that  of  a 
few  other  observers,  pass  into  the  placental  circula- 
tion and  thus  gradually  poison  the  child. 

His  chief  deduction  is  that,  in  the  series  of  cases 
that  he  personally  studied,  the  wives  of  the  smokers 
had  twice  as  many  dead  fetuses  as  the  wives  of  the 
non-smokers.  A  summary  of  his  results  will  be 
found  in  the  following  table. 

Class  1.  Class  2. 

Non-smokers.  Smokers. 

Birth  rate  per  1,000 7,368  6,859 

Excess  of  Males 474  

Excess  of  Females 473 

Miscarriages 394  1,03-5 

Still-born  Infanta 210  263 

Abnormal  Confinements 83.7  132.2 

Abscess  of  Breast 80  263 

Mortality  among    1.000    living    chil- 
dren              153  227 


Nicotine,  in  addition  to  having  been  found  in  the 
placental  circulation,  has  been  isolated  from  the 
amniotic  fluid.  Kostral  has  made  interesting  ob- 
servations in  the  tobacco  factory  of  Iglan  near  Vienna 
concerning  the  effect  of  tobacco  dust  upon  expectant 
mothers  and  upon  their  offspring. 

"The  work  girls  had  frequent  disturbances  of 
their  health  and  were  frequently  pallid  and  l:)reathless. 
Among  those  who  were  mothers  and  suckled  their 
infants,  there  was  often  inflammation  of  the  breasts, 
and  the  milk  smelt  strongly  of  tobacco.  Besides  this, 
of  506  births  which  took  place  among  these  women 
in  three  years.  Dr.  Kostral  found  that  eleven  per  cent, 
were  still-births,  and  206  infants  died  soon  after 
birth.  One  hundred  and  one  of  these  died  of  brain 
disease  with  convulsions,  and  110  died  in  the  first 
three  months  of  life;  160  in  the  first  six  months;  and 
181  in  the  first  year.  It  was  a  curious  fact,  too,  that 
the  major  part  of  these  infants  died  when  thej'  were 
from  three  to  four  months  old,  just  when  their 
mothers  returned  to  work,  and  gave  their  children 
breast-milk  poisoned  with  nicotine.  These  facts  are 
conclusive  as  to  the  evil  effects  of  smoking  and  tobacco 
dust  upon  the  health  of  infants,  chUdren,  and  adoles- 
cents of  both  sexes. 

We  may  infer  from  these  facts  that  pregnant 
women,  and  those  who  are  suckling  their  children, 
should  not  be  exposed  to  toba,cco  smoke. 

A  Turkish  Medical  man.  Dr.  Omer  Bey,  observed 
that  in  Turkey  "It  is  not  alcoholism  that  causes 
injury  to  health,  but  tobacco.  It  kills  the  individual 
person,  the  race,  and  enervates  the  countrv.  Nico- 
tinism in  my  country  is  what  alcoholism  is  in  France, 
and  morphinism  is  in  Eastern  Asia.  In  Turkey, 
people  do  not  drink,  thanks  to  the  abstinence  enjoined 
by  the  Koran,  but  they  smoke  everywhere  and  for- 
ever; it  is  for  this  reason  that  we  may  conclude  that 
nicotinism  is  a  question  more  important  in  my  native 
land  than  alcoholism." 

According  to  Dr.  Woods  of  Philadelphia,  a  large 
percentage  of  cases  of  epilepsy  in  early  childhood  are 
the  result  of  tobacco  poison  in  the  parents. 

Charles  G.  Pease  states  that  arteriosclerosis  has 
been  produced  in  smaller  animals  by  subjecting  them 
to  the  continual  influence  of  tobacco  poison.  He 
also  claims,  that  chronic  toxic  congestion  of  the 
spinal  cord  and  brain  is  produced  by  tobacco. 

This  short  survey  should  be  sufficient  to  arouse 
interest  in  a  greatly  neglected  phase  of  our  social  life. 
The  work  accomplished  so  far  should  stimulate  others 
to  further  investigation  along  similar  lines. 

Should  further  study  substantiate  the  facts  pre- 
sented above,  we  shall  be  able  to  conclude,  and  not 
until  then,  (1)  that  nicotine  in  the  parent  is  a  serious 
cause  of  intrauterine  mortality,  (2)  that  it  is  a  grave 
cause  of  early  infant  mortality;  (-3)  that  it  is  a  cause 
of  vitiated  vitalit}'  in  the  infant,  and  a  frequent  cause 
of  epileps}'. 

Chronic  Opium  Poisoning. — But  little  work  has  so 
far  been  carried  on  to  determine  the  effects,  upon 
the  fetal  development  and  the  fetal  constitution, 
of  chronic  opium  poisoning  in  the  parent. 

This  subject  would  seem  to  offer  a  wide  field  for 
investigation,  inasmuch  as  the  use  of  this  drug  is 
far  more  wide  spread  than  is  commonly  believed. 
If  only  the  father  uses  opium,  the  effects  upon  the 
offspring  may  not  be  pronounced  in  the  first  genera- 
tion, but  in  the  second.  If  both  parents  smoke 
opium,  or  otherwise  use  it,  the  rule  is,  according  to 
W.  Hecker  Park  et  al.,  that  no  children  are  born  alive; 
should,  however,  anj-  be  born  alive,  these  usually  do 
not  survive. 

The  Chinese  say  that  the  child  of  an  opium- 
smoking  mother  cries  incessantly  after  birth,  and 
cannot  live  unless  opium  fumes  are,  at  intervals, 
blown  into  its  face.  If  it  grows  up  it  is  practically 
sure  to  become  an  "opium  devil." 

Both  the  physical  and  mental  development  of  the 
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fetus  is  unquestionably  affected  in  the  majorit.v  of 
cases  of  children,  whose  parents  are  the  victims  of  the 
drug. 

Syphilis. — Syphilis  is  the  most  common  cause  of 
fetal  death  at  all  stages  of  pregnancy,  but  especially 
ui  the  later  months.'^ 

Together  with  gonorrhea  it  is  responsible  for  over 
fifty  per  cent,  of  spontaneous  abortions  and  premature 
interruptions  of  pregnancy.  From  eighty-five  to 
ninety  per  cent,  of  macerated  fetuses  are  infected  with 
B.vphilis.  The  exact  mode  of  infection  is,  in  the  ma- 
jority of  cases,  uncertain.  The  virus  is  transmitted 
in  one  of  the  following  ways:  (a)  Through  an  ovum 
which  is  itself  already  infected  at  the  time  of  concep- 
tion, (b)  Through  direct  infection  from  the  father  at 
the  time  of  conception.  This  is  a  common  mode  of 
infection,  (f)  Through  the  placenta.  It  is  still  uncer- 
tain as  to  whether  or  not  spirochetie  may  pa.ss  through 
the  placenta  with  the  latter  in  an  undamaged  state. 
It  seems  probable  that,  in  most  instances  in  which 
infection  takes  place  through  the  placenta,  certain 
changes  in  the  cells  must  already  exist,  (rf)  At 
the  time  of  birth  from  infected  cervical  discharge, 
or  from  specific  lesions  in  the  lower  genital  tract, 
(e)  Finally,  the  fetus  may  escape  infection  en- 
tirely, but  this  is  exceedinglj-  rare.  When  such  an 
occurrence  takes  place  it  should  be  definitely  under- 
stood that  the  child  has  not  developed  immunity 
(as  it  was  supposed  to  have  according  to  Profota's 
law)  but  has  merely,  through  a  most  lucky  chance, 
escaped  infection.  Such  a  condition  is  seen  from  time 
to  time  in  instances  where  the  mother  may  not  have 
been  infected  with  syphilis  until  kite  in  pregnancy, 
and  in  certain  cases  where  active  treatment  has 
been  given  the  mother  during  pregnancy.  Again, 
we  know  that  syphilis  is  very  irregidar  in  its  action 
and  that  it  is  entirely  possible,  although  rare,  for  the 
mother  to  be  specific  and  to  have  spirochetes  still 
present  in  her  body,  and  yet  for  the  child  not  to  be 
infected.  Under  such  circumstances  the  spirochetes 
are  said  to  be  inactive. 

Syphilitic  fetuses  are  almost  uniformly  undersized, 
with  the  subcutaneous  fat  poorly  developed ;  the  skin 
shows  eruptions  of  various  kinds  but  chiefly  of  a 
bullous  tjTJe;  there  is  desquamation  over  large  areas, 
of  epithelium,  leaving  deep  red  macerated  corium 
underneath.  There  may  be  mucous  patches  in  the 
mouth  and  pharynx.  The  liver  is  enlarged,  harder 
than  normal,  being  the  seat  of  a  hypertrophic 
cirrhosis,  its  weight  may  equal  one-tenth  or  even  one- 
eighth  of  the  whole  body  and  miliary  gummata  are 
frequently  present;  there  is  a  marked  increase  in  the 
connective  tissue  surrounding  the  individual  lobules 
and  acini,  with  considerable  roimd-ceU  infiltration. 

The  spleen  likewise  presents  marked  interstitial 
changes  and  increase  in  size,  so  that  it  frequently 
weighs  two  to  three  times  the  normal.  The  pancreas 
undergoes  similar  changes.  The  belly  is  markedly 
distended,  the  peritoneum  frequently  contains  fluid. 
The  lungs  are  enlarged,  pale  and  barely  float  when 
placed  in  water;  they  are  the  seat  of  a  so-called 
"pneumonia  alba,"  in  which  the  air  cells  are  found 
filled  with  cast  off  epithelium.  In  other  cases,  the 
change  consists  in  an  increase  in  the  interstitial  tissue 
between  the  alveoli  by  which  the  latter  are  compressed 
but  do  not  become  quite  impervious  to  air.  (Williams' 
Obstetrics.) 

Osseous  System. — "The  characteristic  sign  of 
syphilis  is  one  which  is  commonly  to  be  found  at  the 
junction  of  the  epiphysis  with  tlie  diaphysis  and  the 
long  bones  (Wagner's"  Line).  Normally  the  two  are 
separated  by  a  narrow  white,  slightly  curved  line, 
which  represents  an  area  of  preliminary  calcification; 
in  syphilis,  on  the  other  hand,  this  is  converted  into 
an  irregular,  jagged,  yellowish  line  of  increased  thick- 
ness. The  changes  at  the  ends  of  the  long  bones  are 
due  to  osteochondritis,  as  result  of  which  there  is  no 
longer  the  sharply  marked  zone  of  preliminary  calci- 


fication between  the  cartilage  and  the  growing  bone. 
The  area  of  bone  formation  and  calcification  are  found 
irregularly  scattered  through  the  lower  portions  of 
the  epiphysis  giving  an  irregular  apj^earance  to  this 
region.  These  changes  are  most  pronounced  at  the 
lower  end  of  the  femur;  fairly  so  at  the  lower  ends  of 
the  tibia  and  radius  as  shown  by  Williams  and 
others. 

"The.sc  changes  are  extremely  characteristic,  and 
their  detection  justifies  one  in  making  a  positive 
diagnosis  of  sj-philis.  If  intrauterine  death  occurs, 
the  fetus  rapidly  undergoes  maceration,  the  skin 
peeling  off  on  the  s'ightest  touch,  exposing  the  under- 
lying discolored  corium.  Under  the  influence  of 
syphUis  the  placenta  undergoes  definite  and  character- 
istic changes.  It  increases  markedly  in  size,  so  that, 
in  the  later  months  of  pregnancy,  its  weight  may  be 
from  one-fourth  to  one-third  the  total  weight  of  the 
fetus,  instead  of  the  normal  relationship  of  one  to 
six.  Its  color  is  commonly  a  duU  gray,  with  a  fatty 
or  greasy  appearance,  small  gummata  are  seen  from 
time  to  time,  and  infarcts  are  of  frequent  occurrence. 
The  chorionic  villi  lose  their  ordinary  appearance, 
becoming  thickened  and  club-shaped.  There  is  a 
noticealjle  decrease  in  the  stroma  cells  of  the  individual 
villi,  so  that  in  some  cases  they  are  found  to  have 
dLsappeared  entirely.  This  is  due  in  part  to  a  marked 
endarteritis,  and  in  part  to  a  great  increase  in  the 
stroma  cells.  (Williams.) 

Spirochetes  have  been  demonstrated  in  the  placenta, 
umbilical  cord,  and  in  the  organs  of  the  fetus.  They 
are  most  abundant,  however,  as  .shown  by  V.  Griifen- 
berg  and  Levaditi,  in  the  liver  and  the  umbilical 
cord.  V.  Grafenberg  has  found  them  in  over  ninety 
per  cent,  of  macerated  fetuses  studied  by  him. 

The  discovery  of  the  Wassermann  test  for  s>'phili3 
(or  one  of  the  modifications  thereof)  and  the  isolation 
of  the  particular  organism  of  tlie  disease,  have  modi- 
fied many  of  the  prevailing  views  in  regard  to  syphilis 
during  pregnancy,  and  in  regard  to  its  effect  on  the 
child.  It  is  now  known  that  the  majority  of  mothers 
who  bring  into  the  world  specific  infants,  whether 
alive  or  dead,  are  themselves  specific.  This  is  true, 
even  though  they  may  have  had  no  visible  signs  of 
the  disease.  CoUes'  law  is  therefore  void  and  cannot 
be  correct. 

Aside  from  the  great  destruction  of  life  during  the 
sojourn  in  the  uterus,  there  is,  in  addition,  a  high  early 
infant  mortality  during  the  first  week,  or  month,  of 
life.  But  a  comparatively  small  nvmiber  of  such 
children  reach  the  years  of  early  adolescence,  and  this 
we  may  regard  as  a  wise  provision  of  nature,  for,  of 
those  children  with  a  specific  inheritance  who  survive 
early  infancy,  the  majority  show  definite  abnormalities 
of  development.  A  syphilitic  inheritance  predisposes 
the  offspring  to  hydrocephalus,  ependymitis,  tuber- 
cvilosis,  and  gastrointestinal  disturbances.  Further- 
more, "The  vast  niiml^er  and  variety  of  brain  and 
.spinal  cord  affections,  optic  nerve  lesions,  etc.,  that 
are  seen  in  the  new-born,  or  in  very  early  life,  the 
eases  of  juvenile  paresis,  tabes  dorsalis,  etc..  are  some 
of  the  more  obtrusive  evidences  of  what  syphilis  can 
do  in  the  offspring;  and  the  forces  that  operate  to 
produce  mental  defectives,  epileptics  and  the  insane, 
are  directly  or  indirectly  tracealile  to  ancestral  taint 
and  are  indeed  powerful.  When  both  parents  arc 
.syphilitic  the  offspring  are  frequently  markedly 
mentally  degenerate  and  physically  anomalous;  in 
these  chOdren  pronounced  sexujil  perversions  are 
often  seen.  The  likelihood  of  syphilis  of  the  nervous 
system  in  the  offspring  is  enhanced  when  both  parents 
are  infected,  the  maternal  influence  being  the  more 
potent  (S.  Philip  Goodhart"). 

"There  is  a  condition  known  as  specific  infantili.<!m 
seen  in  the  offspring  of  syphilitic  parents;  it  appears 
as  a  general  retardation  of  both  physical  and  mental 
development. 

"Sj-philis,  furthermore,  plays  an  important  r61e  in 
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the  production  of  idiocy.  Recently  Dr.  C.  E.  Atwood 
studied  a  group  of  idiots  on  Randall's  Island,  N.  Y., 
in  conjunction  with  Dr.  Noguchi  and  Mr.  Broufen- 
brennen  of  the  Rockefeller  Institute.  Separate  tests 
were  made  on  204  idiots  of  various  types,  and  on  100 
imbeciles  and  feeble-minded  patients.  It  was  found 
that  14.7  per  cent,  of  the  idiots  had  inherited  syphilis, 
and  that  seven  per  cent,  of  the  other  clas.ses  were 
afflicted  with  the  disease.  Syphilis,  then,  is  the  great- 
est known  destroyer  (aside  from  criminal  interference) 
of  intrauterine  life.  It  is  transmitted  in  all  its  viru- 
lence to  the  offspring  and  rarely  fails  of  being  thus 
transmitted. 

It  produces,  approximately,  ninety  per  cent,  of 
macerated  fetuses,  and  of  the  actual  sj-philitic  births 
at  or  near  term,  over  ninety  per  cent,  are  still-born. 
The  mother  reacts  positively  to  the  Wassermann  test, 
in  from  seventy-five  to  ninety  per  cent,  of  the  cases, 
even  though  the  disease  in  her  may  be  latent. 

Treatment  with  mercury  during  pregnancy  has 
shown,  on  the  whole,  very  indifferent  results.  In 
order  to  mercurialize  the  mother  and  child  rapidly  and 
as  thorouglily  as  possible,  the  intramuscular  method  of 
injection  with  such  preparations  as  the  bichloride 
or  the  salicylate  of  mercury  is  the  only  safe  mode  of 
handling  the.se  cases,  when  mercury  alone  is  used. 
Salvarsan  and  neosalvarsan  have  given  excellent 
results  when  carefully  and  wisely  used. 

Arsenic  probably  does  not  predispose  to  abortion, 
or  premature  labor;  it  rarely,  if  ever,  affects  the  fetus 
adversely,  but  on  the  contrary  has  greatly  reduced 
the  intrauterine  death  rate  from  syphilis. 

After  reviewing  the  cases  reported  in  the  medical 
literature,  we  may  safely  conclude  that  with  the  care- 
ful use  of  arsenic  and  mercury,  beginning  early  in 
pregnancy,  the  intrauterine  death  rate  may  be  reduced 
to  about  twenty  per  cent.,  while  with  the  intra- 
muscular injections  of  mercury  alone,  beginning  early 
and  continued  throughout  the  pregnancy,  the  death 
rate  wiU  be  about  forty  per  cent. 

Acute  Non-infectious  Poisonings  of  the  Fetu.s. — 
From  Chlnroforyn  Administered  to  the  Mother. — The 
u.se  of  chloroform  as  an  anesthetic  in  labor  may 
unquestionably  exert  a  baneful  influence  upon  the 
fetus.  Prolonged  anesthesia  predisposes  to  cyanosis, 
asphyxia,  and  in  numerous  cases  is  responsible  for  the 
death  of  the  fetus. 

Despite  the  fact  that  it  has  been  almost  universally 
used  in  obstetrical  cases,  the  fact  is  now  recognized 
that  its  effect  upon  the  fetus,  both  immediate  and 
remote,  may  be  decidedly  pernicious.  The  cases  of 
delayed  chloroform  poisoning  are  not  rare,  although 
the  recognition  of  this  condition  is  often  overlooked. 
Symptoms  of  delayed  poisoning  in  new-born  infants 
are  vomiting,  (3)  jaundice,  delirium,  convulsions,  and 
coma.  One  or  all  of  these  symptoms  may  be  present. 
In  another  group  of  cases  there  may  be  merely  apathy 
and  sudden  death. 

This  condition  has  been  experimentally  produced 
in  animals  by  such  men  as  Lengemann,  Ostertag, 
Stiles,  Howland  and  Whipple,  Cragin  and  Hull. 
Pathologically  there  are  central  necrosis,  fatty  and 
parenchymatous  degeneration  in  the  liver;  congestion, 
fatty  and  parenchymatous  degeneration  in  the  tubules 
of  the  kidney ;  and  a  tendency  to  hemorrhages  through- 
out the  body.  In  the  writer's  opinion,  prolonged 
chloroform  poisoning  is  responsible  for  a  considerable 
number  of  the  hemorrhagic  conditions  of  the  new-born. 
In  the.se  infants  that  die  as  a  result  of  the  poisoning, 
these  same  degenerations  produced  experimentally 
on  animals  are  to  be  found. 

The  picture  of  this  condition  is  such  a  startling  one, 
and  one  giving  such  a  high  death  rate,  that  chloroform 
as  a  prolonged  anesthetic  should  give  way  to  the  use 
of  ether. 

The  Influence  upon  the  Fetus  of  the  Toxemias  of 
Pregnancy. — The  tox-emias  of  late  pregnancy,  whether 
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of  the  convulsive  or  non-convulsive  types,  have  a 
strong  influence  for  evil  upon  the  fetus.  "The  fetal 
mortality  rate  in  the  severe  cases  is  high.  In  the 
convulsive  type,  the  severer  the  intoxication  and  the 
greater  the  delay  in  the  delivery  of  the  mother,  the 
higher  the  fetal  mortality.  This  mortality  is  due  (1) 
to  placental  hemorrhages  and  infarcts;  (2)  to  the  fetal 
poisoning;  (3)  to  the  high  temperature  in  the  mother, 
in  certain  severe  cases;  (4)  to  the  chloroform,  mor- 
phine or  hyoscine-scopolamine  used  during  delivery, 
in  the  case  of  infants  already  weakened  by  "intoxi- 
cation"; (5)  to  severe  operative  manipulation  at 
birth;  (6)  prematurity. 

A  certain  small  percentage  of  these  cases  develop 
convuLsions  "in  utero."  Death  imder  the.se  condi- 
tions may  give  rise  to   "intrauterine  rigor  mortis." 

Many  of  the  children  enter  life  apparently  sound 
and  with  care  progress  entirely  satisfactorily;  on  the 
other  hand — and  I  will  accentuate  this  observation — 
a  certain  numljer  of  infants  that  are  born,  at  or  near 
term,  of  toxemic  mothers,  without  severe  operative 
interference — and  apparently  well,  do  not  thrive. 
These  infants  may  lose  ground  the  first  two  or  three 
days,  or  they  may  show  nothing  abnormal  for  several 
days,  and  then  suddenly  die  or  fail  very  rapidly,  with 
or  without  the  development  of  convulsions. 

These  infants  may  early  develop  the  tendency  to 
hemorrhages.  The  severe  cases  are  difficult  to  manage 
and  are  usually  fatal.  In  those  instances  in  which 
chloroform  has  been  used  at  the  labor,  late  chloroform 
poisoning,  no  doubt  in  certain  cases,  has  a  tendencj'  to 
accentuate  the  svmptoms  of  the  toxemia. 

Bar  was  the  first  to  call  attention  to  the  lesions  in 
the  fetus  brought  about  by  the  maternal  toxemia. 
Later  Schmidlechner,  Bar,  Dannay,  Schmorl,  Dientst, 
Prutz,  Lubarisch,  Gottschalk,  Ebinger,  Dohm,  De  Lee, 
Ewing,  Stone,"  WoUstein,  the  writer,  and  a  few  others 
ob.served  tj'pical  cases,  showing  intense  degeneration, 
with  or  without  hemorrhages.  The  liver  and  the 
kidneys  show  marked  cloudy  swelling  with  at  times 
intense  disintegration  of  the  parenchyma  cells,  with 
capillary  hemorrhages.  There  may  be  hemorrhage 
beneath  Glisson's  capsule;  hemorrhage  into  the 
brain,  pleural  cavity,  peritoneal  cavity,  suprarenal 
capsules,  skin,  etc.  There  may  be  blood,  albumin, 
casts,  leucin,  and  urobilin  in  the  urine.  The  picture 
is  a  typical  one,  and  one  of  marked  importance. 

Diseases  Due,  in  Part  at  Least,  to  Errors  in  Develop- 
TOen(.— Congenital  stenosis  of  the  pylorus.*  "(a) 
Pure  spasm  of  the  pylorus  and  pyloric  end  of  the 
stomach,  without  any  palpable  pylorus  with  peristalsis 
and  explosive  vomiting,  lo.ss  of  weight  and  consequent 
inanition."  The  con.stipation  present  may  be  only 
a  relative  constipation,  that  is,  some  fecal  matter 
passes,  or  there  may  be  several  movements,  green  and 
fluid,  in  twenty-four  hours,  of  a  brownish  color,  or  the 
constipation  may  be  absolute,  and  on  forced  move- 
ment of  the  bowels,  little  or  no  fecal  matter  pas.ses. 

"  (6)  Pyloric  spasm  with  relative  and  actual  stenosis 
with  slight  or  marked  thickening  or  h.ypertrophy  of 
the  tissues  of  the  pylorus."  In  these  cases  there  is 
vomiting  of  the  explosive  type  coming  on  soon  after 
birth  and  continuing  for  some  time  with  a  palpable 
pylorus,  at  flrst,  or  subsequent  to  the  onset  of  the 
symptoms.  The  pylorus  can  be  felt  to  harden  at 
the  time  of  greatest  peristalsis  of  the  stomach  and  to 
soften  after  vomiting  has  occurred.  Constipation, 
complete  at  first,  which  after  some  duration  of  the 
disease  mitigates,  and  fecal  particles  may  appear  in 
the  stools.  There  is  marked  progressive  atrophy  and 
inanition. 

"  (c)  Congenital  hypertrophy  of  the  pylorus  with 
stenosis."  These  cases,  which  are  only  relatively  more 
marked  in  their  symptomatology  than  those  in  the 

*  Although  usually  classed  only  under  "Diseases  of  Infants' 
this  condition  is  likewise  correctly  considered  in  the  present  dis- 
cussion. The  classification  of  Koplik  is  presented  here,  as  it  ia 
clear  and  comprehensive. 
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previous  class,  give  exactly  the  same  symptoms. 
There  is  the  same  spasm  of  the  pylorus  as  an  accom- 
panying symptom;  the  pylorus  can  be  felt  just  as  in 
the  previous  class;  the  peristalsis  is  just  the  .same,  and 
the  constipation  is  the  same,  only  possibly  more 
marked. 

"When  operated  on,  cases  in  class  three  may  show 
much  more  enlargement  and  hardening  of  the  pylorus 
than  was  manifest  before  operation.  This  has  given 
rise  to  the  presumption  that  they  are  a  distinct  entity 
apart  from  class  two."  (Koplik.) 

Hemorrhagic  Diseases  of  the  New-horn  (Ritter's 
Disease,  Biihl's  Disease,  Winckel's  Disease,  Hemo- 
philia.— Although  this  group  of  diseases,  primarily, 
should  be  considered  under  "  Disea.ses  of  Infants" 
and  not  imder  "Diseases  of  the  Fetus"  we  still 
feel  that  etiologically  it  should  be  di.scussed,  to  a 
certain  extent  at  least,  in  the  present  connection. 

Clinically,  we  find  two  essential  types  (according  to 
the  period  of  manifestation),  which  t^-pes  may  become 
more  or  less  fused:  (a)  The  cases  that  develop  hem- 
orrhages before  birth,  either  before  labor  or  diu'ing 
the  latter,  (b)  The  cases  that  manifest  the  hemor- 
rhagic tendency  after  birth,  anywhere  from  a  few 
hours  thereafter  to  many  days  later. 

Among  the  possible  constitutional  causes  are  to  be 
found  syphilis,  alcoholism,  antenatal  infection,  family 
hemophilia,  the  toxemia  of  pregnancy,  chloroform. 
The  direct  underlying  causes  that  are  dependent  upon 
some  antenatal  factor  are:  (a)  endothelial  changes 
in  the  blood-vessels;  (b)  a  disturbance  in  the  balance 
of  the  ferments  of  these  cells  (Welch);  (c)  a  change 
in  the  character  of  the  blood;  (rf)  superficial  congenital 
ulcers  in  the  gastrointestinal  tract  (Landon,  Winckel, 
Hecker,  Spiegel  berg). 

Welch,  who  has  performed  good  work  U\  this  con- 
nection, believes  with  some  others  that  the  bleeding 
is  not  due  to  lessened  coagulability  of  the  blood.  He 
states,  and  very  accurately,  that  the  bleeding  in  these 
cases  must  be  stopped  through  some  other  agency 
than  mere  increa.sed  clot-formation,  as  the  blood  in 
existing  hemorrhagic  areas  is  absorbed,  in  those  cases 
that  recover,  without  clot-formation. 

W.  W.  Duke  has  pointed  out,  that  there  is  frequently 
a  marked  diminution  in  the  blood  platelets  and  a 
lengthening  in  the  time  of  coagulation.  The  blood 
low  in  platelets  is  said  to  clot  within  normal  limits, 
but  the  resulting  coagulum  is  not  as  firm  as  the  normal. 
The  other  supposed  changes  in  the  character  of  the 
blood  which  favor  hemorrhages  are  excess  of  anti- 
thrombin,  lack  of  thrombokinase,  and  defective  action 
of  prothroml)in.  Despite  the  great  amount  of  inves- 
tigation that  has  been  going  on  during  the  past  four 
years,  we  are  still  in  the  dark  in  regard  to  the 
exact  processes  concerned  in  any  given  case  of  con- 
genital hemorrhagic  disease.  Unquestionably  we  shall 
find  an  association  of  several  complex  factors,  all  of 
which  must  have  a  direct  relationship  to  the  several 
clinical  manifestations.  (In  the  hemorrhages  occur- 
ring several  days  after  birth,  septic  infections  play 
an  infportant  role.)  The  bleeding  may  take  place 
in  almost  any  location  in  the  Ijody.  The  most  ex- 
cessive hemorrhages  are  found  in  the  brain,  beneath 
the  capsule  of  the  liver,  into  the  pleural  and  peritoneal 
cavities.  I  would  again  call  especial  attention  to 
these  idiopathic,  non-traumatic  hemorrhages  in  the 
brain.  They  are  chiefly  subdural  or  ventricular.  A 
child  with  this  hemorrhagic  predisposition,  from 
whatever  cause,  may  develop  bleeding,  either  during 
labor  or  just  after,  when  the  labor  itself  may  have  been 
an  easy  one,  or  comparatively  so. 

At  times  the  spinal  canal  is  filled  with  fluid  blood. 
The  bleeding  from  the  cord  and  into  the  skin  and  sul)- 
cutaneous  tissue  may  be  extensive  and  very  trouble- 
some. 

Treatment. — We  will  not  consider  the  treatment  of 
these  conditions,  except  to  accentuate  the  most  re- 
cent teaching  in  this  regard.     Fresh  human    serum 


and  whole  fresh  human  blood  (preferably  the  former) 
are  the  remedies,  above  all  others,  for  the  bleeding. 
They  accomplish  wonders,  when  properly  used,  and 
mark  a  great  step  forward  in  the  therapeutic  agencies 
employed.  Many  lives  have  bi^en  saved  thereby. 
In  ca.ses  of  a  hemorrhagic  family  tendency,  antenatal 
treatment  of  the  mother  with  calcium  lactate,  tonics, 
and  possibly  .serum  may  prove  of  benefit. 

(3)  (Jongeniint  (loilir. — 'I'his  condition,  although  un- 
common in  the  United  States,  is  one  of  interest  and 
of  considerable  gravity.  We  find  that,  in  infant.s 
as  in  adults,  the  degree  of  enlargement  of  the  fet.il 
tumor  vari(!s  greatly,  in  different  individuals.  Hillig 
in  1.SH2  rejiorted  one  of  the  size  of  a  fetal  head. 
Structurally,  tliese  tumors  resemble  very  closely  ia 
type  tho.se  .seen  later  in  life. 

In  intrauterine  life,  there  are  but  few  symptoms; 
at  birth,  the  growth  may  impede  deliverj',  at  time.s 
even  requiring  craniotomy.  After  birth,  the  chief 
symptoms  are  tho.se  of  pressure  on  the  trachea,  and 
on  adjacent  structures — especially  the  nerves. 

Several  cases  have  been  reported,  in  which  the  tumor 
has  spontaneously  decreased  in  size,  even  to  the  point 
of  almost  complete  disappearance.  In  other  cases, 
the  infant  dies  as  the  result  of  unrelieved  pressure. 

The  interesting  feature  of  this  condition  lies  in  the 
fact  that  it  may  be  congenital.  A  considerable  niun- 
ber  of  cases  are  on  record  in  which  goitrous  mothers 
have  given  birth  to  infants  with  enlarged  thyroid 
glands.  On  the  other  hand,  tliere  may  be  an  ab.solute 
lack  of  hereditary  coiuiectinn  between  mother  and 
otLspring.  Dennne  has  reported  fifty-three  congenital 
cases,  in  a  group  of  042  adult  cases. 

Among  the  fifty-three  congenital  cases,  there  were 
fourteen  in  which  both  parents  were  suffering  from 
goiter;  twenty-three  in  which  the  mother  alone  was 
affected,  and  sixteen  in  which  neither  parent  had  the 
disease.  Congenital  goiter  is  found  more  commonly 
in  the  male  .sex. 

(4)  Fetal  Endocardtlis. — Regarding  anomalies  of 
the  heart,  of  congenital  origin,  there  exist  two  chief 
theories — the  one  theory  emphasizes  "structural  er- 
ror" as  the  cause  of  the  pathological  state;  the  other 
maintains  that  the  latter  condition  is  dependent  upon 
fetal  endocarditis. 

It  is  likely,  however,  that  these  two  views  are  closely 
related.  The  abnormal  type  may  develop  early  in 
embryonal  life. 

Fetal  endocarditis  is  not  imcommon.  The  etiology, 
aside  from  its  dependence  ui)on  errors  in  development, 
would  seem  to  be  similar  to  that  of  fetal  diseases  of 
the  liver. 

Chronic  maternal  infections,  such  as  s_\-))hilis, 
tuberculosis,  alcoholism,  and  certain  acute  infectious 
diseases,  may  readily  start  up  inflammatory  proce.s.ses 
in  the  fetus,  either  by  direct  bact<'rial  invasion  or  by 
a  toxemia.  At  times,  inflammation  of  eitlicr  heart  or 
liver  may  ari.se  idiopathically,  although  this  metliod 
of  development  naturally  appears  very  obscure. 
Some  such  explanation,  however,  is  necessary  in 
those  cases  of  endocarditis  in  which  the  mothers  are 
free  from  disease. 

Despite  much  conflicting  testimony  in  regard  to 
the  character  and  form  of  cardiac  involvement,  it 
stiU  remains  probable  that  the  right  chambers  of 
the  heart  are  more  readily  involved  during  intra- 
uterine life  than  the  left. 

Fetal  endocarditis  can,  with  care,  be  diagnosed 
before  birth.  John  Thomson  and  W.  B.  Drummond" 
emphasize  the  fact  observed  by  others,  but  a  <act 
frequentlv  overlooked,  that  cardiac  disturbances  in  the 
fetus  are  all  too  frciiuently  a.ssociated  with  other 
malformations.  They  found  in  a  series  of  cases  of 
congenital  heart  disease,  that  in  throe  of  these  there 
were  such  malformations  as  harelip,  deft-palate, 
imperforate  anus,  malformations  of  external  oar.  and 
horseshoe  kidney;  in  a  fourth  case  there  was  mongolian 
idiocy. 
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(5)  Fetal  Ncphrilis. — Fetal  nephritis  is  found,  as 
a  rule,  only  secondary  to  bacterial  infections,  or 
toxemias,  transmitted  from  the  parent. 

It  develops,  not  infrequently,  as  an  accompaniment 
of  the  toxemias  of  pregnancy,  whether  with  or  without 
convulsions.  In  other  cases  it  manifests  itself  as 
merely  one  of  the  sequete  of  syphilis,  alcoholism, 
chronic  lead  poisoning,  etc. 

In  addition  to  the  rather  common  etiological  types, 
there  is  some  scientific  evidence  pointing  to  the  pos.si- 
bility  of  an  "idiopathic"  development  in  certain  rare 
cases.  Even  in  tliese  infants,  heredity  may  play  some 
role,  although  as  yet  obscure. 

We  all  have  seen,  from  time  to  time,  cases  in  which 
albuminuria  was  present  in  the  early  days  of  post- 
natal life.  In  these  instances,  this  phenomenon  is 
a  transient  one,  and  may  simply  indicate  an  imperfect 
development  of  renal  epithelium.  On  the  other  hand, 
the  severe  cases  bear  close  relationship  to  conditions 
existing  before  birth,  such  as  we  have  indicated  above, 
or  they  may  be  the  result  of  trauma,  or  of  prolonged 
anesthesia  during  deliver}' — especially  chloroform. 

(6)  Diseases  of  the  Nervoiis  System.^The  perver- 
sions of  the  fetal  nervous  system  belong  essentially 
under  the  pathology  of  intrauterine  life,  inasmvich  as 
they  are  largely  dependent  upon  faulty  development, 
and  we  do  not  feel  therefore  that  they  should  be  con- 
sidered in  the  present  discussion;  we  would  avail 
ourselves,  however,  of  the  opportunity  to  accentuate 
two  facts  in  this  connection,  which  are  of  the  highest 
importance — facts  that  are  too  often  overlooked,  viz., 

('/)  While  it  is  unquestionably  true  that  a  large 
nu-mber  of  disorders  of  the  nervous  system,  such  as 
Little's  disease,  ependymitis,  late  hydrocephalus, 
idiocy,  epilepsy,  etc.,  have  their  origin  in  antenatal 
errors  dependent  upon  syphilis,  tuberculosis,  nicotine 
poisoning,  chronic  plumbi.sm,  and  the  like,  still  there 
yet  remains  a  definite  group  of  cases — and  a  fairly 
large  one  too — the  etiology  of  which  is  dependent 
upon  intrapartum  factors.  These  so-called  accidents 
of  labor  are  (1)  asphyxia;  (2)  cerebral  compression 
(this  may  be  transitory);  (3)  injuries  to  the  brain  or 
spinal  cord,  from  fractures,  hemorrhages,  etc.,  caused 
by  unskilful  obstetrics. 

The  "asphyxia"  may  arise  either  from  a  sudden 
interference  with  the  fetal  circulation,  or  from  cerebral 
compression,  covering  but  a  short  space  of  time;  on 
the  other  hand,  it  may  be  brought  about  by  a  gradual 
interference  caused  by  a  slight  compression  of  the 
cord;  bj-  violent  and  too  closely  repeated  uterine  con- 
tractions, thus  impeding  the  placental  circulation; 
or  by  prolonged  cerebral  compression,  due  to  dysto- 
cia, to  dry  labor,  or  to  cerebral  hemorrhages. 

(b)  Despite  the  fact  that  in  most  instances,  the 
cerebral  hemorrhage  is  of  intrapartum  origin,  there 
stiU  remain  certain  cases,  in  which  bleeding  (intra- 
cranial, into  the  pleura,  and  into  the  peritoneal  cavity) 
is  idiopathic,  that  is,  it  is  found  in  those  infants  show- 
ing the  hemorrhagic  tendency. 

The  obstetrician  (by  either  training  or  necessity) 
is  without  doubt  responsible  for  many  of  the  accidents 
(jf  lalior,  for  many  fetal  deaths  and  for  much  of  the 
invalidism  of  those  infants  that  survive  birth;  on  the 
other  hand,  the  ob  tetrician — especially  the  obstetri- 
cian by  training — is  not  infrequently  blamed  for 
results  that  are  dependant  upon  factors  entirely  be- 
yond his  control — factors  all  too  often  dependent  upon 
antenatal  errors  of  development. 

Ralph  W.  Loben.stine. 
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Fever. — The  normal  temperature  of  the  human 
body  is  the  result  of  a  constantly  adjusted  balance 
between  the  physiological  agencies  of  heat  production 
and  the  physical  agencies  of  heat  loss.  Fever  is 
the  result  of  a  disturbance  of  this  balance,  whereby 
the  temperature  of  the  body,  as  a  whole,  is  raised  to 
a  variable  degree  above  its  normal  diurnal  range. 

A  symptom  of  many  diseases,  fever  has  distinct 
pathological  expressions  of  its  own.  Significance  no 
longer  attaches  to  terms  descriptive  of  the  qualities 
of  fever;  stress  is  no  longer  laid  upon  its  distinctive 
types.  It  is  one  and  the  same  thing  in  process.  Its 
causative  factors,  if  individually  specific,  have  a 
definite  group  relation.  Its  term  varies  with  the 
character  of  the  infective  organism.  If  it  exhibits 
any  individualism,  it  is  that  of  the  subject  of  attack. 
Sthenic  and  asthenic  forms  are,  the  one,  the  fever 
of  the  nutritionalh'  strong;  the  other,  the  fever  of  the 
nutritionally  weak.  Marasmic  tissues  are  poor  soil 
for  the  development  of  fever. 

The  Causes  of  Fever. — It  is  not  to  be  supposed 
that  all  disturbances  of  the  normal  balance  of  heat 
production  and  heat  loss  constitute  fever.  Many 
and  constant  are  the  influences  which  tend  to  raise 
or  to  lower  the  level  of  body  tem]3erature  by  creating 
differences  either  in  heat  production  or  in  heat  dis- 
tribution, but,  ordinarily,  these  are  met  by  com- 
pensatory regulation.  "The  occurrence  of  fever  pre- 
dicates a  sensitized  mechanism  responsive  to  an  un- 
usual stimulus.  So  definite  is  the  reactive  formula 
of  fever  as  to  suggest  the  tempting  hypothesis  of  an 
identical  sensitizer.  So  uniform  is  its  process  as  to 
raise  the  issue,  if  not  of  a  single  cause,  at  least  of 
similarly  operating  causes.  Many  and  difficult  as 
are  the  problems  which  this  hvpothesis  presents, 
indications  are  not  wanting  that  apparently  remote 
causes  of  temperature  disturbance  have  proximate 
relations. 

The  term  "pjTogenic  substances"  is  a  generalism; 
for,  as  Schittenhelm  says,  in  criticism  of  the  specific 
fever-toxin  theory  of  Friedberger,  the  facts  speak  for 
a  multitude  of  toxic  fever-producing  agents.  _  Never- 
theless, the  history  of  their  varied  pyrogenic  influence 
tends    to    focalize    attention   upon   certain    common 
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likenesses  of  relation  and  a  certain  uniformity  of 
process.  The  facts  which  bear  upon  this  common 
relationship  ajid  this  identity  of  process  may  be 
briefly  stated. 

(1)  Of  the  many-  substances,  entering  or  formed 
within  the  animal  body,  which  exercise  a  pyrotoxic 
power,  all  belong  to  the  protein  groups  and  all  of 
them,  no  matter  how  variant  in  composition,  develop  a 
true  proteotoxicosis. 

(2)  This  general  fact  establishes  a  group  relation 
for  all  forms  of  fever.     That  relation  may  be  traced : 

a.  In  experimental  fevers,  of  the  anaphylactic 
type,  to  the  introduction  of  foreign  proteins,  which, 
in  their  breakdown,  form  toxic  derivatives. 

h.  In  experimental  fevers,  of  the  aseptic  type, 
caused  by  the  introduction  of  chemicals,  colloidal 
metals,  paraffin,  etc.,  to  alterations  of  the  colloidal 
equilibrium  of  the  blood  and  the  tissues  and  to  a 
consequent  splitting  of  cell  proteins  and  a  liberation 
of  toxic  products. 

c.  In  traumatic  fevers,  as  in  extensive  fractures  or 
operative  wounds,  or  in  contusions  involving  intersti- 
tial hemorrhage  and  blood  clot,  to  the  destruction  of 
cell  proteins,  in  the  course  of  the  disintegration  of 
which  toxic  by-products  are  separated.  A  peculiar 
readiness  of  dissolution  is  manifested  by  certain  cells 
and  notably  by  the  blood  platelets.  In  certain  sub- 
jects, a  ready  tendency  to  destruction  of  cell  proteins 
is  an  index  to  the  easy  excitation  of  fever. 

d.  In  neurotic  fevers,  associated  with  profound  dis- 
turbances of  protein  metabolism,  to  the  evolution  of 
imperfect  nitrogenous  metabolites,  bj'-products  of 
which  are  toxicosic  in  character.  Such  disturbances 
of  body  temperature  are  frequently  seen  in  severe 
functional  neuroses  and  are  occasionally  profound  in 
hj'steroepQeptics. 

e.  In  fevers  of  autotoxemic  origin,  to  the  absorption 
of  protein  putrefacts  from  the  intestinal  tract,  in  con- 
sequence of  a  breaking  down  of  the  epithelial  barrier  of 
the  bowel  resulting  from  certain  forms  of  bacterial 
activity,  usually  of  the  saccharo-butyric  t>^3e. 

/.  In  fevers  of  bacterial  origin,  to  the  destruction  of 
cell  proteins  and  the  counterdestruction  of  bacterial 
proteins  within  the  invaded  body;  the  proteotoxic 
products  of  bacterial  origin  having  greater  toxicity, 
as  all  foreign  proteins  have,  than  those  of  native  source. 

g.  In  fevers  of  parasitic  origin,  particularly  of  the 
spore-producing  types,  to  similar  destruction  of 
cell  proteins  and  especiallj-  of  blood  elements,  and,  in 
turn,  of  parasitic  proteins. 

(3)  These  protein  p3-rogenic  substances  of  variable 
origin  and  varying  toxicity  are  always  intermediate 
products  of  protein  breakdown  of  relatively  high 
molecular  quality.  The}'  belong  to  a  class  of  protein 
split-products  which  fall  short  of  resolution  into  the 
ultimate  and  innocuous  building-stones  of  protein 
metabolism  which  normal  enteral  digestion  secures. 

It  is  unnecessary,  and  might  prove  unprofitable, 
for  the  purpose  of  this  review,  to  discuss  the  involved 
and  debated  questions  as  to  whether  these  protein 
toxigens  are  formed  within  the  body  as  the  by-products 
of  a  parenteral  digestion,  or  as  to  whether  they  are 
produced  by  enzymes  previously  present,  responsively 
produced,  or  merely  activated  for  the  occasion  in  the 
blood  or  the  tissues.  In  spite  of  much  valuable  work, 
recently  done  on  these  problems,  it  is  still  impossible 
to  say  whether  the  specific  infekl  directly  excites  the 
centers  of  heat  production,  or  whether,  with  the 
consequent  development  of  antibodies,  the  withdrawal 
from  the  blood  of  a  binding  complement  is  directly 
responsible  for  this  thermostimulative  influence. 
The  weight  of  evidence  is  against  the  single  entity  of 
the  toxic  agent;  it  is,  indeed,  rather  in  support  of  its 
specificity  in  each  and  every  type  of  infection;  while 
the  work  of  Citron,  Leschke,  and  others  tends  to  dip 
the  scales  of  argument  toward  a  quantitative  relation 
of  the  binding  complement  to  the  fever-producing 
mechanism.     The  one  hjTJOthesis  proposes  an  iden- 


tical sensitizer  of  the  heat  regulating  machine;  the 
other  speaks  for  an  identical  sensibilizing  process. 
The  latter  theory  accounts  satufactorily  for  the 
variable  quantitative  element  in  fever  in  either  one  of 
two  ways.  A  slight  infection  may  call  for  few  anti- 
bodies and  for  the  minor  consumption,  therefore,  of 
complement;  it  will  beget  but  a  slight  disturbance  of 
body  temperature.  In  the  efficient  subject  of  in- 
vasion, a  pronounced  infection  will  reverse  this 
result ;  while  in  the  nutritively  inefficient,  the  inability 
to  form  antibodies  puts  small  demand  upon  the 
constant  complement  and  fever  response  is  slight. 
The  subject  belongs  to  a  common  class  of  poor  fever 
producers. 

This  hypothesis,  again,  tends  to  establish  the  es- 
sential unity  of  the  fever  process.  It  suggests  an 
analogy  between  the  incubation  of  infective  fever  and 
the  temperature  development  in  anaph^'laxis;  the  one 
being  as  much  a  sensibilizing  event  as  the  other.  It 
accounts,  too,  for  the  fact  that  organisms,  previously 
infected  with  a  given  toxin,  react  more  definitely  than 
they  do  when  they  present  a  virgin  soil  to  such  an 
infekt.  Smaller  doses  are  required  to  produce  pyro- 
toxic results.  Repetitional  doses  become  intensive. 
The  readiness  of  sensibilization  is  in  direct  ratio  to  the 
rapidity  of  protein  breakdown.  Schittenhelm  admits 
that  while  the  bacterial  toxins  are  specific  and  produce 
specific  immune  bodies,  the  phenomena  of  sensibiliza- 
tion to  fever  may  be  common  to  all  invasions.  Fever, 
saj's  Leschke,  is  always  an  immunobiologic  reaction. 

This  theory  of  a  common  sensibilizing  process  goes 
far  to  explain  the  variations  in  the  several  types  of 
fever,  the  temperature  curves  in  primary  and  second- 
ary infections,  and  the  methods  of  fever  termination 
whether  by  crisis  or  by  lysis.  A  sudden  decline  of 
temperature  may  depend,  occasionally,  upon  the  ex- 
hau.stion  of  heat-producing  centers;  but  the  ordinary 
course  of  fever  subsidence,  whether  by  remission,  by 
sudden  defervescence,  or  by  gradual  and  permanent 
fall,  marks  the  detoxication  of  the  blood  and  its 
recovery  of  free  complement.  Ludke  has  shown  that 
during  a  period  of  from  twenty-four  to  thirty-six  hours 
prior  to  pneumonic  crisis,  the  blood  is  poor  in  precipitins 
and  in  complement;  but  that  during  and  after  crisis, 
these  are  enormouslj-  increased.  By  treating  infected 
animals  with  pneumotoxic  sera  derived  from  pneu- 
monic individuals  in  crisis,  he  greatly  multiplied  these 
protective  agents  in  the  blood  and  effected  rapid  and 
complete  recoveries.  Hcktoen  corroborates  these 
findings,  proving  th.at  in  pneumonia  crisis  there  is  a 
rapid  concentration  of  protective  bodies  and  an  equally 
rapid  destruction  of  bacteria  in  the  blood. 

Similarly,  Citron  and  Leschke  relate  the  develop- 
ment of  anaphylactic  fever  to  the  withdrawal  of  blood 
complement  by  fixation.  They  suggest,  too,  that  in 
aseptic  fever,  whether  produced  by  the  introduction 
of  chemicals,  colloidal  metals,  or  autolytic  substances, 
the  rise  of  temperature  is  directly  resultant  upon  a 
like  withdrawal  or  binding  of  complement.  ^Iuch 
work  remains  to  be  done  not  only  toward  a  better 
recognition  of  the  several  intermediary  products  of 
protein  breakdown,  but  toward  a  better  understanding, 
also,  of  their  biologic  and  physical  behavior  in  the 
living  animal  organism. 

The  Types  of  Feveu. — It  is  the  purpose  of  this  review 
to  discuss  fever,  rather  than  fevers  in  severalty,  but  in 
so  far  as  individual  forms  exhibit  types  of  temperature 
disturbance  it  is  desirable  to  determine,  so  far  as  possi- 
ble, the  principles  which  govern  their  classification. 
Only  those  fevers  which  are  of  clinical  interest  and 
invasive  origin  can  be  included  in  this  consideration. 
These  may  be  grouped  as: 

a.  The  culminative  fevers,  tending  to  crisis,  as  in 
pneumonia. 

b.  The  terniinative  fevers,  of  brief  and  self-limited 
duration,  associated  with  a  ph.ise  of  efflorescence,  as  in 
scarlet  fever,  measles,  smallpox,  etc. 
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c.  The  continued  fevers,  as  typhoid  fever,  sepsis,  and 
tuberculous  fever. 

(/.  The  cyclical  or  intermittent  forms,  as  in  the 
malarise. 

e.  The  remittent  or  recurrent  fevers,  which 
equally  with  the  intermittent  types,  are  of  parasitic 
origin,  but  of  doubtfully  malarial  quality. 

Such  an  attempt  at  classification  suggests,  at  once, 
that  in  each  group,  a  biologic  equation  obtains,  in 
which  one  and  the  print-ipal  factor  is  the  life  history 
of  the  invading  organism;  and  the  other,  a  responsive 
factor,  is  the  combative  capacity  of  the  infected  sub- 
ject expressed  in  terms  of  the  physiological  weapons 
which  his  nutritive  status  permits  him  to  muster. 

In  the  culminative  fevers,  the  battle  with  the 
bacterial  toxins  is  brief  and  overwhelming,  or  ends  in  a 
mass  gathering,  as  it  were,  of  bactericidal  forces  by 
which  the  acute  toxicosis  is  overcome. 

In  the  terminative  fevers,  the  conflict  is  less  sharply 
defined  in  point  of  time.  A  successful  issue  usually 
depends  upon  the  absence  of  mixed  or  superimposed 
infections,  which  take  advantage  of  lowered  immunity 
and  convert  the  fever  into  a  continued  type. 

The  continued  fevers  present  the  picture  of  a  long- 
sustained  siege,  in  which  a  dail.v  struggle  between 
protein  toxins,  alike  of  bacterial  and  cellular  origin, 
and  specific  antibodies  is  maintained  to  an  inde- 
terminate conclusion;  and  in  which  secondary  and  fre- 
quently septic  infections  may  serve  as  reinforcements 
of  the  primary  invaders. 

In  the  cyclical  or  intermittent  forms  of  fever,  un- 
altered by  therapeutic  measures,  the  equation  is  very 
largely  a  uni-factored  one  and  the  part  which  the 
forces  of  phj'siological  resistance  play  is  very  uncer- 
tain. Fever  periods  are  determined  by  the  successive 
sporulations  of  the  plasmodia  and  their  continued 
recurrence  is  dependent  rather  upon  the  length  or 
endurance  of  the  stage  of  schizogony  in  the  poly- 
morphic history  of  these  invading  parasites,  than  upon 
any  determinable  limits  set  by  the  development  of 
immunic  conditions  in  the  invaded.  Doubtless  the 
paroxysms  of  fever  produced  by  the  liberation  of 
sporuiar  toxins  have  a  direct  effect  upon  the  rapidity 
with  which  this  irruptive  stage  is  fulfilled.  The  fever 
reaction  is,  in  so  far,  protective  while  it  lasts,  but,  ap- 
parently, is  not  preventive  of  the  evolution  of  new 
cycles. 

In  the  remittent  fevers,  the  balance  of  the  biologic 
equation  is  continually  reversed.  Periods  of  abate- 
ment are  distinctly  characterized  by  the  concentration 
of  antibodies  and  the  increase  of  complement  in  the 
circulating  b'ood.  As  these  protective  agents  are 
again  exhaustea,  the  opportunity  of  reinvasion  occurs. 
It  is  a  running  fight,  with  alternating  advantage  be- 
tween invaders  and  invaded.  Mixed  infections,  as  Sir 
Patrick  Manson  has  shown,  are  sometimes  responsible 
for  the  idiosyncrasies  of  these  forms  of  fever. 

Many  obscure  cases  of  temperature  disturbance 
may  be  noted,  especially  in  childhood,  which  are 
traceable  either  to  the  occurrence  of  localized  in- 
fections, or  to  an  easy  excitation,  through  some  slight 
general  toxicosis,  of  the  mechanism  of  temperature 
regulation  in  early  life. 

The  Seats  of  Fe\'ER. — A  major  part  of  the  fruitful 
work  that  has  been  done,  in  recent  years,  upon  the 
problems  of  animal  heat,  has  been  devoted  to  the 
study  of  the  central  heat-regulating  mechanism.  But 
little  attention  has  been  paid  to  the  thermogenic 
and,  presumabl.v,  fever-producing  tissues.^  So  far, 
however,  as  inquiry  has  gone,  the  physiologist  cannot 
get  away  from  the  conclusion  th.at  the  production  of 
heat  is  a  function  of  the  cell  at  large;  that  fever,  how- 
soever originating,  howsoever  controlled,  is  a  disturb- 
ance of  intracellular  metabolism.  The  evidences  of 
the  fact  are  many. 

We  recognize  local  reactions  to  invading  organisms 
or  their  toxins;  but  we  do  not  sufficiently  appreciate 


the  truth  that  these  reactions  are  in  the  nature  of 
miniature  peripheral  fevers.  Let  the  infection  extend 
beyond  its  initial  focus,  and  a  general  rise  of  tempera- 
ture results. 

In  seeking  for  the  seats  of  fever,  we  should  note  that 
the  homoiothermous  animal  is  not  one  of  fixed  or 
constant  temperature,  but  simply  one  of  regulated 
temperature;  that,  indeed,  the  heat  conditions  in  one 
part  of  the  body  differ  markedly  from  those  in  another 
part;  that,  within  normal  range,  the  temperature  of 
the  skin,  of  the  blood,  of  the  muscular  tissues,  of  the 
great  glands,  and  of  the  central  nervous  system  vary 
on  a  scale  of  at  least  five  degrees,  Fahrenheit.  This,  in 
itself,  carries  sufficient  proof  that  the  several  tissues 
are  contributory  to  the  sum  of  heat  production  and, 
therefore,  of  fever,  in  very  varying  degree. 

The  contribution  which  each  makes  is  dependent 
upon  three  things:  (1)  the  bulk  of  tissue,  (2)  the 
continuity  of  its  energy  output  or  functional  employ- 
ment, and  (3)  the  rapidity  of  its  metabolism  within  a 
given  time.  To  the  first  two  of  these  considerations, 
the  muscular  tissue  responds,  in  a  major  degree,  as  a 
principal  source  of  heat.  Its  great  mass,  the  number 
of  its  physiological  units  and  the  constancy  of  their 
employ,  all  point  to  its  large  heat-forming  function. 
The  comparatively  slow  rate  of  its  metabolism  does 
not  greatly  discount  its  predominant  share.  Direct 
observation  shows  that  in  the  contracting  muscle,  ex- 
ercised within  the  limits  of  exhaustion,  the  tempera- 
ture rises  1.5°  F. 

The  glandular  tissues  come  in  as  a  second,  although 
a  distant  one,  to  the  muscular  system,  on  the  score, 
alike,  of  their  large  bulk  .and  their  great  rapidity  of 
metabolism.  The  blood  which  enters  the  liver  at  an 
average  temperature  of  99.8°  F.,  leaves  it,  during  active 
digestion  and  absorption,  at  a  point  which  varies  be- 
tween 103. S°  and  10.5.2°  F. 

As  an  active  heat-producer,  despite  its  relatively 
small  mass  and  on  account  of  both  continuity  of  em- 
ployment and  rate  of  metabolism,  the  nerve  tissue 
in  general,  and  particularly  the  central  nervous  sys- 
tem, takes  third  place.  Beside  these  three  chief  con- 
tributors, other  tissues  plaj'  a  minor  p.art.  It  is  upon 
these  major  seats  of  heat  production  that  the  ther- 
mogenic bvirden  mainly  rests. 

Hans  Meyer  goes  so  far  as  to  suggest  an  intrinsic 
organal  regulation  of  temperature — an  automaticity 
of  local  thermogenesis.  A  broader  view  suggests  the 
existence  of  autonomic  centers  of  local  influence,  but 
under  a  general  thermotaxic  control.  That  local 
temperatures  may  be  maintained  after  section  of  the 
spinal  cord  at  the  lower  cervical  or  first  dorsal  seg- 
ments is  significant. 

Certain  organs  of  internal  secretion  influence  the 
thermogenic  function  of  the  tissue  cells  at  large.  In 
the  hyperthyroidea,  the  level  of  excitability  to 
thermogenic  influences  is  raised.  The  subject  lives 
at  a  higher  heat  potential.  Reversely,  in  the  hj-po- 
thjToidea  and  in  disease  of  the  anterior  hypophysLs, 
the  threshold  of  temperature  responses  is  lowered. 
Cushing  points  out  that  in  such  cases  it  is  difficult  to 
induce  fevers,  and  suggests  that  a  depression  of 
thyroideal  or  hypophyseal  function  induces  hiberna- 
tion. Proof  of  this  thermogenic  depression  is  estab- 
lished bj''  a  rever.sive  action  under  thyroid  e.Ktract 
feeding.  That  these  metabolic  influences  affect,  also, 
the  central  mechanism  of  heat  production  will  be 
observed  later. 

The  phenomena  of  sensibilization  suggest  not  alone 
a  centric,  but  a  peripheral  influence  in  thermogenic 
reactions.  That  organisms  previously  infected  with 
certain  toxins  react  more  speedily  and  more  pro- 
foundly than  thoy  do  in  a  virgin  state  is  a  function  of 
.sensibilization  which  means  their  progressive  acquire- 
ment of  biological  weapons  for  the  swift  destruction  of 
foreign  and  toxic  proteins. 

The  feeble  temperature  reaction  of  exhausted  tissues 
is   negative  proof  of  peripheral  thermogenesis  in  the 
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normal  subject.  The  action  of  therapeutic  agents 
which  insensitize  the  tissues  to  thermogenic  response 
is  corroborative. 

The  Met.^bolism  of  Fever. — It  is  difficult  to  draw 
a  desirably  sharp  distinction  between  the  pathologic 
accompaniments  and  the  pathologic  consequences  of 
fever. 

If  fever  is  the  end  result  of  a  proteotoxicosis,  or 
rather  of  a  physiologic  process  by  which  that  toxicosis 
is  met,  it  is  not  the  only  effect  of  the  primary  cause. 
The  immunic  reaction  to  the  toxicosLs  is  in  the  nature 
of  a  metabolic  disturbance  more  or  less  profound. 
The  fever  is  an  essential  part  of  that  process.  At  the 
same  time,  the  toxicosis  occasions,  in  itself,  metabolic 
changes,  not  only  of  a  specific,  but  of  a  very  general 
character.  As  the  recent  work  of  Rahel  Hirsch  sug- 
gests, these  temperature  and  metabolic  disturbances 
are  not  always  concurrent,  nor  do  they  always  run  on 
parallel  lines.  It  should  be  understood  that  the  term 
metabolic  is  distinctively  addressed  to  those  serial 
changes  in  the  tissue  cells  by  which  energj'  is  evolved, 
through  the  expenditure  of  whatsoever  form  of 
material,  as  well  as  to  those  structural  changes  in 
which  the  cell  proteins  are  attacked.  Emphasis 
should  be  laid  upon  the  fact  that  physiologic  or  patho- 
logic, in  kind  or  in  degree,  these  metabolic  events, 
whether  energy-evolving  or  structure-changing,  occur 
within  the  tissue  cell.  Whether  they  involve  the 
serial  oxidation  of  fats  and  carbohydrates  alone,  or 
extend  to  the  cleavage  and  oxidation  of  protein 
material,  these  reductions  are  brought  about  through 
the  agency  and  influence  of  cell  products.  It  is  not 
necessary  to  discuss  the  doubtful  question  as  to 
whether  these  ready  energy-producing  food  stuffs 
become  an  actual,  if  unstable,  part  of  the  tissue  cell, 
or  whether  they  represent  simply  the  fuel  store,  or 
floating  capital,  of  the  cell.  It  is  enough  that  their 
consumption  occurs  within  the  cell  and  involves,  in 
its  accomplishment,  the  metabolic  activity  of  the 
cell.  This,  in  itself,  makes  it  futile  to  draw  any  sharp 
line  between  the  metabolisms  of  nitrogenous  and  non- 
nitrogenous  material.  Moreover,  in  fever  toxicosis,  as 
in  starvation,  let  the  body  store  of  the  non-nitrogen- 
ous stuffs  fail  and  the  protein  fund  will  be  at  once 
invaded.  In  ordinary  hunger,  the  body  draws  upon 
its  non-nitrogenous  supplies  and  maintains  a  minimal 
output  of  nitrogens.  In  fever,  it  does  the  same  thing 
up  to  the  limit  of  these  available  stores  and,  as  May  and 
■StaeheUn  have  shown,  so  long  the  protein  metabolism 
is  not  increased.  Let  these  simpler  energy-producing 
materials  be  exhausted  and  a  compulsory  breakdown 
of  cell-proteins  ensues.  While  it  may  be  insisted  that 
metabolic  and  temperature  disturbances  a,re  the  twin 
results  of  a  proteotoxicosis,  it  must  not  be  forgotten 
that  once  created  they  form  the  hemi-arcs  of  a  vicious 
circle.  For  under  increased  temperature,  in  vivo  as 
in  vitro,  chemical  reactions  are  accelerated  and  fever 
becomes  the  promoter  of  an  increased  destructive 
metabolism.  As  van't  Hoff  has  shown,  with  a  lift  of 
ten  degrees  in  temperature,  chemical  reactions  are 
doubled  or  trebled  in  velocity,  giving  a  temperature 
coefficient  of  between  two  and  three.  On  the  other 
hand,  physical  processes  under  the  same  degree  of 
heat,  show  less  than  half  the  increased  velocity;  they 
have  a  temperature  coefficient  of  between  one  and  two. 
It  wiU  be  seen  that  in  fever  the  wheel  of  relationship 
between  metabolism  and  temperature  again  turns. 
The  increased  body  temperature  induces  more  rapid 
metabolic  reactions,  chemical  in  character  and  re- 
sultant in  higher  heat  production;  while  less  favor- 
ably it  affects  the  physical  agencies  of  heat  loss.  _  The 
sum  of  result  is  greater  heat  storage.  It  may  easily  be 
imagined  that  this  intrinsic  heat  accumulation  is  one 
of  the  essential  features  of  the  immunobiologic  re- 
action by  which  the  proteotoxicosis  is  met. 

The  most  significant  accompaniment  of  fever  is 
seen  in  the  glycogenic  field.     The  increased  output 


of  sugar  in  the  subject  of  fever  has  been  demonstrated 
by  Liefmann,  Stern,  Hollinger,  Silberstein,  and 
others.  That  the  temperature  disturbance  and  the 
carbohydrate  release  are  in  the  nature  of  a  physiologic 
equation  is  indicated  by  the  normal  rise  in  the  blood 
content  of  sugar,  under  the  stimulus  of  continued 
cold  weather  and  its  corresponding  fall  in  warmer 
seasons.  Fever  is  always  accompanied  by  or  as- 
sociated with  hjTJerglycemia,  which,  in  itself,  merely 
signalizes  the  mobilization  of  sugar  for  heat-produc- 
ing purposes  in  the  tissue  cells.  That  this  Ls  an  as- 
sociative phenomenon  of  heat  regulation,  is  shown  by 
the  fact  that  severance  of  the  spinal  cord  at  the 
first  dorsal  segment  cuts  at  once  the  twin  paths  of 
influence  for  glycogenic  activity  and  heat  production. 
By  section  below  this  point,  the.se  cooperative  func- 
tions are  not  suppressed.  Their  functional  relation- 
ship is  suggestive  of  the  dietetic  treatment  of  fevers. 

Certain  accompaniments  of  fever  are  apparently 
results  of  the  conjoined  influence  of  the  primary 
toxicosis  and  its  induced  rise  of  temperature.  Among 
these,  are  the  acceleration  of  heart  action,  the  varia- 
tions of  blood  pressure,  the  excitation  of  a  polypneic 
center  and  of  the  nervous  mechanism  governing  the 
sweat  glands.  The  discussion  of  the  relationship 
of  these  factors  in  fever  will  be  enlarged  in  the  study 
of  the  mechanism  of  its  control. 

That  fever  is  a  self-limited  function  is  both  directly 
and  indirectly  true;  since  it  appears  that  high  body 
temperature  is  destructive  to  many  pathogenic  and 
fever-producing  organisms. 

The  Mechaxi.sm  of  Fe\-er. — The  best  argument  for 
a  homoiothermic  mechanism  is  the  absence  of  it  in 
the  poikilothermous  type.  Constancy,  without  uni- 
formity, of  temperature;  local  variations  of  heat, 
adjusted  by  compensatory  influences  in  the  body 
at  large;  the  continual  equalization  of  differences  in 
heat  production  and  heat  loss,  presuppose  a  regu- 
lative mechanism  which  puts  in  striking  contrast  the 
temperature-to.s.sed  conditions  of  the  "cold-blooded." 
The  higher,  in  fact,  the  t>'pe  of  living  organism,  the 
more  numerous  are  the  causes  of  temperature  dis- 
turbance to  which  it  is  liable  and  the  greater  the  need 
of  thermostatic  control.  The  diurnal  range  which 
the  body  temperature  exhibits,  susceptible  as  it  is 
of  numerous  minor  variations,  responsive  as  it  is 
to  major  stimuli  of  change,  indicates  the  pcndular 
swing  of  a  function  which  traveling,  on  occasion, 
within  a  lesser  or  a  larger  arc,  tends  constantly  to  the 
adjustment  of  its  own  excursions  from  a  permanent 
center. 

The  operative  features  of  this  temperature  mechan- 
ism suggest,  at  one  and  the  same  time,  its  centricity 
and  its  autonomy.  Localization,  distributive  re- 
lations, and  function  alike  indicate  its  wide  control 
both  in  the  somatic  and  the  visceral  fields.  Certain 
observations  show  that  distribution  of  impulses  is 
largely  had  through  the  paths  of  the  sympathetics. 
The  influence  of  such  drugs  .as  cocaine  and  adrenalin 
upon  temperature  tends  to  support  this  view. 

Experimentally,  by  destruction  of  both  corpora 
striata  and  optic  thalami,  or  by  enucleation  of  the 
stellate  ganglion,  or  by  division  of  the  roots  of  the 
lower  cervical  nerves,  or  by  section  of  the  cord  at  the 
first  dorsal  segment,  or  by  the  action  of  curari  upon 
nerve  terminals,  the  conversion  of  the  homoiothermous 
into  a  poikilothermous  animal  has  been  clearly  proved. 
It  is  of  especial  interest,  for  the  purposes  of  this  dis- 
cussion, to  note  that  in  animals  so  treated,  pyrogenic 
substances,  so-called,  are  without  tenvpcrature  effect. 
Moreover,  in  animals  whose  temperature  mechanism 
has  been  previously  excited  and  who  have  then  been 
submitted  to  similar  e.xperiments,  the  pjTe.xia  has 
been  found  to  sink. 

In  the  intact  suliject  the  heat-regulating  mechanism 
mav  be  reached  by  thermal,  mechanical,  chemical,  or 
electrical  stimuli."  It  is  cle<ir  that  the  stimuli  ordi- 
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narily  active  upon  it  are  those  of  extrinsic  cold  and 
heat.  As  a  final  proof  of  the  existence  of  these  regu- 
lative centers  may  be  noted  their  exhaustion  by  over- 
stimulation and  the  lack  of  compensation  frequently 
observed  when  excessively  high  or  extremely  low- 
temperatures  are  encountered. 

Despite  the  cumulative  evidence  in  favor  of  centric 
control,  the  possible  automaticity  of  temperature 
conditions  in  certain  tissue  cells  is  not  to  be  over- 
looked. It  appears,  however,  that  such  automaticity 
is  always  in  the  direction  of  the  poikilothermal  re- 
sponse. Cold  diminishes  and  heat  accelerates  the 
chemical  reactions  upon  which  the  evolution  of  heat 
within  the  cell  depends.  Still,  it  is  not  impossible 
that  the  normal  protein  metabolism  may  furnish 
products  which  regulate,  in  a  degree,  the  ordinary 
energy  output  of  the  cell. 

The  recent  re.searches  of  Barbour  and  Wing  not 
only  corroborate  the  investigations  of  others  in  local- 
izing the  centric  seats  of  temperature  regulation,  but 
they  prove  the  direct  influence  of  stimuli  upon  this 
central  mechanism.  The  phenomena  of  heat  punc- 
ture have  been  repeatedly  observed  and  have  been 
attributed  to  an  excitation  of  thermogenic  centers. 
Barbour  has  directly  proved  that  this  is  true,  by  experi- 
ments in  which  puncture  is  effected  by  means  of  Can- 
ute, through  which  repetitional  and  varied  stimulation 
has  been  had.  Upon  the  subsidence  of  the  initial  ex- 
citatory effect  of  the  puncture,  Barbour  has  applied, 
by  this  ingenious  method,  electrical,  thermal,  and 
therapeutic  stimuli  with  remarkably  consistent  re- 
sults. He  confirms  the  like  observations  of  Krehl 
and  Iscnschmid  in  the  field  of  electrical  stimula- 
tion. To  the  conclusions  drawn  from  these  re- 
searches, later  reference  will  be  had.  They  serve  to 
show  the  immediately  responsive  power  of  the 
central  heat  mechanism. 

No  exact  limitations  can  be  set,  at  the  present 
time,  to  the  localization  of  these  heat  centers,  but 
their  existence  and  approximate  situation  appear  to 
have  gone  beyond  denial  and  certain  facts  of  their 
relationship  have  been  well  worked  out.  Un- 
doubtedly, their  associative  and  distributive  tracts 
are  numerous  and  widespread,  and  this  introduces, 
at  once,  large  difficulties  into  the  interpretation  of 
stimulative  phenomena  and  into  the  definition  of  a 
precise  locus  of  the  actual  nuclei  of  control.  That 
there  are  secondary  centers  concerned  in  the  dis- 
tribution of  thermogenic  impulses  seems  clear. 
That  the  mechanism  is  a  bilateral  one  is  assured. 
That  the  thermotaxic  centers  are  multiplex  and 
exercise  thermogenic  and  thermoinhibitory  functions 
appears  probable.  It  is  possible  to  secure,  by  central 
stimulation,  either  the  increase  or  the  reduction  of 
body  heat.  Reduction  may  be  accomplished  by  a 
diminution  of  thermogenic  action  or  by  thermo- 
inhibition.  The  relation  of  the  mechanism  of  ther- 
motaxis  to  that  of  thermolysis  is  very  close.  The 
forces  of  increased  heat  production  and  peripheral 
vasoconstriction  normally  cooperate,  although  in 
fever,  they  are  frequently  dissociated.  The  agencies 
of  heat  inhibition,  of  peripheral  vasodilation,  and  of 
increased  respiration  and  perspiration  commonlj'  act 
in  harmony.  Physiologically,  these  several  mechan- 
isms are  continually  excited  by  appropriate  stimuli; 
they  respond  readily,  now  cooperatively,  now  an- 
tagonistically, and  with  the  result  of  a  rapid  adjust- 
ment which  forestalls  discernible  changes  of  tempera- 
ture in  the  body  at  large. 

A  broad  localization  of  thermotaxic  centers,  ex- 
tending from  the  forepart  of  the  corpora  striata 
through  the  optic  thalarai  and  including  the  hj-po- 
thalamus,  may  be  made.  The  indefiniteness  of  the 
statement  is  recognized,  but  it  gathers  within  it  the 
range  of  seemingly  successful  experiment.  In  the 
present  state  of  our  knowledge,  it  is  well  to  establish 
only  the  wide  limits  of  actual  definition.  Section  in 
front  of  the  anterior  quadrigemini  produces  poikilo- 
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thermia.  Leschke  states  that  such  section  must  in- 
volve in  this  isolation  the  hypothalamus  in  order  to 
produce  this  result,  and  he  locates  the  heat  centers, 
broadly,  in  the  basal  ganglia  of  the  fore-  and  inter- 
brain.  Barbour,  while  forbidding  too  close  anatom- 
ical limitations,  secures  his  optimum  results  in  the 
stimulation  of  the  caudate  nucleus  of  the  corpus 
striatum.  Nicolaides  and  Dontas  obtained  maximal 
rises  of  temperature  by  puncture  through  the  mid- 
portion  of  the  caudate  nucleus,  involving,  also,  the 
tuber  cinereum.  Good  hyperthermia  could  be  had, 
however,  without  the  implication  of  the  tuber.  They 
procured  less-marked  results  at  the  anterior  extremity 
of  the  caudatus.  Puncture  of  the  posterior  portion 
of  the  caudate  nucleus  indicated  thermo-inhibition. 

Trypanosomic  and  bacterial  infections  have  failed 
of  pyrogenic  results  when  experimental  isolation  of 
the  thermotaxic  mechanism;  as  outlined  above,  has 
been  had.  Anaphylatoxic  reactions  have  similarly 
failed  imder  these  conditions. 

No  evidence  has  yet  been  secured  to  suggest  in- 
dependent centers  for  the  government  of  heat  loss. 
In  fever,  as  under  normal  heat  conditions,  thermolysis 
is  controlled  through  respiratory  and  sweat  centers 
and  through  the  vasomotor  field. 

The  thermotaxic  mechanism  exhibits  the  phenom- 
ena, markedly  characteristic  of  all  autonomic  cen- 
ters, of  tendency  to  easy  increase  and  diminution 
of  irritability,  to  widening  of  the  range  of  functional 
expression,  and  to  ready  exhaustion.  In  early  life, 
these  qualities  are  emphasized  by  the  particularly 
wide  swing  of  the  pendulum  of  temperature  varia- 
tion. In  old  age,  changes  of  irritability  are  easily 
excited,  within  a  narrower  range  of  excursion,  but 
with  great  liability  to  thermotaxic  exhaustion. 

Physiological  influences  undoubtedly  serve  to  vary 
the  siisceiitibility  of  the  heat  centers  to  temperature 
stimuli.  The  h\-perth>Toidea  suggest  a  normal  re- 
lationship of  the"  thjToid  body  or  its  accessories  to 
the  preservation  of  heat  balance,  in  the  fact  that  they 
definitely  raise  the  level  of  responsive  power  in  the 
thermogenic  mechanism  and  even  appear  to  lower 
the  threshold  of  reaction  to  a  given  stimulus.  Re- 
versely, the  hypotln'roidea,  together  with  disorders 
of  the  hypophysis,  reduce  the  range  of  excitability 
and  lift  the  threshold  of  reaction  to  the  minimal 
stimulation  of  heat  production. 

Certain  drugs  induce  very  similar  results.  The 
phenomena  of  sensibilization  under  anaphylaxis  also 
suggest,  as  one  phase  of  the  process,  a  sensitizing  of 
the  heat-producing  centers. 

The  phenomena  of  fever  establish  like  relations. 
The  incubation  period  of  any  proteotoxicosis  creates 
conditions  which  sensitize  thermogenic  centers  and 
apparently  inhibit  or  depress  the  centers  which  de- 
termine the  cooling  of  the  body.  The  thresholds  of 
response  are  lowered  and  their  limits  of  temperature 
control  are  raised.  Consequently,  a  normal  tempera- 
ture acts  in  fever  as  a  cold  one  does  under  physiologic 
range;  while  a  high  heat  is  necessary  to  limit  thermo- 
genesis  or  to  excite  thermoinhibition. 

The  fevered  organism  regulates  its  own  temperature 
disturbances,  after  the  same  fashion,  but  within  wider 
range,  as  the  normal  body  does.  As  the  heat-pro- 
ducing and  heat  inhibiting  centers  are  ordinarily 
sensitized  by  seasonal  changes  of  temperature,  so 
they  become  sensitive  to  fever.  The  physiologic 
rhythm  of  heat  regulation  is  broken,  but  a  new  one 
is  set  to  meet  the  unusual  thermogenic  pace.  The 
height  of  heat  production  and  the  level  of  thermostatic 
control  are  in  direct  ratio.  The  b.alance  between 
heat  production  and  heat  loss  is  disturbed,  but  it 
still  makes  exaggerated  efforts  at  adjustment. 

The  physiological  method  of  fever  control  follows 
normal  lines.  Like  other  autonomic  centers,  those 
of  heat  regulation  are  susceptible  not  only  of  reflex, 
but  of  direct  stimulation.  The  fevered  blood  is  its 
own  depressor  or  inhibitor  of  thermogenesis,  through 
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its  immediate  action  upon  the  heat  centers.  Bar- 
bour's work  has  gone  far  to  estabhsh  this  interesting 
conclusion.  By  the  introduction  of  hot  water  through 
his  puncture  cannula  he  proved  the  effect  of  highly 
fevered  blood.  The  heat  acted  as  a  stimulus  to 
thermoinhibition,  or  as  the  calmative  of  thermo- 
genic centers,  and  the  body  temperature  fell.  So, 
external  heat  or  hyperpyrexia  ultimately  sensitizes 
the  subject  to  control  and  heat  production  is  checked 
or  counterbalanced.  Similarly,  introducing  cold 
water,  he  reversed  the  regulative  process.  A  direct 
stimulus  to  thermogenesis  was  provided  and  the  body 
temperature  rose.  So,  external  cold  or  a  subnormal 
body  temperature  sensitizes  the  subject  to  thermo- 
genic stimulation. 

It  must  not  be  forgotten  that  a  physiological  corol- 
lary of  overexcitation  is  exhaustion.  Sudden  and 
extreme  fever  reactions  do  not  always  spell  control. 
Rather  are  they  occasions  for  concern.  They  indi- 
cate the  loss  of  thermogenic  power.  The  paralysis 
of  heat-producing  centers  by  continued  stimulation 
with  excessive  cold  is  in  point.  Extremes  of  counter- 
stimulation  meet.  Recovery  of  control  is  often  a 
slow  process. 

The  cooperative  influence  of  thermoh^ic  agencies 
in  the  adjustment  of  temperature  conditions  in  the 
fevered  subject  must  not  be  overlooked.  Com- 
pensation is  only  second  in  importance  to  thermo- 
taxis  in  the  control  of  body  temperatures,  whether 
in  health  or  in  disease.  Emphasis  has  been  put, 
already,  upon  the  close  relation  between  thermotaxic 
and  thermolytic  centers  and  reference  may  again 
be  made  to  the  experiments  of  Barbour  and  Wing 
in  this  field.  They  have  shown  that  direct  heat  stimu- 
lation of  heat-regulating  centers  not  only  diminishes 
heat  production,  but  excites  vasodilatation,  thus 
increasing  the  opportunity  of  heat  loss.  Similarly, 
direct  stimulation  by  cold  not  only  excited  thermo- 
genesis, but  induced  marked  vasoconstriction,  thus 
conserving  body  heat. 

In  the  human  subject,  the  skin  plays  an  important 
part  in  the  regulation  of  temperature.  Three  agen- 
cies are  operative  to  this  result,  radiation  and  con- 
duction of  heat  and  evaporation  of  the  water  of 
perspiration.  All  of  these  are  influenced  by  vaso- 
motor action  in  the  cutaneous  areas.  The  sweat 
glands,  however,  come  under  specific  control.  Their 
centers  do  not  appear  to  respond  directly  to  tempera- 
ture changes  in  the  blood,  but  are  rather  influenced  by 
chemical  conditions  incident  to  the  fever  toxicosis.  It 
is  usually  in  the  stage  of  crisis  or  in  the  somewhat 
rapid  lyses  that  mark  the  course  or  follow  the  decline 
of  continued  fevers  that  they  show  any  marked  degree 
of  stimulation. 

Coincident  with,  or  consequent  upon,  the  higher 
ranges  of  fever,  another  active  agency  of  heat  dissi- 
pation is  developed.  The  thermotaxic  centers  of  the 
corpora  striata,  at  a  certain  level  of  stimulation, 
exhibit  a  relation  to  the  respiratory  centers  whereby 
the  phenomenon  of  heat  polypnea  is  excited.  That 
this  is  an  associational  event  is  proved  bj'  the  fact  that 
section  anterior  to  the  quadrigemini  cuts  the  path  by 
which  polypnea  is  induced. 

The  Treatment  of  Fe^-er. — The  modern  conception 
of  fever  is  of  a  physiologic  process  by  which  disease 
toxicoses  are  met  and  the  defenses  of  the  animal  body 
are  reinforced.  It  is  a  conservative  force,  set  in 
action  by  a  self-regulating  heat-producing  mechanism ; 
capable,  within  functional  limits,  of  the  control  of  its 
own  h^'peractivity,  so  soon  as  the  causes  of  excitation 
are  neutralized  or  removed.  Its  suppression  is  a 
therapeutic  mistake;  its  violent  reduction  a  clinical 
blunder.  Its  extremes  only  are  to  be  carefully  modi- 
fied; its  nutritional  inroads  repaired;  its  exhaustive 
consequences  averted. 

The  occasion  for  combat  is  not  with  the  fever,  but 
with  its  causative  agent  should  it  lie  within  possible 


reach  of  therapeutic  weapons.  It  is  not  desirable  to 
check  those  chemical  or  biologic  reactions  upon  which 
the  evolution  of  defensive  agents  depends.  An  organo- 
tropic remedy  reaches  only  to  effects.  Etiotropic 
remedies,  capable  of  the  destruction  or  the  discourage- 
ment of  invading  organisms  are  alone  worth  the  seek- 
ing and,  unfortunately,  they  are  rare.  Quinine  in 
malaria,  salvarsan  in  remittent  fever,  and  atoxyl  in 
trypanosomiasis  are  true  antipyretics  of  a  very 
slender  group. 

The  ordinary  antipyretics  are  merely  narcotizers  of 
thermogenic  centers — centers  which  serve  as  the 
ammunition  train  in  the  biologic  battle.  They  put 
those  centers,  untimely,  out  of  commission.  In  fact, 
the  conservative  quality  of  hyperexia  is  shown  in  the 
protection  it  affords  by  its  own  control.  An  excessive 
temperature  tends  to  narcotize  the  entire  brain  of  its 
subject  and,  with  it,  the  temporarily  overactive  ther- 
mogenic centers.  Those  centers  do  not  need  to  be 
battered  into  insensibility;  they  put  themselves  to 
sleep,  on  occasion,  by  the  influence  of  their  own 
pyretic  product.  Drugs  of  the  antipyretic  class  have 
proved  essentially  mischievous  in  careless  therapeu- 
tic hands  and  increasingly  useless  to  the  trained 
clinician. 

If  narcotization  is  desirable  in  fever  cases,  it  is  not 
to  control  thermogenic  centers,  but  to  diminish  the 
general  excitability  of  the  nervous  system.  In  this 
event,  careful  selection  of  drugs  should  be  made,  to 
the  exclusion  of  the  ordinary  antip\Tetics.  It  should 
be  remembered  that  alcohol,  chloroform,  ether, 
chloral,  and  morphine  have  no  Selective  action  for 
thermogenic  centers,  but  paralyze  thermoinhibitory 
centers  as  well.  Krehl  calls  attention  to  pyramidon, 
a  minor  antipj-retic,  but  an  agent  which  quiets  and 
clears  the  sensorium  and  improves  respiratory  action. 

In  marked  h\-perp_\Texia,  accompanied  by  high  blood 
pressure,  it  may  be  well  to  seek  the  stimulation  of  the 
thermoinhibitory  or  cooling  mechanism.  The  drugs 
which  have  a  selective  action  upon  these  autonomic 
centers  include  aconitin,  digitalin,  veratrin,  and 
picrotoxin. 

In  the  sudden  low  temperature  reactions  which  oc- 
cur in  the  course  of  crises  or  of  prolonged  continued 
fevers,  caffeine  fills  a  rather  distinctive  role  as  a 
reexcitor  of  heat  production.  It  is  difficult  to  select 
drugs  which  have  a  characteristic  effect  upon  thermoly- 
sis, which  do  not,  at  the  same  time,  influence  heat 
production. 

There  has  been  a  very  general  revision  of  hydrother- 
apy as  applied  to  fevers.  At  the  present  day,  it  is  not 
so  much  employed,  in  any  of  its  methods,  for  the 
reduction  of  temperature,  as  for  its  sedative  influence 
over  nervous  irritability;  its  stimulative  effect,  in 
certain  forms,  upon  vasomotor  tone;  its  eliminative 
encouragement  of  the  skin;  and  its  contribution  to  the 
general  comfort  of  the  fevered  patient. 

The  epitaph  of  Dr.  Graves,  "He  fed  fevers."  will  be 
appropriately  engraved  upon  the  tombstones  of 
many  modern  clinicians.  Like  many  another  revival, 
the  feeding  of  fevers  has  been  carried  to  an  indis- 
criminative  excess.  Even  in  the  practice  of  scientific 
medicine,  men  become  enamored  of  an  idea  and  push 
it  to  illogical  conclusions.  Nevertheless,  fever  feed- 
ing is  a  problem  for  careful  study. 

Fever  is  a  battle  in  which  the  nutritive  forces  of  the 
body  are  definitely  engaged.  The  problem  oi  its 
dietary  should  be — Required:  to  maintain  a  daily 
nutritive  balance,  within  the  limits  of  the  fevered 
subject's  digestive  power.  Several  factors  are  to  be 
taken  into  account.  The  prior  nutritive  integrity  of 
the  patient  is  a  large  one.  Given  an  adequate  store  of 
glycogen  and  of  fat  in  his  tissues,  it  represents  a 
directly  available  supply  of  thermogenic  material 
which  can  be  mobilized  at  small  expense  of  energy. 
That  it  will  be  mobilized,  concurrently  with  the  course 
of  the  fever,  is  a  matter  of  demonstration.  In  many 
such  cases,  the  low  ebb  of  functional  activity  in  the  bulk 
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tissues  of  the  body  being  remembered,  but  a  modicum 
of  food  will  be  necessary  to  recoup  the  losses  in  this 
mobilized  material.  In  the  inadequately  nourished 
body,  it  may  be  necessary  to  provide  a  far  more 
liberal  supply. 

The  height  and  probable  course  of  a  given  fever  are 
matters  for  consideration,  as  indices  to  the  utilization 
of  thermogenic  material.  The  successful  elimination 
of  the  products  of  combustion,  in  any  given  form  of 
disease,  is  to  be  reckoned  with.  The  possible  diminu- 
tion of  oxygen  supply  is  to  be  noted.  The  age  and  the 
weight  of  the  subject  are  to  be  figured  into  the 
account. 

The  choice  of  food  material  and  the  form  for  its 
easiest  ingestion  should  be  studied.  Forced  feeding  is 
rarely  successful  feeding.  Fats  are  commonly  more 
objectionable  to  the  fevered  patient  than  are  the 
carbohydrates.  The  liability  of  the  sugars  to  fermen- 
tation, at  high  body  temperatures,  throws  the  major 
burden  upon  the  starches,  which  should  be  reduced  to 
a  thoroughly  soluble  form.  Maltose,  by  preference, 
among  the  sugars,  may  be  added  to  these  and  its 
usually  contained  diastase  assists  the  digestion  of  the 
starches.  A  combination  of  these  materials  with 
milk,  in  the  form  of  gruels,  will  be  of  readiest  ad- 
ministration and  digestion.  The  fact  of  fever  thirst 
renders  licjuid  food  the  more  acceptable.  And  appe- 
tite, as  an  aid  to  digestion,  is  not  to  be  ignored,  even 
in  fever.  Flavors  can  be  sufficiently  varied  in  such 
preparations. 

The  total  nitrogen  output  constitutes,  after  all,  a 
safe  index  to  the  adequacy  of  food  supply  in  fever. 
Protein  metabolism  is  not,  of  necessity,  increased. 
If  it  is,  it  may  be  taken  as  proof  of  demand  for  freer 
feeding.  The  purin  bases  aside,  it  is  ordinarily  true 
that  protein  destruction  only  follows,  in  fever,  upon 
proximate  starvation  of  more  available  thermogenic 
material.  Protein  foods  may  always  be  minimized, 
and  with  profit. 

The  generous  water  supply  of  the  .subject  of  fever  is 
quite  as  important  as  his  sufficient  feeding.  His  water 
consumption  is  commonly  great.  The  flushing  of 
actively  thermogenic  tissues;  the  dilution  of  toxin- 
laden  blood,  the  active  elimination  of  waste  products 
are  alike  favored  by  a  full  water  diet.  Water  is,  at 
one  and  the  same  time,  a  valuable  form  of  food  and  an 
indispensable  medium  of  interchange  in  the  currency  of 
fever.  Rich.\rd  Oldlng  Beard. 

Fibrillation,  Auricular. — See  Arrhylhmia,  Car- 
diac. 

Fibrillation,  Ventricular. — It  has  been  demon- 
strated experimentally  on  some  of  the  lower  animals 
by  the  conjoint  use  of  the  myograph  and  electrocardio- 
graph, that  fibrillation  may  be  ventricular  as  well  as 
auricular.  This  has  been  done  by  Lewis,  who  (1) 
tied  the  descending  branch  of  the  left  coronary  artery 
in  the  dog,  and  also  (2)  obstructed  the  blood  flow  in 
the  right  coronary.  In  this  way  he  was  able  to 
induce  premature  ventricular  contractions,  which 
succeeded  one  another  at  shorter  and  shorter  inter- 
vals, at  first  singly  and  then  in  groups.  This  irregu- 
larity led  to  great  frequencj'  of  the  pulse,  the  rate 
rising  to  300  or  even  420.  Eventually  there  was 
delirium  cordis.  Lewis  was  also  able  to  induce  ven- 
tricular fibrillation  by  (3)  irritating  a  large  papillary 
muscle,  (-4)  the  central  surfaceof  the  right  ventricle, 
or  (.5)  its  lower  angle.  LTnder  these  excitations  the 
normal  pulse  rate  was  overcome  by  the  extraneous, 
the  so-called  heterogenetic,  or  ectopic,  impulses. 
Ordinarily  on  suspending  the  irritation  or  relieving 
the  ■obstruction  the  normal  pulse  rate  was  restored. 
Incidentally  it  was  found  that  neither  irritation  of  the 
pneiimogastric  nor  section  of  it  caused  ventricular 
fibrillation. 

Further  experiments  by  Lewis  in  cooperation  with 
Levy  showed  that  ventricular  fibrillation  could  be  in- 
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duced  in  cats  by  chloroform  anesthesia.  Heart  failure 
followed.  Also  in  the  same  animals  intravenous  in- 
jections of  adrenalin  chloride,  in  doses  of  from  one- 
quarter  to  one  minim  of  a  1:1,000  solution,  under 
light  anesthesia,  produced  similar  results.  There  was 
seldom  complete  recovery  in  these  latter  cases.  On 
the  other  hand,  the  administration  of  the  adrenalin 
solution  imder  full  chloroform  anesthesia  was  not 
followed  by  these  dangerous  results. 

Hoffmann  in  a  patient  with  paroxysmal  tachy- 
cardia, was  able  to  demonstrate  ventricular  fibrillation 
by  the  electrocardiograph.  The  patient  recovered. 
From  the  above  citations  it  is  evident  that  our  knowl- 
edge of  this  subject  is  as  yet  fragmentary,  but 
it  is  well  to  bear  in  mind  that  there  is  danger  in  the 
intravenous  injection  of  adrenalin  chloride  under 
light  chloroform  anesthesia,  and  that  any  injury  to 
the  substance  of  the  ventricle  or  any  obstruction  to  the 
coronary  circulation  may  cause  this  form  of  fibrillation. 
Tho.mas    E.    Sattertuwaite. 
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Fibrin  is  an  insoluble  protein  belonging  to  the 
group  designated  as  derived  protems.  When  blood  is 
drawn  a  clot  is  formed  and  fibrinogen  a  soluble  pro- 
tein is  transformed  into  fibrin.  Fibrin  is  the  basis  of 
the   clot.     See   Blood.  F.  P.  U. 


Fibrinogen  occurs  in  blood  as  one  of  the  principal 
constituents  of  the  plasma.  It  is  a  protein  belonging 
to  the  globulin  group  and  under  the  influence  of  a 
ferment  is  tran.sfonned  into  fibrin  when  blood  clots. 
Fibrinogen  is  also  present  in  Ivmph.     See  Blood. 

F.  P.  U. 

Fibrolysin. — See  Thiosinamine. 

Fibroma. — A  fibroma  is  an  autonomous  new- 
growth  composed  for  the  most  part  of  the  cellular  and 
intercellular  elements  of  fibrous  connective  tissue.  It 
is  commonly  accepted  as  the  type  form  of  benign 
mesoblastic  tumors  and  has  its  physiological  prototype 
in  mature  connective  tissue.  Since  the  fibroma  is  a 
true  neoplasm;  allot  the  varioiis  types  of  connective- 
tissvie  proliferation  which  are  dependent  upon  chronic 
inflammatory  processes  must  be  excluded  in  the  use 
of  this  term. 

Fibromas  may  be  divided  into  the  simple  forms, 
which  are  composed  whoUv  of  neoplastic  fibrous  con- 
nective tissue  and  its  accompanying  blood-vessels; 
and  mixed  forms,  in  which  there  is  acombmation  with 
one  or  more  other  types  of  new-growths.  The  mixed 
fil^ronias  are  by  far  the  more  numerous.  Under  each 
of  these  two  main  headings  there  may  be  described 
various  subvarieties,  the  recognition  of  which  depends 
upon  difl'erences  in  consistency  in  some  cases  and  in 
others  upon  differences  in  general  morphology  or 
location.  So  varied  are  the  bases  for  these  differentia- 
tions that  it  is  impossible  to  group  all  of  them  under 
logically  correlated  subdivisions. 

Simple  Fibroma. — The  simple  fibromas  are  divided 
according  to  consistency  into  two  groups.  The 
denser  sort  is  spoken  of  as  the  hard  fibrotna,  or  fibroma 
durum,  and  the  less  dense  as  the  soft  fibroma,  or 
fibrotna  molle.  Between  these  two  all  gradations  of 
firmness  are  to  be  found  and  oftentimes  hard  and  soft 
areas  are  present  in  the  same  growth.  Either  type 
may  occur  wherever  connective  tissue  is  foimd,  but 
in  a  general  way  it  may  be  said  that  the  fibroma  durum 
usually  arises  from  dense  connective  tissue  such  as 
tendon,    and  the  fibroma  molle  from  more   areolar 
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connective  tissue  such  as  that  of  the  subcutaneous 
layer. 

Fibroma  Durum. — The  hard  fibroma  occurs  as  a 
rounded  or  nodular  tumor  wliich  is  usually  sharply 
eircuni-scribed  and  encapsulated,  of  a  pinkish-white 
or  pearly  white  color,  and  which  presses  surrounding 
structures  aside  in  its  expansive  growth.  Although 
sometimes  rather  diffuse  instead  of  being  encapsulated, 
the  fibroma  is  never  infiltrative.  Upon  sectioning 
such  a  tumor  it  is  found  to  be  very  dense  and  firm, 
often  creaking  beneath  the  knife  as  it  is  being  cut. 
When  very  hard  and  tough  such  a  fibroma  is  frequently 
spoken  of  as  a  desmoid.  The  cut  surface  shows  a 
compact  fibrous  structure  with  the  fibers  arranged  in 
parallel  bundles  and  whorls.  Microscopically  these 
bundles  are  seen  to  be  made  up  of  masses  of  fibrils 
among  which  connective-tissue  cells  are  scattered  in 
varying  numbers,  the  more  dense  and  more  slowly 
growing  the  tumor,  the  fewer  are  the  cellular  elements. 
The  nuclei  are  oval  or  spindle-shaped  and  arranged 
for  the  greater  part  with  their  long  axes  parallel  to 
each  other  and  to  the  fibrils  among  which  they  lie. 

Knowledge  of  the  finer  histology  of  fibromas  has 
been  much  advanced  by  the  work  of  Mallory,  who  has 
found  in  these  tumors  the  same  fibrillar  structures  as 
can  be  demonstrated  in  the  intercellular  substance  of 
normal    connective    tissue.     According    to    Mallory 
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Fig.  2390. — A  Fibroma  Durum  of  Subcutaneous  Origin.     Stained 
with  hemalum  and  eosin.     Zeiss  obj.  "B." 

two  kinds  of  fibrils  are  to  be  recognized  by  their 
morphology  and  dilerences  in  staining  properties. 
These  are  fibroglia  fibrils  which  run  along  the  surface 
of  the  cytoplasm  in  the  direction  of  the  long  axis  of 
the  cell,  are  straight  or  gently  curved  in  their  course, 
and  pass  on  apparently  from  one  cell  to  the  next;  and 
collagen  fibrils  which  lie  alongside  of  the  cell  but  not 
attached  to  it  and  are  fine  and  wavy  in  appearance. 

There  are  wide  variations  in  the  degree  of  vascular- 
ity which  these  tumors  may  exhibit.  Some  show 
relatively  few  vessels  coursing  through  the  central 
portion  "of  the  whorls  of  fiberbundles,  while  at  the 
other  extreme  are  the  growths  so  richly  supplied  with 


dilated  blood-vessels  that  they  are  often  described 
under  the  heading  of  fibroma  telangieclaticum .  As 
previously  mentioned,  the  hard  fibroma  may  be  found 
wherever  connective  tissue  occurs,  but  the  sites  of 
predilection  are  the  subcutaneous,  the  intermuscular, 
intertendinous,  submucous  and  sub.serous  tissues,  the 
fascia,  periosteum  and  nerve  sheath.s;  less  frequently 
the  kidneys,  breasts,  uterus  and  ovaries  (BorstJ. 

A  sjjecial  form  of  the  hard  fibroma  is  that  which 
develops  from  the  jjeriosteum  of  the  jaw  and  appears 
as  a  hard  slowly  growing  tumor  beneath  the  buccal 
mucosa.  Such  a  fibroma  is  called  an  epulis,  or  by 
some  a  fibroid  epulis,  to  difi'erentiate  it  from  sarcomat- 
ous growths  of  the  same  region  to  which  the  term 
epiilis  is  sometimes  improperly  applied. 

Keloid  or  Cheloid. — The  peculiar  condition  called 
keloid  occupies  a  position  which  in  many  respects  is 
intermediate  between  that  of  the  true  fibroma  and  of  a 
chronic  inflammatory  fibrosis.  It  is  probably  not  a 
true  neoplasm.  Keloid  is  a  dense  fibrous  subcutane- 
ous growth  rising  above  the  surface  and  covered  with 
stretched  skin.  It  occurs  in  linear  or  hjbulated  masses, 
often  overlapping  the  surrounding  structures.  The 
older  writers  described  two  forms,  a  true,  or  spon- 
taneous, and  a  false,  or  cicatricial  keloid.  It  is  now 
believed  that  in  practically  all  cases  keloid  is  secondary 
to  some  trauma  which,  however,  may  be  exceedingly 
slight.  A  racial  and  individual  susceptibility  is  a 
prominent  factor  in  the  etiology,  the  colored  race  being 
particularly  prone  to  the  development  of  keloid. 
There  is  a  slight  tendency  to  s])ontaneous  absorption 
after  many  years,  but  on  the  other  hand,  attempts  at 
surgical  removal  are  very  often  followed  by  recur- 
rences more  extensive  than  the  original. 

Fibroma  Molle. — Soft  fibroma,  fibroma  areolare. 
The  fibroma  molle  is  a  soft  white  or  reddish-gray 
tumor  composed  of  a  loose  reticulum  of  connective- 
tissue  cells  and  intercellular  fibrilla*.  The  cut  surface 
is  usually  well  moistened  by  the  abundant  lymph 
content  of  the  reticulum.  Blood-vessels  are  as  a  rule 
richly  svipplied  and  the  capillary  net-work  well  devel- 
oped. Mallory  has  found  the  same  types  of  inter- 
cellular fibrils  in  the  soft  fibroma  as  in  the  hard  fibroma 
and  in  mature  connective  tissue  generally. 

Soft  fibromas  are  found  especially  in  the  cutaneous 
and  subcutaneous  connective  tissue  although  they 
may  occur  wherever  ct>nnective  tissue  is  to  be  found. 
When  localized  in  the  submucosa  a  pedimculated 
growth  may  be  formed.  Occurring  subcutaneously 
such  a  fibroma  may  result  in  a  fibroid  wart,  if  sub- 
mucous, a  fibroid  polypus.  The  latter  are  especially 
common  in  the  nose  and  nasopharynx  but  by  no  means 
all  nasal  polypi  are  fibromas.  Oftentimes  it  is  a 
difficult  matter  to  say  from  the  microscopical  section 
whether  a  given  nasal  tumor  is  the  more  common 
infiammatory  polyp,  more  or  less  self-limited  in  its 
growth,  or  whether  it  is  a  true  fibroma  which  may  con- 
tinue its  expansive  growth  imtil  it  produces  pre.«sure 
atrophy  of  the  bone  and  breaks  through  into  the  cranial 
vault. 

In  both  the  fibroma  dtirum  and  fibroma  molle 
certain  retrograde  ehaitges  arc  occasionally  to  be  found. 
These  are  the  more  common  in  large  timiors  which 
have  areas  to  which  the  blood  supply  hiis  been  more 
or  less  completely  cut  off.  Such  areas  may  show 
simple  necrosis  or  there  may  be  liquefaction  necrosis 
of  the  dead  tissue  with  the  subsequent  formation  of 
cysts.  In  the  absence  of  liquefaction,  cholesterin 
crystals  may  be  found  in  ab\nKlance  in  the  liiasses  of 
tissue  debris.  Calcification  may  result  from  the  de- 
posit of  lime  salts  either  in  necrotic  areas  or  more 
diffusely  scattered  among  the  fiber  bundles.  Such 
deposits  of  lime  salts  ire  sometimes  mistaken  for  bone, 
but  true  bone  formation  undoubtedly  does  occur  in 
fibromas  as  a  "metaplastic  process  just  as  it  does  in 
dense  connective  tissue  of  chronic  inflammatory 
origin  elsewhere  in  the  body.  The  denser  fibromas 
frequently  show  a  marked  formation  of  connective- 
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tissue  hyaline  although  this  is  more  common  in  certain 
of  the  mixed  types.  On  the  other  hand,  a  mucoid 
change  {fibroma  mucinosiim)  is  frequently  noted  in  a 
soft  fibroma  and  then  diiferentiation  from  a  myxoma 
may  be  difficult.     Fatly  change  is  rare  in  fibronias. 

Very  cellular  fibromas  may  undergo  a  malignant 
change  into  fibrosarcomas  or  even  small  spindle-celled 
sarcomas.  It  is  impossible  to  know  how  frequently 
this  happens  but  it  is  probably  rather  rare.  In  the 
microscopical  examination  of  simple  fibromas  areas 
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Fia.  2391. — Fibroma  MoUe.  Section  from  a  very  soft  and 
edematous  tumor.  Stained  with  Delafield's  hematoxylon  and 
eosin.     Zeiss  obj.  "B." 

sufficiently  cellular  to  l:>e  considered  sarcomatous  are 
not  often  met  with,  but  the  relationship  between  the 
fibroma  and  the  fibrosarcoma  is  so  close  that  this 
possibility  must  be  borne  in  mind.  It  is  probalile 
that  the  two  forms  should  be  considered  together  as  a 
t\unor  entity  with  rate  of  growth  as  the  chief  differ- 
ential point  between  them. 

As  to  its  clinical  significance  the  simple  fibroma  is 
essentially  a  benign  tumor.  It  is  usually  encapsulated 
and  its  habit  of  growth  is  always  expansive  and  never 
infiltrative,  and  the  true  fibroma  never  gives  rise  to 
metastases.  In  like  manner,  the  true  fibroma  does 
not  recur  after  removal  of  the  growth  and  of  the  area 
from  which  it  arises.  The  so-called  "recurrent 
fibroid"  of  the  abdominal  wall  has  been  shown  to  be 
sarcomatous  in  sonie  cases  and  in  others  subject  to 
recurrence  only  because  of  incomplete  removal. 
Although  benign  as  far  as  infiltrative  growth  and 
metastasis  are  concerned,  the  fibroma  may  under 
certain  conditions  prove  deleterious  or  destructive 
to  the  life  and  health  of  the  individual.  Through 
pressure  upon  neighboring  structures,  vascular  dis- 
turbances may  arise  or  injuries  to  nerves  may  be 
produced.  Atrophic  and  degenerative  changes  in  the 
organs  pressed  upon  are  the  rule.  The  necrotic 
fibroid  may  poison  by  its  toxic  products  and  the  slough- 
ing, bleeding  fibroid  may  give  rise  to  a  severe  second- 
ary anemia. 

As  to  the  necessity  for  surgical  removal,  each  case 
must   be   considered   upon   its   own   merits.     If   the 


neoplasm  impairs  the  health  of  the  individual,  or  if, 
through  sudden  increase  in  rate  of  growth  or  other- 
wise, there  is  suspicion  of  malignant  change,  thorough 
excision  should  be  strongly  advised. 

Mixed  Fibroma. — The  mixed  fibromas  are  much 
more  frequently  met  with  than  are  the  simple  types. 
In  many  cases,  however,  it  is  exceedingly  difficiilt  to 
decide  whether  the  connective-tissue  proliferation  is 
truly  neoplastic  or  whether  it  is  induced  by  the  pres- 
ence and  activity  of  other  blastoma.  tjnless  the 
former  is  the  case,  the  word  "fibroma"  should  not  be 
used  in  naming  the  tumor.  It  is  for  this  reason  that 
many  terms,  such  as  fibrocarcinoma,  are  being  dis- 
carded. For  still  another  reason  the  group  of  mixed 
fibromas  is  one  of  uncertain  scope.  Many  of  these 
tumors  are  more  properly  considered  under  the  title 
of  the  complicating  neoplasm,  but  because  they  are 
called  fibroids  by  the  clinician  it  seems  best  to  give 
them  mention  here.  The  most  important  of  these  is 
the  leiomyofibroma  or  uterine  fibroid  which  is  more 
properl}'  considered  a  leiomyoma  rather  than  a 
fibroma.  Adami  has  called  attention  to  the  fact  that 
these  tumors  when  young  are  almost  if  not  quite 
purely  myomatous  while  the  fibrous  tissue  increases 
in  proportion  to  the  age  and  size  of  the  growth.  The 
leiomyofibroma  occurs  as  single  or  multiple  tumors, 
affecting  the  body  of  the  uterus  more  frequently  than 
the  cervix.  According  to  location  these  tumors  are 
described    as    submucous,    interstitial    or    subserous 
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Fig.  2392 — Pericanalicular  Adenofibroma  of  the  Breast.     Stained 
with  Delafield's  hematoxylon  and  eosin.     Zeiss,  obj.  "B." 

They  frequently  become  pedunculated  and  may  then 
extend  either  into  the  peritoneal  or  into  the  uterine 
cavity,  depending  upon  their  original  site.  The  larger 
growths,  when  cut  across,  have  much  the  same  appear- 
ance as  the  fibroma  durum.  The  degenerative 
changes  which  have  been  mentioned  above  as  occur- 
ring in  fibromas  are  nowhere  better  seen  than  in  this 
mixed  type.  Hyaline  degeneration  is  especially 
common.  The  leiomyofibroma  is  entirely  benign  as 
far  as  either  infiltrative  or  metastatic  growth  is  con- 
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ceriied,  but  it  may  provoke  uterine  hemorrhages, 
become  secondarily  infected,  undergo  sarcomatous 
change,  or  otherwise  prove  harmful.  (See  Myoma 
and  Uterus,  Tumors  of  the.) 

The  adenoleiomyojihroma  occurring  in  the  wall  of 
the  Fallopian  tube  or  in  the  posterior  uterine  wall  is 
called  also  von  Recklinghausen' s  tumor.  Like  the  pre- 
ceding tj-pe,  it  is  more  properly  considered  with  the 
leiomyomas,  from  which  it  differs  chiefly  in  having 
gland-like  structures  scattered  through  it. 

The  combined  adenomatous  and  connective-tissue 
tumors  of  the  breast  are  properly  placed  with  the  mixed 
fibromas.  When  the  fibrous  elements  predominate 
such  tumors  are  called  adenofihromas,  while  if  the 
glandular  proliferation  is  the  more  important  they 
should  be  called  fibroadenomas.  These  are  the  most 
common  mammary  gland  growths  and  are  of  great 
importance  because  of  the  possibility  of  their  glandular 
elements  undergoing  carcinomatous  change.  They 
occur  as  firm  spherical  or  nodular  masses  which  may 
vary  in  size  from  that  of  a  pea  to  larger  than  an  egg. 
They  are  usually  single  but  it  is  not  at  all  rare  for 
them  to  be  primarily  multiple  in  one  or  both  breasts. 
The  adenofibroma  of  the  breast  is  most  common  in 
the  years  between  twenty-five  or  thirty  but  may  be 
noted  much  earlier.  Pregnancy  and  lactation  have 
an  imfavorable  effect  upon  such  tumors,  oftentimes 
stimulating  them  to  much  more  rapid  growth. 


Fia.  2393. —  Intracanalicular  Adenofibroma  of  the  Breast. 
Stained  with  Delafield'3  hematoxylon  and  cosin.     Zeisa  obj.  "B." 

Dependent  upon  the  general  structural  arrangement 
of  the  glandular  spaces  and  the  fibrous  tissue,  two 
chief  types  of  adenofibroma  of  the  breast  are  recog- 
nized. Very  frequently  the  proliferating  connective 
tissue  is  formed  in  concentric  whorls  about  the  acini 
and  ducts.  Thus  the  glandular  structures  come  to  be 
widely  separated  from  each  other  and  each  duct 
appears  to  be  compressed  by  the  encircling  mass  of 
fibrous  tissue.  To  such  a  growth  the  descriptive 
term  of  adenofibroma  pericanaliculare  is  applied.  In 
the  contrasting  type  the  connective-tissue  prolifera- 
tion is  more  sharpiv  localized  at  points  beneath  the 
epithelial  lining  of  the  acini  and  ducts.     Developing 

Vol.  IV.— l!6 


here,  it  pushes  polypoid  processes  into  the  luiniiia 
which  may  become  reduced  to  branching  slit-like 
spaces.  This  type  i.s  described  as  the  adenofOxroma 
intracanaliculare.  These  two  tj-pes  are  frequently 
associated  in  the  same  tumor.  Cystic  acini  and  di- 
lated ducts  are  frequently  found  in  the  adenofibroinas 
of  the  Ijreast  and  when  this  condition  is  marked  the 
special  term  of  adenofitiroma  cysticum  is  applied. 

The  myxofibroma  results  from  the  combination  of  a 
myxoma  with  a  fibroma,  usually  a  fibroma  molle. 
This  term  should  not  be  employed  when  the  mjTcomat- 
ous  tissue  is  merely  a  degenerative  process  in  a 
previou.sly  existing  fibroma.  The  true  myxofibroma 
is  found  especially  in  the  nervous  sy.stem  (Hertzler). 

Lipofibromas,  combining  fatty  and  fibrous  connect- 
ive-tissue tumors,  are  most  often  found  in  the  suV>- 
cutaneous  tissue  where  they  may  attain  an  enormous 
size.  True  lipofibromas  are  not  very  common,  for 
many  of  the  growths  assigned  to  this  group  have  in 
reality  been  lipomas  with  thick  fibrous  septa  and  not 
ne  n^lastic  except  in  respect  to  their  fatty  constituent. 

Neurofibroma. — Under  this  title  it  has  been  custom- 
ary to  describe  a  group  of  multiple  tumors  found  in 
the  subcutaneous  tissue  and  along  the  larger  nerve 
trunks.  Such  growths  have  been  called,  also,  fibroma, 
moUuscum  fibrosum,  fibromatosis  nervorum,  and 
neuroma,  but  are  best  known  as  von  Recklinghausen's 
disease.  These  multiple  tumors  were  first  described 
by  von  Recklinghausen  in  1S81  as  neurofibromas, 
l)ut  seventeen  years  later  he  concluded  that  the 
connective-tissue  sheaths  and  the  cndoneurium 
were  alone  concerned  in  the  formation  of  these  neo- 
plasms and  that  they  therefore  should  be  called  fibro- 
mas. Since  the  original  terminology  still  prevails  in 
the  literature  these  tumors  should  be  mentioned  here, 
but  in  more  recent  years  Verocay  and  others  have 
shown  that  many  of  these  growths  are  primarily 
derived  from  a  neurogenous  tissue  and  that  they  are 
therefore  not  fibromas  but,  as  Adami  terms  them, 
neurinomas.  Whether  this  is  true  of  all  the  tumors 
which  have  been  described  under  the  titles  above  ILsted 
is  still  a  matter  of  controversy. 

Carl  Vernon  Weller. 


Ficus. — Fig. — The  partially  dried  fruit  of  Finis 
carica  L.  (fam.  Moracew)  (U.  S.  P.).  This  fruit  can 
scarcel}'  be  regarded  as  a  medicinal  substance,  though 
nutrient,  and,  like  most  sugary  fruits,  slightly  laxative. 
It  is  retained  in  the  Pharmacopncia  merely  because  of 
its  entering  into  thcCoi}jectioSenna',  but  it  seems  likely 
that  both  it  and  the  latter  will  shortly  be  dropped.  Figs 
are  commonlv  combined  with  purg.ativcs.  One  method 
is  to  turn  them  inside  out  and  stuff  them  with  senna 
leaves,  the  mass  being  then  chewed  and  swallowed. 
Figs  grow  upon  a  large  shrub  or  small  tree,  native  of 
the  Orient,  but  cultivated  in  all  warm  countries, 
being  hardv,  with  slight  protection,  as  far  north  as 
Philadeljihia.  The  dried  fruit  consists  of  nearly  two- 
thirds  its  weight  of  sugar,  some  fat  and  gum,  and 
small  amounts  of  laxative  salts.  It  is  decidedly 
nutritious  and  has  been  known,  in  the  fresh  state,  to 
constitute  the  chief  food  of  armies  for  short  periods. 
Besides  the  varieties  distinguished  by  the  names  of 
the  places  from  which  thev  are  exported,  as  Smyrna, 
Turkev,  Greek.  Marseilles,  etc.,  figs  are  imported 
in  two"  forms,  known  as  "pulled"  and  natural.  The 
former  are  rolled  and  kneaded  until  their  structure 
is  broken  ui)  and  thcv  have  become  soft  and  pliable; 
the  solidlv  packed,  lavored,  flattened  figs  are  of  this 
sort:  the  "others  are  simply  dried  in  the  natural  con- 
dition. These  are  oblong,  rounded,  and  longitudinally 
wrinkled.  Henry  IL   Rvsby. 

Field  of  Response.— See  Heart,  Funclional  Dis- 
orders of. 


Fifth  Disease.— See  Erythema  Infectiosum. 
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Figwort. — See  Scrophulariacecr . 

Filaria. — A  genus  of  round  worms  of  somewhat 
doubtful  definition.  Body  filiform;  anterior  ex- 
tremely attenuated,  obtuse;  posterior  more  attenuated 
than  anterior;  cuticle  with  or  without  transverse 
striation,  without  or  with  bosses.  Stiles  has  split 
up  the  genus  into  a  number  of  groups,  or  suljgenera. 
Most  species  are  blood  parasites  and  are  carried  by 
mosquitos  and  other  arthropods.     See  Tremaloda. 

A.  S.   P. 


Filariidae. — A  family  of  long  filiform  worms  with 
uniform  diameter.  The  head  is  straight  with  two 
lateromedian  and  four  submedian  papillie;  mouth 
terminal,  with  two  lips  and  occasionally  a  buccal 
capsule;  esophagus  without  posterior  bulb.  Males 
with  one  or  two  unequal  spicules  and  a  .spirally  re- 
curved tail  provided  with  papilloc;  females  larger  than 
males,  uterus  usually  double.  Important  genera  are 
Filaria, Lon,  Hamularia,  Microfilaria, and  Agamofilaria. 
See  Nemaloda.  A.   S.   P. 

Filix  Mas. — See  Aspidium. 

Finger=prints. — Sec  Anthropometry. 

Finsen,  Niels  Ryberg. — The  inventor  of  the  spe- 
cial application  of  light  rays  in  the  treatment  of 
lupus  and  other  diseases  of  the  skin  was  born  at 
Thorshavn,  the  capital  of  the  Faroe  Islands,  on 
December  15,  1860.  He  obtained  his  early  education 
in  Iceland  and  was  then  sent  to  the  University  of 
Copenhagen,  when  he  toolv  his  medical  degree  in  1S90. 
Immediately  after  graduation  he  was  appointed 
professor  of  anatomy  in  the  Surgical  Academy  in 
Copenhagen  but  resigned  after  two  or  three  years,  as 
he  had  already  become  interested  in  the  physiological 
and  therapeutic  action  of  sunlight  and  wished  to 
devote  all  the  time  which  the  demands  of  a  medical 
practice  gave  him  to  further  study  and  research  along 
that  line.  His  first  publication  on  light  therapy  was 
an  article  in  Hospitalstidc7ide.  on  the  treatment  of 
smallpox  by  red  light.  Next  he  took  up  the  study  of 
the  irritant  effects  of  light  on  the  skin,  and  in  1896 
published  a  brief  monograph  on  the  treatment  of 
lupus  by  the  chemical  light  rays.  In  1895  an  Insti- 
tute for  the  light  treatment  of  lupus  and  other  diseases 
was  established  in  Copenhagen,  this  being  the  first 
of  a  number  of  [Finsen  light  institutes  and  hospital 
installations  in  various  parts  of  the  world.  The  value 
of  Finsen's  work  was  recognized  by  the  award  of  the 
Nobel  prize  of  $40,000,  one-lialf  of  which  he  gave  to 
the  Light  Institute  which  he  had  founded. 

For  several  years  before  his  death  Finsen  was  a 
sufferer  from  valvular  disease  of  the  heart  with  ascites 
and  dropsy,  but  continued  to  direct  the  work  of  his 
Institute  up  to  within  a  few  days  of  the  end  which 
came  September  4,  1904.  Among  his  writings  on 
the  subject  of  photother.apy  may  be  mentioned  the 
following:  "The  Use  in  Medicine  of  Concentrated 
Chemical  Light  Rays"  (in  Danish),  Copenhagen, 
1896;  "La  Phototh(3fapie,"  Paris,  1899;  "Ueber  die 
Bedeutung  der  chemischen  Strahlen  des  Lichts  fiir 
Medicin  und  Biologic,"  Leipsic,  1899;  "A  Note  on 
Light  Baths,"  Journal  of  Physical  Therapeutics,  1900. 

T.  L.  S. 


Fission. —  (L.  fissio,  a  cleaving,  from  findere,  to 
split.)  Fission  is  a  process  of  multiplication  in  which 
the  parent  organism  divides  into  two  daughter 
organisms  approximately  equal  in  size  and  develop- 
ment; as  distinguished  from  budding,  in  which  the 
parent  remains  intact  and  the  daughter  organism  is  a 
new  individual  formed  by  a  small  outgrowth  upon 
the  parent.      (See  article  Budding.) 
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Ordinary  cell  division  is  a  process  of  fission,  and, 
consequently,  this  is  the  usual  method  of  reproduction 
among  the  unicellular  organisms.  The  yea.sts  ■  and 
some  of  the  Protozoa,  however,  reproduce  by  a 
process  more  accurately  described  as  budding.  But 
the  Bacteria,  Proto])hyta,  and  nearly  all  of  the  Pro- 
tozoa multi])ly  by  fission  and  often  with  almost  in- 
credible rapidity.  In  the  simpler  forms  there  are  no 
preparatory  changes  other  than  those  ordinarily 
associated  with  cell  division  in  these  groups.  But  in 
the  more  highly  differentiated  Infusoria  provided 
with  permanent  oral  funnels,  ciliated  bands,  etc., 
these  structures  may  be  duplicated  in  the  two  new 
individuals  previous  to  their  separation,  a  process 
analogous  to  what  takes  place  in  many  multicellular 
organisms. 

In  the  Bacteria  fission  is  transverse.  The  Protozoa 
presents  seyeral  types  of  fission:  longitudinal  fission 
is  characteristic  of  the  Mastigophora,  and  transverse 
fission  of  the  Ciliata;  while  in  many  Sporozoa  may  be 
witnessed  the  process  of  multiple  fission,  or  schizo- 
gony, in  which  the  nucleus  of  the  cell  divides  re- 
peatedly and  subsequently  the  cell  divides  into  as 
many  parts  as  there  are  nuclei.  The  question  as  to 
whether  Treponema  pallidum  multiplies  by  transverse 
or  by  longitudinal  fission  has  been  conspicuous  in 
the  discussion  of  the  affinities  of  this  important 
organism,  whether  with  the  Bacteria  or  with  the 
Protozoa. 

The  multiplication  of  individuals  by  fission  is 
unknown  among  plants  above  the  very  simple 
Schizophyta. 

Among  the  Metazoa,  on  the  other  hand,  this  method 
of  multiplication  is  common  in  some  of  the  lower  orders 
and  may  occur  abnormafry  in  so  high  a  group  as  the 
vertebrates. 

In  a  few  cases  fission  occurs  without  any  previous 
preparation.  The  adult  animal  tears  its  body  apart 
by  its  own  efforts.  A  wound  is  formed  by  the  rupture 
of  the  tissues  with  aloss  of  the  fluids  of  the  body. 
This  wound  heals,  and  from  its  surface  the  missing 
parts  of  each  of  the  new  individuals  are  regenerated. 
The  method  has  been  observed  in  the  genus  Hydra, 
in  two  annelids,  Lumbriculus  and  Ctenodrilus, 
in  certain  star-fishes  and  ophiurans.  In  the  latter 
the  plane  of  fission  passes  through  the  disc  dividing 
the  mouth  and  the  stomach,  while  to  one  part  of 
the  disc  three  arms  remain  attached,  to  the  other, 
two;  and  each  half  regenerates  the  missing  parts. 
But  in  one  family  of  star-fishes,  the  Linckiida", 
the  process  is  somewhat  different.  Here  the  five 
arms  separate  from  the  disc  and  then  the  disc 
regenerates  five  now  arms,  and  each  detached  arm 
regenerates  a  disc  and  four  new  arms.  Delage 
relates  that  he  observed  once  the  division  of  a  sea 
anemone,  Anthea  cereus.  The  two  parts  of  the  body 
were  extended  as  if  trying  to  crawl  in  opposite  direc- 
tions. The  intermediate  portion  became  much  con- 
stricted and  finally  ruptured.  The  whole  operation 
occupied  about  two  hours. 

On  the  other  hand,  in  most  animals  in  which  fission 
is  a  normal  process  of  multiplication,  it  is  preceded  by 
preparatory  changes  which  result  in  each  of  the  new 
individuals  being  provided  with  a  full  complement  of 
organs  before  separation  takes  place. 

According  to  Parker,  fission  in  the  common  sea 
anemone  of  the  coast  of  New  England,  Metridium 
marginatum,  is  a  slow  process  occupying  many  months. 
It  begins  with  the  division  of  the  mouth  and  oral 
disc  accompanied  by  the  formation  of  new  septa,  and 
proceeds  gradually  toward  the  base.  The  final 
separation  has  not  been  observed,  however. 

In  many  worms  fission  takes  place  in  what  may  be 
regarded  as  a  larval  stage,  before  the  development  of 
eggs  and  spermatozoa.  This,  according  to  Mensch, 
is  the  case  with  Autolytus,  and  it  seems  to  be  so  with 
most  of  the  worms  in  which  fission  occurs.  In 
Autolytus  and  its  allies  an  area  of  embryonic  tissue 
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appears  in  some  species  at  about  the  thirteenth 
segment,  in  others  at  about  the  thirtieth  segment, 
dividing  the  young  worm  into  two  parts.  On  the 
posterior  part  there  is  developed  a  new  head.  Tlie 
tissues  just  in  front  of  the  head  undergo  dogciieration, 
and  by  their  own  movements  the  two  individuals  arc 
brolien  apart.  Before  this  separation  takes  place, 
however,  the  embryonic  tissue  may  give  rise  to  a  new 
individual,  and  this  process  may  be  repeated  until 
there  is  present  a  chain  of  zooids,  or  stolons,  the 
youngest  individual  in  the  chain  being  attached  to 
the  posterior  end  of  the  parent  stock. 

Among  the  jelly-fish  of  the  group  Scyphomedusae 
fission  is  associated  w'ith  the  metamorphosis  from  the 
larval  to  the  adult  form.  In  Cassiopea,  for  example, 
the  scj'phistoma  larva  is  a  graceful  little  creature 
shaped  like  a  wine  glass  and  lives  attached  by  its 
base  to  some  solid  body.  When  fully  developed  this 
larva  becomes  divided  into  two  portions  by  a  hori- 
zontal constriction.  It  is  then  called  a  strobila.  The 
upper  part  of  the  strobila  becomes  transformed  into 
a  medusa,  while  new  larval  tentacles  and  the  rudi- 
ment of  a  proboscis  are  developed  on  the  lower  part. 
Finally  the  narro%v  isthmus  connecting  these  two 
parts  undergoes  degeneration  and  is  at  length  rup- 
tured by  the  violent  swimming  movements  of  the 
young  medusa. 

Fission  may  take  place  in  an  early  embryonic  stage 
of  development.  According  to  Kleinenberg  this 
occurs  normally  in  one  of  the  earth  worms,  Lumbri- 
cus  irapezoides,  in  which  the  embryo  divides  into  two 
shortly  after  the  gastrula  stage  and  both  develop  into 
normal  individuals.  This  has  been  observed  to  occur 
under  abnormal  conditions  in  the  trout  and  the  chick. 
If  hen's  eggs  be  incubated  at  a  temperature  slightly 
above  normal  a  large  proportion  of  the  embryos  will 
be  found  to  show  a  tendency  to  the  formation  of  double 
monsters  and  occasionally  the  area  embryonalis  will 
be  found  to  contain  two  distinct  embryos.  A  similar 
division  of  the  embryo  may  occur  in  man.  If  incom- 
plete, it  will  give  rise  to  a  double  monster  or  to  such 
cases  as  the  Siamese  twins  and  Millie-Christine.  If 
the  separation  be  complete  the  result  will  be  a  pair 
of  twins  of  the  same  sex.  In  every  case  of  fission  all 
the  individuals  produced  from  a  single  ovum  are  of 
like  sex. 

In  some  of  the  lower  forms  of  animal  life  fission  may 
be  normally  incomplete,  as  in  some  corals,  in  which 
the  individuals  remain  in  organic  union  forming  a 
colony,  or  cormus. 

There  are  some  animals  in  which  a  form  of  fission 
occurs  in  the  fully  mature  adult,  which  does  not  serve 
to  multiply  the  individual  but  for  a  more  favorable 
dispersal  of  the  sexual  products.  The  formation  of 
proglottides  by  the  common  tapeworm  is  an  example. 
Another  example  is  the  palolo  worm  of  Samoa,  an 
annelid  that  burrows  in  the  coral  rock.  When  mature 
the  posterior  portion  of  the  body,  distended  with  eggs 
or  spermatozoa,  is  separated  ofT  and  swims  on  the 
surface  of  the  water,  where  the  sexual  products  are 
discharged.  The  palolo  worms  appear  at  certain 
times  in  great  abundance  and  are  gathered  by  the 
natives,  who  relish  them  greatly  as  an  article  of 
food. 

The  relation  between  fi.ssion  and  budding  is  a  very 
close  one,  so  much  so  that  Bock  has  argued  that  they 
are  simply  two  forms  of  one  fundamental  process. 
In  manv  sea  anemones,  for  example,  small  fragments 
of  the  foot  become  detached  and  subsequently  develop 
a  mouth  and  tentacles  and  become  complete  indivi- 
duals. Such  cases  make  it  difficult  to  draw  a  sharp 
line  between  fission  and  budding.  In  forms  like  Auto- 
lytus,  mentioned  above,  the  two  processes  are  closely 
associated.  For,  after  the  original  posterior  part  of 
the  body  is  separated  off,  the  embryonic  area  on  the 
end  of  the  anterior  portion,  or  parent  stock,  mav  give 
rise  to  anv  number  of  new  individuals  by  a  continuous 
process  of  budding.     Nevertheless  in  most  cases  the 


di.stinction   between   fi.s.sion    and    budding   is  a  clear 
one  and  is  useful  in  practice. 

Robert  Pavnt:  Bigelow. 

BlBLIOQRAPHICAL    UbPCBEN'CEH. 

Bigelow,  R,  p.:  Anatomy  and  Dr-vclopmcnl  of  Caatiopea  zama- 
chana.     Mem.  Boston  .Soc.  Nat,  Hist.,  vol.  v.,  191-236,  1900. 

Bock,  M.  von:  Ueber  die  Knospunf;  von  Chatogtuter  diaphaniu 
.Smith.     Jena.  Zcitschr.  f.  Naturwiss.,  xxxi.,  lO.'i-l.W,  1898. 

Brode,  H.  S.:  Contribution  to  the  Morphology  of  Dero  zaoa. 
Jour.  Morph.,  xiv.,  Ml-178.  1898. 

Calkins,  .S.  N.:  The  Protozoa,  New  York.  Macmillan,  1901. 

Hatschck.  B.:   Lehrbuch  der  Zoologie.  Jena.  18S8.   pp.  210-222. 

Korschelt,  E,  and  Heider,  K.;  fngeschlechtliche  Fortpflanzuns. 
Lehrbuch  d.  vcrgl.  Entw.  d.  wirbelloscn  Thiere,  Allg.  Theil,  Lfg.  4, 
Halfte  2,  1910. 

Menseh,  P.  C. :  Stolonization  in  Autolytut  mrtan«.  Jour.  Morph. 
xvi  ,  209-320.  1900. 

P.arker,  G.  H.:  Longitudinal  Fis-sion  in  Metridium  marffinatum 
Milne-Edwards.     Bulletin  .Mus.  Comp.  Zool.,  xxxv.,  43-55,  1899. 

Semper.  C:  Beitrage  zur  Biologie  der  Oligochsten.  Arb.  a.  cL 
zool.      Inst.  Wiirzburg.  iv.,  05-112. 

Simroth,  H.:  .\natomie  und  .Schizogonic  von  OphiaclU  zirenM 
Sars.  Zeitschr.  f.  wiss.  Zool.,  xxviii,,  419-527,  1877. 

Wagner,  F.  von:  Zur  Kenntniss  der  ungesehlechtlichen  Fort- 
pflanzung  von  Microstoma.  Zuol.  .\nz..  191,  1889.  Einige 
Bemerkungen  tiber  das  Verhiiltniss  von  Ontogenie  und  Regenera- 
tion,    Biol.  Centralbl.,  xUi,,  287-296,  1893. 

Woodworth,  W.  McM.:  The  palolo  worm,  Eunice  viridis.  BulL 
.\Ius.  Comp.  Zool.,  vol.  li.,  1907. 

In  the  articles  mentioned  above  references  will  be  found  to  other 
literature  on  the  subject,  and  reviews  of  recent  articles  are  given 
from  time  to  time  in  I' Annie  Biologique,  Paris,  Schleicher  Frdrea, 
beginning  1895. 


Fitz,  Reginald  Heber. — Born  in  Chelsea,  Mass., 
May  5,  1843.  After  graduation  in  arts  from  Harvard 
College  he  entered  the  medical  school,  at  the  same 
time,  as  the  custom  then  was,  studying  in  the  office 
of  a  practising  physician.  His  preceptor  was  Dr. 
Jefl'ries  Wyman,  an  eminent  anatomist,  who  trained 
his  pupU  to  be  a  close  observer  of  men  and  symptoms. 
During  a  part  of  his  medical  course  Fitz  served  as 
house   physician   at  the    Boston    City  Hospital,  and 


Fig.  2394.— Reginald  Heber  Fitz. 

after  taking  his  degree  of  M.  D.  in  186S  he  spent  two 
years  in  study  in  Europe,  the  greater  part  of 
the  time  being  under  Virchow  in  Berlin.  From 
1S71-18S2  he  was  physician  to  the  Boston  Dispen- 
sary; in  187 1  he  was  appointed  microscopist  to  the 
Massachusetts  General  Hospital  and  instructor  in 
pathological  anatomy  at  the  Harvard  Medical 
School;  in  1873  he  was  made  .Vssistant  Professor,  and 
in  1879  Shattuck  Professor  of  Pathological  .\natomy 
at  the  same  institution;  in  1892  he  was  made  Hersay 
Professor  of  the  Theory  and  Practice  of  Physics. 
He  received  many  and  deserved  honors.  Harvard 
University  conferred  on  him  the  degree  of  LL.D. 
in  1905,  and  he  was  made  an  honorary  member  of  a 
number  of    medical   societies  in    this    country    and 

403 


Fitz,  Reginald  Heber 


REFERENCE   HANDBOOK   OF   THE    MEDICAL  SCIENCES 


Europe.  In  1894  he  was  President  of  the  Association 
of  American  Pliysicians,  and  in  1907  of  the  Congress 
of  American  Pliysicians  and  Surgeons.  He  died  of 
chronic  gastric  ulcer  at  Brooldine,  Mass.,  on  Sep- 
tember 30,  1913. 

Fitz  was  a  trained  pathologist,  a  brilliant  practi- 
tioner, and  a  remarkably  successful  teacher.  He  was 
not  a  very  prolific  writer,  but  two  contributions  made 
by  him  to  medicine  estabUshed  his  fame  as  one  of  the 
most  acute  of  observers.  The  first  of  these  was  a 
paper  on  "Perforative  Appendicitis,  with  Special 
Reference  to  Diagnosis  and  Treatment,"  read  before 
the  American  Association  of  Physicians  on  June  17, 
1886.  The  second  was  a  lecture  on  "Acute  Pan- 
creatitis," delivered  before  the  New  York  Pathological 
Society  in  1889.  Both  of  these  contributions  were 
recognized  at  once  as  the  work  of  an  authority  and 
they  will  remain  among  the  imperishable  medical 
classics.  Fitz  was  also  joint  author  with  H.  C. 
Wood  of  a  treaties  on  "The  Practice  of  Medicine," 
Philadelphia,  1897.  T.  L.  S. 

Flag,  Blue. — See  Iris. 

Flag,  Sweet. — See  Calamus. 

Flagellata. — Euflagellala.  Mastigophora  with  one 
or  more  flagella.  Many  species  are  colonial.  This 
subclass  of  protozoans  contains  many  parasites.  See 
Protozoa.  A.  S.  P. 


Flatulence. — This  is  a  condition  in  which  gas  is 
conspicuous  in  the  ahmentary  canal.  The  word 
flatus  is  applied  to  gas  itself,  as  expelled.  Without 
qualification,  both  flatulence  and  flatus  apply  to  the 
intestine  rather  than  the  stomach,  and  to  the  expul- 
sion of  gas  tlu'ough  the  anus  in  troublesome  amount. 
Tympanites  is  the  corresponding  expression  from  the 
static  standpoint,  referring  to  abdominal  distention 
without  relief  by  free  escape  of  gas. 

The  gases  of  the  bowel  include  as  derivatives  of 
swallowed  air:  nitrogen,  possible  vestiges  of  oxygen, 
small  amounts  of  carbon  dioxide  and  the  rarer  atmos- 
pheric gases.  Carbon  dioxide  is  due  mainly  to  the 
effervescence  between  the  acid  gastric  contents  and 
the  carbonates  of  the  biliary,  pancreatic,  and  intrinsic 
intestinal  secretions;  the  amount  due  to  this  source 
being  one  to  three  liters  a  day;  it  is  produced  to  a 
greater  or  less  extent  in  all  forms  of  microbic  action; 
it  was  formerly  ascribed  to  elimination  from  the  blood, 
an.alogous  to  pulmonary  expiration,  but  it  is  doubtful 
whether  any  considerable  amount  is  due  to  this  source. 
Hydrogen  and  methane  are  due  to  the  breaking  down 
of  indigestible  cellulose  by  saprophytes,  also  to  the 
fermentation  of  digestible  carbohydrates,  rancid  de- 
composition of  fats  and  perhaps  putrefaction  of  pro- 
teins. Hydrogen  sulphide  is  sometimes  designated 
as  an  abnormal  constituent  but  is  practically  always 
present  from  the  decomposition  of  certain  proteins 
or  is  more  directly  derived  from  such  active  prin- 
ciples as  ethyl  sulphide  and,  with  it,  methyl  mercap- 
tan,  less  often  ethyl  mercaptan  and  ethyl  sulphide 
may  be  associated.  These  sulphides  unite  with  carbon 
dioxide  to  form  carbon  disulphide,  with  water  and 
alcohols  as  by-products. 

Various  volatile  organic  acids  and  esters  are  pro- 
duced from  carbohydrates  and  fats  or  represent  vola- 
tile constituents  of  foods,  as  aflyl  sulphide  from  onion 
and  garlic.  Protein  decomposition  is  also  attended 
by  the  formation  of  small  amounts  of  ammonia. 

Incubation  of  the  alimentary  contents  ^-ields  gas  to 
a  less  degree,  and  less  frequently  in  appreciable  degree 
than  is  usually  believed.  Stomach  contents  of  more 
than  ten  degrees  (decinormal)  of  free  hydrochloric 
acid,  rarely  yield  more  than  a  few  bubbles  of  gas 
and  even  in  achlorhydria  and  in  distinct  achylia,  gas 
is  absent  or  insignificant  in  amount  in  a  surprising 


number  of  cases.  Feces,  either  originall.v  liquid  or 
brought  to  this  consistence  by  dilution  and  emulsifica- 
tion,  usually  show  only  a  few  bubbles  up  to  five  or  ten 
per  cent,  of  gas  by  volume.  They  may,  however, 
yield  100  per  cent,  or  more,  sometimes  blowing  off  the 
tops  of  their  containers  or  rising  like  bread  sponge  or 
foaming  like  beer,  by  spontaneous  fermentation  at 
room  temperature.  Owing  to  the  time  limits  and 
other  circumstances  applying  to  stomach  contents, 
even  when  obtained  by  vomiting,  it  may  usually  be 
held  that  if  the  material  does  not  yield  gas  by  prolonged 
fermentation,  it  cannot  have  done  so  in  the  stomach — 
the  only  notable  exception  being  that  fermenting  food 
may  have  this  action  inhibited  by  hydrochloric  secre- 
tion. On  the  other  hand,  as  feces  are  the  residue  of 
intestinal  activity  obtained  only  after  a  long  delay, 
the  analogous  conclusion  is  not  warranted.  But  it 
may  safel_v  be  held  that  if  either  stomach  contents  or 
feces  yield  gas  by  experimental  incubation  they 
have  probably  done  so  in  the  alimentary  canal. 

In  estimating  tympany  and  flatulence,  it  must  be 
remembered  that  considerable  gas  is  necessary  for  the 
proper  performance  of  the  motor  function  of  the 
alimentary  canal;  the  intestine,  especially,  may  be 
said  to  float  upon  itself  in  the  abdominal  cavity. 
Without  undue  formation  of  gas,  from  any  cause, 
tympany  may  result  from  undue  relaxation  of  the 
general  musculature  of  the  alimentary  canal,  from 
spasm  of  sphincters  including  that  of  any  ring  of 
circular  muscular  coat  of  the  bowel  or  from  any 
organic  cause  of  constriction  or  occlusion  or  from 
any  condition  resulting  in  the  stoppage  by  contents. 
On  the  other  hand,  a  marked  increase  of  general 
muscular  tone  or  a  relaxation  of  sphincters,  may  result 
in  flatulence.  For  instance,  with  the  same  and 
perhaps  not  abnormal  introduction  of  gas  into  the 
stomach,  one  patient  may  complain  of  distention — the 
subjective  expression  of  tympany — because  of  con- 
tracted pylorus  and  cardia  while  another  complains  of 
gulping  up  gas — gastric  flatulence — for  the  opposite 
reason.  Similarly,  for  the  intestine,  one  patient  may 
complain  of  what  is  vulgarly  called  "confusion  of  the 
wind,"  the  gas  wandering  up  and  down  the  intestinal 
canal  on  account  of  lack  of  expulsive  power  while 
another  complains  of  the  embarrassment  of  flatulence. 
So,  too,  the  complaint  in  the  latter  case  may  be  due 
merely  to  tonicity  and  accidental  conformation  of  the 
sphincter,  which  cause  audible  discharge,  or  with 
regard  to  odor,  the  latter  condition  alone  having 
anything  to  do  with  underlying  conditions  of  gas 
production.  Conditions  resulting  in  tympany,  with 
or  without  occasional  flatulent  discharge,  due  to 
obstipation  and  to  inflammatory  and  other  patho- 
logic conditions  mainly  of  a  surgical  nature,  will  not 
be  considered  here.  It  may  be  mentioned,  however, 
that  the  detection  of  some  volatile  oil  as  of  peppermint, 
in  the  flatus,  may  be  a  valuable  sign  that  the  intestine 
is  not  completely  obstructed. 

In  the  absence  of  gas  by  prolonged  (twenty-four 
hours')  incubation  of  stomach  contents,  gastric 
flatulence  or  tympany  may  be  due  to  ordinary  air- 
swallowing,  to  true  aerophagia  or  to  effervescence 
between  acid  gastric  contents  and  carbor\atic  in- 
testinal secretions  alreadj'  discu.ssed  under  aerophagia; 
also  to  ingestion  of  carbonates  or  ch.arged  waters  and 
rarely  to  true  fermentation  of  food  due  to  original 
contamination  with  yeasts  and  bacteria  or  to  their 
passage  through  a  foul  mouth,  subsequent  fermenta- 
tion being  prevented  by  hvdrochloric  acid  secretion. 
The  differential  points  and  methods  of  prevention  are 
obvious. 

If  gas  is  developed  in  the  stomach  contents  by  incu- 
bation, the  tympany  or  flatulence  is  reasonably 
ascribable  to  fermentation,  hydrochloric  acid  being 
practicaUy  always  much  reduced,  unless  under 
circumstances  which  allow  fermentation  in  spite  of  a 
moderate  amount  of  HCl,  as  initial  infection  of  the 
food  with  yeasts  or  bacteria,  gastric  stagnation,  etc. 
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The  indications  for  treatment  are  to  use  freshly  cooked 
food,  or  at  least  fresh  and  clean  food,  to  avoid  oral 
sepsis  and  to  attend  to  carious  teeth  and  foul  tonsillar 
crypts;  to  supply  HCl,  to  stimulate  gastric  secretion 
and  motility  lay  strychnine,  endogastric  sprays,  to 
cleanse  the  stomach  by  lavage  and  to  allow  long 
intervals  of  rest  between  meals. 

In  the  absence  of  definite  obstruction  or  failure  of 
normal  intestinal  peristalsis,  tympany  of  the  bowels 
is  practicall.v  always  due  to  increase  of  gas  by  microbic 
action.  Excepting  a  theoretic  standard,  flatus  is 
practically  always  an  occasional  phenomenon,  even  in 
health,  the  gas  is  not  always  passed  without  noise  or 
embarrassment  and  it  is  practically  never  odorless 
and  it  may  be  highly  offensive,  normally,  from  the 
use  of  onions,  garlic,  etc.,  or  even  from  the  inevitable 
production  of  the  sulphurous  gases  on  a  diet  contain- 
ing sulphur  proteins.  Flatulence  is  sometimes  de- 
scribed as  a  nervous  phenomenon  and  as  especially 
characteristic  of  hysteria  but,  aside  from  heightened 
peristalsis  on  the  one  hand  or  imperfect  control  of  the 
sphincter  on  the  other,  a  true  excess  of  either  tympany 
or  flatulence  is,  in  such  cases,  strictly  due  to  fermenta- 
tive and  putrefactive  processes. 

The  most  common  cause  of  a  marked  excess  of  in- 
testinal gas  is  an  excessive  development  of  yeast, 
easily  demonstrated  microscopically,  while  the  feces 
may  be  of  the  consistence  of  bread  sponge,  rising  with 
bubbles  of  gas,  or,  if  more  liquid,  developing  a  bead 
like  beer,  the  gas  being  chiefly  carbon  dioxide. 

Whether  BaciUus  aerogenes  capsulatus  is  a  normal 
denizen  of  the  intestine,  whether  it  is  identical  with 
BaciUus  enferilidis  sporogenes  or  Bacillus  pcrfringens, 
and  whether  as  an  intestinal  saprophyte,  it  produces 
large  amounts  of  gas,  are  subjudice.  A  large  number 
of  intestinal  bacteria  produce  gas.  Their  classifica- 
tion, the  exact  chemistry  of  their  production  of  gases, 
the  specificity  of  their  action  on  different  proximate 
nutritive  principles,  the  relation  of  the  degree  of  gas 
production  to  numeric  increase  of  particular  species 
on  the  one  hand  or  to  differences  of  virulence  on  the 
other,  are  not  well  known. 

Speakin';  generally,  the  putrefaction  of  proteins  is 
due  mainly  to  anaerobes,  the  characteristic  _  gases 
produced  being  ammonia  and  hydrogen  sulphide  or 
methvl  mercaptan  or,  occasionally  ethyl  mercaptan 
or  ethyl  sulphide.  Carbon  dioxide  is  also  produced 
from  proteins.  By  the  secondary  combination  of 
the  sulphurous  gases  with  carbon  dioxide,  carbon  di- 
sulphide  is  formed.  Tliis  gas,  being  somewhat  less 
volatile,  gives  a  characteristic  after-smell  to  flatus. 

In  the"  fermentation  of  digestible  carbohydrates 
and  fats,  much  carbon  dioxide,  some  hydrogen  and 
volatile  organic  acids  are  produced,  the  odor  of  the 
flatus  being  pungent  and  sour.  In  these  two  forms  of 
gas  production,  the  gas  is  not,  as  a  whole,  inflammable. 

Cellulose  is  not  digestible  but  is  largely  destroyed 
bv  bacteria,  with  the  production  of  methane  and  hy- 
drogen. If  this  type  is  marked,  both  tympany  and 
flatulence  are  conspicuous  and  the  flatus  is  inflam- 
mable— a  fact  known  to  many  children  and  possibly 
accounting  for  mysterious  burns.  One  of  the  writer's 
patients,  going  to  an  out-door  closet  after  dark, 
dropped  some  lighted  pajjer  down  the  hole,  and  as 
defecation  was  preceded  by  a  copious  discharge  of 
gas,  an  explosion  occurred  which  raised  him  from  the 
seat  and  produced  painful  burns.  The  writer  has 
never  been  able  to  light  the  intestinal  gas  at  necropsies, 
perhaps  because  the  diet  for  some  time  before  death 
would  naturallv  be  limited  as  to  cellulose,  perhaps 
because  of  the  absorbability  of  the  more  inflammable 
hydrogen  and  methane  or  the  development  of  an 
excess  of  carbon  dioxide. 

These  tvpes  of  intestinal  gas  production  are  not 
sharply  limited  from  one  another  but  are  often 
sufficiently  so  for  clinical  purposes.  In  that  case 
there  is  an  obvious  indication  to  change  the  diet  by 
excluding  so  far  as  possible  the  principal  food  ingre- 


dient attacked  by  bacteria.  If  the  ammonia- 
sulphurous  type  occurs,  buttermilk  or  preparations 
of  lactic  acid  bacilli  are  especially  indicated,  just  aa 
they  are  strongly  contraindicated,  but  often  indis- 
criminatingly  u.sed,  in  cases  of  carbon-dioxide  excess 
with  sour  volatile  products. 

Feces  are  stated  to  contain  a  tenth  to  a  third  of 
bacteria  by  dried  weight,  many  of  the  bacteria 
being  still  alive.  While  ab.solute  sterilization  of  the 
intestine  is  impossible,  and  probably  unflesirable, 
there  is  a  plain  indication  for  wholesale  elimination 
of  bacteria  by  purgaf  icjn,  calomel,  and  castor  oil  being 
on  the  whole,  preferable.  Thorough  cleansing  of  the 
lower  bowel  by  enema  is  also  often  necessary.  When 
an  additional  indication  for  more  or  less  permanent 
laxative  action  is  present,  cascara,  phenolphtlialein, 
pure  mineral  oil,  and  bile,  stimulated  by  administra- 
tion of  inspissated  bile  or  biliary  salts  or  salicylic 
acid,  are  the  remedies  of  choice.  Dietetic  laxatives 
such  as  molasses,  prunes,  figs,  vegetable  and  animal 
oils,  and  fats,  and  vegetables  rich  in  cellulose  are 
usually  contraindicatefl  because  of  their  action  through 
producing  fermentation  and  hence  gases,  unless  in 
opposing  a  clear  type  of  fermentation  of  a  different 
kind. 

A  certain  amount  of  gas  may  be  fixed  by  adsorbents, 
of  which  the  chief  are  kaolin  and  charcoal.  The 
latter  should  be  of  animal  origin,  by  preference, 
thoroughly  dry  and  should  be  given  in  adequate  dose, 
say  a  coffee-spoonful,  tliree  times  a  day.  Small 
amounts,  in  moist  tablets,  are  useless. 

Errors  of  digestion,  as  well  as  of  diet,  must  be 
determined  by  analj-ses  and  met  so  far  as  possible. 

While  internal  antisepsis  is  scorned  by  bacteri- 
ologists and  should  not  be  relied  upon  to  the  exclusion 
of  the  preceding  measures,  there  is  no  question  but 
that  it  does  reduce  either  the  number  or  virulence  of 
intestinal  saprophj-les  so  as  to  have  an  appreciable 
influence  on  tympany  and  flatulence.  Among  the 
drugs  that  have  been  found  satisfactory,  with  these 
qualifications,  may  be  mentioned  menthol,  various 
volatile  oils,  salol,  which  should  be  used  cautiouslv, 
salacetol,  aspirin,  acetozone.  In  the  writer's  experi- 
ence, combinations  of  the  salicylic-acid  radicle  have 
proved  superior  to  those  of  the  benzoic-acid  radicle, 
and  safer  than  combinations  of  phenyl  which  adds 
the  element  of  danger  to  salol.  As  an  antiseptic, 
bismuth  salicylate  is  to  be  preferred  to  other  bismuth 
salts  although  all  seem  to  h.ave  some  value  in  this  way. 
If  there  is  also  diarrhea,  copper  may  be  employed. 
If  this  contraindication  does  not  exist,  arsenic  mav  be 
given  and  it  may  be  questioned  whether  the  hematinic 
action  of  arsenic  is  not  due  rather  to  its  prevention  of 
the  formation  of  hydrogen  sulphide,  etc..  in  the  in- 
testine than  to  any  direct  action  on  the  blood. 

A.  L.  Benedict. 

Flaxseed. — See  Linseed. 

Fleas. — Siphonaptera.  Diptera  (?)  with  laterally 
compressed  bodies  and  distinctly  separated  rings. 
Wings  absent,  except  for  two  lateral  plate-like  append- 
ages on  the  niesothorax  and  metathorax.  These 
animals  carry  various  diseases,  notably  the  plague, 
certain  blood  parasites,  and  larval  eestodes.  See 
Insects,  Parasitic.  A.  S.  P. 


Fletcher,  Robert. — Born  in  Bristol,  England. 
March  G,  1S2S.  His  medical  education  was  ob- 
tained in  the  Bristol  Medical  School  and  Infirmary  and 
at  the  London  Hospital.  In  1844  he  became  a 
member  of  the  Uoyal  College  of  Surgeons  and  a 
licentiate  of  the  Society  of  Apothecaries.  In  1S47 
he  came  to  America  and  practised  for  a  number  of 
years  in  Cincinnati.  When  the  Civil  War  broke  out 
he  entered  the  Union  Army  and  served  in  the  medical 
corps  where  he  was  brevetted  Colonel.    In  1S71  he 
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was  ordered  toWashington  to  assist  in  the  preparation 
of  the  Anthropometric  Statistics  of  the  Provost- 
Marshall's  office;  in  1876  he  was  attached  to  the 
library  staff  of  the  Surgeon-General's  office  under 
Dr.  John  S.  Billings,  and  remained  in  that  position 
until  his  death  which  occurred  on  November  8,  1912. 
Dr.  Fletcher's  great  service  to  medicine  was  as  a 
bibliographer  and  the  medical  world  owes  to  him 
many  volumes  of  the  Index  Catalogue  of  the 
Surgeon-General's  library  and  of  the  Index  Medicus, 
begun  by  Billings  and  continued  by  Fletcher.  He 
was  especially  interested  in  anthropology  and  in 
medical    history,    as    the     following    partial    list    of 


Fig.  2395. — Robert  Fletcher. 

titles  of  monographs  and  essays  bears  witness.  "Tre- 
phining and  Cranial  Amulets,"  "Human  Proportion 
in  .\rt  and  Anthropometrv,"  and  "Tattooing  among 
Civilized  Peoples,"  1883;  "Mj-ths  of  the  Robin 
Redbreast  in  Early  Engli.sh  Poetry,"  1889;  "The 
New  School  of  Criminal  Anthropology,"  1891; 
"Anatomy  in  Art"  and  "Medical  Lore  in  the  Older 
English  Dramatists  and  Poets,"  1895;  "The  Witches' 
Pharmacopoeia,"  1896;  "Scopelism,"  1897;  Tragedy 
of  the  Great  Plague  at  Milan  in  1630,"  1898;  "Columns 
of  Infamv"  and  "Some  Diseases  Bearing  the  Names 
of  Saints,"  1912. 

In  1910  the  Council  of  the  Royal  College  of  Sur- 
geons of  England  conferred  upon  Dr.  Fletcher  the 
honorary  medal  of  the  College  for  "distinguished 
labors  eminently  conducive  to  the  improvement  of 
natural  knowledge  and  the  healing  art."  The 
medal  is  rarely  conferred,  and  had  been  given  to  only 
eleven  others,  among  whom  were  Parkinson,  Paget, 
and  Lister.  T.  L.  S. 


Flint,  Austin. — Born  in  Petersham,  Mass., 
October  12,  1812.  He  came  of  a  race  of  English  and 
American  physicians,  his  great-grandfather,  grand- 
father, and  father  all  having  been  medical  men,  and 
all  having  obtained  more  than  average  eminence. 
He  was  educated  at  Amherst  College  and  was  gradu- 
ated in  medicine  at  Harvard  in  the  year  1833.  The 
first  three  years  of  the  professional  life  were  passed  at 
Northampton  and  Boston.  In  1836  he  went  to 
Buffalo,  where  he  remained  until  1844,  his  prominence 
at  that  time  securing  him  a  call  to  the  chair  of  Insti- 
tutes and  Practice  of  Medicine  at  the  Rush  Medical 
CoUege,  Chicago.  After  a  year  of  that  life  he  re- 
turned to  Buffalo,  where  he  established  the  Buffalo 
Medical  Journal  in  1846,  which  he  conducted  for  ten 
years.  Meanwhile  he  was  increasing  his  usefulness 
in  various  directions.  He  was  one  of  the  three  found- 
ers, in  1847,  of  the  Buffalo  Medical  College,  at  which, 
until  1852,  he  occupied  the  chiiir  of  the  Principles  and 
Practice  of  Medicine.  Then  he  went  to  the  Louis- 
ville University,  holding  the  same  chair  in  that  insti- 
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tution,  remaining  there  until  1856,  when  he  went 
back  to  Buffalo  as  Professor  of  Pathology  and  Clinical 
Medicine.  While  stUl  holding  a  residence  at  Buffalo 
he  passed  the  winters  of  1858,  1859  and  1860  at  New 
Orleans,  where  he  was  Professor  of  Clinical  Medicine 
in  the  medical  school,  and  was  also  visiting  physician 
to  the  Charity  Hospital.  He  changed  his  home 
toward  the  close  of  this  engagement  to  New  York 
City.  In  1861  he  became  one  of  the  physicians  to 
Bellevue  Hospital  and  was  appointed  to  two  Professor- 
ships— the  Principles  and  Practice  of  Medifine  and 
Clinical  Medicine  at  Bellevue,  and  Pathology  and 
Practical  Medicine  at  the  Long  Island  CoUege  Hospi- 


FiG.  2396.— Austin  Flint. 

tal.  He  remained  always  with  the  Bellevue  Faculty, 
but  his  duties  forced  him  to  sever  his  connection  with 
the  Brooklyn  college  in  1868.  In  1872  he  was  elected 
President  of  the  New  York  Academy  of  Medicine, 
and  in  1884  he  was  President  of  the  American  Medical 
A.ssociation.  He  was  a  member  of  a  very  large 
number  of  learned  societies  in  this  country  and  JEurope. 
He  died  March  13,  1886. 

Flint  was  an  industrious  writer  as  well  as  teacher. 
His  "Treatise  Upon  the  Principles  and  Practice  of 
Medicine,"  first  published  in  1866,  ran  through  seven 
editions.  A  work  on  "Clinical  Study  of  Heart  Sounds 
in  Health  and  Disease,"  which  he  wrote  in  1852, 
received  the  first  prizes  of  the  American  Medical 
Association  in  1852  and  1859.  His  work  on  "Phthi- 
sis, "  and  his  "  Manual  of  Percussion,  etc., "  were  long 
standard  works.  T.  L.  S. 


Florida. — Twenty-five  years  or  more  ago  Florida 
was  perhaps  the  most  popular  wmter  resort  in  this 
country  for  the  consumptive.  He  was  sent  there  in 
all  stages  of  the  disease,  especially  in  the  more  ad- 
vanced ones.  It  was  the  final  resource  when  all  else 
failed,  and,  in  the  majority  of  cases,  proved  to  be  an 
illusive  one. 

At  the  present  day  it  is  rare  that  the  phthisiothera- 
peutist  directs  his  consumptive  patient  to  this  region, 
although  possessing  a  winter  climate  imexceUed  in 
many  of  its  characteristics  by  any  region  east  of  the 
Rocky  Moimtains.  Why  is  this?  In  a  word,  it  is 
because  we  now  have  a  truer  conception  of  the 
limitations  of  climate,  in  its  application  to  pulmon- 
ary tuberculosis.  The  hygienic-dietetic  treatment  is 
the  authoritative  one,  established  on  the  firm  foimda- 
tion  of  experience;  and  in  the  execution  of  this  treat- 
ment climate  is  but  one  factor,  and  perhaps  not  the 
most  essential  one.  Formerly  climate  was  supposed 
to  be  the  great  determining  element  in  the  treatment 
and  all  else  was  merely  accessory;  and  further,  a 
warm  climate  was  considered  to  possess  peculiar  ad- 
vantages for  the  consumptive. 
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It  is  natural  that  such  should  have  been  the  idea 
entertained  with  the  knowledge  of  the  pathologj-  of 
the  disease  then  obtaining,  and  before  the  results  of 
Brehmer  and  other  German  pioneers  in  the  sanatorium 
treatment  had  become  known  or  had  indeed  been 
determined.  What  more  natural  than  that  a  con- 
sumptive depressed  in  mind  and  bodj-  should  look  to 
a  warm,  sunny,  equable  climate,  with  its  semi-tropical 
attractions,  as  the  El  Dorado  from  whence  he  should 
receive  renewed  hope  and  health?  Although  Florida 
will  continue  to  be  a  great  and  a  popular  health  resort 
for  many  functional  and  organic  diseases,  and  for 
the  valetudinarian  in  general,  as  will  be  more  fully 
discussed  later,  it  also,  in  the  writer's  opinion,  offers 
certain  locations  situated  in  the  central  part  of  the 
peninsula,  such  as  Winter  Park,  Orlando,  and  Alta- 
monte,  which  possess  some  at  least  of  the  essential 
climatic  conditions  for  the  successful  accomplish- 
ment of  the  hygienic-dietetic  treatment  of  tuberculosis, 
particularly  in  the  colder  months  of  the  year,  for  ex- 
perience has  shown  that  a  cold  or  moderately  cold 
climate  gives  the  best  results  in  the  treatment  of 
pulmonary  tuberculosis. 

As  witii  all  tropical  or  semi-tropical  countries, 
however,  the  summer  climate  of  Florida  woukl  hardly 
admit  of  a  continuous  residence,  which  is,  in  many 
cases  at  least,  essential. 

The  State  of  Florida  may  be  described  as  consisting 
of  a  continental  portion,  immediately  contiguous  to 
the  States  of  Georgia  and  Alabama — its  southwestern 
portion  washed  by  the  Gulf  of  Mexico — and  a  pen- 
insula portion  washed  by  the  Atlantic  Oc^an  and  Gulf 
of  Mexico.  Keating  (Transactions  of  the  American 
Climatological  Association,  1885)  divides  Florida  geo- 
graphically into  a  north  and  a  south  portion,  the 
boundary  line  being  the  twenty-ninth  degree  of 
latitude,  and  topographically  into  the  lowlands  on 
the  rivers  and  coasts,  and  the  interior  highlands,  with 
an  altitude  of  from  100  to  300  feet.  Below  the 
twenty-ninth  parallel,  the  climate,  both  in  smnmer 
and  in  winter,  differs  from  that  of  the  region  north. 
The  cold  northwest  winds  are  tempered  by  the  warm 
waters  of  the  Gulf  of  Mexico,  which  prevent  the  sud- 
den changes  of  temperature  that  sometimes  occur  in 
the  northern  portion.  In  siunmer  the  sea  breezes 
from  both  sides  of  the  peninsula  temper  the  heat  and 
the  nights  are  generally  cool  (Solly). 

The  land  (except  the  interior  highlands  before 
mentioned)  is  for  the  most  part  low,  and  there  are 
many  lakes,  streams,  and  salt-water  channels.  The 
principal  river  is  the  St.  John's,  running  north,  and 
navigable  for  large  steamers  a  distance  of  198  miles 
to  Enterprise,  and  for  smaller  ones  about  seventy 
miles  further  up  the  river,  to  Salt  Lake.  The  soil 
is  "as  a  rule  sandy,  very  porous  in  hilly  or  undulating 
sections,  but  finer  and  more  compact  on  level  reaches. 
The  character  of  the  subsoil  hard-pan  varies  greatly 
in  different  localities,  being  sometimes  clay  and 
sometimes  lime  rock,  at  variable  depths  of  from  only 
a  few  to  ten  or  more  feet  from  the  surface"  (J.  P. 
Wall,  in  the  Climatologist,  October  15,  1891). 

The  varieties  of  land  are  the  pine  land  in  the 
highlands,  high  hummock,  low  hunmiock,  savanna, 
and  swamp.  "The  pine-land  regions  are  those  in 
which  the  sandy  soil  predominates,  and,  for  the  resi- 
dence of  invalids,  places  possessing  such  sandy  soU 
appear  to  be  the  most  healthful"  (Richards). 

The  climate  is  a  mild,  moist,  warm  one,  with  a 
goodlv  number  of  sunny  days.  The  principal  season 
begins  in  January  and  lasts  until  AprU,  and  thousands 
of  visitors  who  "desire  for  any  reason  to  avoid  the 
inclemencv  of  a  Northern  winter  and  lead  an  out- 
door life,  frequent  the  numerous  resorts.  J^normous 
palatial  hotels  and  many  boarding  houses  and  villas 
exist  in  various  portions  of  the  peninsula,  at  St. 
Augustine,  Palm  Beach,  Tampa,  Palatka,  Altamonte, 
Magnolia.  Enterprise,  Titusville,  and  at  many  other 
places.     The  attractive  spots  where  one  may  pleas- 


antly spend  the  winter  are  almost  innumerable. 
The  outdoor  attractions  in  this  fascinating  country 
are  varied  and  numerous — fishing,  hunting,  Vjathing, 
golf,  sailing,  riding,  and  all  the  many  excursions  by 
water,  chief  of  which  is  the  famous  journey  up  the 
Ocklawaha  River,  where  one  pas.ses  through  cypress 
forests  with  the  graceful  hanging  moss,  or  through 
clusters  of  palm  and  palmetto  trees,  and  all  the  varied 
vegetation  of  a  tropical  region.  Alligators  are  fre- 
quently seen,  and  "birds  of  the  most  curious  forms 
and  brilliant  plumage  are  everj-where  conspicuous" 
(.Vppleton's  "General  Guide  to  the  Southern  States," 
1899). 

The  orange  groves  are  always  a  delight;  and  the 
cultivation  of  the  many  fruits,  flowers,  and  vegetables 
which  grow  so  luxuriantly  in  this  climate  render  out- 
door life  on  the  land  a  constant  source  of  pleasure  and 
interest.  "The  sun  shines  so  brightly,  the  air  is  so 
balmy,  the  songs  of  tlie  birds  are  so  enlivening,  and 
the  orange  trees  in  their  bloom,  or  laden  with  their 
golden  fruit,  lend  such  a  charm  to  the  outlook  from 
the  windows  that  the  most  indolent  or  mo.st  cold- 
blooded invalid  feels  little  inclined  to  stay  indoors" 
(Lente). 

The  climatic  characteristics  will  now  be  considered 
somewhat  in  detail,  and  for  this  purpose  the  following 
meteorological  tables  have  been  arranged  from  the 
observations  of  the  L'nited  States  Weather  Bureau. 

Average  Temperature. 


Jacksonville.. 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West. .  . 


De- 
cember. 


55.8 
67.2 
62.2 
64.5 
70.1 


Janu- 
ary. 


Febru- 
ary. 


55.8 
63.4 
38.6 
64.7 
70.3 


58.1 
66.7 
63.1 
66.2 
71.8 


March,  i  July. 


62.7 
68.8 
66.4 
68.6 
73.6 


I  82.5 
80.5 
81.5 
81.3 
84.0 


Year. 


69.2 
73.4 
71.6 
73.4 
77.5 


.\VERAGE  DaILT  RaKGE. 


Jacksonville.. 

Jupiter 

Tampa 

Punta  Hassa. 
Key  West.  .  . 


De- 

Janu- 

Febru- 

March. 

July.  , 

cember. 

ary. 

ary. 

17.0 

16.7 

16.4 

17.4 

16.1 

12.2 

15.0 

13.4 

14.0 

12.2 

18.0 

19.8 

17.1 

18.9 

16.1 

13.5 

12.7 

12.9 

13.4 

13.0 

8.1 

8.9 

8.9 

9.4 

12.5 

Year. 


12.6 
17.7 


M£AX  OF  Warmest  Temperature. 


Jacksonville.. 
Jupiter. ..... 

Tampa 

Punta  Rassa. 
Key  West. .  . 


66.4 

64.9 

68.5 

73.6 

91.6 

73.3 

70.9 

73.4 

75.9 

86.6 

71.2 

67.8 

71.7 

75.8 

89.6 

71.9 

71.3 

73.2 

76.1 

88.9 

75.3 

75.4 

77.1 

78.9 

91.3 

79.7 
80.5 


Mean  of  Coldest  Temperature. 


Jacksonville.. 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West. . . 


49.4 

48.2 

52.1 

56.2 

61.1 

55.9 

60.0 

61.9 

53.2 

48.0 

54.6 

56.9 

SB. 4 

58.6 

60.3 

62.7 

67.2 

66.5 

68.2 

69.5 

75.5  I 

74.4  t  67.1 

73.5  62.8 

75.9    

78.8    


Highest  or  MAXisitJM  Temperature. 


Jacksonville.. . 

Jupiter 

Tampa 

Punta  Rassa.. 
Key  West. . . . 


81.0 
82.0 
81.3 
82.5 
88.0 


80.0 
80.0 
78.1 
81.5 
90.0 


83.0 
84.7 
80.5 
84.0 
87.0 


88.0 
85.5 
84.2 
85.0 
89.0 


104.0     

91.0  j  93.0 
93.2  I  94.4 

93.0    

97.0    
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Lowest  or  Minimum  Temperature. 


Jacksonville.. 


Tampa 

Punta  Rassa.- 
Key  West. .  .  . 


19.0 

24.0 

32.0 

31.0 

68.0 

41.0 

38.5 

39.8 

44.8 

69.1 

34.7 

32.7 

35.7 

39.7 

70.0 

34.0 

33.0 

43.0 

38.0 

67.5 

44.0 

48.0 

55.0 

53.0 

72.7 

Average  Relative  Homiditt. 


Jacksonville, 
Jupiter  8  a.  m, 

Tampa 

Punta  Hassa. 
Key  West.  .  . 


73.7 
83.7 
83.4 
75.3 
78.7 


74.6 
84.7 
81.6 
77.6 
79.7 


70.6 
84.0 
83.8 
75.3 
76.6 


65.4 
80.0 
80.0 
72.1 
70.5 


71.8 
81.5 
82.4 
75.7 
70.3 


Average  Precipitation  in  Inches. 


Jacksonville.. 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West..  . 


Average  Hourly  Velocity  of  Wind,  in  Miles. 


Jacksonville.. 

Jupiter 

Tampa 

Punta  Rassa. 


Average  Number  of  Clear  Days. 


Jacksonville.. 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West.  .  . 


Average  Nitmber  of  Fair  Days. 


Jacksonville.. 

Jupiter 

Tampa. 


32.7 
28.1 


72.0 
82.0 
81.2 
74.9 
73.9 


2.89 

3.28 

3.45 

3.13 

5.18 

2.88 

3.43 

2.72 

2.59 

5.35 

1.57 

2.45 

2.81 

2.68 

7.99 

1.28 

2.36 

1.72 

1.20 

7.22 

1.84 

2.32 

1.84 

0.66 

4.27 

54.68 
62.14 
53.09 
43.54 
40.88 


Prevailing  Direction  op  Wind — From — 


Jacksonville.. . 

N.  E. 

N.  E. 

N.  E. 

N.  W. 

S.  W. 

N.  E. 

Jupiter 

N.  W. 

N.  W. 

S. 

S. 

S.  E. 

S.  E. 

Tampa 

N. 

N. 

N.  E. 

S.  E. 

E. 

N.  E. 

Punta  Rassa. . 

N.  E. 

N.  E. 

N.  E. 

N.  E. 

E. 

N.  E. 

Key  West.  .  .  . 

N.  E. 

N.  E. 

E. 

E. 

E, 

E. 

6.0 

5.8 

6.9 

7.9 

6.3 

10.2 

9.9 

10.7 

10.6 

7.6 

6.0 

6.0 

6.9 

6.7 

5.2 

10.3 

10.2 

10.7 

12.0 

8.2 

11.2 

10.8 

10.4 

11.2 

7.5 

6.7 

9.7 

6.1 

10.1 

9.7 


De- 
cember. 

Janu- 
ary. 

Febru- 
ary. 

Marcb. 

July. 

10.2 

9.0 

9.7 

12.7 

10.2 

9.8 

13.0 

11.0 

17.4 

12.5 

12.1 

9.5 

8.4 

11.7 

7.0 

12.1 

9.8 

11.5 

14.7 

3.4 

11.0 

11.3 

11.7 

15.8 

5.7 

123.2 
131.4 
115.0 
102.9 
113.4 


Punta  Rassa. 
Key  West ... 


12.0 

12.8 

10.4 

13.0 

16.0 

14.1 

11.0 

11.1 

9.7 

13.4 

12.3 

16.4 

14.3 

14.4 

20.0 

■  12.8 

15.0 

11.4 

11.8 

10.4 

15.5 

14.7 

12.6 

12.5 

19.8 

156.7 
153.8 
188.2 
186.1 


Average  Number  Clear  and  Fair  Days. 


Jacksonville.. 

Jupiter 

Tampa 

Punta  Rassa. 
Key  West. .  . 


22.2 

21.8 

20.1 

15.7 

26.2 

23.0 

24.0 

22.1 

27.1 

25.9 

24.4 

25.9 

22.7 

26.1 

27.0 

24.9 

24.8 

22.9 

26.5 

23.8 

25.5 

26.0 

24.3 

28.3 

25.5 

279.9 

285.2 
303.2 
289.0 


Five  points  are  taken  in  various  portions  of  the 
State  to  illustrate  the  different  climatic  factors: 
Jacksonville,  on  the  St.  John's  River,  about  thirtj' 
mUes  from  the  Atlantic;  Jupiter,  on  the  Atlantic 
Coast,  seventeen  miles  north  of  Palm  Beach;  Tampa, 
about  twenty-five  miles  from  the  Gulf  Coast,  and 
about  half-way  down  the  peninsula;  Punta  Rassa  on 


the  Gulf  Coast,  almost  opposite  Palm  Beach;  and 
Key  West  at  the  extreme  south,  an  island  about  sixty 
miles  from  the  mainland. 

Ill  observing  these  climatic  features  the  distin- 
guishing characteristics  are  mildness  and  uniformity. 
It  will  be  seen  that  the  diurnal  range  for  the  coast 
stations  is  small,  while  that  of  Jacksonville  and 
Tampa,  further  inland,  is  considerably  greater,  and 
least  of  all,  as  we  should  expect  from  its  insular  posi- 
tion, is  that  of  Key  ^A'est. 

From  the  table  of  maximum  and  minimum  tempera- 
tures it  will  be  observed  that  for  the  four  months  from 
December  to  March  inclusive  the  maximum  ranges 
from  78.1°  to  88°  F.,  and  the  minimum  from  19°  to 
44.  8°  F. ;  Key  West  excepted.  "  There  is  a  possibility 
then  of  frost,  snow,  and  ice,  although  these  phenom- 
ena are  rare;  they  are  the  infrequent  'chances,'  and 
occasionally  a  cold  wave  sweeps  over  the  whole  State, 
damaging  or  killing  the  orange  trees,  demanding  fires 
indoors,  winter  clothing  out.  The  relative  humidity 
is  high,  characteristic  of  a  marine  climate,  as  this  is, 
and  is  ciuite  uniform  throughout  the  year.  "Of  course, 
as  might  naturally  be  expected  of  a  climate  with  the 
temperature  and  humidity  of  that  of  Florida,  heavy 
dews  in  clear  still  nights  are  always  present;  and 
during  the  winter  and  spring,  fogs  in  the  night  and 
early  morning  are  not  uncommon.  Fogs  are,  however, 
somewhat  worse  on  the  .Atlantic  Coast  and  along 
the  St.  John's  River  than  on  the  Gulf  side  of  the  penin- 
sula" ("The  Climate  of  Florida,"  Dr.  J.  P.  Wall,  the 
Climatologist,  November  15,  1891).  The  mean  annual 
rainfall  mav  perhaps  be  considered  high  for  a  health 
resort,  although  about  half  occurs  in  the  summer. 
For  comparison  the  mean  annual  rainfall  of  various 
resorts  is  here  given: 

Inches. 

Jacksonville,  Fla 54.6 

Jupiter,  Fla 62.1 

Tampa,  Fla 53.0 

Punta  Rassa,  Fla 43 .  5 

Key  West,  Fla 40.8 

Redlands,  Cal 15.0 

Denver,  Col 14.4 

Nice,  France 32.0 

New  York,  N.  Y.... 42.5 

The  prevailing  winds  are  from  the  east,  bringing  the 
pure  air  from  the  Atlantic  Ocean.  The  hourly 
velocity  is  between  six  and  ten  miles,  considerably 
less  than  that  at  Cape  May.  "With  the  Atlantic 
on  the  east  and  the  Gulf  of  Alexico  on  the  south  and 
west  the  temperature  of  Florida,  and  especially  that  of 
the  peninsula,  is  very  much  ameliorated  by  the 
constant  sea  breezes,  and  the  climate  rendered 
remarkabh"  equable  and  genial.  The  regular  alterna- 
tion of  land  and  sea  breezes  prevents,  especiallv  durmg 
the  hot  season,  the  discomforts  and  suffering  of 
excessive  heat  which  is  usually  associated  with  the 
wind  in  the  lower  latitudes  of  the  North  Temperate 
Zone"  (Wall,  loc.  cil.). 

The  number  of  clear  and  fair  days  is  about  the  same 
for  each  of  the  resorts  under  consideration,  and  the 
yearly  average  is  large,  equal  to  that  of  San  Diego  or 
of  Santa  Barbara.  Three  out  of  four  days  during  the 
winter  months  are  fair  or  clear.  The  average  number 
of  rainy  days  for  the  year  is  considerably  higher  than 
at  Cannes,  Nice,  or  San  Remo;  but,  as  before  men- 
tioned, the  greater  part  of  the  rain  comes  in  the 
summer.  It  is  to  be  regretted  that  there  are  no 
meteorological  data,  so  far  as  known  to  the  writer,  for 

Eoints  situated  upon  the  elevated  ridge  in  the  interior, 
uch  data  would  probably  approximate  more  nearly 
to  those  of  Jacksonville  and  Tampa,  which  are 
situated  some  mUes  from  the  coast,  and  the  mean 
average  daily  range  of  these  two  places,  as  we  have 
already  observed,  is  considerably  greater  than  in  the 
case  with  the  coast  towns. 

Of  Winter  Park,  situated  1.33  mUes  south  of  Jackson- 
ville,  forty  miles   west  of   the   Atlantic   Ocean   and 


Inches 

Aiken,  S.  C 48.0 

Thomasville,  Ga 51 .5 

Augusta,  Ga 44.0 

San  Diego,  Cal 10.0 

Los  Angeles,  Cal 18.0 

Santa  Barbara,  Cal 18.0 

Cannes,  France 25.0 

Cairo,  Egypt 15.0 
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eighty  miles  east  of  the  Gulf  of  Mexico,  with  an  alti- 
tude of  over  one  hundred  feet,  we  are  tokl  that  "the 
air  is  fine  and  dry,  the  country  around  being  made  up  of 
high  pine  lands,  that  there  are  no  marshes  or  stagnant 
ponds,  but  bistead  a  chain  of  beautiful,  clear-water 
lakes.  The  temperature  of  the  winter  days  averages 
from  60°  to  65°  F.  during  the  twenty-four  liours. 
Occasionally  there  is  a  frost,  and  once  in  a  while 
freezing  temperature  occurs  at  night,  but  none  during 
the  days.  It  rains  very  seldom  during  the  winter 
months,  but  there  are  heavy  dews  night  and  morning." 
(Report  on  Health  Resorts,  Transactions  of  the 
American  Climatological  Association,  1895.) 

The  climate  of  Key  West  is  "essentially  tropical, 
and  typically  insular."  As  will  be  seen  in  "the  tables, 
July  shows  a  much  greater  amount  of  precipitation 
than  the  winter  months,  and  such  is  the  case  with  the 
other  summer  months;  there  is  practically  a  dry 
(winter)  and  a  rainy  (summer)  season.  From  this 
fact,  however,  it  must  not  be  supposed  that  it  rains 
most  of  the  time  in  summer,  for  Julv,  for  instance, 
shows  25.5  clear  and  fair  days,  and  the  other  summer 
months  about  the  same  proportion. 

It  will  be  also  noticed  that  the  temperature  is 
remarkably  equable,  the  mean  of  the  warmest  being 
91.3°,  and  of  the  coldest  66.5°  F. ;  the  diurnal  range  is 
also  very  small.  The  city  of  Key  ^Yest,  the  largest  in 
the  State  next  to  Jacksonville  (about  19,945  inhabi- 
tants), is  situated  upon  a  coral  island  of  the  same  name, 
seven  mUes  long  and  from  one  to  two  miles  broad. 
There  are  no  springs  on  the  island,  and  the  water 
suppl.v  is  derived  from  rain  water  or  from  distillation. 

The  foliage  and  fruits  are  luxuriant  and  more  or  less 
tropical.  The  streets  of  the  town  are  broad,  the  resi- 
dences are  shaded  with  tropical  trees,  palms  and 
brilliant  flowers  grow  in  profusion,  all  giving  the 
town  a  very  picturesque  appearance. 

Key  West  is  not  known  as  a  health  resort,  as  are  the 
other  well-known  resorts  in  Florida;  it  is  said,  however, 
to  be  healthy,  and  it  at  least  possesses  an  ideal  semi- 
tropical  insular  climate.  Its  sanitary  condition  is 
unknown  to  the  writer.  It  is  the  most  southern  city 
of  the  United  States.  "The  fishing  and  boating  are 
unsurpassed,  and  there  are  a  number  of  charming 
drives  on  the  island  "  The  Florida  East  Coast  R.  R. 
has  its  terminus  at  Key  West  from  whence  steamers  run 
to  Havana  in  a  few  hours. 

The  warmth,  abundant  sunshine,  equable  tempera- 
ture, marine  atmosphere,  and  all  the  varied  charms  of 
land  and  water  will  always  render  Florida  one  of  the 
great  winter  resorts  of  the  United  States.  It  is  easily 
accessible  from  the  Northern  States  by  rail  or  by  boat, 
and  it  possesses  an  unrivalled  system  of  hotels.  As 
Dr.  Wall  truly  says:  "To  the  vast  majority  of  the 
valetudinarian  class  from  other  causes  than  consump- 
tion, the  winter's  sojourn  in  the  mild  marine  climate 
of  Florida  will  always  be  found  a  powerful  adjunct 
in  reestablishing  the  impaired  health." 

Finally,  to  the  person  who  wants  a  change  from  the 
exhausting  routine  of  city,  social,  or  business  life,  and 
who,  from  such  or  other  reasons,  has  become  "stale," 
to  speak  in  athletic  parlance,  Florida  offers  a  veritable 
paradise,  provided  a  simple  outdoor  life  is  pursued  and 
business  and  society  are  abandoned.  The  writer  can 
speak  from  personal  experience  of  the  keen  delight  one 
experiences  in  the  trip  up  the  St.  John's  or  Ocklawaha 
River;  fishing  in  the  Ciulf  of  Mexico  or  hunting  for 
sea-beans  on  the  shore.  With  such  novel  surround- 
ings, mere  existence  is  a  pleasure,  and  the  subtle  in- 
fluences of  the  balmy  atmosphere  bring  renewed 
health  and  strength  of  mind  and  body. 

Edw.\rd  O.  Otis. 

Fluidextracta. — Fluid  extracts  are  liquid  alcoholic 
preparations,  made  by  percolation,  of  definite  and 
uniform  strength,  being  so  prepared  that  1  c.c.  of 
the  fluid  extracts  represents  exactly  one  gram  of  the 


crude  drug.  Practically,  they  are  tinctures  of  \W 
per  cent,  strength.  The  advantages  of  the  fluid 
extracts  are:  (1)  concentration;  (2 j  permanence;  (3) 
definite  strength.  In  the  manufacture  of  fluid  ex- 
tracts four  general  processes  are  u.sed:  (1)  percolation, 
with  partial  evaporation;  (2)  percolation  with  in- 
complete exhaustion;  (.3)  repercolation ;  and  (4) 
percolation  and  maceration. 

There  are  eighty-five  fluid  extracts  in  the  U.  S.  P., 
and  for  the  medical  practitioner  probably  the  most 
convenient  classification  will  be  one  based  on  simi- 
larity of  dose. 

Dose  of  one  minim  (0.05):  Fluid  extracts  of  aconite, 
belladoima  root,  cannabis  indica,  capsicum,  digitalis, 
gel.semium,  ipecac  (as  expectorant),  nux  vomica, 
scopola,  staphisagria,  and  stramonium. 

Dose  of  one  and  a  half  minims  (0.1;:  Fluid  extracts 
of  i)hytolacca  (as  alterative),  sanguinaria,  squill,  and 
veratrum. 

Dose  of  three  minims  (0.2):  Fluid  extracts  of 
colchicum  seed,  conium,  hyoscyamus,  and  quillaja. 

Dose  of  five  minims  (0.3):  Fluid  extract  of  savine. 

Dose  of  eight  minims  (0.5):  Fluid  e.xtracts  of  con- 
vallaria,  euonymus,  lobelia,  lupulin,  podophyllum, 
and  Cfuassia. 

Do.se  of  fifteen  minims  (1.0):  Fluid  extracts  of 
apocynum,  aromatic,  bitter  orange  peel,  calamus, 
cascara  sagrada,  cascara  sagrada  aromatic,  chirata, 
cimicifuga,  cinchona,  cubeb,  cypripedium,  eriodictyon, 
frangula,  gentian,  geranium,  ginger,  krameria,  "lep- 
tandra,  phj-tolacca  (emetic),  quercus,  rhubarb,  rhus 
glabra,  rubus,  .Scutellaria,  senega,  and  serpentaria. 

Dose  of  thirty  minims  (2.0) :  Fhiid  extracts  of 
berberis,  buchu,  calumba,  chimaphila,  coca,  ergot, 
eucalyptus,  eupatoriuin,  glycyrrhiza,  grindclia, 
guarana,  hamamelis  leaves,  hydrastis,  lappa,  pilo- 
carpus, prunus  virginiana,  rose,  sarsaparilla,  sarsapar- 
rilla  compound,  senna,  stillingia,  sumbul,  uva  ursi, 
valerian,  viburnum  opulus,  viburnum  prunifolium 
and  xanthoxylum. 

Dose  of  one  ftuidram  (4.0) :  Fluid  extracts  of  matico 
and  spigelia. 

Dose  of  two  fluidrams  (8.0):  Fltiid  extracts  of 
taraxacum  and  triticum. 

For  external  use;  no  dose  given  by  U.  S.  P.  Fluid 
extract  of  mezereum.  R.  J.  E.  Scott. 


Flukes. — Tremaloda.  A  class  of  parasitic  flat- 
worms  which  includes  those  possessing  a  digestive 
tract.  The  adults  of  these  Platyheimia  are  found 
in  all  classes  of  vertebrates  and  the  larv»  occur  in 
several  invertebrates,  most  often  in  snails.  Flukes 
may  occur  in  any  of  the  organs  but  are  most  often 
found  in  the  urinary  bladder,  lungs,  intestine,  or 
liver.     See  Trematoda.  A.  S.  P. 


Fluorescein. — Resorcinolphthalein anhydride,  Cjo- 
H12O5,  is  a  yellowish-red  crystalline  i)o\vder,  prepared 
by  fusing  together  5  parts  of  phthalic  anhydride  and  7 
])arts  of  resorcinolat  a  temperature  of  about  200°  C  It 
is  insoluble  in  pure  water  but  dis.solves  in  alkaline  fluids. 
The  solution  employed  at  the  Royal  Ophthalmic  Hos- 
pital in  London  is  composed  of  fluorescein  2,  and 
sodium  bicarbonate  3,  in  water  100.  It  is  used  in  the 
diagnosis  of  corneal  ulceration  and  of  the  presence  of 
foreign  bodies  in  the  cornea.  The  instillation  of  a 
few  drops  in  the  eye  will  color  green  any  pjut  of  the 
cornea  denuded  of  its  epithelium  while  a  foreign  body 
will  be  surrounded  by  a  green  ring.  The  conjunctiva 
where  abraded  will  assume  a  vellowish  hue. 

T.L.  S. 


Fceniculum. — Fennel. — The  fruit   of    Fwnicutum 

Firnicutum    (L.)    Karst.    ("F.    capillaceum    Gilibert,"' 
U.  S.  P.— fam.  Umbcllifcra). 
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Fcenlculum 
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From  a  perennial  or  biennial  herb  with  a  tall, 
smooth,  green,  branching  stem  and  pinnate,  skeleton- 
like leaves,  the  latter  consisting  of  but  little  more 
than  straggling,  branching  midribs  and  veins,  arising 
from  broad,  concave,  half -sheathing  petioles.  Umbels 
compound,  naked,  many-flowered. 

Native  of  Southern  Europe,  Western  and  Southern 
Asia,  etc.;  it  exists  in  several  varieties,  and  has  been 
long  and  extensively  cultivated. 

Of  two  separate  or  united  carpels,  each  0.5  to  1 
centimeter  (!  to  ?  in.)  long,  about  one-third  as  broad 
and  one-sixth  as  thick,  oblong  or  a  little  narrowed  at 
the  summit,  more  or  less  curved,  bearing  five  very 
prominent  and  stout  light-colored  ribs  upon  the  back, 
otherwise  smooth,  yellowish  or  brownish-green;  peri- 
carp containing  an  oil  tube  between  each  two  ribs 
and  two  upon  the  flat  side;  odor  pleasantly  aromatic; 
taste  sweet  and  pleasantly  aromatic. 

Sweet,  or  Roman  fennel,  w-ith  very  large,  long, 
light-colored,  pale-greenish  fruits,  and  a  particularly 
pleasant  odor  and  taste,  from  cultivated  plants  of 
southern  Europe,  is  much  the  best.  German, 
or  Saxon,  with  shorter  and  proportionately  thicker 
fruits,  is  cultivated  in  Germany.  Wild,  or  bitter 
fennel,  is  from  wild  plants  growing  in  the  south  of 
France. 

Fennel  contains  about  three  and  a  half  per  cent, 
of  an  esse7ilial  oil  very  much  like  that  of  anise,  being 
composed  of  a  large  proportion  of  anethol,  a  smaller 
one  of  a  hydrocarbon  of  the  terpene  series,  etc. 

Fennel  is  a  mild  aromatic  of  exactly  the  same 
medicinal  qualities  as  anise.  It  is,  however,  less  used 
in  medicine  than  that,  but  is  considerablj'  consumed 
as  a  flavor  in  cordials,  as  a  spice  and  in  veterinary 
practice.  It  also  enters,  as  a  carminative,  to  prevent 
griping,  into  the  compound  infusion  of  senna,  and  its 
oil  similarly  into  the  compound  spirit  of  juniper  and 
the  compound  licorice  powder.  Both  are  often  added 
to  prescriptions,  with  this  object.  The  dose  of  fennel 
is  gr.  viij.-xxx.  (0.5-2.0). 

Oleum  F(eniculi,  U.  S.  P.,  a  volatile  oil  distilled 
from  the  above,  is  thus  described  in  the  Pharmacopoeia : 

A  colorless  or  pale  yellowish  liquid,  having  the 
characteristic,  aromatic  odor  of  fennel,  and  a  sweetish, 
mild,  and  spicy  taste. 

Specific  gravitv:  0.953  to  0.973  at  25°  C.  (77°  F.). 

Between  5°  and  10°  C.  (41°  and  50°  F.)  it  usually 
solidifies  to  a  crystalline  mass,  but  occasionally  it 
remains  liquid  at  a  considerably  lower  temperature. 

Soluble  in  an  equal  volume  of  alcohol,  the  solution 
being  neutral  to  litmus  paper;  also  soluble  in  an  equal 
volume  of  glacial  acetic  acid. 

The  oil  is  not  colored  by  the  addition  of  a  drop  of 
ferric  chloride  T.  S.  (absence  of  some  foreign  oils  con- 
taining phenols,  and  of  carbolic  acid). 

If  the  oil  be  dropped  into  water,  without  agitation, 
it  should  not  produce  a  milky  turbidity  (absence  of 
alcohol).  It  should  contain  about  sixty  per  cent,  of 
anethol.  The  relatively  higher  temperature  at  which 
crystals  of  this  substance  begin  to  separate  indicates 
its  percentage  and  of  course  determines  its  quality. 
Another  substance  present  in  it  is  fenchene,  with 
pinene,  phallandrene,  etc.  Its  properties  and  uses 
are  precisely  like  those  of  oil  of  anise,  and  the  dose  is 
ni  i.  to  v.  (0.06-0.3).  The  official  water  {Aqua 
Fceniculi),  having  a  strength  of  one-fifth  of  one  per 
cent.,  is  usuall.v  employed  as  a  vehicle,  but  is  carmina- 
tive in  doses  of  floij.-viii.  (8.0-30.0). 

Henry  H.  Rusbt. 

Foetus. — See  Fetus. 

Folliculitis  Decalvans. — This  disease  has  been 
described  under  man\'  names,  such  as  alopecias  cica- 
tricielles  innominees  (Besnier),  foUiculite  ^pilante 
(Quinquaud),  acne  decalvante  (Lailler),  ulerythema 
sycosiforme  (Unna),  and  Brocq  would  include 
under  it  Kaposi's  dermatitis  papillaris  capillitii. 
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Sytviptoms. — It  may  affect  the  scalp  alone,  or  the 
bearded  portion  of  the  face  from  which  it  may  extend 
to  the  scalp,  while  the  hair  of  the  pubes  and  axilla  do 
not  escape  at  times.  Upon  the  scalp  it  takes  one  of 
two  forms : 

1 .  The  alopecia  cicatrisata  of  Crocker,  or  alopecie  in- 
nominee  of  Besnier  or  pseudo  pelade  of  Brocq.  In  this 
form  we  find  one  or  more  irregular,  ill-defined  bald 
juitches  about  which  are  tufts  of  hair.  Sometimes  it 
will  be  noted  that  just  beyond  the  circumscribing  tufts 
of  hair  are  other  small  bald  patches  showing  the  exten- 
sion of  the  disease  into  neighbormg  parts.     The  scalp 


Fig.  2397. — Folliculitis  Decalvans.     Early  stage.     (.Vuthor's  ease.) 

in  the  patches  is  cicatricial,  thinned,  slightly  depressed, 
smooth  or  stippled  over  with  follicular  openings. 
Signs  of  active  inflammation  may  be  entirely  wanting 
or  confined  to  the  mouths  of  the  foUicles.  At  other 
times  there  is  a  slight,  di.Tused  redness  with  furfurace- 
ous  descjuamation;  or  there  may  be  some  very  small 
and  superficial  pustules  occupymg  the  infundibula 
of  the  hair,  which  in  a  short  time  are  transformed  into 
depressions  out  of  which  the  hair  falls.  As  soon  as 
the  hair  falls  all  signs  of  inflammation  subside.  The 
hair  is  permanently  destroyed,  and  the  scalp  is  gradu- 
ally transformed  into  a  mass  of  cicatricial  tissue.  New 
spots  develop  here  and  there  in  an  erratic  manner. 

2.  Depilating  Folliculitis. — This  is  the  foUiculite 
epilante  of  Quinquaud,  and  the  acne  decalvante  of 
Lailler.  While  the  first  form  is  confined  to  the  scalp, 
the  second  may  also  affect  the  beard,  pubes,  and 
axilla.  It  differs  from  the  first  form  in  being  ac- 
companied by  more  marked  inflamniation.  Like 
that  it  produces  bald,  smooth,  irregularly  .shaped, 
cicatricial  patches.  These  are  scattered  through  the 
hair,  and  are  of  various  sizes  up  to  that  of  a  silver 
quarter  of  a  dollar.  In  them  are  some  .small  red 
points,  while  about  their  edges  and  in  their  neigh- 
borhood are  purulent  points,  miliary  abscesses,  and 
red  papules,  each  with  a  hair  in  its  center.  The 
folliculitis  causes  destruction  of  the  hair  which  is 
permanent,  giving  rise  to  the  cicatricial  appearance. 
If  there  are  a  number  of  patches  near  each  other  they 
will  be  separated  bj-  tufts  of  sound  hair.  If  the  disease 
occurs  on  other  parts  than  the  scalp  it  wUl  give  rise 
to  similar  appearances. 

Folliculitis  decalvans  is  a  chronic  and  progressive 
process,  and  it  is  impossible  to  say  how  great  its 
ravages  will  be.  It  is  usually  slow  in  its  progress. 
Pruritus  is  often  marked. 
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Etiology. — Nothing  positive  is  known  of  tlie  cause 
of  alopecia  cicatrisata.  Some  observers  have  found 
microorganisms  in  relation  with  depilating  follicu- 
litis. Brocq  considers  staphylococcus  as  the  caiise, 
and  QuiiKiuaud  a  micrococcus.  Inasnnich  as  some 
of  the  cases  yield  to  antisyjihilitic  treatment,  it  has 
been  assumed  that  some  of  the  cases  are  due  to  syphilis. 

Diagnosis. — Occurring  on  the  scalp,  it  must  be  diag- 
nosed from  alopecia  areata,  the  baldness  due  to  favus, 
and  hipiis  erythematosus.  From  alopecia  areata  it  is 
distinguished  readily  by  the  fact  that  it  is  cicatricial  in 
character,  while  in  alopecia  areata  the  skin  is  unaltered. 


Fio. 


2398. — Folliculitis    Decalvans.     A  more    advanced  stage  of 
the  disease.      (Author's  Case.) 


Moreover,  in  the  latter  disease  there  are  never  signs  of 
follicular  inflammation.  If  there  are  favus  crusts  or 
evidences  of  folliculitis  the  diagnosis  from  faviis  is 
easy,  as  in  folliculitis  decalvans  we  do  not  have 
sulphur-yellow  crusts,  and  in  favus  we  do  not  have 
folliculitis.  In  inactive  ca.ses  it  is  impossible  to  tell 
which  disease  we  have,  as  both  diseases  produce  bald- 
ness of  the  same  general  character.  The  history 
of  the  case  will,  however,  enable  us  to  decide.  Lupus 
erythematosus  presents  a  greater  amount  of  red- 
ness and  large  adherent  scales.  Its  patches  are  com- 
pletely bald  and  have  no  tufts  of  sound  hair  in 
them.  The  bald  patches  resulting  from  injury  or 
impetigo  should  cause  no  conftision.  The  former  are 
usually  linear,  and  the  latter  are  of  small  size. 

Treatment. — Thus  far,  treatment  has  not  Ijeen  of 
much  avail.  Quinquaud  recommends  washing  the 
patches  with  soap  and  water,  and  i^ainting  the  scalp  in 
their  vicinity  with  tincture  of  iodine.  Ever_v  morning 
the  patches  are  to  be  bathed  with  (hvdrarg.  biniodidi, 
gr.  i.  (0.0l).5);  hydrarg.  bichloridi.gr.iv.  (0.2(5); alcohol, 
5  ss.  (IG;;  aqua>  destillat.  ad  5  iv.  (12.5).  We  have 
seen  the  disease  apparently  checked  by  the  daily  use 
of  ac.  salicylic,  gr.  xv.,  sulphur,  colloidal,  5  j-;  eucerin 
and  adepis  anserini,  ad  S  ]■',  ol.  r(.)sae  geran.  gr.  x., 
well  rubbed  into  the  patches.  The  Kromayer  ultra- 
violetlamp  has  benefited  some  cases.  A'-rays,  by  the 
single  dose  method,  might  be  tried.  Of  course  the 
baldness  is  permanent,  the  scalp  being  converted  into 
a  cicatrix.  George  T.  J.\ckson. 

Fomentations  are  liquids  which  are  applied  to  the 
surface  of  the  body  by  means  of  flannel  or  some  other 
absorbent  material.     They  are  usually  applied  hot, 


and  arc  einployerl  for  the  relief  of  pain,  and  for  the 
conditions  for  which  poultices  are  indicated.  The 
flannel  or  other  material  which  is  used  is  called  a 
stupe;  but  the  two  terms  fnmenUiHon  and  xlupe  are 
often  used  indiscriminately.  Fomentations  only 
retain  the  heat  for  a  short  tiiiie,  and  so  need  frequent 
renewal.     They  are  but  little  used  now. 

R.  J.  E.  Scott. 

Fomites. — See  Disinfection: 

Fontana,  Felice. — This  celebrated  scientist,  natu- 
ralist, and  physician  was  born  at  I'omaroll,  in  the 
Tyrol,  April  l."),  17:i().  While  a  lad  he  was  sent  to 
Italy,  where  he  spent  the  remainder  of  his  life.  He 
early  evinced  a  love  for  study,  especially  in  the  natural 
sciences.  He  was  educated  in  the  L'niversities  of 
Verona,  Bologna,  and  Padua,  later  distinguishing 
himself  in  scientific  studies  at  Florence  and  Rome. 
He  was  appointed  professor  of  rational  philosophy  by 
Francis  I,  at  the  I'niversity  of  Pisa,  then  the  inost 
celebrated  school  of  the  time,  and  later  was  made 
director  of  the  Museum  of  Physical  and  Natural 
History  at  Florence,  which  position  he  held  for  the 
following  thirty  years  of  his  life.  He  died  March  9, 
180.5. 

Fontana  is  most  widely  recognized  through  his 
work  as  an  anatomist.  While  director  of  the  Museum 
at  Florence  he  had  mafle  a  collection  of  twenty-four 
figures,  represenling  the  human  body,  which"  were 
developed  in  colored  wax  and  arranged  in  groups 
demonstrating  various  parts  of  the  body,  such  as 
muscles,  nerves,  intestines,  etc.  To  him  was  accred- 
ited much  of  the  necessary  di.s.section  in  the  develop- 
ment of  these  figures.  lie  did  extensive  anatomical 
work  on  the  eye,  and  discovered  the  .space  in  the 
pectinate  ligament  of  the  iris,  which  bears  his  name, 
Fontana's  spaces.  Fontana  s  mark,  a  transverse 
fold  seen  in  a  cut  nerve  trunk,  was  a  discovery  of  his. 
The  canal  of  Schlemni  also  bears  his  name.  "He  con- 
tributed freely  to  medical  literature,  but  did  not  con- 
fine himself  in  his  writings  to  anatomical  subjects. 

Among  the  most  important  of  his  works  are:  "Des- 
crizione  e  usi  di  alcuni  stroraenti  per  misurare  la  sa- 
lubrity dell'  aria";  "Trattato  del  Vdeno  della  vipera," 
etc.;  "Varie  sperienze  suUa  rijjroduzione  de' nervi"; 
"Descrizione  d'un  nuovo  canale  dell'  occhio." 

E.  L.  J. 


Food  and  Drug  Control  Laws. — In  this  article 
will  be  discussed  the  object  of  the  laws,  their  prac- 
tical application  and  the  general  principles  of  food 
and  drug  inspection. 

History  of  Food  ,\dulteratiox. — The  preacher 
in  the  book  of  Ecclesia.stes  gave  abundant  proof  that 
he  was  a  seer  of  no  mean  ability  when  he  gave  expres- 
sion to  the  following:  "And  there  is  no  new  thing 
under  the  sun;  is  there  anytliing  whereof  it  may  be 
said,  see,  this  is  new?  It  hath  been  already  of  old 
time  which  was  before  us."  This  truism  applies  not 
only  to  religious  thought  and  philo.sophy,  l)ut  in  a 
broad  sense  to  almost  every  jihase  of  luunan  activity. 
To  those  who  have  had  no  occasion  to  make  a  study 
of  the  question,  it  is  generally  supposed  that  food  and 
drug  adulteration  is  of  rather  modern  date,  and  that  the 
passage  of  the  laws  prohibiting  such  adulteration  is  of 
very  recent  years.  This  is  not  the  case,  for  we  find 
by  again  referring  to  the  inspired  liook  that  the  prophet 
Amos,  many  hundred  years  before  the  Christian  era, 
uttered  a  solemn  warning  to  the  children  of  Israel 
to  cease  their  adulteration  of  wheat  and  to  refrain 
from  falsifying  their  balances  and  measiu-es,  as  the  fol- 
lowing from  Amos  yiii:  4,  .5,  (i  will  show:  ''  Hear  this, 
O  ye  that  swallow  up  the  needy,  even  to  make  the 
poor  of  the  land  to  fail,  saying,  when  will  the  new 
moon  be  gone,   that  we   may   sell   corn?     .\nd  the 
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Sabljath  th.it  we  may  set  forth  wheat,  making  the 
ephah  small  and  the  shekel  great,  and  falsifying 
the  balances  by  deceit?  That  we  may  buy  the  poor 
for  silver,  and  "the  needy  for  a  pair  of  shoes;  yea,  and 
sell  the  refuse  of  the.  ivheatV 

It  seems  quite  apparent,  therefore,  that  from  the 
very  earliest  history  of  the  race  whenever  primeval 
man  raised  more  of  any  one  commodity  than  was 
necessary  to  support  himself  and  family  and  the  idea 
of  exchange  of  commodities  and  of  buying  and  selling 
therefore  arose,  his  innate  selfishness  and  greed 
prompted  him  to  defraud  and  cheat  his  neighbor 
and,  in  the  case  of  food  and  food  products,  to  practise 
such  deceptions  by  methods  which  we  now  define 
as  "adulteration."  The  great  and  wise  Solomon 
declared:  "A  false  balance  is  an  abomination  to 
the  Lord,  but  a  just  weight  is  his  delight." 

A  survey  of  Greek  and  Roman  history  discloses  the 
fact  that  bakers  and  wine  merchants  became  so 
fraudulent  in  their  dealings  with  the  trade  and  so 
brazenly  open  in  their  adulteration  of  bread  and  wine 
that  several  hundred  years  before  Christ,  stringent 
laws  were  passed  prohibiting  the  adulteration  of 
bread  and  wine  under  penalty  of  the  most  severe 
punishment. 

In  the  fourteenth  century,  England  passed  laws  to 
prevent  the  adulteration  of  bread  and  wine  and  also 
meat  products.  We  read  that  in  1387  several  London 
bakers  were  discovered  who  had  made  holes  in  their 
molding  boards,  and  thus  they  retained  for  their  own 
uses  the  amount  of  dough  these  holes  would  hold  from 
the  amount  of  dough  brought  to  them  by  their  cus- 
tomers to  be  baked.  The  Lord  Mayor  had  these 
thieving  bakers  placed  in  the  pillory  for  sLx  hours  with 
the  stolen  dough  tied  about  their  necks.  On  another 
occasion,  a  butcher  was  discovered  who  had  washed 
some  decomposed  meat  with  a  solution  of  saltpeter 
so  that  it  might  be  sold  without  detection  of  its 
pollution.  He  was  tied  to  the  stake  and  the  spoiled 
meat  was  burned  under  his  nose.  It  appears  that 
in  these  early  days,  the  punishment  was  made  to 
somewhat  suit  the  nature  of  the  crime. 

In  1392,  a  London  saleswoman  thickened  the  bottom 
of  the  ciuart  measure  she  used  with  a  heavy  layer  of 
pitch  so  as  to  give  short  measure.  The  records  re- 
cite the  fact  that  she  was  tied  up  in  the  public  square 
and  the  quart  measure,  cut  in  halves,  was  hung  about 
her  neck  so  that  the  public  might  see  the  nature  of 
her  crime. 

We  find,  also,  that  Germany  very  early  passed 
laws  to  prevent  adulteration,  and  a  certain  grim 
humor  seems  to  be  connected  with  the  punishment 
meted  out  to  adulterators  those  days  in  Germany  as 
well  as  in  England.  The  court  records  in  Mayence, 
Germany,  recite  the  fact  that  in  1428  one  Theobald 
Werner, "was  found  guilty  of  selling  grossly  adulterated 
wine;  he  was  sentenced  to  a  fine  in  cash,  his  entire  sup- 
ply of  wine,  with  the  exception  of  one  gallon,  was  confis- 
cated and  emptied  into  the  Rhine,  and  he  was  sen- 
tenced to  drink  at  one  sitting  in  the  Court  House  the 
one  gallon  that  was  retained.  The  historian  adds 
the  curious  comment,  that  "Werner  died  quietly  two 
hours  after  drinking  the  gallon." 

Thus,  we  see  that  the  criminal  practice  of  food 
adulteration  is  not  a  modern  crime,  nor  is  the  enact- 
ment of  food  and  drug  laws  a  modern  invention,  al- 
though, like  many  of  the  arts  and  sciences,  these 
laws  seem  to  have  been  lost  during  the  march  of  the 
centuries,  to  be  re-discovered  or  re-enacted  when 
modern  conditions  had  become  intolerable. 

The  first  food  laws  enacted  in  this  coimtry  were 
those  enacted  in  the  States  of  New  York  an'd  New 
Jersey  in  1881  and  in  Massachusetts  in  1882.  The 
passage  of  these  laws  seemed  to  be  the  result  of  a 
general  awakening  and  a  wide-spread  interest  in  the 
subject  of  food  adulteration  following  the  passage  of 
the  English  Adulteration  Act  of  187.5.  In  October, 
1880,   the  report  of  a  committee  consisting  of   Dr. 


John  S.  Billings,  U.  S.  A.,  Chancellor  Williamson  of 
New  York,  A.  H.  Hardy  of  Boston,  and  Charles  F. 
Chandler  of  New  York,  framed  a  law  which  was  sub- 
mitted to  the  legislatures  of  several  States  with  the 
above-mentioned  result.  This  model  law,  or  a  law 
similar  thereto,  was  later  enacted  in  the  states  of  Con- 
necticut, California,  Indiana,  Illinois,  Kansas,  Ken- 
tucky, Michigan,  Mississippi,  North  Carolina,  Oregon, 
Ohio,  Pennsylvania,  Tennessee,  and  Wisconsin.  It 
should  be  noted,  however,  that  in  none  of  these  latter 
States  was  there  an  organization  created  or  fvmds  ap- 
propriated to  make  the  law  effective  at  the  time  of 
passage. 

The  present  national  food  and  drug  act,  passed 
June  30,  1908,  was  preceded  by  some  seventeen  or 
eighteen  years  of  constant  agitation,  bj'  the  analyses 
of  foods  and  drugs  and  publication  of  the  results  of 
such  analyses  by  the  Bureau  of  Chemistry  of  the 
U.  S.  Department  of  Agriculture,  and  by  excellent 
work  done  along  the  same  line  by  the  State  of  Massa- 
chusetts; in  almost  every  session  of  congress  for 
seventeen  years  preceding  the  final  date  of  enactment, 
bills  were  presented  calculated  to  control  interstate 
traffic  in  adulterated  or  misbranded  foods  and  drugs, 
but  owing  to  the  interest  of  certain  powerful  manu- 
facturers such  legislation  was  defeated.  It  was  only 
after  years  of  education  that  the  demand  of  the  people 
became  so  strong  and  insistent  that,  finally,  on  the 
closing  day  of  the  Fifty-ninth  Congress  of  1906,  the 
bill  was  passed  and  became  a  law. 

Since  the  passage  of  the  national  act,  food  and 
dr\ig  control  laws  have  been  enacted  and  are  in  more 
or  less  successful  operation  in  every  State  in  the  Union 
except  in  West  Virginia  and  New  Mexico.  These 
laws,  in  a  general  way,  conform  more  or  less  closely 
to  the  provisions  of  the  national  act.  West  Virginia 
has  had  a  food  law  for  several  years  past,  but  up  to 
the  present  time  (1913),  the  legislature  has  failed  to 
make  appropriation  by  which  the  act  may  be  made 
effective. 

The  National  Food  and  Drugs  Act. — The  national 
food  and  drugs  act  was  amended  in  1913  by  what  are 
known  as  the  Gould  and  Sherley  amendments.  The 
amended  food  and  drugs  act  is  herewith  given  as  it  is 
now  on  the  Federal  statute  book : 

THE  FOOD  AND  DRUGS  ACT,  JUNE  30,    1908. 

As  ACT  for    preventing   the  manufacture,  sale,  or  transpor- 
tion  of  adulterated  or  misbranded  or  poisonous  or  dr-lcterious 
foods,  drugs,  medicines,  and  liquors,  and  for  the  regulating  of 
traffic  therein,  and  for  other  purposes. 
BE   IT  ANACTED   BY   THE   SENATE  AND   HOUSE  OF 
REPRESENTATIVES  OF  THE  UNITED  STATES  OF  AMER- 
ICA IN  CONGRESS  ASSEMBLED,  That  it  shall  be  unlawful 
for  any  person  to  manufacture  within  any  Territory  or  the  Dis- 
trict of  Columbia  any  article  of  food  or  drug  which  is  adulterated 
or  misbranded,  within  the  meaning  of  this  Act;  and  any  person 
who  shall  violate  any  of  the  provisions  of  this  section  shall  be  guilty 
of  a  misdemeanor,   and  for  each  offense  shall,   upon  conviction 
thereof,  be  fined  not  to  exceed  five  hundred  dollars  or  shall  be 
sentenced  to  one  year's  imprisonment,  or  both  such  fine  and  im- 
prisonment, in  the  discretion  of  the  court,  and  for  each  subsequent 
offense  and  conviction  thereof  shall  be  fined  not  less  than  one  thous- 
and dollars  or  sentenced  to  one  year's  imprisonment,  or  both  such 
fine  and  imprisonment,  in  the  discretion  of  the  court. 

Sec.  2.  That  the  introduction  into  any  State  or  Territory  or 
the  District  of  Columbia  from  any  other  State  or  Territory  or 
the  District  of  Columbia,  or  from  any  foreign  country,  or  shipment 
to  any  foreign  country  of  any  article  of  food  or  drug  which  is 
adulterated  or  misbranded,  within  the  meaning  of  this  Act,  is 
hereby  prohibited;  and  any  person  who  shall  ship  or  deliver  for 
shipment  from  any  State  or  Territory  or  the  District  of  Columbia, 
or  to  a  foreign  country,  or  who  shall  receive  in  any  State  or  Terri- 
tory or  the  District  of  Columbia  from  any  other  State  of  Territory 
or  the  District  of  Columbia,  or  foreign  country,  and  having  so 
received,  shall  deliver,  in  original  unbroken  packages,  for  pay  or 
otherwise,  or  offer  to  any  other  person,  any  such  article  so  adul- 
terated or  misbranded  within  the  meaning  of  this  .\ct,  or  any 
person  who  shall  sell  or  offer  for  sale  in  the  District  of  Columbia 
or  the  Territories  of  the  United  States  any  such  adulterated  or 
misbranded  foods  or  drugs,  or  export  or  ofTer  to  export  the  same 
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to  any  foreign  country,  shall  be  guilty  of  a  misdemeanor,  and  for 
such  offense  be  fined  not  exceeding  two  hundred  dollars  for  tho 
first  offense,  and  upon  conviction  for  each  subsequent  offense  not 
exceeding  three  hundred  dollars  or  be  imprisoned  not  exceeding 
one  year,  or  both,  in  the  discretion  of  the  court:  Provided,  That 
no  article  shall  be  deemed  miabranded  or  adulterated  within  the 
provisions  of  this  Act  when  intended  for  export  to  any  foreign 
country  and  prepared  or  packed  according  to  the  specifications 
or  directions  of  the  foreign  purchaser  when  no  substance  is  used 
in  the  preparation  or  packing  thereof  in  conflict  with  the  laws  of 
the  foreign  country  to  which  said  article  is  intended  to  be  shipped; 
but  if  said  article  shall  be  in  fact  sold  or  offered  for  aale  for  domestic 
use  or  consumption,  then  this  proviso  shall  not  exempt  said  article 
from  the  operation  of  any  of  the  other  provisions  of  this  Act. 

Sec.  3.  That  the  Secretary  of  the  Treasury,  the  Secretary  of 
Agriculture,  and  the  Secretary  of  Commerce  and  Labor  shall  make 
uniform  rules  and  regulations  for  carrying  out  the  provisions  of 
this  Act,  including  the  collection  and  examination  of  specimens  of 
foods  and  drugs  manufactured,  or  offered  for  sale  in  the  District 
of  Columbia,  or  in  any  territory  of  the  United  States,  or  which  shall 
be  offered  for  sale  in  unbroken  packages  in  any  state  other  than 
that  in  which  they  shall  have  been  respectively  manufacturetl  or 
produced,  or  which  shall  he  received  from  any  foreign  country, 
or  intended  for  shipment  to  any  foreign  country,  or  which  may  be 
submitted  for  examination  by  the  chief  health,  food,  or  drug 
officer  of  any  State,  Territory  or  the  District  of  Columbia,  or  at  any 
domestic  or  foreign  port  through  which  such  product  is  offered 
for  interstate  commerce,  or  for  export  or  import  between  United 
States  and  any  foreign  port  or  country. 

Sec.  4.  That  the  examination  of  specimens  of  foods  and  drugs 
shall  be  made  in  the  Bureau  of  Chemistry  of  the  Department  of 
Agriculture,  or  under  the  direction  and  supervision  of  such  Bureau, 
for  the  purpose  of  determining  from  such  examinations  whether 
euch  articles  are  adulterated  or  misbranded  within  the  meaning 
of  this  Act;  and  if  it  shall  appear  from  any  such  examination  that 
any  of  such  specimens  is  adulterated  or  misbranded  within  the 
meaning  of  this  Act,  the  Secretary  of  Agriculture  shall  cause 
notice  thereof  to  be  given  to  the  party  from  whom  such  sample  was 
obtained.  Any  party  so  notified  shall  be  given  an  opportunity 
to  be  heard,  under  such  rules  and  regulations  as  may  be  prescribed 
as  aforesaid,  and  if  it  appears  that  any  of  the  provisions  of  this  act 
have  been  violated  by  such  party,  then  the  Secretary  of  Agricul- 
ture shall  at  once  certify  the  facts  to  the  proper  United  States 
District  Attorney,  with  a  copy  of  the  results  of  the  analysis  or  the 
examination  of  such  article  duly  authenticated  by  the  analyst  or 
officer  making  such  examination,  under  the  oath  of  such  officer. 
After  judgment  of  the  court,  notice  shall  be  given  by  publication 
in  such  manner  as  may  be  prescribed  by  the  rules  and  regulations 
aforesaid. 

Sec.  5.  That  it  shall  be  the  duty  of  each  district  attorney  to 
whom  the  Secretary  of  Agriculture  shall  report  any  violation  of 
this  Act,  or  to  whom  any  health  or  food  or  drug  officer  or  Agent 
of  any  State,  Territory  or  the  District  of  Columbia  shall  present 
satisfactory  evidence  of  any  such  violation,  to  cause  appropriate 
proceedings  to  be  commenced  and  prosecuted  in  the  proper  courts 
of  the  United  States,  without  delay,  for  the  enforcement  of  the 
penalties  as  in  such  case  herein  provided. 

Sec.  6.  That  the  term  "drug,"  as  used  in  this  Act,  shall  include 
all  medicines  an<l  preparations  recognized  in  the  United  States 
Pharmacopoeia  or  National  Formulary  for  internal  or  external 
use,  and  any  substance  or  mixture  of  substances  intended  to  be 
used  for  the  cure,  mitigation  or  prevention  of  disease  of  either  man 
or  other  animals.  The  term  "food,"  as  used  herein,  shall  include 
all  articles  used  for  food,  drink,  confectionery,  or  condiment  by 
man  or  other  animals,  whether  simple,  mixed  or  compound. 

Sec.  7.  That  for  the  purpose  of  this  Act  an  article  shall  be 
deemed  to  be  adulterated:    In  case  of  drugs. 

First,  If,  when  a  drug  is  sold  under  or  by  a  name  recognized  in 
the  United  States  Pharmacopoeia  or  National  Formulary,  it 
differs  from  the  standard  of  strength,  quality,  or  purity,  aa  deter- 
mined by  the  test  laid  down  in  the  United  States  Pharmacopceia 
or  National  Formulary  official  at  the  time  of  investigation:  Pro- 
vided, That  no  drug  defined  in  the  United  States  Pharmacopceia 
or  National  Formulary  shall  be  deemed  to  be  adulterated  under 
this  provision  if  the  standard  of  strength,  quality,  or  purity  be 
plainly  stated  upon  the  bottle,  box,  or  other  container  thereof 
although  the  standard  may  differ  from  that  determined  by  the 
test  laid  down  in  the  United  States  Pharmacopceia  or  National 
Formulary. 

Second.  If  its  strength  or  purity  shall  fall  below  the  professed 
standard  or  quality  under  which  it  is  sold. 

In  the  case  of  confectionery: 

If  it  contain  terra  alba,  barytes.  talc,  chrome  yellow,  or  other 
mineral  substance  or  poisonous  color  or  flavor,  or  other  ingredient 
deleterious  or  detrimental  to  health,  or  any  \*inous,  malt,  or  spiri- 
tous  Ii")uor  or  compound  or  narcotic  drug. 

In  the  case  of  food: 

First.  If  any  substance  has  been  mixed  and  packed  with  it  so 
as  to  reduce  or  lower  or  injuriously  affect  its  quality  or  strength. 


Seciind,  If  any  substance  has  been  8ub»tituted  wholly  or  to 
part  for  the  article. 

Third.  If  any  valuable  conBtituent  of  the  article  Las  been 
wiiolly  or  in  part  abHtracted. 

Fourth.  If  it  be  mixed,  colored,  powdered,  coated,  or  Btaioed 
in  a  manner  whereby  damage  or  inferiority  ia  concealed. 

Fifth.  If  it  contain  any  added  i>oii(onou8  or  other  added  delt— 
tcrious  ingredient  which  may  render  such  article  injuriouo  to 
health:  Providtd,  That  when  in  the  preparation  of  food  products 
for  shipment  they  are  preserved  by  any  external  application 
applied  in  such  manner  that  the  preservative  is  necessarily  removed 
mechanically,  or  by  maceration  in  water,  or  otherwiBe,  and  direc- 
tions for  the  removal  of  said  preservative  shall  he  printed  on  the 
covering  or  the  package,  the  provisions  of  this  Act  shall  be  con- 
construeti  as  applying  only  when  said  products  arc  ready  for 
consumption. 

Sixth.  If  it  consist  in  whole  or  in  part  of  a  filthy,  decomposed. 
or  putrid  animal  or  vegetable  substance,  or  any  portion  of  an  animal 
unfit  for  food,  whether  manufactured  or  not.  or  if  it  is  the  prod- 
uct of  a  diseased  animal,  or  one  that  has  died  othenvise  than  by 
slaughter. 

Sec.  8.  That  the  term  "misbranded,"  as  used  herein,  shall 
apply  to  all  drugs,  or  articles  of  food,  or  articles  which  enter  into 
the  composition  of  food,  the  package  or  label  of  which  shall  bear 
any  statement,  design,  or  device  regarding  such  article,  or  the  in- 
gredients or  substances  contained  therein  which  shall  be  false  or 
misleading  in  any  particular,  and  to  any  food  or  drug  product 
which  is  falsely  branded  as  to  the  State,  Territory,  or  country  in 
which  it  is  manufactured  or  produced. 

That  for  the  purpose  of  this  Act  an  article  shall  also  be  deemed 
to  be  misbranded: 

In  case  of  drugs: 

First.  If  it  be  an  imitation  of  or  offered  for  sale  under  the  name 
of  another  article. 

Second.  If  the  contents  of  the  package  as  originally  put  up 
shall  have  been  removed,  in  whole  or  in  part,  and  other  contents 
shall  have  been  placed  in  such  package,  or  if  the  package  fail  to 
bear  a  statement  on  the  label  of  the  quantity  or  proportion  of  any 
alcohol,  morphin,  opium,  cocain.  heroin,  alpha,  beta  eucain,  chlo- 
roform, cannabis  indica,  chloral,  hydrate,  or  acetanilid,  or  any 
derivative  or  preparation  of  any  such  substances  contained  therein. 

Third.  If  its  package  or  label  shall  bear  or  contain  any  state- 
ment, design,  or  device  regarding  the  curative  or  therapeutic 
effect  of  such  article  or  any  of  the  ingredients  or  substances  con- 
tained therein  which  is  false  and  fraudulent. 

In  the  case  of  food: 

First.  If  it  be  an  imitation  of  or  offered  for  sale  under  the  dis- 
tinctive name  of  another  article. 

Second.  If  it  be  labeled  or  branded  so  as  to  deceive  or  mislead 
the  purchaser,  or  purport  to  be  a  foreign  product  when  not  so, 
or  if  the  contents  of  the  package  as  originally  put  up  shall  have  been 
removed  in  whole  or  in  part  and  other  contents  shall  have  been 
placed  in  such  package,  or  if  it  fail  to  bear  a  statement  on  the  label 
of  the  quantity  on  proportion  of  any  morphin,  opium,  cocain,  heroin. 
alpha  or  beta  eucain,  chloroform,  cannabis  indica.  chloral  hy- 
drate, or  acetanilid,  or  any  derivative  or  preparation  of  any  such 
substances  contained  therein. 

Third.  If  in  package  form  the  quantity  of  the  contents  be  not 
plainly  and  conspicuously  marked  on  the  outside  of  the  package 
in  terms  of  net  weight,  measure  or  numerical  count.  Provided,  how- 
ever that  reasonable  variation  shall  be  permitted  and  tolerance  and 
also  exemptions  as  to  small  packages  shall  be  esUiblished  by  rules 
and  regulations  made  in  accordance  with  Section  3  of  this  Act. 

Fourth.  If  the  package  containing  it  or  its  label  shall  bear  any 
statement,  design,  or  device  regarding  the  ingredients  or  the  sub- 
stances contained  therein,  which  statement,  design,  or  device 
shall  be  false  or  misleading  in  any  particular:  Protidrd,  That  an 
article  of  food  which  does  not  contain  any  added  poisonous  or 
deleterious  ingredients  shall  not  be  deemed  to  be  adulterated  or 
misbranded  in  the  following  cases: 

First.  In  the  case  of  mixtures  or  compounds  which  may  be 
now  or  from  time  to  time  hereafter  known  as  articles  of  food,  under 
their  own  distinctive  names,  and  not  an  imitation  of  or  offered  for 
aale  under  the  distinctive  name  of  another  article,  if  the  name  ho 
accompanied  on  the  same  label  or  brand  with  a  statement  of  the 
place  where  said  article  has  been  manufactured  or  produced. 

Second.  In  the  c.ise  of  articles  lalieled,  branded,  or  tagged 
so  as  to  plainly  indicate  that  they  are  compounds,  imitations,  or 
blends,  and  the  word  "compound,"  "imitation."  or  "blend,"  as 
the  case  may  be,  ia  plainly  stated  on  the  package  in  which  it  is 
offered  for  sale;  Provided.  That  the  terra  blend  as  used  herein  shall 
be  construed  to  mean  a  mixture  of  like  substances,  not  including 
harmless  coloring  or  flavoring  ingredients  used  for  the  purpose  of 
coloring  and  flavoring  only:  And  provided  furthrr.  That  nothing 
in  this  Act  shall  be  construed  as  requiring  or  compelling  proprie- 
tors or  manufacturers  of  proprietary  foods  which  contain  no  un- 
wholesome added  ingredient  to  disclose  their  trade  formulas,  ex- 
cept in  so  far  as  the  provisions  of  this  Act  may  require  to  secure 
freedom  from  adulteration  or  misbranding. 
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Sec.  9.  That  no  dealer  shall  be  prosecuted  under  the  provisions 
of  this  Act  when  he  can  establish  a  guarantee  signed  by  the  whole- 
saler, jobber,  manufacturer,  or  other  party  residing  in  the  United 
States,  from  whom  he  purchases  such  articles,  to  the  effect  that 
the  same  is  not  adulterated  or  misbranded  within  the  meaning  of 
this  act,  designating  it.  Said  guaranty,  to  afford  protection,  shall 
contain  the  name  and  address  of  the  party  or  parties  making 
the  sale  of  such  articles  to  such  dealer,  and  in  such  case  said  party 
or  parties  shall  be  amenable  to  the  prosecutions,  fines  and  other 
penalties  which  would  attach,  in  due  course,  to  the  dealer  under 
the  provisions  of  this  Act. 

Sec.  10.  That  any  article  of  food,  drug  or  liquor  that  is  adul- 
terated or  misbranded  within  the  meaning  of  this  Act,  and  is  being 
transported  from  one  State.  Territory,  District,  or  insular  pos- 
session to  another  for  sale,  or,  having  been  transported,  remains 
unloaded,  unsold,  or  in  original  unbroken  packages,  or  if  it  be  sold 
or  offered  for  sale  in  the  District  of  Columbia  or  the  Territories, 
or  insular  possessions  of  the  United  States,  or  if  it  be  imported 
from  a  foreign  country  for  sale,  or  if  it  is  intended  for  export  to 
a  foreign  country,  shall  be  liable  to  be  proceeded  against  in  any 
district  court  of  the  United  States  within  the  district  where  the 
same  is  found,  and  seized  for  confiscation  by  a  process  of  libel  for 
condemnation.  And  if  such  article  is  condemned  as  being  adul- 
terated or  misbranded,  or  of  a  poisonous  or  deleterious  character, 
within  the  meaning  of  this  Act,  the  same  shall  be  disposed  of  by 
destruction  or  sale,  as  the  said  court  may  direct,  and  the  proceeds 
thereof,  if  sold,  less  the  legal  costs  and  charges,  shall  be  paid  into 
the  Treasury  of  the  United  States,  but  such  goods  shall  not  be 
sold  in  any  jurisdiction  contrary  to  the  provisions  of  this  Act  or 
the  laws  of  that  jurisdiction;  Provided,  hov^ever.  That  upon  the 
payment  of  the  costs  of  such  libel  proceedings  and  the  execution 
and  delivery  of  a  good  and  sufficient  bond  to  the  effect  that  such 
articles  shall  not  be  sold  or  otherwise  disposed  of  contrary  to  the 
provisions  of  this  Act.  or  the  laws  of  any  State.  Territory,  District, 
or  insular  possession,  the  court  may  by  order  direct  that  such 
articles  be  delivered  to  the  owner  thereof.  The  proceedings  of 
such  libel  cases  shall  conform,  as  near  as  may  be,  to  the  proceedings 
in  admiralty,  except  that  either  party  may  demand  trial  by  jury 
of  any  issue  of  fact  joined  in  any  such  case,  and  all  such  proceed- 
ings shall  be  at  the  suit  of  and  in  the  name  of  the  United  States. 

Sec.  11.  The  Secretary  of  the  Treasury  shall  deliver  to  the 
Secretary  of  Agriculture,  upon  his  request  from  time  to  time, 
samples  of  foods  and  drugs  which  are  being  imported  into  the 
United  States  or  offered  for  import,  giving  notice  thereof  to  the 
owner  or  consignee,  who  may  appear  before  the  Secretary  of  Agri- 
culture, and  have  the  right  to  introduce  testimony,  and  if  it  appear 
from  the  examination  of  such  samples  that  any  article  of  food  or 
drug  offered  to  be  imported  into  the  United  States  is  adulterated 
or  misbranded  within  the  meaning  of  this  Act,  or  is  otherwise 
dangerous  to  the  health  of  the  people  of  the  United  States,  or  is 
of  a  kind  forbidden  entry  into,  or  forbidden  to  be  sold  or  restricted 
in  sale  in  the  country  in  which  it  is  made  or  from  which  it  is  ex- 
ported, or  is  otherwise  falsely  labeled  in  any  respect,  the  said 
article  shall  be  refused  admission,  and  the  Secretary  of  the  Treas- 
ury shall  refuse  delivery  to  the  consignee  and  shall  cause  the  con- 
struction of  any  goods  refused  delivery  which  shall  not  be  exported 
by  the  consignee  within  three  months  from  the  date  of  notice  ol 
such  refusal  under  such  regulations  as  the  .Secretary  of  the  Treas- 
ury may  prescribe:  Provided,  That  the  Secretary  of  the  Treasury 
may  deliver  to  the  consignee  such  goods  pending  examination  and 
decision  in  the  matter  on  execution  of  a  penal  bond  for  the  amount 
of  the  full  invoice  value  of  such  goods,  together  with  such  duty 
thereon,  and  on  refusal  to  return  such  goods  for  any  cause  to  the 
custody  of  the  Secretary  of  the  Treasury,  when  demanded,  for  the 
purpose  of  excluding  them  from  the  country,  or  for  any  other 
purpose,  said  consignee  shall  forfeit  the  full  amount  of  the  bond: 
And  Provided  Further,  That  all  charges  for  storage,  cartage,  and 
labor  on  goods  which  are  refused  admission  or  delivery  shall  be 
paid  by  the  owner  or  consignee,  and  in  default  of  such  payment 
shall  constitute  a  lien  against  any  future  importation  made  by 
such  owner  or  consignee. 

Sec.  12.  That  the  term  "Territory"  as  used  in  this  Act  shall 
include  the  insular  possessions  of  the  United  States.  The  word 
*'  person  "  as  used  in  this  Act  shall  be  construed  to  import  both  the 
plural  and  the  singular,  as  the  case  demands,  and  shall  include 
corporations,  companies,  societies  and  associations.  When  con- 
struing and  enforcing  the  provisions  of  this  Act,  the  act,  omission, 
or  failure  of  any  officer,  agent,  or  other  person  acting  for  or  em- 
ployed by  any  corporation,  company,  society,  or  association,  within 
the  scope  of  his  employment  or  office,  shall  in  every  case  be  also 
deemed  to  be  the  act,  omission,  or  failure  of  such  corporation, 
company,  society,  or  association  as  well  as  that  of  the  person. 

Sec.  13.  That  this  Act  shall  be  in  force  and  effect  from  and  after 
the  first  day  of  January,  nineteen  hundred  and  seven. 

Approved  June  30,  1906. 

Rules  and  Regulations, — It  should  be  noted  that 
Section  3  of  the  Act  provides  that  the  Secretary  of 
the  Treasury,  the  Secretary  of  Agriculture,  and  the 


Secretary  of  Commerce  and  Labor  are  authorized 
and  empowered  to  make  uniform  rules  and  regulations 
for  carrying  out  the  provisions  of  the  act.  Accord- 
ingly, rules  and  regulations  were  adopted,  which  have 
become  more  or  less  models  for  the  various  States  in 
carrying  out  the  provisions  of  the  respective  State 
food  and  drug  acts.  It  is  seen,  therefore,  that  a  gen- 
eral movement  toward  uniformity  of  food  and  drug 
control  laws  has  been  started,  and  this  movement 
has  been  accelerated  and  intensified  the  past  few 
years  by  the  Committee  on  Cooperation,  appointed 
by  the  Association  of  American  Dairy,  Food,  and 
Drug  Control  officials,  whose  duty  it  is  to  bring  about 
uniformity  of  laws,  rules,  and  regulations,  as  well  as 
to  establish  an  effective  plan  of  cooperation  between 
the  States  and  the  federal  government,  and  between 
the  States  themselves,  in  the  enforcement  of  the 
national  food  and  drug  act  and  the  various  State  food 
and  drug  laws. 

AduUeration  of  Foods  Defined, — The  object  of  food 
and  drug  control  laws  is  to  prevent  adulteration  and 
misbranding.  Section  7  of  the  act  defines  adultera- 
tion as  applied  to  foods  as  follows:  "First,  if  any 
substance  has  been  mixed  and  packed  with  it  so  as  to 
reduce  or  lower,  or  injuriously  affect  its  quality  or 
strength."  An  illustration  of  such  adulteration  is 
that  of  the  use  of  inert  condimental  materials,  such 
as  hulls,  grains,  or  olive  pits  added  to  ground  spices, 
or  the  addition  of  w^ater  to  milk.  Previous  to  the 
passage  of  the  national  act  and  the  effective  enforce- 
ment of  the  various  State  laws,  it  would  seem  from  the 
result  of  a  large  number  of  analyses  of  spices  upon  the 
market  that  most  of  the  ground  spices  were  thus 
adulterated.  It  was  found,  also,  that  not  only  milk 
was  freely  watered,  but  that  little  regard  was  given 
to  the  character  and  quality  of  the  water  that  was 
added.  Oysters  were  adulterated  by  the  addition 
of  ice  for  refrigeration  purposes,  the  ice  melting 
and  thereby  adding  the  resultant  water  to  the 
oysters,  to  be  sold  as  "oyster  liquor."  Ground 
coffees  were  largely  adulterated  with  chicory,  and 
teas  with  leaves  of  plants  that  did  not  belong  to  the 
tea  family. 

Adulteration  is  also  defined,  "Second,  if  any  sub- 
stance has  been  substituted,  wholly  or  in  part  for 
the  article."  An  example  of  this  kind  of  adulteration 
in  foods,  which  formerly  was  quite  universally  prac- 
tised, was  that  of  substituting  cane  sugar  syrup  for 
maple  syrup,  retaining  only  enough  of  the  maple 
syrup  to  impart  the  maple  flavor  to  the  finished  prod- 
\ict,  or  by  adding  an  artificial  flavor  made  from  the 
juice  of  the  walnut  tree,  or  extracted  from  corn-cobs. 

Another  definition  is,  "Third,  if  any  valuable 
constituent  of  the  article  has  been  wholly  or  in  part 
abstracted."  An  illustration  of  this  form  of  adultera- 
tion is  that  of  the  abstraction  of  the  volatile  principle 
or  oils  of  spices,  such  as  the  partial  abstraction  of  the 
oil  of  cloves,  or  the  use  of  abstracted  tea  leaves, 
which  were  dried  and  sold  as  tea,  or  the  skimming  of 
cream  from  milk  in  whole  or  in  part.  This  form  of 
adulteration  seemed  to  be  widespread. 

Adulteration  is  further  defined  as,  "Fourth,  if  it 
is  mixed,  colored,  powdered,  coated,  or  stained  in  a 
manner  whereby  damage  or  inferiority  is  concealed." 
This  form  of  adulteration  was  practised  on  many 
articles  of  food,  such  as  the  coating  of  inferior  grades 
of  coffee  whereby  the  damaged  or  worthless  grains 
were  made  to  appear  of  the  same  color  as  the  valuable 
grains.  Nuts  were,  also,  coated  and  polished  in 
order  that  spoiled  or  windfall  nuts  might  not  be 
detected.  Damaged  grains  were  mixed  with  grains 
of  superior  grade  in  just  such  quantities  as  to  pass 
inspection.  Canned  fruits  or  vegetables  were  often 
times  colored  to  make  them  appear  better  than  they 
really  were  and  to  cover  inferiority;  relishes  and 
pickles  were  highly  colored  for  the  same  purpose,  and 
an  infinite  number  of  otherwise  wholesome  articles 
were  thus  basclv  adulterated  with  inferior  and  often- 
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with  unwholesome  articles  of  food,  the  [jreseiice  of 
which  was  concealed  by  various  forms  of  manipulation, 
as  laid  down  in  this  form  of  adulteration. 

Another  definition  of  adulteration  is,  "Fifth,  if  it 
contains  any  added  ])oisonous  or  other  added  dele- 
terious ingredient  which  may  render  sucli  article 
injurious  to  health."  I  think  it  may,  in  all  fairness, 
be  said  tliat  it  rarely  happened  that  poisonous  sub- 
stances were  premeditatedly  added  to  food  products 
by  manufacturers  who  knew  or  believed  such  things 
to  be  poisonous.  A  certain  class  of  preservatives 
that  have  been  added  to  food  products  for  the  purpose 
of  preserving  or  of  hiding  damage  or  inferiority, 
have  been  determined,  ujjon  investigation,  to  be  cap- 
able of  injuring  the  health  if  taken  continuously  in 
quantities  used  in  the  food  products.  Generally 
speaking,  however,  there  are  few  illustrations  in  which 
this  form  of  wilful  adulteration  might  be  said  to  exi.st. 

The  sixth  definition  for  adulteration  is,  "Sixth,  if 
it  consist  in  whole  or  in  part  of  a  filthy,  decomposed  or 
putrid  animal  or  vegetable  substance,  or  any  portion 
of  an  animal  unfit  for  food,  whether  manufactured  or 
not,  or  if  it  is  the  product  of  a  diseased  animal  or  one 
that  has  died  otherwise  than  by  slaughter." 

Decomposition  Defined. — .\n  illustration  of  this  form 
of  definition  is  the  sale  of  diseased  animals  for  food 
purposes,  or  of  perishable  food  products  that  have 
become  unfit  for  use,  such  as  decayed  fruit  or  rotten 
eggs,  or  so-called  "swelled"  canned  goods. 

These  definitions  seem  to  be  sufficiently  definite 
for  the  purpose  of  effective  enforcement  of  the  act, 
with  the  single  exception  of  the  last  one.  The  cjues- 
tion  of  what  constitutes  decomposition,  within  the 
meaning  of  the  act,  is  one  upon  which  neither  the 
manufacturers,  the  food  officials,  nor  the  scientists 
have  as  yet  been  able  fully  to  agree.  Scientifically, 
decomposition  is  constantly  going  on  in  all  organized 
life,  but  at  the  same  time,  the  process  of  repair  is 
likewise  simultaneously  proceeding.  When  life  ceases, 
the  process  of  decomposition  is  ordinarily  hastened 
without  the  possibility  of  repair,  and  thus,  scientists 
declare  that  decomposition  is  everywhere  present  in 
organized  tissue,  in  both  the  animal  and  vegetable 
kingdoms.  It  is  cjuite  evident  that  Congress  did  not 
have  in  mind  technical  decomposition  in  framing  the 
law  and  the  question  naturally  arises — what,  then, 
is  decomposition  within  the  meaning  of  the  act?  It 
would  seem  at  this  time,  from  tlie  consensus  of  opinion 
of  the  best  authorities,  tliat  the  proper  definition  for 
decomposition  should  be  that  of  "unwholesomeness." 
That  is  to  say,  that  foods  or  food  products  should  be 
sufficiently  fresh  to  be  neither  repulsive,  disgusting, 
nor  unhealthful  to  the  consumer.  It  seems  altogether 
probable  that  a  repulsive  or  disgusting  article  of 
food,  either  by  offensive  odor  or  taste,  might  be 
unhealthful,  although  it  might  not  actually  produce 
disease.  Repulsiveness  and  disgustingness  are  condi- 
.  tions  such  as  involve  an  in.stinctive  rejection  of  food, 
and  would,  unquestionably,  interfere  with  normal 
alimentation  or  digestion. 

Wholesomeness,  therefore,  includes  the  term  "  health- 
fulness,"  but  is  a  stronger  and  broader  definition  to 
apply  to  foods.  This  term  has  the  advantage  which 
the  words  "unhealthfulness"  or  "decomposition"  do 
not  possess.  Moreover,  it  seems  to  come  closer  to 
the  popular  meaning  of  what  is  a  proper  or  an  im- 
proper food.  The  unwholesome  standard,  then,  for 
the  term  "decomposition,"  while  acceptable  to  the 
public,  would  be  infinitely  easier  of  application  in  food 
control,  as  the  means  of  the  special  senses,  togetlier 
with  the  application  of  common  sense,  would  be 
brought  to  apply  rather  than  the  more  or  less  doubt- 
ful bacterial  or  chemical  standard  which  has  been  sug- 
gested, but  which  should  be  used  only  as  a  presumptive 
or  confirmatory  test.  The  impossibility  of  applying 
a  bacterial  standard  to  measure  decomposition  might 
be  suggested  by  the  fact  that  cultures  from  a  fresh 
cut  of  meat,  such  as  is  ordinarily  received  from  the 


hands  of  a  retail  butcher,  gives  large  colonies  of  various 
forms  of  microorganisms,  even  those  which  are  found 
in  advanced  stages  of  decomposition.  This  rule  aj>- 
plies  to  every  food  product  handled  in  the  ordinary 
routine  of  supplying  the  daily  needs  of  the  consuming 
public. 

It  has  been  definitely  proven  that  freshly  laid  eggs 
may  contain  bacteria,  and  often  eggs  but  a  few  days 
old,  while  .seeming  to  be  perfectly  fresh  so  far  a.s  ta-ste, 
odor,  or  natural  consistency  of  the  yolk  and  white  are 
concerned,  are  found  to  be  very  high  in  bacteria, 
even  to  the  extent  of  large  numbers  of  the  colon 
bacillus  group  being  present.  It  cannot  be  said  that 
such  eggs  are  decompo.sed  and  unfit  for  food,  within 
the  meaning  of  the  law.  The  difficulties  encountered 
in  determining  tlie  question  of  unwholesome  decom- 
position has  made  some  dealers  bold  in  placing  upon 
the  market  food  products  in  which  a  rather  advanced 
or  unwholesome  stage  of  decomposition  has  taken 
place,  but  which  have  been  sterilized  in  order  to  kill 
bacterial  growth  and,  therefore,  to  prevent  further 
decomposition;  or  preservatives  have  been  added  in 
such  quantities  as  to  inhibit  further  bacterial  growth. 

Food  and  drug  control  officials  and  laboratory 
workers  are  keenly  aware  of  the  fact  that  much 
scientific  work  must  yet  be  done  before  a  ju.st  and 
equitable  standard  for  decomposition  can  be  brought 
about  for  universal  adoption.  Producers,  as  well  as 
consumers,  are  becoming  more  and  more  alive  to  the 
importance  of  an  abundant  food  supply  during  these 
days  of  the  so-called  "  liigh  cost  of  living."  It  is, 
therefore,  increasingly  important  that  foods  that  are 
entirely  wholesome  should  be  conserved  and  sold  for 
precisely  what  they  are  without  any  effort  at  conceal- 
ing inferiority. 

Adultcralion  of  Drugs  Defined. — The  national  act 
provides  that  drugs  shall  be  deemed  to  be  adulterated: 
"First,  if  when  a  drug  is  sold  under  or  by  a  name 
recognized  in  the  United  States  Pharmacopoeia  or 
National  Formulary,  it  differs  from  the  standard  of 
strength,  quality  or  purity,  as  determined  by  the  test 
laid  down  in  the  United  States  Pharmacopa>ia  or 
National  Formulary  official  at  the  time  of  investi- 
gation; provided,  that  no  drug  defined  in  the  United 
States  Pharmacopeia  or  National  Formulary,  shall 
be  deemed  to  be  adulterated  under  this  provision, 
if  the  standard  of  strength,  cjuality  or  purity  be  plainly 
stated  upon  the  bottle,  box  or  other  container  thereof, 
although  the  standard  may  differ  from  that  de- 
termined by  the  test  laid  down  in  the  United  States 
Pharmacopoeia  or  National  Formulary." 

It  seems  to  be  quite  evident,  on  the  face  of  this 
definition,  that  it  was  a  compromise  measure,  and  it 
is  believed  that  this  definition  of  the  ad\iltcration  of 
drugs  is  the  weakest  point  in  the  law  effecting  real 
drug  control.  It  is  a  most  anomalo\is  condition  which, 
presumably  is  intended  to  control  the  adulteration 
of  drugs,  in  that  definite  standards  of  (luality,  strengtli, 
and  purity  should  be  maintained,  while  the  proviso 
contained  in  the  law  makes  it  possible  for  drugs  that 
do  not  conform  to  such  standards  to  be  sold  in  inter- 
state commerce,  provided  only  that  a  statement  of 
the  deviation  from  such  standards  of  strength, 
quality,  and  purity  bo,  plainly  stated  upon  the  label. 
A  law  that  presumes  to  standardize  an  article  to  be 
sold  imder  an  official  name,  but  which  permits  an- 
other drug  which  does  not  comply  with  that  official 
standard  to  be  sold  imder  the  same  name,  is  not  only 
confusing  in  the  extreme,  but  calculated  to  mislead 
and  deceive  the  purchaser.  Moreover,  most  of  tlie 
official  preparations  are  sold  by  retail  druggists  in 
broken  packages  or  dispensed  on  physicians'  pre- 
scriptions. In  neither  instance  is  the  ultimate  pur- 
chaser advised  of  the  variation  in  standard  from  that 
stated  on  the  label  of  the  original  package  where  sub- 
standard drugs  are  used  in  retailing  or  dispensing. 
Thus,  the  principal  object  of  the  law  is  defeated,  and 
what  is  tremendously  more  important,  the  dispensing 
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physician  is  made  to  rely  for  therapeutic  effect  upon 
preparations  of  the  substandard  qualities  of  which  he 
is  unaware  and  therefore  the  desired  physiological 
effects  of  such  medicines  are  not  produced. 

Moreover,  the  determination  of  strength,  quality, 
and  purity  as  laid  down  in  this  definition  is  required 
to  be  made  "by  the  test  laid  down  in  the  United 
States  Pharmacopoeia  or  National  Formulary,"  but 
for  many  of  these  official  preparations  no  tests  are 
given  in  these  official  docimients,  and  hence  drug  con- 
trol officials  are  confronted  with  their  inability  to 
comply  with  what  seems  to  be  the  legal  procedure 
necessary  for  determining  such  strength,  quality,  or 
purity. 

The  Association  of  American  Dairy,  Food,  and  Drug 
Control  Officials  at  its  last  meeting  (1913)  appointed 
a  committee  to  memorialize  the  President  and  Congress 
for  a  repeal  of  the  proviso  permitting  the  sale  of  sub- 
standard official  drugs  and  medicinal  preparations. 
It  must  be  quite  evident  that  real  drug  control  will 
never  be  brought  about  imtil  definite  and  certain 
standards  are  fixed  and  definitions  and  tests  are  so 
clearly  stated  as  to  leave  no  doubt  of  the  legal  pro- 
cedure necessary  to  determine  the  strength,  quality, 
and  purity  of  such  drugs. 

Another  definition  of  the  adulteration  of  a  drug  is, 
"Second,  if  its  strength  or  purity  shall  fall  below  the 
prescribed  standard  or  qviality  under  which  it  is  sold." 
All  drugs  and  medicinal  preparations  that  do  not 
come  under  the  preceding  clause  of  official  drugs  and 
medicinal  preparations  are  classed  under  this  second 
definition.  This  includes  not  only  non-official  drugs 
and  medicinal  preparations,  but  so-called  "propri- 
etary" and  "patent"  medicines. 

The  Kansas  State  Board  of  Health  has  adopted  a 
rule  for  standardizing  proprietary  medicines  which 
seems  to  be  a  simple  but  effective  method  of  control. 
The  regulation  reads  as  follows:  "Proprietary, 
medicinal  preparations  and  similar  medicinal  products 
are  required  to  conform  in  composition  to  the  freshly 
prepared,  non-deteriorated  article,  and  to  conform 
to  the  claims  made  for  the  preparation  as  to  thera- 
peutic properties,  quality  and  strength."  This 
regulation  recognizes  the  fact  that  proprietary 
medicinal  substances  deteriorate,  as  well  as  the  official 
products,  and  also  recognizes  that  the  standard  of 
therapeutic  efficiency  to  which  every  product  is  held 
is  that  claimed  for  the  preparation  by  the  manufac- 
turer thereof. 

Cosmetic  and  Toilet  Articles. — Co.smetic  and  other 
toilet  preparations  making  no  claims  to  therapeutic 
effect,  or  when  recommended  for  no  bodily  di.sease  or 
ailment,  are  not  considered  to  come  within  the  scope 
of  food  and. drug  law  control. 

Included  in  the  definition  of  adulteration  for  foods 
and  drugs,  comes  the  large  class  of  beverages,  includ- 
ing alcoholic  liquors,  medicinal  waters,  and  so-called 
"soft  drinks."  Those  articles  that  are  used  entirely 
or  exclusively  as  beverages  or  drinks  are  classed  as 
"foods";  those  that  are  used  or  recommended  for  the 
cure  or  mitigation  of  disease,  either  in  man  or  animal, 
are  clas.sed  as  "drugs." 

Confectionery. — Confectionery  is  treated  in  a  separ- 
ate paragraph,  apparently  being  classed  as  neither 
food  nor  drug.  The  definition  of  adulteration  in  the 
case  of  confectionery  is:  "If  it  contain  terra  alba, 
barytes,  talc,  chrome  yellow,  or  other  mineral  sub- 
stance, or  poisonous  color  or  flavor,  or  other  ingredient 
deleterious  or  detrimental  to  health,  or  any  vinous, 
malt,  or  spiritous  liquor,  or  compound  or  narcotic 
drug." 

Formerly,  cheap  candies  contained  considerable 
quantities  of  mineral  sub.stances  in  the  shape  of  white 
earth,  talc,  etc.  Conditions  as  to  the  quality  or  kind 
of  material  used  in  the  manufacture  of  confectionery 
have  been  greatly  improved  since  the  passage  of  the 
national  and  State  food  and  drug  laws,  although  there 
is  yet  much  to  be  accomplished  in  the  matter  of  sani- 
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tat  ion  and  healthfulness  of  employes  handling  such 
products. 

Misbranding  Defined. — Section  8  of  the  national 
act  deals  with  the  question  of  misbranding,  and 
declares  that  an  article  of  food  or  drug  shall  be  deemed 
to  be  mi.sbrandcd,  "The  package  or  label  of  which 
shall  bear  any  statement,  design,  or  device  regarding 
such  article,  or  the  ingredients  or  suljstances  contained 
therein  which  shall  be  false  or  misleading  in  any 
particular,  and  to  any  food  or  drug  product  which  is 
falsely  branded  as  to  the  State,  Territory,  or  country 
in  which -it  is  manufactured  or  produced. 

Probably  the  greatest  fraud  has  been  perpetrated 
in  the  sale  of  foods  and  drugs  through  representations 
upon  the  label  or  package  which  were  entirely  false 
or  misleading,  either  by  statement,  design,  or  device. 
An  illustration  of  mi.sbranding  under  this  section  of 
the  law,  and  one  which  was  quite  common  before  the 
enactment  of  the  law,  was  the  label  upon  so-called 
maple  syrup,  which  was  not  composed  of  maple,  and 
oftentimes  was  not  composed  even  in  part  of  maple 
syrup,  although  labeled  as  such  and  bearing  the  pic- 
ture of  a  maple  grove  to  further  mislead  the  purchaser. 
The  same  thing  was  true  of  flavoring  extracts,  which 
bore  the  pictures  of  luscious  fruits  although  made 
entirely  from  .synthetic  flavors,  artificially  colored. 
Many  food  and  drug  products  also  bore  the  name  of 
some  foreign  country,  leading  the  purchaser  to  believe 
that  the  article  was  imported  and,  therefore,  of 
superior  quality. 

Misbranding  of  Drugs. — In  the  case  of  drugs, 
misbranding  is  further  defined,  "First,  if  it  be  an 
imitation  of,  or  offered  for  sale  under  the  name  of 
another  article." 

This  definition  strikes  at  once  to  the  all  too  prev- 
alent practice  of  substitution,  of  which  so  many  drug- 
gists are  guilty.  "Just  as  good"  is  rarely  good,  and 
never  just,  although  the  practice  of  substitution  has 
been  prevalent  for  so  many  years,  often  among 
pharmacists  who  in  other  re.spects  conduct  a  most 
legitimate  business.  Substitution  in  any  particular 
without  due  notice  to  the  purchaser  is  thus  construed 
to  be  misbranding. 

Misbranding  of  products  is  further  defined, 
"Second,  if  the  contents  of  the  package  as  originally 
put  up  shall  have  been  removed  in  whole  or  part, 
and  other  contents  shall  have  been  placed  in  such 
package,  or  if  the  package  fail  to  bear  a  .statement  on 
the  label  of  the  quantity  or  proportion  of  any  alcohol, 
morphine,  opium,  cocaine,  heroine,  alpha  or  beta 
eucain,  cliloroform,  cannabis  indica,  chloral  hydrate, 
or  acetanilid,  or  any  derivative  or  preparation  of  any 
such  substances  contained  therein,"  and  "Third,  if 
its  package  or  label  shall  bear  or  contain  any  state- 
ment, design,  or  device  regarding  the  curative  or 
therapeutic  effect  of  such  article  or  any  of  the  ingre- 
dients or  substances  contained  therein  which  is  false 
and  fraudulent. "     (Sherley  Amendment.)  . 

It  is  the  evident  intent  of  the  law  to  prevent  or, 
at  least,  to  curtail  the  use  of  habit^forming  drugs,  in 
that  due  notice  is  to  be  printed  upon  the  label  of  all 
preparations  containing  so-called  habit-forming  drugs. 
In  practical  experience,  it  has  been  found  that,  in  some 
instances  at  least,  the  statement  of  the  habit-produc- 
ing drugs  simply  lends  to  the  further  continuance  of 
such  habit  by  people  who  are  already  addicted  to  their 
use,  as  they  are  enabled  to  purchase  proprietary 
medicines  containing  the  drug  to  which  they  are 
addicted  and  thus  defeat  the  various  State  laws  re- 
quiring that  such  drugs  be  sold  only  upon  a  physician's 
prescription.  A  considerable  number  of  such  cases 
are  on  record  and  have  been  well  authenticated. 

Probably  the  greatest  fraud  has  been  practised 
in  the  sale  of  imitation  articles.  For  illustration, 
so-called  "medicinal  waters"  which  have  been  arti- 
ficially made,  charged  with  carbon  dioxide  gas  and 
sold  as  genuine  mineral  springs  water. 

In  the  effort  of  the  government  and  the  States  to 
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prevent  false  and  misleading  statements  as  to  the 
therapeutic  value  of  so-called  patent  medicines,  they 
found  progress  was  stopped  in  this  direction  by  a 
decision  of  the  Supreme  Court  of  the  United  States 
in  what  is  known  as  the  "Johnson  Cancer  Case,"  in 
which  it  was  decided  that  under  the  terms  of  the  Act 
as  passed  June  30,  1906,  any  false  statement  upon  the 
package  was  regarded  as  applying  only  to  the  ingre- 
dients or  substances  contained  therein.  The  Sherley 
Amendment,  passed  in  1913,  was  for  the  purpose  of 
remedying  this  defect  in  the  law  which  now  applies  to 
any  statements  concerning  the  curative  or  therapeutic 
effect  of  such  medicines. 

The  prohibition  of  the  law  concerning  the  removal 
of  the  contents  of  the  package,  in  whole  or  in  part, 
and  other  ingredients  substituted  therefor,  also  strikes 
at  a  practice  that  has  been  all  too  prevalent  in  both  the 
food  and  drug  trade  of  the  country.  Certain  popular 
and  well-known  products  have  been  imitated  in 
physical  appearance,  odor,  and  flavor,  in  the  case  of 
both  drugs  and  foods,  so  that  when  the  imitation  was 
placed  in  the  container  of  a  well-known  and  largely 
advertised  article,  it  became  easy  to  deceive  the  pur- 
chaser. Such  practice  is  not  only  fraudulent,  but  in 
the  case  of  the  imitation  of  drug  products  may  be  at- 
tended with  serious  consequences.  It  is,  therefore, 
a  most  wise  provision  of  the  law  which  prohibits  such 
practice  under  penalty. 

Misbranding  of  Foods. — The  provisions  covering  the 
misbranding  of  foods  are,  in  principle,  essentially 
those  covering  the  misbranding  of  drugs,  but  in  addi- 
tion thereto,  provision  is  made  that  all  packages  of 
food  shall  have  a  statement  of  the  net  weight  thereon, 
and  further  provides  that  "compounds,"  "imita- 
tions," or  "blends"  shall  be  plainly  branded  as  being 
such.  The  section  also  contains  a  proviso  that  in  the 
case  of  "mixtures"  or  "compounds,"  which  may  now 
or  from  time  to  time  hereafter  be  kncmi  as  articles 
of  food  under  their  own  distinctive  names,  and  not  an 
imitation  of,  or  offered  for  sale  under  the  distinctive 
name  of  another  article,  may  be  sold  without  further 
statement  upon  the  label,  if  the  name  be  accompanied 
with  a  statement  of  the  place  where  such  article  has 
been  manufactured  or  produced.  This  proviso  has, 
in  practice,  been  found  to  be  the  weakest  place  in 
food  control,  as  it  affords  opportunity  for  articles  to 
be  sold  under  fanciful  names  which,  through  false 
or  misleading  statements  in  the  advertising,  are 
calculated  to  mislead  or  deceive  the  public  as  to  their 
true  character  and  value.  Additional  legislation, 
defining  in  clearer  terms  the  meaning  of  a  "distinctive 
name"  and  restricting  in  a  more  effective  way,  such 
compound  food  or  drug  product  that  may  be  un- 
wholesome or  detrimental  to  the  public  welfare, 
regardless  of  whether  such  ingredient  was  an  "added" 
one,  is  imperative. 

Wood  Alcohol. — The  use  of  wood  or  methyl  alcohol 
is  prohibited  in  all  food  and  drug  products  in  most 
States,  although  there  are  a  number  of  products  on 
the  market  containing  wood  alcohol  which  are  still 
being  permitted  to  be  used  as  medicinal  preparations 
for  treating  diseases  of  animals  and  as  cosmetic  prep- 
arations for  use  in  barber  shops.  It  seems  to  be  the 
consensus  of  opinion  that  the  use  of  methyl  alcohol 
is  dangerous  in  the  extreme,  not  only  because  it  is 
intensely  toxic  to  the  nerves  of  vision,  but  because 
many  lives  have  been  lost  by  people  drinking  extracts 
or  toilet  preparations  under  the  presumption  that  they 
were  made  with  ethyl  or  grain  alcohol. 

Preservatives  in  Foods. — The  Act  authorizes  the 
Bureau  of  Chemistry  of  the  U.  S.  Department  of 
Agriculture  to  decide  whether  any  food  product  con- 
tains any  deleterious  substance,  and  the  Bureau  is 
charged,  in  a  general  way,  with  the  enforcement  of  the 
act.  Soon  after  the  law  became  effective,  the  Bureau 
held  that  the  use  of  benzoate  of  soda  as  a  preservative 
was  detrimental  to  the  health  of  those  consuming 
food  products  containing  this  preservative.     A  storm 
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of  protest  and  criticism  was  rai.scd  by  the  manufac- 
turers using  this  preservative,  whereupon  the  Bureau 
undertook  to  make  a  practical  test  as  to  the  effect 
of  benzoate  of  soda  on  a  number  of  young  men  who 
were  fed  upon  foods  containing  certain  definite 
amounts  of  the  preservative.  This  group  of  youne 
men  afterward  became  known  as  "  The  Poison  Squad. 
The  result  of  the  experiments  as  interpreted  by  the 
Bureau  of  Chemistry  was  that  sodium  benzoate  is  a 
substance  that  is  deleterious  to  health,  and  that  it, 
therefore,  should  not  be  permitted  to  be  used  as  a 
preservative  in  food  products.  This  decision  was 
hotly  contested  by  a  large  number  of  manufacturers, 
together  with  certain  scientists  who  declared  that  the 
interpretation  of  the  results  of  the  experiment  was 
not  properly  made.  President  Roosevelt,  upon  being 
appealed  to,  appointed  a  "  Referee  Board  of  Consult- 
ing Scientific  Experts,"  whose  duty  it  should  be  to 
investigate  certain  technical  questions  involved  in  the 
administration  of  the  food  and  drugs  act.  Their 
special  duty  in  relation  to  the  investigation  of  ben- 
zoate is  clearly  set  forth  in  the  report  of  the  board 
which  is  as  follows: 

"(1)  Does  a  food  to  which  there  has  been  added 
benzoic  acid,  or  any  of  its  salts,  contain  any  added 
poisonous  or  other  added  deleterious  ingredient 
which  may  render  the  said  food  injurious  to  health? 
(a)   In  large  quantities?     (/))  In  small  quantities?" 

"(2)  If  benzoic  acid  or  any  of  its  salts  be  mixed 
or  packed  with  a  food,  is  the  quality  or  strength  of 
such  food  thereby  reduced,  lowered,  or  injuriously 
affected?  (a)  In  large  quantities?  (6)  In  small 
quantities?" 

Their  report  as  made  to  Hon.  James  Wilson,  Secre- 
tary of  Agriculture,  and  published  in  U.  S.  Department 
Agricultural  Report  No.  88,  is,  in  .summary,  asfoUows: 

"To  obtain  satisfactory  an.swers  to  the.se  questions, 
the  board  has  felt  it  necessary  to  carry  through  a 
careful  investigation  of  the  effect  of  benzoic  acid  or 
some  one  of  its  salts  on  the  nutrition  and  general 
health  of  man.  A  thorough  study  of  the  literature 
giving  the  results  of  work  done  by  various  investi- 
gators on  the  physiological  effects  of  benzoic  acid  and 
its  salts,  together  with  a  study  of  reported  clinical 
and  medical  observations,  therapeutic  usage,  etc., 
have  made  it  apparent  that  additional  work  was 
needed  to  render  possible  a  conclusive  answer  to  the 
above  questions. 

"With  a  view  to  limiting  the  scope  of  the  work, 
while  at  the  same  time  meeting  all  practical  require- 
ments, our  investigation,  with  the  consent  of  the 
Secretary  of  Agriculture,  has  been  confined  to  a  study 
of  the  effect  of  the  sodium  salt  of  benzoic  acid,  viz., 
sodium  benzoate. 

"To  make  this  experimental  inquiry  as  thorough  as 
possible  and  to  minimize  the  personal  equation,  three 
independent  investigations  have  been  carried  out;  one 
at  the  Medical  School  of  Northwestern  University 
in  Chicago,  under  the  charge  of  Prof.  John  H.  Long, 
of  that  institution;  a  second  at  the  private  laboratory 
of  Prof.  Christian  A.  Herter,  of  Columbia  University, 
New  York  City;  and  the  third  at  the  Sheffield  Scien- 
tific School  of  Yale  University,  in  charge  of  Prof. 
Ru,ssell  H.  Chittenden. 

"The  same  general  plan  of  procedure  was  followed 
in  all  three  experiments.  A  certain  number  of  healthy 
young  men  were  selected  as  subjects,  and  during  a 
period  of  four  months  these  men,  under  definite 
conditions  of  diet,  etc.,  with  and  without  sodium 
benzoate,  where  subjected  to  thorough  clinical  and 
medical  observation,  while  the  daily  food  and  the 
excretions  were  carefully  analyzed,  and  otherwise 
studied,  and  comparison  made  of  the  clinical,  chem- 
ical, bacteriological,  and  other  data  collected.  (For 
details  see  the  individual  reports.)  In  this  manner 
material  has  been  lirought  together  which  makes  po.ssi- 
ble  conclusions  regarding  the  effect  of  small  and  large 
doses  of  sodium  benzoate  upon  the  human  system. 

417 


Food  and  Drug  Control  Laws         REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES 


"In  fixing  upon  the  amount  of  sodium  benzoate 
that  should  constitute  a  'small  dose'  we  have  adopted 
0.3  gram  of  the  salt  per  day.  Manufacturers  of  food 
products  which,  in  their  view,  require  the  use  of  a 
preservative  are  in  general  content  with  0.1  per  cent, 
of  sodium  benzoate.  Tliis  would  mean  that  in  the 
eating  of  such  a  preserved  food  the  consumer  would 
need  to  take  300  grams  per  day,  or  nearly  two-thirds 
of  a  pound,  of  preserved  food  to  ingest  an  amount 
of  benzoate  equal  to  our  minimal  daily  dosage. 
Looked  at  from  this  point  of  view,  our  dosage  of  0.3 
gram  per  day  seemed  a  fair  amount  for  a  '  small  dose,' 
one  that  would  clearly  suffice  to  show  any  effect  that 
small  doses  of  the  salt  might  exert,  especially  if  con- 
tinued for  a  considerable  length  of  time.  In  all  these 
three  experiments  this  daily  dosage  was  continued  for 
a  period  of  about  two  months.  Under  'large  dose' 
was  included  quantities  of  sodium  benzoate  ranging 
from  0.6  gram  to  4  grams  per  day.  Such  a  daily 
dosage  was  continued  for  a  period  of  one  month.  In 
a  few  instances  somewhat  larger  doses  were  employed. 
"As  the  amount  and  character  of  the  daily  diet 
exert  a  well-known  influence  upon  many  of  the  meta- 
bolic or  nutritive  changes  of  the  body,  as  well  as  upon 
the  bacterial  flora  of  the  intestines,  attention  is  called 
to  the  fact  that  the  three  investigations  differed  from 
each  other  in  the  amoimt  of  protein  food  consumed 
daily,  thereby  introducing  a  distinctive  feature  which 
tends  to  broaden  the  conditions  imder  which  the 
experiments  were  conducted. 

"The  conclusions  reached  as  a  result  of  the  indi- 
vidual investigations  are  given  at  length  in  the  separ- 
ate reports  herewith  presented,  together  with  all  of 
the  data  upon  which  these  conclusions  are  based. 
The  fact  should  be  emphasized  that  the  results  ob- 
tained from  the  three  separate  investigations  are  in 
close  agreement  in  all  essential  features. 

"The  main  general  conclusions  reached  by  the 
referee  board  are  as  follows:  (1)  Sodium  benzoate  in 
small  doses  (under  0.5  gram  per  day)  mixed  with  the 
food  is  without  deleterious  or  poisonous  action  and 
is  not  injurious  to  health.  (2)  Sodium  benzoate  in 
large  doses  (up  to  4  grams  per  day)  mixed  with  the 
food  has  not  been  fovmd  to  exert  any  deleterious 
effect  on  the  general  health,  nor  to  act  as  a  poison  in 
the  general  acceptation  of  the  term.  In  some  direc- 
tions there  were  slight  modifications  in  certain  physio- 
logical proces.ses,  the  exact  significance  of  which 
modifications  is  not  known.  (3)  The  admixture  of 
sodium  benzoate  with  food  in  small  or  large  doses  has 
not  been  found  to  injuriously  affect  or  impair  the 
quality  or  nutritive  value  of  such  food. 

Ira  Remsen,  Chairman, 
Russell  H.  Chittenden 
John  H.  Long, 
Christian  A.  Herter, 
Referee  Board  of  Consuliitig  Scientific  Experts." 


The  former  decision  of  the  Bureau  of  Chemistry 
was,  therefore,  overruled,  and  the  Secretary  of 
Agriculture,  at  the  direction  of  President  Roosevelt, 
made  a  supplemental  order  permitting  the  use  of 
sodium  benzoate  for  the  preservation  of  foods,  pro- 
viding only  that  a  statement  be  made  upon  the  label 
indicating  the  presenceof  such  preservative  when  used. 

In  like  manner,  the  question  as  to  the  use  of  sulphur 
dioxide,  copper  sulphate,  alum,  saccharin,  borax  or 
borates,  and  other  preservative  substances,  has  been 
referred  to  the  Referee  Board  of  Consulting  Scientific 
Experts  for  determination  as  to  their  wholesomeness, 
or  otherwise,  when  used  in  food  products. 

The  chief  objection  to  the  use  of  benzoate  of  sodium 
or  other  chemical  preservatives  in  food  products  is, 
that  the  addition  of  such  preservatives  makes  it 
possible  to  use  inferior  and  partially  spoiled  raw  ma- 
terial in  the  preparation  of  food  products;  and  this 
is  said  to  be  also  an  effective  way  to  prevent  the  natural 


result  of  fermentation  and  spoilage  which  are  sure  to 
follow  insanitary  conditions  in  manufacturing  estab- 
lishments. 

Guarantee  Provision. — Section  9  provides  that  "No 
dealer  shall  be  prosecuted  under  the  provisions  of  this 
act  when  he  can  establish  a  guarantee  signed  by  the 
wholesaler,  jobber,  manufacturer,  or  other  parties 
residing  in  the  United  States  from  whom  he  purchased 
such  article,  to  the  effect  that  the  same  is  not  adulter- 
ated or  misbranded  within  the  meaning  of  the  act 
designating  it." 

The  purpose  of  this  provision  of  the  act  is  to  fix 
the  guilt  on  the  real  guilty  party  and  to  afford  protec- 
tion to  the  innocent  dealer  who,  from  the  very  nature  of 
things,  is  often  unable  to  determine  as  to  whether  an 
article  of  food  or  drug  is  adulterated  or  misbranded. 
The  Bureau  of  Chemistry  has  provided,  by  regulation, 
a  way  in  which  each  original  package  article  may  be 
guaranteed  under  the  provisions  of  this  section  by 
issuing  a  serial  number  to  manufacturers  or  jobbers 
which,  when  placed  upon  the  label  of  an  article,  acts 
as  a  guarantee  to  the  dealer  to  whom  the  article  is 
sold.  Theoretically,  this  seems  to  be  an  easy  and 
certain  way  to  fix  responsibility  on  the  guilty  party 
and  to  protect  the  innocent  dealer,  but  as  a  matter  of 
fact,  in  actual  practice,  this  so-called  "  Guarantee 
Legend"  has  been  one  of  the  most  potent  methods  of 
deceiving  the  ultimate  purchaser  or  consumer,  in 
that  the  notion  is  almost  universally  prevalent  that 
an  article  of  food  or  drugs  upon  which  appears  the 
guarantee  serial  number  legend  is  guaranteed  by  the 
government  to  be  free  of  adulteration  or  misbranding, 
and  thus,  in  many  instances,  the  very  intent  and 
purpose  of  the  law  is  defeated  by  this  unfortunate 
measure. 

A  number  of  the  States,  following  the  lead  of  the 
Federal  Government,  provided  for  the  issuance  of 
guarantee  serial  numbers  under  their  State  laws,  but 
the  abuse  of  this  guarantee  legend  was  so  apparent, 
because  it  was  u.sed  for  advertising  purposes,  and  its 
effect  was  so  misleading,  that  it  has  been  discontinued 
by  a  number  of  states.  At  a  conference  of  the  State 
Food  and  Drug  Control  Officials  with  the  Chief  of 
the  Bureau  of  Chemistry,  held  in  Washington,  D.  C. 
in  November,  1913,  a  resolution  was  adopted  denounc- 
ing the  use  of  the  guarantee  serial  number,  and  re- 
questing that  it  be  discontinued  at  the  very  earliest 
possible  date  for  the  reasons  above  stated. 

Seizure  of  Adulterated  or  Misbranded  Products. — 
Section  10  of  the  Act  provides  "That  any  article  of 
food,  drug  or  liquor  that  is  adulterated  or  misbranded 
within  the  meaning  of  this  Act,  and  is  being  trans- 
ported from  one  State,  Territory,  District,  or  insular 
possession  to  another  for  sale,  or,  having  laeen  trans- 
ported, remains  unloaded,  unsold,  or  in  original  un- 
broken packages,  or  if  it  be  sold  or  offered  for  sale  in 
the  District  of  Columbia  or  the  Territories,  or  insular 
possessions  of  the  United  States,  or  if  it  be  imported 
from  a  foreign  country  for  sale,  or  if  it  is  intended  for 
export  to  a  foreign  coimtry,  shall  be  liable  to  be  pro- 
ceeded against  in  any  district  court  of  the  United 
States  within  the  district  where  the  same  is  found,  and 
seized  for  confiscation  by  a  process  of  libel  for  con- 
demnation." 

It  will  be  noted  that  this  section,  in  contradistinc- 
tion to  the  other  provisions  of  the  law,  is  a  procedure 
against  an  article  that  is  adulterated  or  misbranded. 
No  hearing  is  required  to  be  held,  although  it  is  neces- 
sary for  the  Bureau  of  Chemistry,  or  an  agent  or 
inspector  acting  under  the  authority  of  the  Bureau, 
to  determine  by  investigation  as  to  whether  or  not  the 
article  in  question  is  adulterated  or  misbranded. 

When  a  procedure  is  started  in  the  LI.  S.  District 
Court  in  the  jurisdiction  in  which  the  alleged  adulter- 
ated or  misbranded  product  is  found,  the  United 
States  marshal  seizes  the  goods  and  they  are  then 
held  under  the  authority  of  the  court  until  trial  of 
the  case  and  verdict  of  the  court.     In  case  the  article 
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in  question  is  of  a  poisonous  or  deleterious  cliaracter, 
it  is  the  duty  of  the  court  to  dispose  of  tlie  article  V)y 
destruction.  If,  however,  it  is  simply  a  question  of 
misbranding,  or  of  non-deleterious  adulteration,  the 
goods  may  be  restored  to  the  owner  upon  filing  bond 
with  the  court  to  the  effect  that  such  article  shall  not 
be  sold  or  otherwise  disposed  of  contrary  to  the  provi- 
sions of  the  act,  and,  upon  the  payment  of  tlie  costs 
of  libel,  the  goods  may  be  released.  It  has  licon  found 
in  practice  that  this  is  a  wise  provision  of  law  because 
quick  action  can  be  taken  against  goods  that  are  un- 
wholesome or  deleterious,  and  by  seizure  and  condem- 
nation, prevent  such  unwholesome  or  deleterious 
products  to  be  sold  to  the  ultimate  consumer.  Two 
modes  of  procedure  are  contemplated  by  the  national 
food  and  drug  act,  first,  criminal  action  against  the 
person  or  persons  violating  the  provisions  of  the  act, 
and  second,  seizure  and  condemnation  by  libel  of  the 
articles  that  are  adulterated  or  misbranded  within  the 
meaning  of  the  act.  Criminal  action  against  those 
violating  the  law,  as  provided  in  the  act,  is  often  long 
delayed,  while  the  goods  may  meanwhile  find  a  market 
in  the  channels  of  trade,  much  to  the  detriment  of  the 
public  welfare.  A  nimiber  of  the  States  do  not  have 
a  like  provision  in  their  laws,  and  are  thus  unable  to 
seize  and  condemn  goods  which,  in  many  instances, 
the  protection  of  the  public  health  would  seem 
imperatively  to  demand. 

Sanitary  Aspects  of  Food  axd  Drug  Inspection. — 
One  of  the  anomalies  of  our  dual  system  of  govern- 
ment is  clearly  shown  in  the  limitation  of  the  National 
Food  and  Drug  Act  to  have  sanitary  supervision  of 
persons  and  things,  or  the  places  where  food  and  drug 
products  are  manufactured,  stored,  or  sold.  San- 
itary control  is  essentially  a  police  measure,  and  at 
the  time  of  framing  the  federal  constitution,  all  police 
powers  were  retained  by  the  respective  States,  and 
thus  the  national  government  finds  itself  barred  by  the 
constitution  in  passing  legislation  which  would  give 
it  sanitary  supervision  over  places,  persons,  and  things 
in  their  relation  to  food  and  drug  production.  It 
follows,  therefore,  that  whatever  sanitary  control 
is  exercised  in  this  direction  must  be  by  the  several 
States,  and  it  has  only  been  in  very  recent  years  that 
the  States  have  recognized  the  importance  of  sanitary 
supervision  in  food  control.  The  Association  of  Ameri- 
can Dairy,  Food,  and  Drug  Officials  at  their  annual 
meeting  in  1911  adopted  a  model  sanitary  law,  with 
recommendation  that  effort  be  made  for  its  enactment 
in  every  State  in  the  Union  represented  in  the  asso- 
ciation. Accordingly,  this  law  was  presented  to  the 
respective  legislatures  and  quite  generally  enacted 
into  law  by  the  respective  States,  so  that,  to-day, 
there  are  few  States  in  the  Union  but  what  have  laws 
giving  to  Boards  of  Health  or  food  commissioners 
authority  and  power  to  regulate  sanitary  conditions 
in  food  and  drug  establishments. 

It  is  quite  generally  admitted  that  most  misbrand- 
ing or  adulteration  is  of  a  harmless  character  so  far  as 
public  health  is  concerned,  the  question  of  fraiid  or 
deception  being  the  chief  element  in  either  adultera- 
tion or  misbranding,  but  it  is,  also,  quite  generally 
conceded  that  the  sanitary  conditions  under  which 
food  and  drug  products  are  manufactured,  stored  and 
sold  are  of  vital  importance  as  affecting  the  quality 
and  wholesomeness  of  the  product  and  the  health,  not 
only  of  the  employes  handling  such  products,  but 
of  the  ultimate  consumer  as  well.  It  has  long  since 
been  demonstrated  that  the  mere  passage  of  a  law 
prohibiting  the  adulteration  or  misbranding  of  foods 
and  drugs,  or  requiring  places  and  things  to  conform 
to  certain  sanitary  standards  will  not  bring  about  the 
desired  ends  unless  provisions  are  made  for  frequent 
personal  inspection  by  trained  inspectors.  _  Recog- 
nizing this  principle,  every  State  where  efficient  food 
and  drug  control  has  been  established,  has  qualified 
inspectors  whose  duty  it  is  carefully  to  inspect  all 


places  and  things  as  to  their  sanitary  condition,  and 
to  secure  samples  of  [)roducts  for  analyses  U)  determine 
whether  or  not  misbranding  or  adulteration  exists. 
Thus,  effective  enforcement  of  the  laws  is  brought 
about. 

A  sanitary  inspection  of  a  manufacturing  establish- 
ment comprehends,  (1)  the  character  and  quality 
of  the  raw  material  used;  (2)  the  methods  of  manu- 
facture and  storage;  (U)  the  sanitary  condition  of  the 
manufacturing  plant,  including  all  appurtenances, 
and  (4)  the  health  of  the  employes  working  therein. 

Most  of  the  States  have  adopted  a  sanitary  score 
card,  which  comprehends  in  the  score  the  conditions 
actually  found  on  the  points  above  stated,  and  wher- 
ever insanitary  conditions  are  found  the  law  authorizes 
the  inspector  to  make  an  order  that  within  a  certaia 
stipulat(^d  and  reasonable  time,  the  in.sanitary 
conditions  shall  lie  abated,  or  certain  specific  improve- 
ments shall  be  made  whereby  the  wholesomeness  of 
the  product  may  be  safeguarded,  and  the  health  of  the 
employes  maintained.  If,  after  the  expiration  of  the 
reasonable  period  of  time  stated  in  the  order,  steps 
have  not  been  taken  to  comply  with  the  same,  the  law 
authorizes  that  information  may  be  filed  with  the 
proper  authorities  for  the  enforcement  of  the  law. 

Both  the  national  and  the  various  State  laws 
require  that  manufactured  food  products  be  made 
from  sound,  wholesome  material.  Fruits  and  vege- 
tables that  have  fermented  or  have  become  decora- 
posed,  in  whole  or  in  part,  or  are  dangerously  polluted 
lay  pathogenic  organisms,  are  not  to  be  used  for  food 
purposes.  It  is  also  required  that,  where  pieces  or 
trimmings,  or  peelings  and  cores,  or  any  other  refuse 
materials  are  used,  they  shall  be  wholesome  and 
fresh,  and  that  the  label  on  the  container  shall  disclose 
the  fact  that  the  product  is  made  from  pieces,  trim- 
mings, etc.,  as  the  case  may  be. 

Sidewalk  display  of  perishable  food  products  in 
retail  establishments  has  been  prohibited  in  most  of 
the  States,  the  law  allowing  only  such  food  articles 
that  are  necessarily  peeled,  pared,  or  cooked  before 
being  consumed,  to  be  displayed  upon  the  sidewalk, 
or  on  the  store  floor,  provided  that  such  articles  are 
displayed  at  least  eighteen  inches  above  the  sidewalk 
or  floor.  The  model  sanitary  law,  also,  provides  that 
all  perishable  foods  be  effectively  protected  by  screens 
or  coverings  from  the  possible  contamination  of  dust 
or  flies. 

Proper  toilet  facilities  are  required  In  all  food  pro- 
ducing establishments,  and  abundant  facilities  are 
reiiuired  for  the  proper  washing  of  the  hands  of  all 
employes  after  visiting  the  toilet  before  returning  to 
work. 

The  wholesomeness  of  the  water  supply,  as  well  as 
the  sewage  disposal,  is  inquired  into,  and  definite 
standards  are  applied  to  the  proper  install.ition  of 
wholesome  water  supply  and  proper  .sewage  disposal. 

Meats  are  required  to  be  covered  in  transit  from  the 
slaughtering  establishments  to  the  markets  or  shipping 
places,  and  only  such  cars  are  to  be  used  for  the  ship- 
ping of  food  products  as  are  rea.son.ably  clean,  in  order 
that  such  products  may  not  be  dangerously  contam- 
inated by  polluting  organisms  or  foul  odors  or  flavors. 

Physical.  Examination  of  Employes. — The  one 
great  defect  in  securing  absolute  freedom  from  dan- 
gerous contamination  of  food  products  is  that  of 
inabilitv,  up  to  the  present  time,  to  require  definite 
knowledge  that  all  persons  handling  food  prod- 
ucts are  free  from  communicable  disease.  It  is 
believed  the  next  great  reform  movement  in  food  con- 
trol must  be  along  this  line.  In  Kansas,  the  State 
Board  of  Health  has  recently  secured  the  cooperation 
of  the  large  meat  packing  establishments  in  requiring 
that  all  employes  handling  meats  or  meat  products 
be  required  to  pass  a  physical  examination  for  com- 
municable disease  of  any  kind,  including  tuberculosis 
and   venereal   disease,   "before   they   can   either   find 
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employment  or  be  permitted  to  continue  in  the  em- 
ployment of  these  establishments. 

In  1912  the  largest  hotel  in  the  city  of  Indianapolis 
put  into  effect  a  like  requirement  and  gradually,  by 
the  force  of  public  opinion  and  the  insistence  of  boards 
of  health,  this  great  desideratum  in  safeguarding  the 
wholesomeness  of  food  products  is  being  brought 
about. 

In.spection  op  Meats. — The  federal  meat  inspection 
act  provides  for  the  antemortem  and  postmortem 
inspection  of  all  animals  slaughtered  for  food  that  are 
shipped  in  interstate  trade,  and  regulates  the  manner 
of  labeling  all  meat  food  products.  Indirectly  the 
federal  government  exercises  sanitary  supervision  of 
federal-inspected  meat  packing  plants  by  requiring 
certain  sanitary  conditions  to  prevail  before  installing 
a  system  of  federal  inspection  or,  after  once  having 
been  established,  if  insanitary  conditions  continue  to 
prevail,  by  withdrawing  federal  inspection.  The 
last  report  of  the  Bureau  of  Animal  Industry  indicates 
that  approximately  sixty-five  per  cent,  of  the  animals 
slaughtered  for  food  purposes  in  this  country  are 
slaughtered  in  federal-inspected  packing  establish- 
ments, leaving  thirty-five  per  cent,  slaughtered  in  local 
slaughter  houses  not  engaging  in  interstate  trade, 
and  which  are  not  under  local  inspection,  except  in 
a  few  isolated  instances  where  municipal  abattoirs 
have  been  established.  The  very  fact  that  animals 
that  are  diseased,  or  are  unfit  for  food  for  any  reason, 
are  condemned  by  the  federal-inspected  slaughter- 
houses tends  to  divert  such  diseased  animals  to  estab- 
lishments having  no  inspection,  and  thus  the  impor- 
tance of  local  meat  inspection  for  all  slaughtering  estab- 
lishments is  emphasized.  If  there  is  a  reason  for  in- 
specting sixty-five  per  cent,  of  the  animals  slaughtered 
for  food  purposes,  there  can  be  no  possible  reason  for 
the  remaining  animals  thus  slaughtered  not  having 
effective  inspection. 

Local  Inspection  of  Perishable  Products. — Such 
articles  of  food  supply  as  milk,  meats,  bakery  products, 
and  perishable  fruits  and  small  vegetables  that  are 
sold  at  or  near  the  point  of  production  must,  in  the  very 
nature  of  things,  be  inspected  by  State,  or  better  yet, 
by  municipal  authorities,  if  a  perfect  system  of  food 
control  is  established.  There  may  come  a  time,  and 
probably  will,  when,  in  municipalities,  trained  sanitar- 
ians will  have  the  care  of  local  food  problems,  but 
until  that  time  arrives,  the  State  with  its  better  organ- 
ized forces,  better  equipped  laboratories,  and  more 
highly  trained  men  must  as.sume  control  and  provide  for 
the  safeguarding  of  all  food  supplies,  after  they  have 
passed  from  federal  jurisdiction,  or  city  regulation, 
and  are  distributed  wholly  within  the  State  limits. 

It  is  believed  that  food  and  drug  control  is  essen- 
tially a  public  health  problem,  and  should  properly  be 
made  a  function  of  the  State  Department  of  Health, 
but  strangely  enough  in  most  of  the  States  this  division 
of  the  State's  service  is  under  separate  food  commis- 
sions or  the  agricultural  department,  or  under  dairy 
commissioners.  Such  officials  may  well  regulate  the 
sale  of  oleomargarine,  and  improve  the  quality  of  the 
milk  supply,  but  they  can  hardly  be  expected  to  be 
in  touch  with  modern  sanitary  problems,  and  have  a 
keen  appreciation  of  the  necessity  for  absolute  sani- 
tary conditions  in  the  production  and  handling  of 
food  products  to  safeguard  the  public  health. 

Health  officers  are  primarily  interested  in  the  char- 
acter of  the  milk  supply,  not  because  they  wish  to 
build  up  a  dairy  industry,  but  because  they  know  that 
pure  milk  means  decreased  infant  mortality.  They  are 
interested  in  sanitary  slaughterhouses,  not  that  the 
butchers  may  have  a  profitable  business,  or  that  the 
production  of  beef  and  pork  may  be  increased,  de- 
sirable as  that  may  be,  but  because  they  know  that 
the  sale  of  diseased  meat  and  meat  handled  under 
insanitary  conditions  is  a  menace  to  the  health  of 
the  consumers.     They  know  that  pure  water  means 
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freedom  from  typhoid  fever  and  dysentery;  that  the 
cook  or  baker  suffering  from  tuberculosis  is  earning 
a  living  under  conditions  which  are  a  menace  to  the 
health  of  his  patrons,  and  that  venereal  disease  must 
be  stamped  out  if  the  consumers  are  to  be  assured  clean 
foods.  Food  officials  must  assume  the  responsibility, 
not  only  of  enforcing  the  laws,  but  of  educating  the 
people  in  the  basic  principles  that  make  legislation 
necessary,  and  pointing  out  clearly  and  definitely  the 
economic  principles  that  are  behind  pure  food  and  the 
ultimate  danger  that  lies  in  impure  food. 

F.\LSE  Ad'N'ERTIsing. — It  is  becoming  increasingly 
evident  that  the  enactment  and  fairly  efficient  en- 
forcement of  the  national  and  State  food  and  drugs 
laws  has  not  secured  to  dealers  and  consumers  freedom 
from  fraud  and  deception  in  food  and  drug  products. 

False  and  misleading  statements,  designs,  and  de- 
vices that  appear  in  any  place  other  than  upon  the  label 
attached  to  the  package,  or  the  false  and  deceptive 
methods  used  by  designing  agents,  salesmen,  or  manu- 
facturers cannot  be  reached  or  prevented  by  resort  to 
the  food  and  drugs  law,  and  thus,  in  many  in.stances, 
the  public  continues  to  suffer  by  reason  of  gross 
misrepresentation  of  one  kind  or  another.  Take,  for 
illustration,  the  false,  extravagant,  and,  in  their  final 
effect,  often  harmful  claims  of  many  of  the  fake 
nostrums  and  appliances  which  appear  in  glaring 
advertisements  in  newspapers,  circulars,  or  pamphlets, 
or  are  given  by  word  of  mouth  by  an  agent  to  a  pros- 
pective customer — in  .such  cases  the  food  and  drugs 
law  is  powerless  to  protect  the  purchaser. 

Drugs  and  medicines,  food  products,  and  beverages 
should  be  sold  for  exactly  what  they  are,  and  false 
representations  of  any  kind  are  frauds  upon  the 
purchaser.  It  is  for  this  reason  that  a  false  advertis- 
ing law  is  imperatively  necessary  as  a  supplement  to 
the  food  and  drugs  law.  S.  J.  Crumbine. 


Food  Poisons. — From  the  earliest  time  poisoning 
from  diverse  foods  has  attracted  the  attention  of  the 
laity  and  of  medical  men.  Numerous  explanations, 
many  of  these  decidedly  absurd  as  viewed  from  the 
standpoint  of  our  present  knowledge,  have  been  put 
forth,  and  it  is  only  within  comparatively  recent  years 
that  vague  hypotheses  have  given  way  to  exact 
chemical  and  bacteriological  studies.  As  a  result,  a 
flood  of  light  has  been  thrown  upon  the  causation  of 
food  poisonmgs,  and  the  observations  thus  made  have 
in  turn  served  their  purpose  of  indicating  the  relatively 
simple  means  by  which  many  of  these  intoxications 
may  be  avoided. 

Individual  susceptibility  plays  a  most  important 
part  in  all  poisonings.  It  is  very  well  known  that  a 
given  poison  may  affect  two  individuals  in  a  wholly 
different  manner.  Moreover,  observations  are  not 
wanting  which  show  that  a  substance  which  we  may 
have  good  reason  to  consider  as  wholly  innocuous  is 
nevertheless  very  deleterious  to  some.  The  fortunately 
very  rare  instances  of  fatal  results  following  the  in- 
jection of  antitoxic  sera  may  be  taken  as  an  example  of 
such  idiosyncrasy — hypersusceptibility.  In  like  man- 
ner one  may  meet  with  individuals  to  whom  a  given 
article  of  food  invariably  plays  the  part  of  a  poison, 
and  justifies  the  oft^quoted  adage  that  "what  is  meat 
to  one  is  poison  to  another."  The  use  of  veal  by  some 
and  of  eggs  by  others,  is  often  followed  by  distressing 
symptoms.  The  cleavage  products  of  such  foods, 
whether  due  to  defective  metabolism  or  to  an  ana- 
phylactic reaction,  are  in  the  main  responsible  for  the 
Ul  effects  experienced. 

While  idiosyncrasy  has  to  do  with  a  single  individual, 
there  are  on  the  other  hand  hundreds  of  instances  of 
"food  epidemics"  where  an  extraneous  cause  must  be 
sought  for.  In  the  latter  cases  the  food  or  article 
consumed  has  acquired  in  some  way  marked  poisonous 
properties,  and  in  so  far  as  the  origin  of  this  poison 
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is  concerned  it  may  be  spoken  of  as  endogenous  or 
exogenous. 

Those  articles  in  which  the  poison  is  of  endogenous 
origin  can  hardly  be  designated  as  foods,  aUlioiigh  it 
may  be  very  convenient  to  speak  of  them  as  auto- 
poisonous.  The  poisonous  mushroom,  for  example,  is 
often  mistaken  for  an  edible  form.  The  two  kinds  are 
wholly  distinct,  and  thn  former  is  injurious  because  it 
normally  prodiices  highly  poisonous  products,  such  as 
the  alkaloid,  muscarine.  In  like  manner  the  blood  of 
eels  is  toxic,  because  of  the  presence  of  preformed 
physiological  products.  Some  animals,  especially 
molluscs  and  fish,  are  popularly  believed  to  acquire 
poisonous  properties  at  certain  phases  of  sexual  life. 
However,  it  is  very  certain  that  there  are  fish  which 
when  perfectly  fresh  are  highly  poisonous.  Just  as  tlie 
poisonous  mushroom  is  capable  of  elaborating  its 
specific  poison,  so  certain  fish  are  similarly  endowed 
and  give  rise  to  normal  physiological  but  toxic  prod- 
ucts. The  nature  of  the  products  elaborated  in  the 
tissues  of  such  poisonous  fish  is  not  fully  known. 
They  are  believed  by  some  to  be  leucomains  or  basic 
alkaloidal  substance.s  formed  by  the  peculiar  cell 
metabolism.  Intoxications  which  are  due  to  fish 
which  are  poisonous  in  and  of  themselves  are  of  com- 
mon occurrence,  especially  in  the  West  Indies  and  in 
Japan.  It  is  to  this  class  of  poisonings  that  Blanchard 
has  applied  the  term  siguatera,  to  distinguish  it  from 
the  more  ordinary  food  poisonings  of  exogenoiis  origin. 

The  exogenous  origin  of  food  poisons  is  by  far  the 
most  common  occurrence.  Under  this  head  are  to  be 
placed  all  those  articles  of  food  or  consumption  which 
are  ordinarily  perfectly  wholesome  and  which  only 
occasionally,  and  then  through  what  may  be  desig- 
nated as  an  accident,  accjuire  injurious  or  poisonous 
properties.  The  poison  or  injurious  element  in  such 
cases  is  of  foreign  origin,  and  it  is  because  of  the  in- 
troduction and  presence  of  such  poison  in  a  food  that 
the  unexpected  manifestations  of  mtoxication  are 
observed. 

The  food  poisons  of  exogenous  origin  may  be  dis- 
cussed under  three  heads:  (1)  Poisonous  compounds; 
(2)  animal  parasites;  (3)  vegetable  organisms,  mclud- 
ing  bacteria  and  fungi. 

With  reference  to  the  first  head,  that  of  poisonous 
compounds,  which  includes  metals  and  organic  bodies, 
it  may  be  said  that  they  play  as  a  rule  only  a  very 
secondary  role  in  outbreaks  or  ejjidemics  of  food  poi- 
soning. The  metals  which  are  supposed  or  have  been 
shown  to  be  the  active  cause  of  jioisonings  are  arsenic, 
antimony,  tin,  lead,  zinc,  and  copper. 

An  interesting  instance  in  which  arsenic  and  anti- 
mony were  the  cause  of  fatal  poisoing  m  animals  was 
noted  several  years  ago  by  Vaughan.  In  a  Western 
mining  region  where  hydraulic  mining  was  practised, 
the  disintegrated  ore  deposit  was  washed  downi  into  a 
river,  the  water  of  which  as  a  result  became  highly 
charged  with  .soluble  and  suspended  arsenic  and  anti- 
mony compounds.  A  much  more  notable  instance, 
however,  of  poisoning  of  this  kind  is  that  recently 
(November,  1900)  observed  in  Manchester,  where  a 
widespread  epidemic  of  peripheral  neuritis  followed 
the  u.se  of  beer  which  on  analysis  was  shown  to  contain 
appreciable  amomits  of  arsenic.  The  arsenic  in  this 
case  was  derived  from  the  sulphur  ores  which  were  used 
in  the  manufacture  of  sulphuric  acid.  The  latter, 
in  turn,  with  its  imknown  arsenic  contents,  was  em- 
ployed in  the  preparation  of  the  glucose,  and  it  was 
through  the  glucose  that  the  metal  found  its  way  into 
the  beer. 

Lead  poisoning  which  follows  the  use  of  water  which 
Is  conveyed  through  lead  pipes  is  a  well-known  fact. 
An  unusual  instance  of  intoxication  was  reported  in 
1887  by  Stewart.  A  Philadelphia  baker  ignorantly 
used  lead  chromate  as  a  substitute  for  eggs  to  color 
his  dough.  The  buns  prepared  with  this  material 
are  known  to  have  caused  sixty -four  poisonings,  eight 
of  which  proved  fatal.     A  somewhat  similar  mistake 


is  that  rejjorted  many  years  ago  by  L'ngefug,  who 
found  that  a  large  (luantity  of  zinc  sulphate  liad  been 
used  in  place  of  the  i)reservative  saltpeter. 

In  articles  of  food  which  have  been  kept  for  some 
time  in  tin  cans,  or  in  zinc  or  cojjper  vessels,  traces  of 
these  metals  can  be  invariably  expected,  and  while  un- 
([ue-stionably  these  metals  in  large  doses  are  poisonous, 
it  is  nevertheless  true  that  they  have  little  or  nothing 
to  do  with  the  acute  poisonings  so  often  observed. 
The  bare  possibility  of  canned  foods  being  poisonous 
as  a  result  of  the  presence  of  these  metals  may  be 
conceded,  but  the  occurrence  of  such  is  very  doubtful 
indeed.  In  such  ca.ses  it  can  be  shown  that  bacterial 
decomposition  has  taken  place,  and  while  it  is  possible 
for  the  organic  acids  produced  by  such  decomposition 
to  dissolve  the  metals,  .still  true  bacterial  poisons  may 
be  pre.sent  and  should  be  looked  for.  This  can  be 
done  only  by  studying  the  effects  produced  by  pure  cul- 
tures of  the  organisms  present  in  such  food. 

Poisonous  organic  substances  may  at  times  be  in- 
troduced into  food  or  beverages  through  ignorance  of 
their  action.  Thus,  the  dilution  of  cognac  with  methyl 
alcohol  resulted  in  a  severe  outbreak  of  poisoning  in 
Berlin  in  1911-12.  Another  example  of  wide-spread 
poisoning  of  th's  type  develojjed  in  Altona  (1911) 
consecjuent  upon  the  consumption  of  an  oleomargarine 
which  contained  a  large  amount  of  maratti  fat. 

Food  poisoning  as  the  result  of  the  presence  of 
animal  parasites  has  been  a  recognized  fact  ever  since 
the  discovery  of  trichina?  ixi  the  flesh  of  hogs.  It  is 
very  important  in  suspected  jjoi.sonings  when  pork  or 
pork  sausage  has  Ijeen  eaten,  to  make  a  careful  search 
for  trichin;p.  This  should  be  done  before  a  chemical 
and  bacteriological  examination  is  undertaken.  Like 
trichina',  other  animal  parasites,  notably  those  of  the 
intestines,  may  be  introduced  with  the  food,  but 
these  occurrences  are  rarely  considered  imder  the  head 
of  food  poisons,  and  for  that  reason  need  no  extended 
consideration  in  this  connection. 

Vegetal>le  organisms  constitute  by  far  the  most  com- 
mon cause  of  food  poisoning.  It  will  be  presently 
shown  that  certain  moulds  or  fungi  thriving  especially 
on  plant  food  may  render  these  injurious.  Apart  from 
these  isolated  and  in  this  country  largely  unknown 
intoxications,  it  may  be  said  that  bacteria  are  the  only 
type  of  vegetable  life  which  are  concerned  in  the  vast 
majority  of  fooii  infections.  Dead  animal  or  vegetable 
matter  is  prone  to  invasion  by  bacteria  and  putrefac- 
tion or  fermentation,  as  the  case  may  be,  is  soon  estal)- 
lished.  To  use  an  axiom  of  Claude  Bernard's,  "death 
is  life,"  and  the  life  thus  established  in  dead  matter 
under  favorable  conditions  is  seen  in  the  myriads  of 
the  tiny  workers,  whose  duty  it  is  to  break  up  and 
transform  the  complex  orgaiuc  substances  present  in 
plants  and  animals  and  return  their  elements  to  the 
inorganic  world.  The  bacterial  inva.sion  of  wounds 
finds  its  analogue  in  the  bacterial  invasion  of  foods, 
and  just  as  cleanliness  and  asep.sis  obviate  the  fonner, 
so  proper  storage  and  thorough  cooking  will  prevent 
the  latter.  Of  the  large  number  of  different  kinds  of 
bacteria  which  may  find  lodgment  in  a  wovmd  only  a 
few  perhaps  are  capable  of  producing  poisonous  prod- 
ucts. This  fact  is  likewise  true  of  those  bacteria 
which  invade  dead  plant  and  animal  matter.  The 
mere  fact  that  a  food,  solid  or  liquid,  contains  enor- 
mous niunbers  of  liactoria  does  not  indicate  that  it  is 
poi.sonous.  Tlic  vast  majority  of  bacteria  are  harmless 
organisms  which  elaborate  simply  non-poisonous  prtxl- 
ucts.  On  the  other  hand,  a  relatively  small  number 
of  bacteria  are  capable  of  making  poisonous  products, 
and  to  these  organisms  the  term  toxicogenic  may  be 
applied. 

Iiuismuch  as  bacteria,  when  injurious,  produce  their 
ill  effects  by  means  of  the  poi-sons  which  they  elaborate, 
it  is  desirable  brielly  to  touch  upon  these  _products. 
The  term  ploynainc  was  introduced  in  1S76  by  the 
Italian  chemist  Selmi  to  designate  basic  alkaloidal 
products  formed  in  putrefaction.     Bearing  in  mind  the 
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fact  that  strychnine  and  muscarine  are  intensely  poi- 
sonous vegetable  allcaloids,  it  was  quite  natural  to  ex- 
plain the  profound  intoxication  met  with  in  infectious 
diseases  and  in  the  poisoning  from  foods  by  assuming 
that  bacteria  elaborated  similar  toxic  alkaloidal  prod- 
ucts. It  is  largely  through  the  labors  of  Brieger  that 
our  knowledge  concerning  ptomaines  was  gained.  A 
considerable  number  of  these  basic  alkaloidal  products 
were  isolated.  The  mytilotoxin  found  in  poisonous 
mussels  is  of  this  class  and  is  by  far  the  most  poisonous 
of  the  known  ptomaines.  As  a  rule  these  substances 
are  but  feebly  poisonous  or  not  at  all,  and  it  follows 
that  in  such  instances  some  other  poison  non-basic 
in  character  must  be  present.  The  term  "  ptomaine 
poisoning"  has  been  popularized  to  such  an  extent 
that  it  is  used  synonymously  with  food  poisoning. 
The  fact  is  that  in  only  very  exceptional  instances  are 
ptomaines  to  be  credited  with  being'the  cause  of  such 
poisoning. 

The  study  of  snake  venom  showed  that  the  active 
poison  in  that  secretion  was  an  albuminous  substance. 
Like  investigations  made  with  the  seeds  of  jequirity 
and  with  the  castor  bean  showed  the  presence  of  other 
poisonous  protein  bodies.  Brieger  and  Fraenkel  in 
1889  examined  highly  poisonous  diphtheria  cultures, 
and  from  these  they  obtained  very  poisonous  precipi- 
tates which  being  protein  in  composition  were  desig- 
nated as  toxalbumins.  The  same  method  of  examina- 
tion soon  revealed  the  presence  of  toxalbumins  in 
cultures  of  other  disease-producing  bacteria.  In  a 
very  short  time,  however,  it  was  shown  that  the  so- 
called  toxalljumin  was  not  a  definite  chemical  sub- 
stance but  rather  a  mixture  of  an  inert  protein  and  an 
active  poison  non-protein  and  non-basic  in  character. 
To  distinguish  the  real  jjoison  from  ptomains  and  from 
the  so-called  toxalbumins  it  has  been  designated  as  the 
toxin.  After  all,  this  is  merely  a  term  for  an  as  yet 
unknown  or  rather  but  as  yet  imperfectly  known  sub- 
stance. The  toxins  of  diphtheria  and  of  tetanus  have 
been  studied  the  most,  but  beyond  a  general  knowledge 
of  their  reactions  and  behavior  nothing  is  known  as  to 
their  structure  or  composition.  One  thing  is  certain, 
that  in  the  toxin  many  bacteria  possess  a  most  deadly 
weapon.  Brieger  and  Cohn,  after  purifying  the 
tetanus  toxin,  for  example,  as  much  as  possible,  found 
that  the  extremely  minute  amount  of  0.00000005 
gram  killed  mice.  A  similar  and  almost  equally  de- 
structive toxin  has  been  separated  from  cultures  of  the 
Baciltus  hotulinus  obtained  from  some  poisonous  ham. 
This  product  will  be  presently  discussed  at  some 
length. 

Recognizing  the  fact  that  bacteria  are  the  cause  of 
the  majority  of  food  poisonings  and  that  they  induce 
their  poisonous  effects  by  means  of  the  toxins  which 
they  elaborate,  it  is  of  interest  to  inquire  into  the  for- 
mation of  these  products.  While  many  toxicogenic 
bacteria,  especially  including  the  disease  germs,  are 
capable  of  growing  at  the  temperature  of  the  body, 
there  are  those  which  cannot  do  so.  The  latter  are 
therefore  incapable  of  growing  in  the  body.  The 
poisons  which  such  organisms  elaborate  must  of 
necessity  arise  in  the  food,  while  this  is  kept  at  the 
ordinary  room  temperature.  The  effects  which  follow 
the  eating  of  such  food  will  necessarily  vary  directly 
with  the  quantity  of  the  food  taken,  since  the  active 
poison  is  made  wholly  outside  of  the  body.  Ballard's 
Iron  Bridge  cases  are  instances  of  this  kind  of  poison 
production,  for  in  these  the  specific  germ  would  not 
grow  above  80°  and  its  cultures  at  60°  were  markedly 
poisonous.  The  same  is  true,  as  will  be  presently  shown 
in  poisoning  with  food  which  contains  the  B.  botulinus. 
The  organisms  at  work  in  such  cases,  although  toxi- 
cogenic, are  nevertheless  practically  obligative  sapro- 
phytes.    Poison    production    then   may   take    place 

(1)  wholly  outside  of  the  body.     On  the  other  hand, 

(2)  given  an  organism  which  is  capable  of  growing  at 
the  body  temperature  as  well  as  at  the  room  tempera- 
ture— in  other  words  a  facultative  parasite — it  follows 
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that  such  an  organism,  having  begun  the  production 
of  poison  outside  of  the  body,  in  the  food,  may  continue 
to  elaborate  like  poisons  in  the  intestines  after  such 
food  is  taken.  While  in  the  first  instance  the  effects 
are  those  of  a  plain  intoxication  following  the  introduc- 
tion of  a  ready-made  poison,  in  this  case  intoxication 
and  infection  are  combined.  A  third  type  of  poison 
production  is  shown  when  the  organism  present  in  the 
body  is  truly  pathogenic.  It  may  be  present  in  but 
very  small  numbers  in  the  food  and  the  poisonous 
products  made  therein  may  be  practically  nil,  yet 
disease  may  follow.  In  other  words,  a  true  infection 
results  from  the  presence  in  the  food  of  disease-pro- 
ducing organisms.  Contamination  of  drinking-water 
or  milk  with  cholera,  typhoid  bacteria,  streptococci, 
etc.,  would  fall  under  this  head.  More  directly,  how- 
ever, this  group  will  include  bacterial  diseases  of  ani- 
mals which  may  be  transferred  to  man  through  the 
flesh  of  animals  so  diseased.  This  type  of  food  poison- 
ing, it  will  be  seen,  is  analogous  to  that  with  animal 
parasites. 

From  what  has  been  said  it  is  evident  that  the 
greater  part  of  food  poisonings  are  instances  of  food 
infection.  Such  food  either  was  at  first  perfectly 
wholesome  and  through  improper  handling  became 
contaminated  with  poison-producing  bacteria;  or, 
derived  from  diseased  animals,  it  already  contains  the 
specific  harmful  germ.  In  view  of  the  undoubted  fact 
that  the  germs  producing  these  poisons  are  very  rarely 
the  same  in  two  distinct  outbreaks,  it  follows  that  the 
poisons  are  different  and  as  a  consequence  the  symp- 
toms observed  will  vary  within  very  wide  limits.  It  is 
not  reasonable  or  in  accordance  with  known  facts  to 
believe  that  in  poisonous  cheese,  for  example,  only  one 
and  the  same  organism  is  always  present  and  that  the 
chemical  poison  is  the  same  in  all  intoxications  from 
such  food.  A  considerable  number  of  organisms  un- 
doubtedly, if  the  opportunity  is  given  for  their  de- 
velopment in  cheese,  are  capable  of  rendering  it 
poisonous.  In  like  manner,  poisonous  meats,  sausage, 
and  fish  do  not  owe  their  toxicity  to  any  one  specific 
organism.  Already  a  number  of  toxicogenic  bacteria 
have  been  isolated  during  the  past  two  or  three  decades 
from  different  outbreaks  of  meat  poisoning.  This 
number  will  of  necessity  be  increased  as  more  careful 
methods  come  to  be  employed  in  the  study  of  these 
accidental  poisonings.  As  will  be  shown,  the  organ- 
i.sms  most  commonly  causing  meat  poisoning  belong 
to  the  so-called  paratyphoid  group,  intermediate  be- 
tween the  colon  and  typhoid  bacilli. 

Poisonous  Meat. — Every  kind  of  meat  which  man 

is  accustomed  to  u.se  as  food  is  liable  to  become  poi- 
sonous. Raw  or  improperly  cooked  meat  is  usually 
responsible  for  the  occurrence  of  such  results.  The  fre- 
quent occurrence  of  sausage  poisoning  in  Germany  led 
to  its  designation  as  botulismus  or  allantiasis.  These 
terms,  however,  may  be  used  so  as  to  embrace  any 
meat  poisoning,  but  it  is  preferable  to  retain  the  origi- 
nal meaning  of  botulismus  and  following  the  nomen- 
clature of  Vaughan  to  designate  meat  poisonings,  re- 
gardless of  form  or  origin,  as  Kreatolnxismus. 

Bacillus  Botulinus. — By  far  the  best  studied  in.stance 
of  meat  poisoning  is  that  recorded  by  Van  Ermengem. 
The  outljreak  occurred  in  the  Belgian  village  of  Elle- 
zelles  and  at  first  affected  thirty-four  persons  who  were 
all  members  of  a  musical  society.  A  few  days  later 
a  number  of  other  persons  became  sick  with  the  same 
symptoms.  Three  of  the  persons  afflicted  died  within 
a  week.  The  investigation  which  took  place  showed 
that  the  sick  people  had  all  partaken  of  a  certain  ham. 
The  hog  from  which  the  meat  was  prepared  was  per- 
fectly healthy  and  at  the  time  of  slaughtering  a  por- 
tion of  the  meat  was  eaten  raw  without  any  effect  fol- 
lowing. After  salting,  both  hams  and  other  portions 
of  the  animal  were  packed  away.  The  brine  used  was 
clearly  deficient  in  salt  and  insufficient  in  quantity, 
since  only  the  bottom  ham  was  immersed  in  the  liquid. 
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The  upper  portions  of  meat  were  consumed  without 
any  ill  effect  and  it  was  only  the  immersed  ham  which 
caused  the  poisoning.  This  exclusion  of  air  as  well  as 
the  deficiency  of  salt  allowed  the  development  of  an 
anaerobic  bacillus  to  which  Van  Ermengom  applied 
the  name  B.  boiidinus.  It  may  be  remarked  in  ])ass- 
ing  that  Kempner  obtained  the  same  organism  from 
the  feces  of  a  hog. 

The  symptoms  observed  in  this  outbreak  were 
shown  to  be  due  to  a  toxin  elaborated  by  the  bacillus  in 
the  ham.  The  lateness  in  the  onset  of  the  symptoms 
and  the  absence  of  fever  were  rather  remarkable  for  a 
true  intoxication.  As  a  rule  no  effects  were  observed 
during  the  first  twenty-four  hours  after  the  meal  and 
in  some  cases  the  onset  was  delayed  for  thirty-six 
hours.  Gastric  pains  with  repeated  vomiting  were 
first  observed.  With  the  exception  of  two  cases  all 
had  an  obstinate  constipation.  The  gastrointestinal 
symptoms  were  not  so  marked  as  in  most  instances  of 
food  poisoning,  but  the  nervous  symptoms  were  espe- 
cially pronounced.  All  showed  characteristic  disturb- 
ances of  vision.  The  eyes  became  fogged  and  in  a 
short  time  recognition  of  people  failed.  Diplopia  set 
in.  Marked  dilatation  of  the  pupils  with  total  loss  of 
reaction  as  well  as  ptosis  of  both  eyelids  followed. 
Added  to  this  was  the  sensation  of  a  burning  thirst  and 
a  constriction  of  the  throat.  The  latter  at  times  was 
so  marked  as  to  render  the  swallowing  of  even  liquids 
difficult.  The  mucous  membranes  were  strongly 
reddened,  and  in  some  the  abundant  secretion  of  viscid 
mucus  led  to  violent  attacks  of  coughing  and  even  of 
suffocation.  At  times  complete  aphonia  and  anuria 
were  observed.  Extreme  muscular  weakness  was 
general.  In  spite  of  these  severe  symptoms  the  pulse 
remained  l>elow  90,  the  respiration  and  temperature 
were  normal.  In  fatal  cases  coma  or  mild  delirium 
occurred.  The  recovery  was  very  slow  and  extended 
through  several  weeks  and  even  months. 

Feeding  of  the  ham  or  of  macerations  made  with  it 
proved  fatal  to  mice,  white  rats,  young  cats,  guinea- 
pigs,  and  monkeys.  Subcutaneous  injections  of 
0.001  c.c.  of  the  maceration  (1  to  5)  killed  mice.  In 
larger  doses  it  was  fatal  to  rats,  doves,  and  cats. 
Rabbits  were  extremely  susceptible,  while  frogs,  dogs, 
and  chickens  were  refractory.  The  fact  that  the  macer- 
ation after  being  filtered  through  porcelain  was  as 
active  as  when  unfiltered  showed  that  a  soluble  toxin 
existed  in  the  ham.  The  further  fact  that  the  bacillus 
was  not  present  in  the  organs  of  the  animals  that  died 
after  inoculation  showed  that  it  was  a  true  saprophyte, 
although  markedly  toxicogenic. 

The  toxin  of  B.  botuUnus  in  its  activity  resembles 
that  of  tetanus  or  diphtheria.  It  is  promptly  de- 
stroyed by  boiling  but  not  by  putrefaction.  Mari- 
nesco  found  that  the  lesions  produced  by  this  toxin  are 
largely  confired  to  the  cells  of  the  gray  matter  of  the 
cord.  With  very  small  doses  the  lesions  consist  of  a 
rarefaction  of  the  chromatophil  elements.  Under 
the  influence  of  larger  amounts  of  poison  the  granules 
of  Nissl  undergo  more  or  less  marked  disintegration  or 
chromatolvsis.  When  fatal  doses  are  administered 
some  of  these  cells  will  be  found  to  be  completely 
destroyed.  Kempner  has  successfully  immunized  a 
goat  against  the  action  of  the  toxin  and  obtained  an 
antitoxic  serum  of  marked  potency. 

Non-febrile  intoxications  with  pronounced  nervous 
symptoms  accompanied  by  obstinate  constipation 
have  been  repeatedly  observed  in  the  past  in  connec- 
tion with  sausage  poisoning,  and  it  is  (i\iite  po.ssible 
that  a  similar,  if  not  identical,  toxin  to  that  just  de- 
scribed was  the  cause.  A  noteworthy  instance  of  this 
kind  was  furnished  bv  the  observation  of  von  Faber, 
who  reported  in  1821  an  outbreak  which  caused  the 
death  of  five  out  of  sixteen  people  who  had  eaten 
fresh  unsmoked  pork  sausage.  There  were  constric- 
tion of  the  throat,  difficulty  in  swallowing,  retching, 
vomiting,  colic-like  pains,  vertigo,  hoarseness,  dimness 
of   vision,    and   headache.     Later   on,   in   the   severe 


cases,  there  was  complete  exhaustion,  and  finally 
paralysis.  The  eyeballs  were  retract(!d,  the  pupils 
were  .sometimes  dilated,  then  contracted,  and  did  not 
respond  to  light.  The  ujiper  lids  were  paralyzed. 
The  tonsils  were  swollen,  jjut  not  as  in  tonsillitis. 
Liquids  which  were  not  irritating  could  be  carried  as 
far  as  the  esophagus,  when  they  were  ejected  from  the 
mouth  and  nose  with  coughing.  Solid  foods  could  not 
be  swallowed.  On  the  l)ack  of  the  tongue  and  in  the 
pharynx  there  was  observed  a  puriform  exudate. 
Obstinate  constipation  exi.sted  in  all,  while  the  sphinc- 
ter ani  was  paralyzed.  Breathing  was  easy,  but  all 
had  a  croupous  cough.  The  skin  wa.s  dry  and  there 
was  no  incontinence  (jf  urine.  There  was  no  delirium 
and  the  mind  remained  clear  to  the  last. 

Since  the  epoth-nuiking  study  of  Van  Ermengem, 
the  B.  botulinus  has  been  isolated  in  poisonings  by 
several  workers.  Romer,  ham  (1900);  Landmann, 
canned  beans  (1904);  Schumacher,  ham  (1912).  It 
was  vmdoubtedly  responsible  for  the  fatal  poisonings 
at  Sawtelle,  Cab,  ascribed  to  canned  pears,  and  re- 
ported by  Peck  (1910).  The  prognosis  in  this  t\-i)e 
of  poisoning,  becavise  of  tlie  .severe  injury  to  the  cen- 
tral nervous  sy.stem,  is  unfavorable.  Fortunately, 
such  intoxications  are  extremely  rare. 

As  a  rule,  intoxications  resulting  from  sausage  and 
other  foods  are  characterized  by  a  febrile  gastroen- 
teritis in  which  recovery  usually  occurs.  Thus,  in  the 
Wellbeck  cases  reported  by  Ballard  the  temperature 
at  times  rose  to  10.3°  and  101°  F.  and  the  diarrhea  wa.s 
quite  unrestrainable.  Muscular  weakness  was  an 
early  and  marked  symptom  and  the  debility  of  con- 
valescence was  in  nearly  all  cases  protracted  to  .several 
weeks.  Intense  and  distressing  thirst  with  nausea 
and  vomiting  was  quite  general.  These  symptoms 
varying  in  degree  and  duration,  from  a  few  hours  to 
several  weeks,  are  present  in  all  meat  poisonings  other 
than  that  of  botulisnms. 

The  cause  of  this  type  of  poisoning  is  not  a  single 
organism,  as  in  the  case  of  botulismus,  but  rather  one 
of  a  group.  This  fact  will  be  readily  understood  when 
it  is  rememVjered  that  the  bacterial  invasion  of  the 
meat  may  occur  postmortem,  in  which  event,  obviously, 
various  organisms  can  be  fo\ind.  On  the  other  hand, 
such  invasion  may  occur  during  life,  that  is,  the  animal 
is  diseased  at  the  time  of  slaughtering,  and  here  also 
different  organisms  may  be  at  work.  The  use  of 
condemned,  diseased  animals  is  certainly  the  most 
frequent  cause  of  meat  poisonings  in  C.ermany. 

The  earliest  study  of  poisonous  meat  by  modern 
bacteriological  methods  was  made  by  Gaffky  and  Paak 
in  1SS5.  From  the  meat  which  came  from  a  diseased 
horse  they  isolated  a  colon-like  bacillus  to  which 
Kruse  subsequently  gave  the  name  B.  J'rinlfbrrgotsis. 
Three  years  later  came  the  important  contribution  by 
Gartner  which  definitely  drew  attention  to  the  bac- 
terial cause  of  meat  poisoning. 

Bacillus  Enleritidis. — This  name  was  applied  by 
Gartner  to  the  organism  which  he  isolated  in  1S8S  from 
meat  which  had  poisoned  a  large  number  of  persons. 
The  same  organism  was  also  isolated  from  the  .s])leen 
of  a  man  who  died  from  the  effects  of  the  meat  poison- 
ing. The  meat  was  tnuiuestionaljly  infected  from  the 
beginning,  inasmuch  as  the  cow  which  furnished  it 
had  a  severe  diarrhea  for  some  days  before  she  was 
killed.  Of  the  fifty-eight  peojile  who  were  rendered 
sick  one  died.  The  effects  observed  were  those  of  a  pro- 
nounced gastroenteritis  with  sub.sequent  desquamation. 
These  svmptoms  occured  in  persons  who  had  eaten  the 
cooked  meat  as  well  as  in  those  who  had  taken  it  raw. 
On  feeding  animals  with  sterilized  cultures  of  this 
bacillus,  Gartner  was  able  to  show  that  such  cultures 
were  highlv  poisonous.  Guine.a-pigs  thus  fed  died  in 
anvwhere  from  a  few  hours  to  five  days.  Mice  simi- 
larlv  fed  died  in  a  few  days.  It  is  noteworthy  that 
unlike  Van  Ermengem  "s  toxin,  which  is  readily  de- 
stroved  bv  heat,  the  cultures  of  Gartner's  bacillus 
maintain  their  toxicity  even  after  boiling  for  several 
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hours.  The  poison  then  is  very  resistant  to  heat  and 
resembles  in  this  respect  the  intracellular  toxins  of  the 
colon  bacillus  -which  have  recently  been  studied  by 
Vaughan.  iMorphologically  the  Bacillus  enteritidis 
is  closely  allied  to  the  colon  bacillus,  from  which,  how- 
ever, it  differs  in  not  producing  indol  and  in  its  pro- 
novmced  infectiousness  even  when  fed  to  animals. 

The  same  organism,  or  at  all  events  one  closely  allied 
to  it,  was  isolated  in  1891  by  Lubarsch  from  the  lungs 
and  spleen  of  a  child  who  died  of  what  was  diagnosed 
as  Winckel  's  disease.  Karlinski  has  also  succeeded  in 
isolating  this  bacillus  from  a  case  of  food  poisoning 
which  came  under  his  observation.  Fischer  likewise 
met  with  what  he  believed  to  be  Bacillus  enteritidis 
in  an  outbreak  of  food  poisoning  which  affected  nine- 
teen persons. 

In  a  case  of  food  poisoning  studied  by  Johne  the 
B,  enteritidis  was  also  found.  The  same  organism 
was  met  with  in  all  probability  by  Poels  and  Dhont, 
Hoist,  and  Giinther.  The  food  poisoning  reported  by 
Gunther  in  1897  affected  some  twenty-six  or  twenty- 
seven  families  and  was  due  to  the  eating  of  pork,  as  well 
as  to  the  sausage  and  blood  derived  from  the  same. 
Abdominal  pains,  vomiting,  diarrhea,  and  extreme 
weakness  were  the  symptoms  observed.  Only  one 
person  died,  and  from  the  internal  organs  of  tins  in- 
dividual GUnther  isolated  the  B.  enteritidis.  It  was 
assumed  that  this  organism  was  present  in  the  poison- 
ous food,  but  all  efforts  to  isolate  it  from  the  latter 
failed. 

Another  instance  in  which  presumably  the  B.  en- 
teritidis was  involved  was  observed  by  Silberschmidt 
in  1896.  Organisms  apparently  identical  with  B. 
enteritidis  were  isolated  by  Basenau  (1893),  Kaensche 
(1893),  and  by  Van  Ermengem.  The  latter  foimd  it 
in  an  epidemic  at  Ghent  (1892)  and  again  at  Morseele 
(1895).  Since  that  time  this  organism  has  been  fre- 
quent'v  found  in  Germany,  England,  and  elsewhere. 
A  study  of  all  the  meat  poisonings  occurring  in  recent 
years  shows  that  fully  one-third  of  them  are  due  to  the 
B.  eiiteritidis.  The  majority  of  meat  poisonings, 
however,  are  identified  with  the  presence  of  another 
organism,  B.  paratyphosus  B. 

Culturally  and  morphologically,  the  organisms  iso- 
lated from  various  meat  epidemics  may  be  said  to  be 
identical.  With  the  introduction  of  the  serum  aggluti- 
nation test  it  became  possible  to  differentiate  more 
satisfactorily,  and  at  the  same  time  establish  the  causal 
relationship  of  the  suspected  organism  with  the  out- 
break. Thus,  de  Nobele  found  that  a  bacillus  which 
he  isolated  from  an  outbreak  at  Aertryck  (1898) 
agglutinated  with  the  sera  of  the  sick  persons  even  in 
a  dilution  of  one  to  four  hundred.  The  sera  of  normal 
persons  and  of  other  diseases  had  no  effect.  The 
Aertryck  bacillus  while  sharply  differentiated  from 
B.  enteritidis  and  B.  typhosus,  by  the  agglutination 
test,  was  found  to  behave  exactly  like  the  hog  cholera 
bacillus,  B.  suipestifcr.  It  is  believed  to  be  identical 
with  the  latter  which  formerly  was  considered  to  be 
the  cause  of  hog  cholera  but  has  since  been  shown  to 
be  a  secondary  invader  in  that  disease. 

The  studies  of  Gwynn  in  this  coimtrj-,  and  of 
Schottmiiller  and  others  abroad  demonstrated  that 
paratyphoid  fever  was  due  to  the  paratyphoid  bacilli 
A  and  B.  It  was  then  shown  tliat  the  immune  serum 
obtained  with  type  b  readily  agglutinated  the  .\ertryck 
bacillus  but  had  little  or  no  action  upon  B.  enicritidis. 
The  apparent  identity  of  the  Aertryck  or  hog  cholera 
bacillus  with  B.  paratyphosus  B  has  led  to  the  prevail- 
ing view  of  the  identity  of  parat}"phoid  fever  and  meat 
poisonings. 

By  means  of  the  agglutination  test,  the  organisms 
isolated  from  meat  poisonings  can  be  separated  into 
two  groups  (1)  the  B.  enteritidis  group  which  includes 
the  Gartner  bacillus  and  a  number  of  rat  viruses, 
such  as  Danysz,  Dunbar,  Issatschenko,ratin,  etc.,  and 
(2)  the  paratyphoid  group,  also  spoken  of  as  the  "hog 
cholera"  or  "Salmonella"  group,   which  includes  B. 
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paratyphosus  b.,  B.  suipestifer  (hog  cholera),  B. 
psittacosis,  B.  typhimurium. 

By  supplementing  the  agglutination  test  in  the  tests 
for  the  absorption  of  agglutinins  (Castellan!)  and  for 
complement  fixation,  Bainbridge  believes  it  possible 
to  distinguish  the  othersvise  identical  hog  cholera 
and  paratyphosus  B  bacilli.  As  a  result,  he  arrives 
at  the  conclusion  that  paratyphoid  fever  and  meat 
poisonings  are  etiologically  different.  The  former 
being  due  to  the  a  and  b  strains  of  B.  paratyphosus 
while  the  latter  are  due  to  B.  enteritidis  and  B.  sui- 
pestifer (hog  cholera).  Whether  this  differentiation 
holds  or  not,  the  fact  remains  that  the  vast  majority 
of  meat  poisonings  are  due  to  one  or  the  other  of 
these  two  closely  related  organisms. 

As  pointed  out,  heretofore,  postmortem  invasion 
of  meats  by  bacteria  may  lead  to  poisoning  when  such 
food  is  eaten  raw  or  imperfectly  cooked.  Various 
bacteria,  other  than  those  discussed  above,  :nay  be 
encountered  under  these  conditions.  It  will  be  suf- 
ficient to  present  a  few  illustrations  of  this  type  of 
poisoning. 

Ballard  has  reported  a  number  of  outbreaks  of  meat 
poisoning.  Beef,  canned  pig's  tongue,  jellied  pig's 
head,  pork,  ham,  veal  pie,  pork  pie,  and  canned  sar- 
dines were  the  respective  causes  in  these  several 
outbreaks.  It  is  interesting  to  note  that  the  ' '  Middles- 
borough  pneumonia  epidemic"  which  caused  four 
hundred  and  ninety  deaths,  is  attributed  by  Ballard 
to  poisoning  with  imported  bacon.  He  believed  that 
the  disease  developed  in  a  person  who  had  eaten  of  the 
infected  food  and  was  transmissible  from  the  sick  to 
those  who  had  not  partaken  of  the  infected  food.  In 
the  lungs  Klein  found  a  short,  thick  bacillus  which  he 
called  Bacillus  pneumonice.  This  germ  was  different 
from  the  bacillus  of  Friedlaender  and  from  the  diplo- 
coccus  of  Fraenkel.  Fourteen  out  of  the  twenty 
samples  of  bacon  when  fed  to  rodents  produced  death 
with  lesions  similar  to  those  obser\-ed  in  man.  During 
the  progress  of  the  investigation  an  epidemic  of  pneu- 
monia broke  out  among  the  animals  and  in  these  the 
same  organism  was  found.  The  poisonous  bacon  when 
kept  for  three  months  lost  its  toxicity  and  no  growth 
of  the  bacillus  could  be  obtained. 

In  1894  Vaughan  and  Perkins  examined  some  dried 
beef  which  had  quite  serioush'  poisoned  a  family  of 
four.  There  was  nothing  in  the  appearance  or  odor 
of  the  beef  to  cause  any  suspicion.  In  fact  it  seemed 
to  be  of  exceptionally  good  quality.  Anaerobic 
cultures  from  the  interior  of  the  meat  gave  a  colon- 
like bacillus  which  was  pathogenic  to  white  rats, 
rabbits,  and  guinea-pigs.  The  sterilized  cultures 
were  also  poisonous.  In  an  outbreak  which  occurred 
in  Sturgis,  Michigan,  in  the  same  year,  a  large  number 
of  men  were  rendered  ill  after  partaking  of  pressed 
chicken.  All  were  taken,  within  two  to  four  hours 
after  eating  the  chicken,  with  nausea,  violent  griping, 
and  purging;  many  fainted  while  attempting  to  rise 
from  bed.  From  the  food  X'aughan  and  Perkins 
isolated  a  slender  bacillus  and  a  streptococcus.  The 
former  proved  to  be  very  fatal  to  experimental  ani- 
mals. Anaerobic  cultures  were  much  more  powerful 
than  aerobic  ones.  It  may  be  added  here  that  cocci 
have  been  isolated  from  poisonous  meats  by  other 
observers,  notably  Kiihl,  Bainbridge,  and  Sacquepee. 

A  number  of  food  poisonings  have  been  investigated 
in  which  the  causative  organism  has  been  shown  to  be 
in  all  probability  the  Proteus  vulgaris  or  its  related 
species.  Thus  Levy,  in  1894,  investigated  a  case  of 
this  kind.  The  keeper  of  a  restaurant  and  some  of 
his  guests  suffered  from  a  most  violent  jiurging, 
which  in  the  case  of  the  host  terminated  fatally. 
Proteus  vulgaris  was  isolated  from  the  vomited  matter, 
from  the  stools,  and  from  the  ice-box  where  the  food 
was  kept.  Levy  sought  to  demonstrate  that  the  poi- 
son in  this  case  was  identical  with  the  sepsin  of 
Schmiedeberg.  Wesenberg  in  1897  studied  a  food 
epidemic   which    affected    sixty-three   persons.     The 
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suspected  meat  came  from  a  cow  that  was  slauglitered 
when  sick.  Violent  headache,  intense  abdominal  pains, 
dizziness,  extreme  muscular  weakness,  and  diarrhea 
were  the  symptoms  noted.  The  greenish  or  brownish 
discharges  were  very  putrid.  The  more  or  less  de- 
cayed meat  yielded  a  bacillus  which  W'esenberg  be- 
lieved to  be  indentical  with  Proleus  vulgaris.  It 
remains  a  question,  however,  whether  this  germ  was 
the  actual  cause  of  the  intoxications. 

Silberschmidt  reported  similar  results  from  an 
epidemic  which  occurred  in  a  Swiss  canton  in  1S99. 
In  this  instance  forty-five  persons  were  affected  and 
one  death  resulted.  The  symptoms  came  on  within 
twenty-four  hours  after  eating  "Landjager"  sausage, 
made  out  of  beef  and  pork  fat.  The  animals  were 
apparently  perfectly  healthy.  The  taste  and  appear- 
ance of  the  sausage  were  faultless.  Cultures  made 
from  the  sausage  gave  B.  coli  and  Proleus  vulyarix. 
The  etiological  relation  of  the  latter  organism  to  the 
poisonings  was  by  no  means  clearly  demonstrated. 

A  somewhat  similar  outbreak  was  investigated  in 
1900  by  A.  Pfuhl.  A  "beef  sausage"  made  by  chop- 
ping up  finely  and  potting  the  entrails,  hearts,  lungs, 
and  spleens  of  three  cattle  was  the  cause  of  an  acute 
gastroenteritis  in  eighty-one  soldiers.  The  material 
fed  to  rats  and  mice  induced  diarrhea  and  gradual 
paralysis  of  the  limbs,  but  the  animals  recovered. 
One  of  the  mice  was  killed  and  from  it  Pfuhl  isolated  a 
bacillus  which  he  identified  with  Proleus  tnirabilis. 
Pure  cultures  of  the  germ  fed  to  mice  caused  death 
whereas  rats  recovered.  The  organism  when  inocu- 
lated into  fish  formed  capsules  but  not  otherwise. 
The  toxin  was  destroyed  on  heating  to  60°  G.  The 
dead  bacilli  were  shown  to  be  as  toxic  as  the  living, 
indicating  that  the  poison  was  largely  intracellular. 

Other  examples  of  Proteus  findings  in  poisonous 
sausages  have  been  reported  by  Pergola,  Gutzeit  and 
others.  Bearing  in  mind  that  Proteus  vulgaris  is  one 
of  the  common  putrefacti\'e  organisms,  it  is  not  sur- 
prising to  find  that  Zweifel  was  able  to  isolate  this 
organism  in  105  out  of  248  portions  of  perfecth' 
sound  chopped  beef. 

In  the  above  instances  the  demonstration  that  the 
poisoning  was  due  to  the  Proteus  group  is  far  from 
perfect.  There  is  no  question  but  that  these  organ- 
isms are  toxin  producers,  but  that  fact  and  the  detec- 
tion of  such  organisms  in  a  food  does  not  prove  that 
they  are  the  cause  of  the  poisonings  observed.  Never- 
theless, it  may  be  well  to  indicate  that  at  times  pro- 
teus  infections  have  been  met  with  in  man  and  that 
several  observers  have  ascribed  epidemics  among  fish 
to  this  same  group.  These  will  be  presently  touched 
upon. 

Poisonous  Fish. — In  those  countries  where  fish  is 
the  chief  form  of  animal  food  it  not  infrequently  gives 
rise  to  severe  outbreaks  of  acute  poisoning.  Just  as 
sausage  poisoning  is  of  relatively  frequent  occurrence 
in  Germany  so  fish  poisoning  in  Russia  is  equally 
common.  In  this  country  poisoning  from  canned 
fish  has  been  repeatedly  observed.  As  in  the  case  of 
meat,  fish  may  become  poisonous  as  a  result  of  being 
diseased;  or,  improperly  preserved,  the  otherwise 
wholesome  fish  may  become  infected  with  saprophytic 
toxicogenic  bacteria.  In  the  one  case  the  organisms 
are  present  during  life  and  in  the  other  they  are  intro- 
duced after  death.  On  the  other  hand,  it  is  well  to 
remember  that  some  fish  are  always  poisonous  either 
as  the  result  of  the  presence  of  poisonous  glands  or  as 
a  result  of  eating  certain  kinds  of  food,  while  others 
may  become  poisonous  during  the  spawning  season. 
In  such  instances  the  toxic  condition  is  normal 
and  physiological.  It  is  this  form  of  poisoning  which 
is  designated  by  the  Spanish  physicians  of  the  West 
Indies  as  siguatcra,  to  distinguish  it  from  the  bacterial 
poisoning  or  botulismus.  It  is  preferable,  following 
the  classification  of  Vaughan,  to  designate  fish  poi- 
soning as  ichthyotoxismus. 


Epidemic  diseases  among  fish  have  been  oljserved  by 
a  number  of  investigators.  Thus  Charrin,  in  1893, 
isolated  several  organisms  which  were  pathogenic  to 
fish.  Emmerich  and  Weibel  in  the  following  year  de- 
scribed the  Bacillus  .salmonicida  as  the  cau.se  of  an 
epidemic  among  trout.  Sieber,  in  189.5,  found  that 
the  fish  in  an  aquarium,  from  which  some  had  been 
taken  to  sujjply  a  table  and  had  proven  poisonous, 
were  sick  and  that  as  many  as  thirty  died  within  the 
next  two  days.  From  the  dead  and  sick  fish  she 
isolated  a  highly  toxicogenic  germ  to  which  she  has 
given  the  name  liacillus  piscicidus  agilis.  From 
cultures  of  this  bacillus  she  isolated  cadaverin  and 
other  known  ptomains,  besides  which  at  least  two 
undetermined  ba.ses  were  present.  Sieber  found  the 
same  germ  in  the  dejections  of  two  cholera  patients. 
In  1S9,S  Wyss  reported  the  results  of  his  study  of  an 
epidemic  which  prevailed  among  the  fish  in.  Lake 
Zurich.  P'rom  the  di.seased  fish  he  isolated  an  or- 
ganism which  he  believed  to  be  identical  with  Prot«U3 
vulgaris,  although  there  were  slight  differences,  such 
as  the  non-coagulation  of  milk,  and  non-decomposi- 
tion of  urea.  Moreover,  Wy.ss  believes  that  the  above- 
mentioned  Sieber's  bacillus"  is  identical  with  that  iso- 
lated by  him  and  hence  is  also  a  Proteus  vulgaris. 
That  fish  infected  with  this  germ,  if  eaten  in  a  par- 
tially cooked  state,  may  cause  poisoning  in  man  is 
seen  in  Sieber's  observation,  and  in  the  fact  that 
proteus  infections  of  meat  have  been  described  by 
Levy,   Wesenberg,   Pfulil,   Silberschmidt,  and  others. 

ArustamofF,  in  1S91.  observed  eleven  cases  of  fish 
poisoning,  five  of  which  proved  fatal.  The  imper- 
fectly salted  fish  containeti  enormous  numbers  of  bac- 
teria which  formed  ty[)hoid-like  colonies.  The  symp- 
toms were  general  weakness,  dull  i)ain  in  the  abdomen, 
dyspnea,  mydriasis,  vertigo,  and  dryness  of  the  mouth. 
It  is  probable  that  diseased  fish  were  packed  away  with 
wholesome  ones  and,  as  a  result,  the  entire  mass  be- 
came eventually  infected.  Cooking  destroyed  the 
toxicity  of  the  fish. 

The  more  recent  work  of  KonstansofT  (1904)  threw 
additional  light  upon  the  nature  and  cause  of  fish 
poison.  A  salted  .sturgeon  which  poisoned  two  people 
was  examined  by  him  and  found  to  be  sterile.  The 
sterility  was  due  to  the  presence  of  15.6  per  cent.  salt. 
Although  free  from  organisms,  a  powerful  soluble 
toxin,  resembling  in  its  action  that  of  B.  botulinus 
was  extracted  from  the  fish.  Evidently,  the  salting 
had  put  an  end  to  a  partial  decomposition  but  while 
it  destroyed  the  organisms  present  it  was  without 
effect  on  the  already  elaborated  toxin. 

Schmidt  believed  the  fish  poison  to  be  an  animal 
alkaloid,  a  ptomain,  produced  most  probably  by  bac- 
teria that  cause  an  infectious  disease  in  the  fish. 
Anrep  partially  isolated  two  active  ptomains  from 
poisonous  fish.  One  of  these  was  extracted  from 
alkaline  solution  with  ether,  chloroform,  and  benzin. 
It  was  fatal  to  rabbits  in  doses  of  0.5  milligram.  A 
somewhat  similar  ptomain  was  isolated  by  Kakolew. 
From  our  present  knowledge  of  bacterial  ])oisoiis  it  is 
quite  certain  that  the  real  toxic  principle  in  poisonous 
fish,  like  that  of  Baeillus  hntulitius,  of  tetanus  or  of 
diphtheria,  is  not  a  basic  product  but  is  rather  a  toxin. 

It  is  clear  therefore  that  the  ordinary  fish  poisoning 
is  due  to  bacterial  invasion  of  the  fish,  either  during 
life  or  after  death.  The  organisms  concerned  may  be 
of  the  most  varied  kind,  sometimes  cocci,  more  often 
bacilli.  Among  the  latter  should  be  mentioned  those 
of  the  Colon  and  Proteus  group.  The  B.  ciitcrilidis 
and  B.  paratyphosus  B,  common  in  meat  poisonings, 
have  also  of  recent  years  been  isolated.  The  presence, 
at  times,  of  B.  bolulinus  or  of  a  similar  organism  is 
indicated  in  those  poisonings  where  .symptoms  show 
involvement  of  the  cerebro.spinal  system. 

Ballard  reported  fatal  poisoning  following  the  use  of 
canned  salmon.  The  can  was  "blown"  and  the  con- 
tents were  partially  decomposed.  The  one  who  ate 
the  most  was  attacked  about  ten  hours  after  eating  and 
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died  in  three  days.  One  who  ate  less  became  ill  in 
about  twelve  hours  and  died  in  five  days,  while  three 
others  recovered.  Klein  found  in  both  fatal  cases 
necrosis  of  the  mucous  membrane  of  the  stomach, 
fatty  degeneration  of  the  liver,  and  inflammation  of 
the  kidneys.  Mice  fed  upon  the  salmon  died,  but  no 
germs  coidd  be  found  in  their  blood.  Evidently,  as 
in  Van  Ermengemjs  case,  a  powerful  toxin  was  pro- 
duced by  a  mere  saprophytic  organism. 

Another  instance  of  poisoning  from  canned  salmon 
is  that  reported  by  Vaughan.  In  this  case  the  patient 
suffered  from  nausea,  vomiting,  and  a  griping  pain  in 
the  abdomen;  six  hours  later  he  vomited  at  frequent 
intervals  small  quantities  of  bile-colored  mucus.  Con- 
stipation was  present  and  a  scarlatinous  rash  appeared, 
covering  the  bodv  from  head  to  foot.  The  pulse  was 
140  and  the  temperature  102°  F.  Although  the  rash 
disappeared  next  day,  a  slight  fever  persisted  for  some 
time  and  the  patient  was  confined  to  his  house  for  a 
week.  From  the  salmon  Vaughan  isolated  a  micro- 
coccus which  proved  highly  toxic  when  grown  under 
anaerobic  conditions. 

Poisonous  Milk. — Milk  is  unquestionably  a  most 
prolific  source  of  intoxication  and  especially  of  real  in- 
fection. This  is  readily  understood  when  it  is  remem- 
bered that  raw  milk,  the  form  in  which  it  is  most  often 
consumed,  contains  enormous  numbers  of  bacteria. 
Under  most  exceptional  conditions  a  disease  of  the 
animal  may  be  transferred  through  the  milk  which  it 
secretes.  As  a  rule,  however,  large  numbers  of  bac- 
teria from  all  imaginable  sources  enter  the  milk  after 
it  leaves  the  animal.  More  or  less  fermentation,  even 
if  no  change  is  recognizable  by  the  eye  or  taste,  exists 
necessarily  in  such  a  product.  The  diarrheas  of  in- 
fancy only  too  often  stand  in  the  same  relation  to  milk 
as  do  the  forms  of  gastroenteritis  resulting  from  the  use 
of  infected  meats.  Again,  the  transmission  of  tji^hoid 
fever  through  milk  is  known  to  have  occurred.  Thus 
Davies,  in  1897,  reported  an  outbreak  of  197  cases  of 
typhoid  fever,  all  of  which  were  directly  traceable  to 
one  milk  supply.  Wilckens,  in  1898,  reported  upon  a 
similar  epidemic  which  developed  in  Hamburg.  Of 
the  82  cases  unquestionably  resulting  from  milk  infec- 
tion 65  were  in  women  and  children  and  only  17  were 
in  men.  Instances  of  this  kind  could  be  multiplied 
not  only  as  regards  typhoid  fever  but  also  as  to  other 
infectious  diseases,  notably  streptococcal  sore  throat. 
However,  by  milk  poisoning,  or  galactotoxismus, 
usually  is  meant  acute  intoxications  analogous  to  those 
noted  in  connection  with  meat  and  fish. 

The  tyroloxicon,  discovered  by  Vaughan  in  1885, 
first  in  cheese  and  later  in  milk,  has  been  repeatedly 
found  in  milk  and  other  milk  products  since  then. 
Newton  and  Wallace  in  1886  reported  an  outbreak  of 
milk  poisoning  of  this  kind  which  affected  a  large  num- 
ber of  people  at  Long  Branch.  In  the  same_  year 
Schearer  fovuid  tyrotoxicon  in  milk  used  by,  and  in  the 
vomited  matter  of,  persons  made  sick  at  a  hotel  in 
Corning,  Iowa.  In  1887  Firth,  an  English  army  sur- 
geon stationed  in  India,  reported  an  outbreak  of  milk 
poisoning  among  the  soldiers  of  his  garrison,  and  from 
the  milk  he  isolated  tyrotoxicon.  In  the  same  year 
Vaughan  reported  an  instance  of  milk  poisoning,  due 
to  tyrotoxicon,  in  which  three  of  the  patients  died. 
In  1898,  Wesener  and  Rossmann  reported  the  isola- 
tion of  tyrotoxicon  in  crystalline  form  from  poisonous 
cheese.  "  The  exact  nature  of  this  substance  has  never 
been  established. 

In  view  of  the  large  number  of  different  species  of 
bacteria  which  may  be  present  in  mUk  it  is  evident  that 
diverse  organisms  may  take  the  causative  role  and 
hence  different  toxins  may  be  elaborated  in  milk. 
Gaff'ky,  for  example,  reports  an  instance  in  which  three 
laboratory  men  became  infected  through  inUk,  and 
suggests  that  the  epidemic  which  prevailed  in  Chris- 
tiania  in  1888,  in  which  6,000  people  sickened  within 
three  weeks,  was  probably  due  to  milk  infection.    From 


the  former  instance  Gaffky  isolated  a  small,  highly 
virulent  form  of  the  colon  bacillus. 

Poisonings  from  various  products  of  milk  such  as  ice- 
cream, cream-puffs,  and  frozen  custards  have  been  fre- 
quently met  with.  In  such  cases  undoubtedly  the  in- 
jurious organism  is  derived  from  the  milk  and  with  fa- 
vorable conditions  is  enabled  to  multiply  and  give  rise 
to  its  peculiar  toxin.  Here  again  no  one  organism  is  at 
work  in  all  poisonings  of  this  kind  and  consequently 
diverse  poisons  are  to  be  expected.  Coloring  matter 
and  especially  flavoring  extracts,  such  as  vanillin,  are 
often  credited  with  causing  these  poisonings,  but  it 
can  be  readily  shown  that  large  quantities  of  such 
extracts  can  be  taken  without  the  least  injury.  While 
it  is  possible  for  deleterious  substances  or  poisonous 
metals  to  find  their  way  into  milk,  ice-cream,  and  other 
products,  yet  such  instances  have  not  been  demon- 
strated. On  the  contrary  a  careful  examination  of 
such  poisonous  matter  will  invariably  demonstrate 
the  presence  of  toxic  bacteria  and  their  products. 

In  poisonous  ice-cream,  Vaughan  and  Novy  re- 
peatedly found  tyrotoxicon,  and  this  toxic  bacterial 
product  has  been  likewise  detected  in  similar  material 
by  Schearer,  AUaben,  and  Welford.  In  1896,  Vaug- 
han and  Perkins  reported  upon  an  outbreak  of  ice- 
cream poisoning  which  affected  many  people.  Nausea, 
vomiting,  and  diarrhea  were  as  a  rule  present  and  the 
most  alarming  feature  was  the  feebleness  in  the  heart's 
action.  In  some  persons  the  entire  body  became  cool 
and  clammy  and  the  radial  pulse  was  not  detectable. 
In  some  delirium  and  stupor  were  also  present.  The 
germ  isolated  from  the  ice-cream  showed  a  marked 
resemblance  to  the  colon  bacillus. 

Cheese  poisoning,  or  tyrotoxismus,  like  sausage 
poisoning,  is  of  relatively  frequent  occurrence  and  for 
that  reason  both  attracted  the  attention  of  scientists 
at  an  early  date.  It  is  unnecessary  to  recapitulate 
the  various  theories  that  have  been  propounded  from 
time  to  time  to  account  for  this  toxicity  of  chee.se. 
The  phenomenon  is  readily  explained  along  the  fines 
heretofore  laid  down.  Various  toxicogenic  bacteria 
may  accidentally  develop  during  the  ripening  or  stor- 
age" of  the  cheese  and  consequently  impart  to  it  poi- 
sonous properties.  To  Vaughan  is  due  the  credit  of 
being  the  first  to  discover  and  isolate  the  chemical 
poison  tyrotoxicon,  in  several  outbreaks  of  cheese 
poisoning.  Wallace,  Wolff,  and  others  have  also 
isolated  the  same  poison  from  cheese.  Dokkum, 
employing  a  modification  of  the  method  used  by 
Vaughan,  isolated  a  somewhat  different  substance  to 
wliich  he  gave  the  name  tyrotoxin.  From  poisonous 
cheese  Le  Pierre  obtained  a  basic  body,  C16H23N2O*. 
Insufficient  attention  has  been  given  in  the  past  to  the 
study  of  the  bacteria  present  in  toxic  cheese,  and  it  is 
to  be  hoped  that  in  the  future  special  attention  will 
be  directed  to  this  work.  The  studies  of  Vaughan  and 
McClymonds  have  shown  that  toxicogenic  germs  are 
present  in  nearly  all  cheese.  Cultures  obtained  frpm 
forty-nine  samples  of  American  green  cheese  killed 
white  rats,  guinea-pigs,  and  rabbits.  The  colon  group 
is  usually  thus  represented,  and  it  is  therefore  a  matter 
of  little  surprise  if  under  favoring  conditions  some  of 
these  organisms  develop  sufficiently  to  render  a  given 
sample  poisonous. 

Poisonous  Molluscs. — Mussel  poisoning,  ormytilo- 
toxismus,  is  characterized  by  a  greater  variety  of 
symptoms  and  a  relatively  greater  fatality  than  is 
observed  in  other  food  infections.  There  can  be  no 
question  as  to  the  main  fact  that  poisonous  nuissels 
owe  their  toxicity  to  the  presence  of  bacteria  and  more 
especially  to  the  products  elaborated  by  these  organ- 
isms. It  is  possible,  however,  as  Boinet  (1911) 
pointed  out,  that  isolated  cases  of  mussel  poisoning 
may  be  of  the  nature  of  anaphylactic  intoxications. 

In  general  three  types  of  symptoms  have  been  noted. 
A  gastroenteritis,  cbaracterized  by  nausea,  vomiting, 
and  diarrhea,  shows  no  difference  from  many  of  the 
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common  instances  of  meat  poisoning.  The  exan- 
themic  type  has  been  most  frw|uently  observed.  This 
begins  with  a  sensation  of  heat  which  spreads  from 
the  face  to  all  parts  of  the  bod}'  and  is  followed  by  a 
papular  or  vesicular  eruption.  Itching  is  a  marked 
feature  and  dyspnea  may  be  pronounced.  The  third 
type  is  very  similar  to  tliat  oljserved  by  Van  Erineii- 
gem  in  connection  with  the  Barillus  botulinus  which 
he  isolated  from  ham.  The  symptoms  on  the  part 
of  the  nervous  system  predominate.  Headache, 
dizziness,  constriction  of  the  throat,  difficulty  in 
speech,  extreme  muscular  weakness,  and  numbness 
and  coldness  of  the  limbs  are  marked  symptoms.  The 
pupils  are  dilated  and  reactionless,  but  the  pulse  is 
relatively  low  and  there  is  no  elevation  of  temper- 
ature. 

One  of  the  best  studied  outbreaks  of  mussel  poi- 
soning was  that  of  Wilhelmshaven.  In  this  ea.se  the 
cooked  mussels  produced  symptoms  within  an  hour  or 
more  and  death  resulted  in  two,  three,  and  five  hours 
after  eating.  From  these  mussels  Brieger  obtained 
the  highly  poisonous  ptomain  mytilotoiin.  The  fact 
that  the  poisonous  mussel  were  obtained  from  brack- 
ish water  and  that  they  became  non-poisonous  when 
removed  to  fresh  sea-water  would  indicate  that  the 
mussel  were  either  diseased  or  their  vitality  was  low- 
ered to  such  an  extent  that  they  allowed  the  free  de- 
velopment of  toxicogenic  bacteria. 

Instances  of  poisoning  with  oysters  are  frequent 
enough.  This  is  especially  true  when  the  oysters 
come  from  a  bed  polluted  with  .sewage.  Just  as  pol- 
luted milk  or  water  may  be  the  carrier  of  typhoid  fever, 
so  hkewise  oysters  when  gathered  from  polluted  banks 
can,  and  have  been  known  to,  cause  epidemics  of  this 
disease  as  well  as  less  dangerous  diarrheas.  At  times 
the  symptoms  of  acute  intoxication  following  the  use 
of  oysters  are  as  pronoiuiced  and  as  fatal  as  those 
noted  in  connection  with  mussel  poisoning.  Brosch, 
for  example,  reported  a  case  in  1S96  in  which  an  officer 
died  in  twelve  hours  after  eating  some  oysters  which 
at  the  tune  were  noted  to  have  a  bad  taste.  _  The 
symptoms  were  of  the  paralytic  type :  dimness  of  vision, 
salivation  with  inability  to  .swallow  or  expectorate, 
anuria,  difficult  and  indi.stinct  speech,  with  paralysis 
of  the  right  side  of  the  face,  including  dilatation  of 
the  pupil  and  ptosis  of  the  right  eyelid,  great  muscular 
weakness,  cyanosis  and  death. 

Poisonous  Veget.^ble  Foods. — .\lthough  animal 
foods  are  most  often  the  cause  of  food  poisoning,  yet 
they  are  by  no  means  alone  in  this  respect.  Canned 
vegetable  foods,  tomatoes  for  example,  have  been 
known  to  give  rise  to  serious  illness.  The  presence 
of  toxicogenic  bacteria  or  of  their  products  is  respon- 
sible for  these  effects  rather  than  are  the  traces  of  tin 
or  lead  which  may  be  present.  Instances  of  slimy 
bread  which,  as  is  well  known,  are  due  to  the  pres- 
ence of  slime-producing  bacteria  of  the  jjotato  bacillus 
group,  have  been  shown  by  Vogel  to  cause  at  times 
marked  symptoms  of  gastroenteritis. 

The  most  severe  form  of  food  poisoning,  that  due  to 
B.  botulinus,  has  also  been  observed  in  connection 
with  vegetable  foods.  Thus,  a  notable  instance  oc- 
curred in  Darmstadt,  in  1904,  where  canned  beans 
produced  fatal  illness  in  eleven  out  of  twenty-one 
cases.  The  symptoms  were  identical  with  those  of 
botulismus  caused  by  meat,  and  from  the  material 
Landmann  isolated  the  above-named  organism. 

An  even  more  striking  examjile  was  reported  by 
Peck  (1910)  from  Sawtelle,  Cal.,  where  eleven  out  of 
twelve  persons  died  after  eating  canned  pears.  While 
in  this  case  the  organism  was  not  isolated,  there  can 
be  no  doubt  but  that  it  was  one  of  true  botulism. 

During  recent  years  poisonings  have  been  reported 
from  puddings,  '  gruel,  oat-meal,  beans,  noodles, 
potato  salad,  etc.  The  organisms  found  in  these 
outbreaks  were  usually  B.  etiterilidis,  or  B.  parn- 
typhosus  B.  though  B.  coli,  Proteus  vulgaris,  and  even 


tlie  hay  bacillus  have  been  isolated  from  some  of  this 
material. 

I'nder  the  designation  sitotozismus  Vaughan  in- 
cludes all  forms  of  poi.sonings  with  vegetable  foods, 
infected  with  moulds  and  bacteria.  Mould  infections 
especially  play  a  most  important  part  in  vegetable 
foods,  whereas  they  are  practically  unknown  in  con- 
nection with  food  of  animal  origin.  The  best-known 
example  of  this  kind  is  ergotismus,  veritable  epidemics 
of  which  have  prevailed  in  different  parts  of  Europe 
during  past  centuries.  At  pre.sent,  example-s  of  this 
form  of  intoxication  are  relatively  rare  and  are  prac- 
tically unknown  in  this  country.  The  cau.se  is  the 
fungus,  Claviceps  purpurea,  which  develops  on  rye 
and  other  grain.  At  lea.st  three  poLsons,  ergotinic 
acid,  sphacelinic  acid,  and  cornutin,  were  formerly 
looked  upon  as  the  active  constituents  of  ergot.  Since 
1907,  Barger  and  Dale  have  isolated  three  important 
toxic  agents  from  ergot,  namely — ergotoxine,  para- 
hydroxj-phenyl  ethylamine  and  fJ-iminazolyl  ethyla- 
mine.  Another  compound  found  in  ergot  extracts  is 
aginatine.  The  three  last  mentioned  are  derived  by 
the  splitting  off  of  carbonic  acid  from  t\Tosine,  histi- 
dine,  and  arginine,  respectively.  The  inert  amino 
acids  become  converted  thus  into  toxic  compounds. 

The  disea.se  known  as  pellagra,  which  prevails  to  an 
unfortvmate  extent  in  Southern  Europe  and  even  in 
this  countr\-  was  formerly  considered  to  be  due  to  the 
eating  of  spoiled  corn.  Recent  studies,  however,  have 
fliscrcdited  this  view  and  the  etiolog\-  is  still  a  matter  of 
investigation. 

Exnminnlion  of  Poisonous  Foods. — A  description  of 
the  various  kinds  of  food  ])oisonings  would  be  incom- 
plete without  some  statement  of  the  methods  to  be 
pursued  in  making  examinations  of  suspected  material. 
It  not  infrequently  happens  that  the  amount  of  food 
that  is  left  over  from  a  meal  is  very  small  and  for  that 
reason  it  should  be  put  to  the  best  possible  use.  In- 
asnmch  as  a  chemical  analysis  is  of  very  little  value  it 
is  not  advisable  to  use  up  the  greater  part  of  the  mate- 
rial in  such  work.  At  all  events  it  should  be  deferreci 
until  a  complete  bacteriological  examination  has  been 
made.  The  chemical  substances  will  in  no  wise  suffer 
by  such  delay. 

"a  considerable  amount  of  time  can  be  saved,  and 
perhaps  wrong  conclusions  avoided,  by  determining 
at  the  outset  whether  or  not  the  suspected  food  is 
really  poisonous.  This  is  apparently  a  simple  ])rop(V 
sit  ion  but  not  always  one  that  can  be  easily  carried 
out.  Some  animals  are  not  susceptible  to  a  given 
jioi.sonous  food,  while  others  are.  Consequently,  as 
many  different  animals  as  possible  should  be  fed  or 
given,  through  a  stomach  tube,  the  material  \mder 
investigation  until  .some  are  found  to  be  susceptible. 
In  comparatively  mild  poisonings  the  experimenter 
has  been  known  to  make  the  crucial  test  on  himself. 

In  the  ca.se  of  pork  and  its  products  the  pre.<ence  or 
absence  of  trichinx  should  be  determined  at  the  out- 
set. In  case  the  poisonous  nature  of  the  food  is 
established  by  feeding  experiments  the  affected  or 
dead  animals  may  be  examined  by  the  u.sual  methods 
for  bacteria.  It  should  be  remembered,  however,  that 
there  are  cases  in  which  no  l)acteria  can  be  detected  in 
the  dead  body,  for  the  reason  that  they  may  l>e  vm- 
able  to  nuiltiply  in  the  living  body,  although  thev  may 
elaborate  powerful  poisons  in  the  food  itself.  Death 
in  such  in.stances  would  be  the  result  of  a  true  intoxi- 
cation. On  the  other  hand,  the  poisonous  organism 
may  grow  in  the  body  and  an  infection  proper  may 
esult!  in  which  case  tlie  germ  will  be  found  distributed 
through  the  body. 

The  feeding  experiments  should  be  supplemented 
by  injections,  subcutaneous  and  intraperitoneal,  of 
niacerations  of  the  food  in  sterile  water.  Eventually, 
aerobic  and  anaerobic  cultures  should  be  made  with 
the  jioisonous  food  and  the  toxic  organism  should  be 
isolated  and  its  effects,  in  pure  culture,  studied  upon 
susceptible  animals.     The  selective  media  employed 
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for  the  detection  of  typhoid  and  paratyphoid  bacilli 
should  be  used  in  this  work,  and  the  serum  reactions 
should  not  be  overlooked.  The  presence  of  soluble 
poisonous  products  in  such  cidtures  may  be  demon- 
strated by  filtration  through  porcelain. 

Frederick  G.  Novy. 


Foods  for  the  Sick. — The  proper  adjustment  of 
food  for  the  individual  in  health  yields  results,  in  the 
form  of  work  and  physical  well-being,  that  will  fully 
reward  the  dietetic  care  exercised.  Man  has  at  his 
dispo.sal  a  greater  variety  of  foods  than  any  other 
animal.  The  methods  pursued  in  the  preparation  of 
the  food  will  greatly  modify  its  taste  and  digestibility. 

A  food  is  any  substance  which  can  be  utilized  in  the 
living  organism  for  structural  or  functional  purposes. 

A  coynplcte  food  must  contain  all  of  the  substances 
necessary  to  construct  and  maintain  the  activities 
of  the  tissues  of  the  body.  Thus,  while  meat  furnishes 
us  food  in  concentrated  form,  it  is  a  simple  and  not  a 
complete  food.  Milk  is  composed  of  the  elements 
necessary  to  construct  and  maintain  the  human 
economy.  Such  a  food  must  contain  water,  mineral 
matter,  nitrogenous  matter,  carbohydrates,  and  fats. 
It  is  not  enough  that  a  substance  possess  these  ele- 
ments in  order  to  be  regarded  as  a  complete  food,  but 
it  must  possess  them  in  assimilable  form  and  of  such 
a  character  that  sufficient  for  nutritive  purposes  may 
be  ingested. 

The  individual  in  health  gives  little  heed  to  proper 
combinations  of  food  elements  and  the  intake  of 
nourishment  sufficient  to  secure  a  condition  of  nutri- 
tional e(|uilibrium.  It  is  only  when  the  viscera 
concerned   with    the    elaboration    and    utilization    of 


food  have  been  disordered  by  disease  or  the  in- 
gestion of  an  excess,  or  of  imsuitable  food,  that 
dietetic  measures  are  considered. 

The  problem  of  adjusting  the  food  to  the  require- 
ments of  the  individual  in  health  is  most  complex; 
the  adaptation  of  the  dietary  to  diseased  organs  is 
yet  more  complicated. 

Factors  Concerned  in  the  Selection  of  Food  for 
THE  Sick. — The  calorie  values  of  the  various  foods  are 
being  given  more  extended  consideration  in  our 
ordering  of  food  for  the  sick.  It  is  too  soon  to  expect 
them  to  form  the  sole  basis  of  the  dietary  except  in 
selected  ca.ses,  e.g.  typhoid  fever,  diabetes,  and  infant 
feeding.  They  have  already  furnished  the  data  to 
discredit  the  limited  dietary  of  typhoid  fever. 
That  ordinary  "beef  tea  has  starved  more  people 
than  were  killed  by  Najwleon's  wars,"  is  a  familiar 
saying.  The  same  may  be  observed  of  the  cus- 
tomary three  pints  of  milk  allowed  a  typhoid  fever 
patient.  A  study  of  calorie  values  seems  to  be  the 
best  way  to  impress  the  important  lesson  of  treat- 
ment so  generally  disregarded,  namely,  that  drugs 
can  influence  force  only  after  it  has  been  generated 
either  by  a  sufficient  food  intake  or  by  the  con- 
sumption of  the  food  elements  comprising  the  body; 
or  again,  that  a  sufficiency  of  the  calorie  value  of 
the  diet  may  not  be  disregarded  save  in  illness  of 
brief  duration. 

The  adjustment  of  the  diet  of  the  sick  has  been 
subject  to  marked  changes  in  the  recent  past  as  a 
rgsult  of  the  fuller  understanding  of  the  problems 
concerned  with  digestion  and  metabolism  and  the 
better  understanding  of  the  reciuirements  of  the 
economy  in  health  and  as  influenced  by  various  morbid 
processes. 


Table  of  Liquid 

AND  Semi-liquid  Diet  in  Calories  and  Portions.     (Dr 

C.  B.  Farr.) 

Description  of  portions. 

Description  of  articles. 

Rough  measure. 

Exact  measure. 

Protein, 
grams. 

Fat, 
grams. 

Carbo- 
hydrate, 
grams. 

Grams. 

Oz.  av. 

Calories. 

A  glassful  or  7  fluid  ounces 

217 
205 
210 
187 
26 
7 

7.6 
7.2 
7.4 
6.6 
0.9 
0.2 

7.1 
7.0 
6.3 
1.9 
0.6 
0.1 

8.7 
0.6 
1.1 
0.6 
4.8 
5.5 

10.8 

10.4 

10.0 

9.4 

1.1 

0.0 

150 

Milk,  skimmed  (0.3  per  cent,  fat) 

Buttermilk  (0.5  per  cent,  fat) 

Whey  (0.3  per  cent,  fat) 

75 

75 

A  glassful  ("scant")  or  6  fluid  ounces  . 
IJ  tablespoonfuls  or  |  fluid  ounce 

50 
50 

50 

Sugar  (granulated  cane — powdered  milk, 
malt,  etc.). 

*  Oat  or  barley  gruel  (1  oz.  of  the  flour 

to  quart  of  water). 

•  Legume  gruel  (1  oz.  of  the  flour  to 
quart  of  water). 

2  teaspoonfuls  (rounded)  of  granulated, 
1  tablespoonful  (heaping)  of  powdered. 

13 

218 

217 

6 
23 

0.4 

7.6 

7.6 

0.2 
0.8 

0.0 

1.0 

1.7 

0.6 
3.6 

0.0 

0.0 

0.0 

0.5 
0.5 

12.5 

5.2 

4.6 

4.4 
20.4 

50 
25 

25 

25 

Toast  dried  in  oven  (for  use  with  milk) . 

1  thick  (3  in.  X3  in.  Xh  in.)  or  2  thin 
slices  (wt.  as  bread:  39  grams). 

100 

Egg 

White  of  egg  (in  glass  of  water,  lemon- 
ade, or  beef  extract). 

•  Beef  juice   (pressed — Holt) 

•  Beef  broth  (Holt),  mutton  and  chicken 

similar). 

One  average  (weight  includes  shell) .... 

57 
49 

40 
250 

11 

2.0 
1.7 

1.4 

8.8 

0.4 

6.8 
6.0 

2.0 
2.5 

0.0 

5.3 
0.1 

0.2 
trace 

11.1 

0.0 
0.0 

0.0 
0.0 

0.0 

75 
25 

10 

10 

One  tablespoonful  (even),  i  fluid  ounce 

100 

Gelatin  (1  pckge.  gelatin,  ^  lb.  sugar,  2 

qts.  water). 

Junket  (1  qt.  milk,  2  oz.  sugar) 

.Soft  custard  (same  with  4  eggs) 

Corn  starch  (1  qt.  milk,  2  oz.  sugar,  1 

oz.  of  corn  starch). 
Rice  pudding  (I  qt.  milk,  2  oz.  sugar, 

3  oz.  of  rice. 

7  tablespoonfuls  or  3 J  fluid  ounces. . .  . 

8  tablespoonfuls  or  4  fluid  ounces. .... 

5  tablespoonfuls  or  2J  fluid  ounces. . . . 
7  tablespoonfuls  or  3  J  fluid  ounces. . . . 

6  tablespoonfuls  or  3  fluid  ounces 

100 

110 

83 

100 

83 

3.5 

3.9 
2.9 
3.5 

2.9 

1.8 

3.6 
5.0 
3.3 

3.3 

0.0 

4.4 
5.1 
4.0 

3.3 

11.0 

11.7 

S.8 

13.0 

14.4 

50 

100 
100 
100 

100 

Data  derived  directly  or  indirectly  from  Bull.  28  Dept.  Agriculture  ("exceptions). 
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FoodH  for  tbe  SIrk 


Table  Showing  the  Nutritive  Value  of  the  Food  Matehials  Calculated  Foit  the  Quantities  Commonlt  UfcyciutD  is  Cooiti.ia 

Small  Pohtions. 
(From  Phactical  Dietetics  by  Alida  F.  Pattee.) 


Food  material  (uncooked) . 


Almonds,  shelled. 

Apples,  fresh 

Apples,  dried. ... 
Apricots,  dried. . . 

Arrowroot 

Asparagus 


Bacon 

Bacon 

Bananas 

Barley,  pearl  .  . . 
Barley,  crushed  , 
Barley,  flour.  . . . 
Barley,  flour..  .  . 


Bass  fedible  portion)  . 
Bass  (edible  portion)  , 


Beans,  string 


Beef  broth. 
Beef  broth . 


Beef  juice. 


Beef  marrow. 
Beef  marrow. 


Beef  steak,  porterhouse  . 
Beef  steak,  porterhouse. 

Beef  steak,  rump. 

Beef  steak,  rump 

Beef  steak,  sirloin 

Beef  steak,  sirloin 

Beef  steak,  top  of  round  . 


Measure. 


Weight. 


1  cup 

1  medium. . .  . 
1  cup 

1  cup 

1  tablespoon . 
1  buDcb 


1  serving 

1  lb 

1  medium  .  .  . 
1  tablespoon  . 
1  tablespoon . 
1  tablespoon . 
1  cup 


1  serving. 
1  lb 


1  Ber\'ing. 

1  serving, 
1  quart. .  . 


1  serving. 


1  tablespoon  . 
1  lb 


Beef  steak,  top  of  round 1  Ib. 


1  serving. 

lib 

1  serving . 

1  lb 

1  serving. 

1  lb 

1  serving. 


Blue  fish  (edible  portion) 1  serving. 

Blue  fish  (edible  portion) 1  lb 


Brandy. 
Bran. . . . 


Brazil  nuts,  shelled 

Brazil  nuts,  shelled 

Brazil  nuts,  shelled  and  chopped. 


Bread,  white 

Bread,  white 

Bread,  crumbs  (dry).. 
Bread,  Boston  brown. 
Bread,  gum  gluten. . . . 
Bread,  gum  gluten. . . . 


Butter. 
Butter. 


Carrots. 


Cauliflower. 
Celery 


Cheese,  American 

Cheese,  American  (fresh  grated) . 

Cheese,  cottage 

Cheese,  cream 


Chicken  (edible  portion), 
Chicken 


1  tbsp. 
1  cup.. 


1  lb 

1  nut 

1  tablespoon  . 


1  slice 

1  loaf 

1  cup 

1  small  slice. 

1  slice 

1  loaf 


1  tablespoon  . 
1  cup 


1  small. 


1  serving. 
1  serving. 


Ois. 

5.6 
5-h 
3 
5 

44  (2}  lbs.) 


0.6 
16 
3i 
I 

i 
i  + 


1  tablespoon .  . 

2  tablespoon .  . 

1  serving 

2  tablespoon .  . 
(IJ  cubic  inch) 

1  serving 

1  lb 


Chocolate  (unsweetened) 1  square. 

Chocolate  (unsweetened) j  1  lb 


3J 
16 


3i 
32 

3J 


16 

3} 
16 

3} 
16 

3i 
16 

3i 
16 

3J 

16 

i 
2} 


} 

i 

1 

12 

4i 

1 

1 

13 


2.0 

4.0 

2.0 

J 
1 
1 
8 

3i 
16 

1 
16 


Gms. 

100 
150 

85 
142 

14  + 
1247 


18 
454 
100 

27 

14  + 

16 
227 

100 
454 

113 

100 
907 


14.1 
454 

100 
454 
100 
454 
100 
454 
100 
454 

100 
454 

14  + 
71 


28. 
340 
136 

28. 

28. 
386. 


14  + 
227 


57 
113 

57 

15 

28.4 
28 
23 

100 
454 

28.4 
454 


Protein. 


Gms. 

33.6 
0.5 
1.4 
6.6 


22.4 


1.6 

43 
0.8 
2.2 
1.1 
1.3 

19.0 

18.6 
84.3 


10.3 
93.4 


0.31 
9.92 

19.1 
86.6 
21.0 
94.8 
16.5 
74.8 
19.5 
88.45 

19.4 

87.8 


7.8 

76.94 
1.20 
3.6 

2.6 

31.6 

12.6 

1.5 

8.4 

114 

0.1 
2.2 


0.5 
2.0 


4  0 
8.0 
5.9 
6.1 

21.4 
97.5 

3.65 
58.5 


Fat. 


Carbo- 
hydrates. 


Gms. 

87.8 
0.5 
1.8 
1.4 


2.4 


10.4 
269.4 
0.4 
0.3 
0.1 
0.2 
2.5 

2.8 
12.6 


0.3 
2.7 

0.6 

13.1 
420.8 

18.0 
81.2 
13.7 
62.1 
16.1 
73.0 
7.3 
33.1 

1.2 
5.44 


1.5 

302.88 

4.74 

14.22 


1.6 
0.5 


30 


12. 
193 


27.7 

16 

56.2 

88.5 

13.8 

41.0 


14.0 
19.8 
11.3 
12.5 
174.3 


5.8 


43.4 

31.68 
0.05 
0.15 

15.0 

179.3 

71.7 

13.3 

8.5 

116.3 


4.2 
5.2 
1.4 


I 


13. S 
220.9 


S.59 
137.4 


Fuel  value. 


Calories. 

1035 

70 
247 
354 

SS 
276 


100 

2597 
64 
90 
51 
57 
796 

100 
452 

44 

44 

398 

25 

120 
3828 

238 
1077 
207 
938 
211 
957 
144 
652 

88 
401 

42 
218 

3048 
47.6 
142.8 

73 
881 
352 

64 

70.3 
957.2 

109 
1744 


5.0  

10.0  ; 

0.28  I    1.2 

8.1  0.5 

2.5   I 

11.3 


20 


35 


62 
124 

31 
100 

108 
492 

173 
2772 
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Table  Showing  the  Nutritive  Value  of  the  Food  Materials  Calculated  for  the  Quantities  Commonly  Required  in  Cook- 
ing Small  Portions. — {Continued.) 


Food  material  (uncooked) . 


Measure. 


Weight. 


Protein. 


Fat. 


Carbo- 
hydrates. 


Fuel  value. 


C — (Continued) 


Clams  (edible  portion) 

Clam  bouillon 

Clam  bouillon 


1  serving. 
1  serving. 
1  quart. .  . 


Claret  (10%  alcohol) 1  tablespoon  . 

Cocoa 1  tablespoon  . 


Cod.  fresh  (edible  portion) 

Cod,  fresh 

Cod  fish,  salt,  boneless 

Cod  fish,  salt,  boneless 


1  serving. 

1  lb 

1  serving. 
1  lb 


Condensed  milk.  Eagle  brand ,  1  teaspoon , 

Condensed  milk.  Eagle  brand : 

Condensed  milk.  Eagle  brand 1  can 


Consomme 1  serving. 

Consomme 1  quart.  .  . 


Corn. 


Cornmeal 1  tablespoon  . 

Cornmeal ]lcup 


1  cup. 


,  Cornstarch I  1  tablespoon  . 

Cornstarch 1  cup 


Cracker  crumbs 1  cup. . 

Crackers,  water 1  large. 


Cream,  thin  (18%).. 
Cream,  thin  (18%).. 
Cream^  thick  (40%). 
Cream,  thick  (40%). 


Cucumbers,  fresh  (edible  portion) . 


Currants,  fresh. 
Currants,  dried. 


Dates  (with  stones) 

Dry  peptoDoids,  soluble. 


Eggs,  whole,  average  size  (without  shell)  . 

Eggs,  white 

Eggs,  yolk 


Farina. 
Farina. 


Figs- 
Figs. 


Filberts,  shelled. 
Filberts,  shelled. 
Filberts,   shelled. 


Flour,  barley 

Flour,  barley 

Flour,  gum  gluten 

Flour,  gum  gluten 

Flour.  Graham 

Flour,  Graham 

Flour,  rice 

Flour,  rice 

Flour,  rye 

Flour,  rye 

Flour,  wheat  (roller  process) . 
Flour,  wheat  (roller  process)  . 


Fowl  (edible  portion) 
Fowl  (edible  portion) 


1  tablespoon . 

1  cup 

1  tablespoon . 
1  cup 


1  cup. 
1  cup. 


1  cup 

1  tablespoon  . 


I  tablespoon  . 
I  cup 

1  fig 

ilb 


1  lb 

1  doz. 

1  tablespoon  . 


1  tablespoon  . 

1  cup 

1  tablespoon . 

I  cup 

1  tablespoon . 

1  cup 

1  tablespoon. 

1  cup 

1  tablespoon . 

1  cup 

1  tablespoon  . 
1  cup 


1  serving. 
1  lb 


Ozs. 

3J 
3i 
32 


3i 
16 

2 
16 

0.388 
1 
16 

3J 
32 


J 
5J 

5  + 
i 


u 


16 


i  + 
8 

J 
5 

i 
S 

i 
8J 

1 
5 

i 
5 


3J 
16 


Gms. 

100 
100 
906 

14 

7  + 

100 

454 

57 

454 

11 

28.35 
450 

100 
906 

28.4 

10 
142 

10 
156 

151 
10 

14 
227 

14 
227 

28.4 

142 
227 


227 
159 


45 
25 
13 


10 
170 


28.4 
227 


454 


16 
227 

8 
142 

8 

142 

16 

241 

8 
142 

8 
142 

100 
454 


Gms. 

8.6 
0.2 
2.0 


3.0 

16.5 

74.8 

15.7 

125.6 

0.88 

2.77 

36.33 

2.5 
10.0 

7.9 

0.8 
13.0 


16.5 
1.2 

0.4 
5.6 
0.3 
4.99 

0.23 

2.12 
5.44 


4.0 
6 


5.4 
3.3 
2.1 


1.0 
18.7 

1.3 
9.7 

70.72 
3.3 
2.21 


1.3 
19.0 

3.46 
60 

1.3 
18.8 

1.4 
18.9 

0.5 

0.6 

0.9 
15.9 

19.3 

87.5 


Gms. 
1.0 
0.8 


4.1 

0.4 
1.8 
0.2 
1.4 

1.057 
2.72 
43.79 


3.4 


0.2 
2.6 


9.0 

0.5 

2.8 
41.9 

6.0 
90.7 

0.6 


5.6 


4.5 


0.1 
2.3 

0.1 
0.7 

296.16 

13.89 

9.2o 


0.2 

2.5 

0.12 

2.3 

0.2 

3.2 

0.04 

0.7 

0.07 

1.3 

0.08 

1.4 

16.3 
73.9 


Gms. 

2.0 
0.2 
1.6 


5.3 


6.07 

15.66 

250.60 

0.4 
1.6 

53.9 

7.1 
106.8 

9.5 
197.4 

110.2 

7.6 

0.7 

10.2 

0.5 

6.8 

0.89 

18 
84 


160.8 


7.2 
129.8 

22.2 
168.2 

58.88 
2.76 
1.84 


12.5 
174.3 

3.48 

63 

6.8 

101.2 

10.2 

187.8 

6.3 

111.5 

6.0 

106.2 


Calories 

51 

2 

23 

10 

70 

70 
315 

64 
515 

38.25 

98.59 

1579.33 

12 
46 

278 

34 

504 

38 
790 

588 
40 

29 
440 

57 
864 


81 
728 


710 
57 


60 
13 
48 


34 
616 

95 

718 

3184 
150 
100 


57 
796 

29 
512. 

34 
509 

58 
870 

28 
496 

28 
500 

224 
1015 
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Table   Showing    the    Nutritive    Value   of   the    Food  Materiala 

Portions. — i 


Calculated  for  the  Quantities  Commonly  Ilcquircd  in  Cooking  timall 
(Continued.) 


Food  material  (uncooked) . 


Measure. 


Weight. 


Pro  tela. 


Fat. 


Carfoo-      —    ,      , 
hydrate,  r"*'"'"*- 


Gelatin,  granulated. 
Gelatin  granulated.  . 
Gelatin,  shredded.  .  . 


1  tablespoon . 

1  box 

i  box 


Gum  gluten  flour. 1  tablespoon. 

Gum  gluten  flour 1  cup 

Gum  gluten  flour 1  lb 

Cium  gluten  bread 1  slice 

Gum  gluten  bread I  1  biscuit 

Gum  gluten  biscuit  crisp |  1  loaf 

Gum  gluten  noodles !  1  cup 


Greens 1  serving 

Grapes,  Malaga 1  dozen . . 

Grapes,  Malaga 1  lb 


Grape  juice. 
Grape  juice. 


1  tablespoon. 
1  cup 


Haddock   (edible  portion) |  1  serving. 

Haddock   (edible  portion) '  1  lb 


Halibut  (edible  portion)  1  serving. 

Halibut  (edible  portion) 1  lb 


Ham,  fresh,  lean 1  serving. 

Ham,  fresb,  lean 1  lb 


Hickory  nuts,  shelled 1  lb 

Hickory  nuts,  shelled  and  chopped i  cup 

Hickory  nuts,  shelled  and  chopped 1  tablespoon. 


Hominy. 
Hominy. 


Honey. 


1  tablespoon. 
1  cup 


1  tablespoon. 


Jell-0 1  box 

Jell-0 I  T  serving. 


Kumyss ^  1  qt. 

L 
Lamb  chops '  1  serving . 


Lamb  chops. 


Lard. 
Lard. 


Lemon  juice  (1  lemon) 
Lettuce 


1  lb. 


M 


Macaroni. 


Mackerel,  fresh  (edible  portion)  .  . 
Mackerel,  fresh  (edible  portion)  . 

Mackerel,  salted 

Mackerel,  salted 


1  cup. 


1  serving. 

lib 

1  serving, 
lib 


1  tablespoon.  . 
lib 


3  tablespoon. 
1  head 


Liquid  PeptoDoids [  1  tablespoon. 


Lobster  (edible  portion) 1  serving . 

Lobster  (edible  portion) ,  1  lb 


Malted  milk,  Horlick's 1  tablespoon. 

Milk,  whole 1  tablespoon . 

Milk,  whole 1  cup 

Milk,  whole I  1  quart 


OZB. 

i: 

i 


16 

1 
1.3 
i 

31 


10 


3i 
16 

34 
16 

3} 
16 

IB 
U 
i 


3..') 
0.6 


3i 
10 

0.5 
16 

li 

8 

i 

3! 
10 


3J 
16 
34 

16 

4 

0.7 

8.6 

34.4 


Gms. 

8.S 
34 
17 


8 

142 

4  SO 

28. 

386. 

7 
100 


113 


.17 
454 


14 
227 


ino 

454 


100 
4S4 


100 
454 


14 

227 


28.35 


100 
16 


100 
454 

14 
454 

42 

227 

15 

100 
454 

108 

100 
454 
100 
454 

14 

20 
244 
975 


Gms. 

7.8 
31.1 
IS. 6 


3. 

60 

191 

8. 

114 

2 

45 


40 


94 


0   "4 
4.5 


17.2 
77.9 

18.6 
84.3 

24.8 

112.0 

69.76 
6.54 
2.18 

1.2 
18.9 

0.133 


11.2 
1.9 


18  7 
84.8 


2.3 
0.8 


IS.l 
82.08 


14.7 


2.3 

0.066 
8.0 
32.2 


Gms. 


0.12 

2.3 

7.3 

0.30 

4 

0.13 

4.2 

0.3 

(19 
5.1 


0.3 
1.36 

5.2 
23.5 

14.2 
64.4 

305.6 

28.5 

9.5 

0.1 
1.4 


2.1 


28.3 
128.3 


14 
484 


0.5 


18.7  7.1 

84.8  32.16 
16.3  17.4 

73.9  78.9 


1.2 

0.8 

9.3 

39.0 


1.1 
4.96 


1.0 


Gms. 


3.48 
63 
200 

8.5 
110.3 
3.15 
32.5 


10.88 
05.3 


3.8 

00.0 


I 


51.68 
4.83 
1.01 

11.2 
179.2 

23.02 


86.4 
14.4 


9.5 

1.0 
12.2 
48.8 


4.2 

5.7 

2.1 

.5 
2.24 

81. 1 


Calories. 

81 
125 
62 

29 
S12.7 
1629.7 

70.3 
957.2 

25.5 
350 

27 

55 
328 

15 
240 


72 
324 

121 
548 

227 
1029 

3234 
.303 
101 

SO 

805 

92.5 


395 
6 


329 
1494 

127 
4083 

17 

30 

28 

84 
382 


392 

139 

629 

222 

1007 


59.54 

14 
169 
675 
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Table    Showing   the    Nutritive    Value    of  the  Food  Materials   Calculated    for  the  Quantities  C  ommonly  Required  in  Cooking  Small 

Portions, — (Continued  ) 


Food  material  (uncooked). 


Measure. 


Weight. 


Protein. 


Fat. 


Carbo- 
hydrates. 


Fuel  value. 


M — {Continued) 


Milk,  skimmed. 
Milk,  skimmed- 
Milk,  skimmed. 


1  tablespoon. 

1  cup 

1  quart 


Molasses . 
Molasses. 


I  tablespoon . 
1  cup 


Mutton  chops. 
Mutton  chops. 


1  serving. 
1  lb 


Noodles,    gluten . 


Oatmeal,  granulated  . 
Oatmeal,  granulated 


Oats,  rolled. 
Oats,  rolled. 


Olive  oil,  Nicelle. 

Olives . . 


Onion. . 
Orange. 


Orange  juice. 
Orange  juice. 


1  cup  . 


1  tablespoon. 
1  cup 


1  tablespoon. 
1  cup 


1  tablespoon. 

2  or  3 


1  serving. . 
1  medium. 


1  tablespoon. 
1  cup 


Oysters. 
Oysters- 


Panopepton. 


Peaches,  fresh . . 
Peaches,    dried , 

Peach  juice 

Peach  juice 


Peanuts,  shelled. 
Peanut  butter. . . 


Peas,  green. . . 
Peas,  canned. 


1  cup  (solid . 


1  tablespoon. 

1  medium. . .  . 

1  cup 

1  tablespoon. 
1  cup 


Pecans,  shelled. 


Pineapple,  fresh  (edible  portion)  . 

Pineapple,  canned 

Pineapple,  canned 

Pineapple,  canned 


Port  wine  (10^  alcohol). 


Potatoes,  white. 
Potatoes,  sweet. 


Prunes. 
Prunes. 

Quail... 


Q 
R 


1  cup 

1  tablespoon. 


1  serving - 
1  cup 


1  cup. 


1  slice. 
1  cup.. 
1  can. . 


1  tablespoon. 


1  medium. 
1  medium. 


Kaisins. 
Raisins. 


Raspberries,  fresh,   black  (edible  portion) . 
Raspberry  juice 


Rhubarb . 
Rhubarb. 


Rice. . 
Rice. . 

Rum. 


1  cup 

3  prunes. . 

1  serving. 


1  dozen 
1  cup. . . 


1  cup. 
1  cup. 


1  tablespoon  . 
1  cup 


1  tablespoon  . 


Ozs. 

0.7 

8.6 

34.4 


3} 

16 


3J 


2i 

i 
0.5 

4 

5 


5 
0.6 


5.5 


8 

3 

8 

24 


3i 
3i 

5 
1 

3i 


1 
16 

i 

8J 


Gms. 

20 
244 
975 

27 
317 

100 
454 


100 


14  + 
227 


5 
71 


15 
14 


113 
142 


14 
227 


28.4 
170 


13 

113 

85 

14 
227 

142 
16 

113 
184 

156 

227 

85 

227 

680 

15 

100 
100 

142 
28.4 

100 


9 
113 


142 
227 


28.4 
454 


15 
240 


Gms. 

0.7 

8.3 

33.1 

0.6 
7.6 

16.0 
72.5 


45 


1.8 
28.8 


0.7 
11.8 


0.1 

1.8 
1.2 


1.7 
10.5 


0.8 
1.4 


36.55 
4.8 

7.7 
6.6 

15.0 

0.9 
0.4 
0.9 
2.6 


2.2 

1.8 


2.5 
0.5 


21.8 


0.2 
2.6 


2.4 


0.2 
2.7 


1.1 
18.1 


Gms. 

0.06 

0.7 

2.9 


33.1 
150.1 


4.2 


0.9 
14.7 


0.3 
5.2 


15 
2.8 


0.3 
0.3 


0.3 
2.0 


.1 
1.8 


54.7 
7.7 


0.5 
0.4 


110.0 


0.7 
0.6 
1.6 
4.8 


0.1 
0.7 


8.0 


0.3 
3.4 


1.4 


0.2 
3.2 


0.04 
0.7 


Gms. 

1.0 
12.5 
49.7 

18.7 
219.7 


32.5 


9.9 
158.2 


2.7 
46.9 


1.2 

11.2 

17.4 

1.6 
25.6 

1.0 
6.3 


2.5 

11.3 

56.2 

1.1 

17.6 

34.55 

2.8 

19.6 
18.0 

23.8 

22 
31 

82.6 
247 


18.4 
27.4 


88.1 
17.6 


6.5 
77.6 


17.8 
22.6 


1.0 
16.3 


11.2 
179.1 


Calories. 

7 

89 

358 

77 
909 

362 

1640 


55 
880 


16 
282 


135 
31 


56 
77 


6 
104 


14 
84 


30 

50 

247 

5 

80 

777 
100 

114 
100 

1143 

98 

130.5 
1348 
044 


10 


83 
123 


363 
72 


29 
352 


94 

00 


6 
103 


50 
795 


38 
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Table    Showing   the    Nutritive    Value  of  the    Food  Miiterials  Calculated  for  the  Quantities  Commonly  Required  in  Cooking  Small 

Portiona. — (.Continued.) 


Food  material  (uncooked.) 


Measure, 


Weight. 


Protein. 


Fat. 


Carbo- 
hydrates. 


Fuel  value 


Salmon  (edible  portion) . 
Salmon  (edible  portion) . 


1  serving. 
1  lb 


Saltines. 


1  wafer. 


Sardines,  canned. 
Sardines,  canned. 


Shad  (edible  portion) . 
Shad  (edible  portion) . 
Shad  roe 


1  ser^'ing. 
1  can 


1  serving. 

lib 

1  serving. 


Sherry 1  tablespoon. . 


Spinach. 
Squabs. . 


Squash. 


1  serving. 
1  serving. 
1  serving. 
1  serving. 


Strawberries  (ed'ble  portion) 

Strawberries  (edible   portion) 1  cup 

Strawberry  juice 1  cup 


Suet 1  tablespoon. , 

Suet :  1  lb 


1  tablespoon. . 

1  cup 

1  lump 

1  cup. 


Sugar,  granulated 

Sugar,  granulated 

Sugar,  loaf 

Sugar,  loaf 

Sugar,  powdered '  1  tablespoon 

Sugar,  powdered 1  cup 

Sugar  of  milk  Patch's 

Sugar  of  milk  Patch's 


Sugar  of  of  milk  Patch's. . 


Sweetbreads. , 
Sweetbreads. , 
Sweetbreads., 


Tomatoes  . 
Tomatoes  . 
Tomatoes . 


1  teaspoon . . . . 
(average  size) 
1  tablespoon.. . 


1  serving 

1  lb 

1  pair 

(medium  size) 


1  tablespoon. . . 

1  cup 

1  medium 
(whole  tomato) 

1  tablespoon..  . 
1  cup. 


Tapioca,  pearled 

Tapioca,  pearled 

Tapioca,  minute  tapioca i  1  tablespoon  . . 

Trout  (edible)  portion 1  serving. 

Trout  (edible)  portion 1  lb 


Turnip. 


Turkey  (edible  portion) . 
Turkey  (edible  portion) . 


W 


Walnuts,  English 
Walnuts,  English . 


Whey. 


Whitefish  (edible  portion) . 
Whitefish  (edible  portion) . 


1  serving. 

1  serving, 
lib 


1  cup . . . 
1  meat. 

1  glass. . 


1  serving. 
1  lb 


Ozs. 

31 
16 


3i 
16 

3i 
16 
3) 

i 

4 

34 

3J 

4 
6 


16 

J  + 
7J 
0.4 
6.5 

i 
6.5 


0.164 

0.564 

3J 
16 


1  + 


i 

6.5 

i 

3i 
16 

3i 

3i 
16 


51 


61 

3} 
16 


Gma. 


100 
454 


100 
454 

100 
454 
100 

14 


100 

100 

113 
170 
227 

14 
454 

15 
210 

7.1 
1S4 
12 
184 

1 
5 

16 

100 
454 
227 


15 
227 
142 


14 

1S4 

14 

100 
454 

100 

100 
454 


156 
1 


100 
454 


Gma. 

22 
99.6 

0.4 

23 
104.3 

18.8 
85.1 
20.9 


Gm>. 


12.8 
57.9 


19.7 
89.2 

9.5 

43.0 

3.8 


Gma. 


26 


2. .3 

16.3 

1.4 

1.0 
1.5 


0.3 

36.2 

0.5 

0.7 
1.0 


3.6 


0.66 
21.28 


11.59 
371.0 


16.8 
76.2 
38.1 


0.2 
2.7 
0.5 


n.03 

0.4 
0.03 

17.8 
80.6 


21.1 
95.7 


25.8 
0.17 


1.8 


22.9 
103.8 


12.1 
54.8 

27.4 


0.03 

0.5 

0.3 


9 

7.9 
11.9 
11.4 


15.0 
210 

7.6 
184 

12 
184 

100% 
100% 

100% 


10.3 
46.7 


0.2 


22.9 
103.9 


98.8 
0.63 


6.5 
29.4 


0.6 
9.0 
3.0 


12.3 

159.5 

12.2 


S.l 


25.1 
0.16 


9.3 


Calories. 

203 
922 

15 

269 
1221 

161 
729 
128 

13 

27 

391 

46 

42 
63 
45 

lor 

3425 

60 
840 

30 
736 

48 
736 

4.1 

20.5 


176 
798 


4 

51 
16 


49 

640 

49 

164 
743 

39 

290.5 
1317 


093 

7 


50 


150 
681 


The  weights  assigned  to  the  various  measurements  in  this  table  have  been  determined  carefully,  but  are  the  results  of  a  limited  num- 
ber of  experiments,  and  hence  must  be  regarded  as  only  approximate.  The  food  values  are  given  with  sufficient  accuracy  to  be  withm 
the  limits  of  error  of  computations  made  on  average  analysis  of  food  stuffs. 
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The  more  extended  knowledge  of  the  calorie  value 
of  the  food  elements,  the  chemical  composition  of 
the  foods,  and  the  insufficiency  of  many  dietaries 
previously  regarded  as  adequate,  are  now  being 
recognized. 

So,  too,  the  influence  of  digestion  and  absorption, 
the  energy  required  in  metaliolizing  food,  the  rate 
and  end-products  of  metabolism,  are  each  in  turn 
being  given  fuller  consideration  and  more  intelligent 
application. 

The  Composition  of  Foods. 

One  gram.  Calorie  value 

Proteins,  tissue  builders,  force  and  heat  producers .  ,    4 

Fats,  force  and  heat  producers S.9 

Carbohydrates,  force  and  heat  producers 4 

Mineral  matter 

Just  how  much  of  each  of  these  elements  is  required 
cannot  be  definitely  stated.  The  protein  element  is 
the  only  one  absolutely  concerned  in  the  constructive 
and  reconstructive  needs  of  the  body.  There  has 
been  an  extended  discussion  as  to  the  proper  protein 
content  of  a  standard  diet.  It  is  generally  conceded 
that  it  should  be  about  118  grams.  Chittenden 
contends  that  fifty  grams  are  sufficient.  The  amount 
of  carbohydrate  and  fat  required  is  not  to  be  deter- 
mined by  the  same  considerations  that  apply  to  the 
adjustment  of  the  protein. 

A  generally  accepted  standard  dietary  is  composed 
of  protein  118  grams,  fat  56  grams,  and  carbohydrate 
500  grams  for  a  man  weighing  154  pounds,  doing 
moderate  work.  There  is  an  element  of  error  which 
should  be  kejit  in  mind  in  ordering  a  diet  intended  to 
yield  a  definite  calorie  value.  A  given  food  may 
represent  a  certain  number  of  calories,  but  imless  it 
can  be  digested  and  absorbed  it  will  not  yield  them 
to  the  economy. 

The  calorie  value  of  the  various  foods  is  visually 
tabulated  in  one  of  the  following  ways:  (a)  The  calorie 
value  of  a  pound  of  a  food.  ('))  The  weight  of  a  food 
yielding  100  calories,  (r)  The  calorie  requirement 
per  kilo  of  body  weight  under  varying  conditions  of 
rest,  sleep,  light  and  heavy  work,  (d)  The  calorie 
value  of  individual  servings  or  familiar  measures 
of  the  prepared  food,  ready  to  serve.  The  last 
mentioned  method  is  the  one  best  adapted  to  the 
sick  room. 

The  following  figures  are  those  of  Rubner  which 
indicate  the  calorie  requirements  for  an  adult  weighing 
65  kilos: 

During  rest  in  bed.  .  1,800  calories  or  28  calories  per  kilo. 

In  repose 2,100  calories  or  32  calories  per  iiilo. 

In  light  work 2,300  calories  or  33  calorics  per  kilo. 

In  moderate  work.  .  2,000  calories  or  40  calories  per  kilo. 

In  hard  work 3, 100  calories  or  48  calories  per  kilo. 

Tigertedt  estimates  the  food  requirements  for  vari- 
ous classes  of  labor  as  follows: 

Calories. 

Shoemaker -    2,001-2,400 

Weaver 2,401-2,700 

Carpenter  or  inason. .  2,701-3,200 

Farm  laborer..  ,  .  :i,201-4,100 

Excavator 4.101-5,000 

Lumberman ,  .     Over  5,000 

The  following  by  Atwater  and  Benedict  show  the 

average  requirements  of  a  vigorous  yovmg  man: 

Calories 
per  hour. 

Man  sleeping 65 

Man  sitting  at  rest 100 

Man  at  light  muscular  exercise 170 

Man  at  active  muscular  exercise 290 

Man  at  severe  muscular  exercise 450 

Man  at  very  severe  muscular  exercise GOO 

In  disease  there  is  frequently  an  increased  need  for 
food,  and  a  lessened  ability  to  digest  it.  The  demand 
for  nourishment  will  be  influenced  by  the  character  of 
the  morbid  process.  Thus  there  is  a  wide  range  of 
variation  in  combustion  of  nutritive  material  between 


the  individual  who  is  confined  to  bed  with  an  acute 
local  inflammation,  and  one  who  is  subject  to  an  acute 
infectious  disease  or  a  chronic  suppurative  process. 
The  perverted  secretions  and  functional  inactivity 
associated  with  certain  diseases  render  it  impossible 
to  secure  the  ingestion  and  metabolism  of  sufficient 
nourishment  for  the  production  of  the  heat  incident 
to  the  disease.  The  circulating  protein,  the  fat,  the 
muscular  tissue,  and,  finally,  the  viscera  themselves 
are  drawn  upon  to  furnish  the  needed  food  elements 
for  the  morbidly  active  combustive  process.  One 
has  only  to  look  on  the  feeble,  emaciated  convalescent 
from  an  acute  febrile  disease,  and  to  contrast  his  con- 
dition with  the  previously  muscular,  rounded  form, 
to  realize  the  extent  to  which  the  body  consumes  its 
own  tissues  when  it  is  unable  to  elaborate  and  annex 
other  forms  of  food  in  the  necessary  quantities.  The 
intake  of  food  is  intermittent,  while  the  necessity  for 
nutriment  to  maintain  the  increased  activity  of  this 
vital  process  is  constant.  This  condition  would  indi- 
cate the  desirability  of  administering  nourishment 
in  assimilable  form,  in  small  quantities  and  at  frequent 
intervals,  since  it  is  not  what  we  eat  but  what  we  digest 
and  assimilate  that  determines  the  sufficiency  of  any 
dietetic  procedure. 

The  appetite  and  digestion  will  usually  furnish  a 
sufficiently  reliable  guide  to  regulate  the  character  and 
quantity  of  food  to  be  taken  in  health.  In  disease, 
with  a  perversion  of  the  various  secretions,  it  is  not 
prudent  to  rely  upon  the  patient's  desire  or  disinclina- 
tion for  food. 

The  administration  of  food  in  disease  will  be  deter- 
mined by  our  estimate  of  the  ability  of  the  digestive 
organs  to  dispo.se  of  it.  A  temporary  withholding  of 
food  in  certain  instances  of  acute  disease  will  be  the 
best  dietetic  treatment.  The  administration  of  what 
would  ordinarily  be  an  excessive  quantity  of  food  is 
advisable  in  certain  chronic  suppurative  processes 
attended  with  fever.  Since  the  digestive  juices  are 
influenced  by  the  absence  of  fever,  it  is  advisable  to 
administer  foods  requiring  the  greatest  digestive 
power  at  that  time  of  the  day  when  the  fever  is  least 
active. 

It  is  possible  still  further  to  adjust  the  proper  ad- 
ministration of  food  with  reference  to  existing  morbid 
conditions  by  observing  the  rule  to  select  the  food  with 
regard  to  the  affected  part.  Thus,  in  disease  which 
particularly  involves  the  stomach,  it  would  be  best 
to  give  food  whose  digestion  is  accomplished  in 
the  intestines,  i.e.  carbohj'drates.  The  converse  is 
equally  true.  When  the  intestines  are  the  seat  of  the 
morbid  process,  a  food  requiring  gastric  digestion 
would  prove  most  acceptable.  This  differentiation 
is  not  absolute,  and  yet  it  is  reasonable  and  serviceable. 

The  dietetic  treatment  of  disease  may  be  planned 
with  skill  and  care,  and  yet  prove  inefficacious  because 
of  a  disregard  of  two  essential  factors  in  the  successful 
administration  of  food.  Dainty  service  may  be  given 
first  place.  All  that  can  be  pictured  as  implied  by 
the  expression  will  prove  helpful  in  stimulating  and 
aiding  digestion.  The  glass  of  milk  placed  beside 
the  spit-cup  of  the  consumptive  patient  is  not  novel, 
neither  is  it  appetizing.  The  cereal  carelessly  smeared 
over  the  sides  and  edges  of  the  container  and  served 
in  a  quantity  sufficient  for  a  laborer,  is  seen  more  often 
than  it  should  be.  The  food  sent  by  a  cleanly  neigh- 
bor is  appetizing  because  it  is  served  with  the  best 
china  and  linen,  and  the  question  of  its  selection  has 
not  been  discussed  with  the  patient. 

Equally  important  is  the  preparation  of  the  food. 
Egg  albumin  if  slightly  cooked  is  digested  with  the 
greatest  facility.  If  well  beaten  it  offers  the  digestive 
juices  least  resistance  in  their  solvent  action.  The 
hard-bolied  white  of  egg  is  an  example  of  a  food  diffi- 
cult of  digestion.  Roasted  beef  having  a  delicious 
aroma  is  far  more  digestible  than  the  same  meat  when 
it  is  hashed  and  twice  cooked.  The  chop  quickly 
broiled,  so  that  it  retains  its  juices  and  is  turgid,  is 
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more  nutritive  than  the  shrivelled  and  dried,  slowlj' 
fried  or  broiled  chop  from  the  same  cut  of  the  lamb. 
The  method  of  preparation  of  vegetables  will  deter- 
mine their  digestibility  and  nutritive  worth  quite  as 
certainly  as  it  does  in  the  case  of  animal  foods  Cer- 
eals with  the  starch  cells  unruptured  by  the  application 
of  heat  or — equally  difficult  of  digestion — cooked  in 
liot  fat  after  the  starch  granules  liave  been  exposed 
to  the  action  of  the  over-heated  fat,  are  not  of  much 
nutritive  value.  By  the  application  of  the  proper 
amoimt  of  heat  the  cellulose  element  of  certain  vege- 
table foods  can  be  made  tender  and  digestible,  and 
their  nutritive  worth  may  be  secured  instead  of  being 
lost  between  the  meshes  of  the  cellular  fibers. 

The  ordering  of  diet  will  be  simplified  by  keeping 
in  mind  the  chemical  composition  of  the  various 
foods. 

If  animal  food  is  to  be  made  a  part  of  the  diet,  it 
becomes  necessary  to  select  the  form  deemed  suitable 
to  the  digestive  power  and  condition  of  a  given  case. 

If  a  vegetable  food  is  to  be  used,  it  will  be  necessary 
to  consider  the  proportion  of  nitrogenous  or  albumin- 
ous elements  contained  in  it.  We  should  select  vege- 
tables belonging  to  the  class  of  legumes  if  a  large 
percentage  of  nitrogenous  material  is  desired. 

In  certain  instances  vegetable  nitrogeneous  material 
properly  prepared  will  be  found  better  adapted  to 
impaired  digestive  power  than  the  animal  form.  If, 
on  the  other  hand,  food  rich  in  carbohydrates  and  poor 
in  albuminoids  is  desired,  we  should  order  vegetables 
containing  the  purer  forms  of  starch,  such  as  potatoes, 
rice,  corn  starch,  and  arrowroot.  The  green  vege- 
tables, being  poor  in  .starch  and  nitrogen  and  rich  in 
woody  fiber  and  antiscorbutic  elements,  are  selected 
with  reference  to  the  need  and  ability  of  the  patient  to 
digest  this  form  of  food. 

Condiments  should  be  used  extensively  and  judici- 
ously, being  more  important  in  sickness  than  in  health. 
Tea,  coffee,  cocoa,  and  chocolate  are  valuable  agents, 
combining  as  they  do  food  and  therapeutic  worth. 

The  method  of  preparation  of  the  various  foods 
exercises  a  determining  influence  tipon  their  utility. 
It  is  not  enough  to  select  the  foods  that  may  be  used 
in  a  given  instance,  but  detailed  directions  with  ref- 
erence to  the  method  of  preparation  must  be  supplied. 
A  great  variety  of  foods  at  one  meal  may  prove  un- 
suitable to  certain  cases,  while  a  meal  composed  of  a 
sufficient  variety  of  food  principles  to  constitute  a 
complete  food  may  be  found  to  be  easily  digested. 
A  meal  made  up  of  several  kinds  of  meat  and  one  or 
more  legumes  is  likely  to  contain  an  excess  of  nitro- 
genous food.  It  will  probably  serve  best  the  purpose 
in  view  to  consider  at  this  time  the  chief  alimentary 
substances,  and  some  of  the  ways  of  administering 
them,  and  in  this  way  avoid  the  necessity  for  repeating 
certain  statements  when  directing  the  employment 
of  these  food  agents  in  the  dietetic  treatment  of  disease. 

Milk. — This  food  is  the  chief  article  of  diet  in  feed- 
ing the  sick,  and  by  reason  of  its  availability  and  the 
likelihood  of  its  being  moderately  pure,  it  is  relied 
upon  to  supply  the  nutriment  required  in  almost  all 
forms  of  disease.  When  we  consider  how  nearly  it 
is  the  ideal  complete  food  for  the  invalid,  it  is  in  order 
to  give  thought  to  all  the  means  at  oiir  command  to 
make  it  acceptable  to  the  patient.  There  are  those 
who  persist  in  the  idea  that  they  are  unable  to  take 
milk  as  a  food.  They  point  to  the  vomited  curd  as 
an  evidence  to  their  inability  to  digest  it.  These 
people  must  be  taught  the  fact  that  the  milk  taken 
into  the  stomach  always  forms  a  curd  as  a  necessary 
part  of  the  process  of  digestion.  Then  they  must  be 
told  that  we  can  so  modify  the  milk  that  the  curd 
formed  will  be  small  and  easily  digested.  Other  pa- 
tients will  object  to  the  taste  and  odor  of  the  milk. 
These  objections  must  be  overcome  by  a  knowledge 
of  the  ways  in  which  milk  can  be  made  acceptable  to 
a  patient. 


Let  us  consider  the  chemical  composition  of  milk 
and  see  what  constituents  mav  disagree  with  the 
patient.     Cow's  milk  has  the  following  composition: 

Vvr  rent. 

Protf'in 3 .  SO 

Fat 4 

Sugar 4    -.fl 

Bact«ria 

.SalM M    ^ 

Water s7  J 

it  is  the  casein  that  most  frequently  taxes  the  diges- 
tion by  rea.son  of  the  size  and  density  of  the  curd  formed. 
Tlierefore  the  question  of  successfully  administering 
milk  in  most  instances  is  one  of  modifying  the  curd, 
so  that  it  may  be  digested  with  great<!r  facility. 

The  fat  constituent  of  milk,  represented  in  the 
cream,  is  less  frequently  a  disturbing  element  in  the 
use  of  milk  as  an  exclusive  diet.  The  indications  for 
reducing  the  proportion  of  fat  in  the  milk  would  be 
presented  by  disea.se  or  perverted  function  of  the 
org.ans  concerned  in  digesting  and  assimilating  fat, 
that  is,  in  disease  of  the  liver,  as  jaundice,  and  in 
certain  cases  of  intestinal  indigestion. 

The  presence  of  bacteria  in  milk  greatly  influences 
its  acceptability  in  cases  of  sickness.  One  difTcrcnce 
between  cow's  milk  and  human  milk  is  found  in  the 
number  and  character  of  the  contained  bacteria. 
The  method  pursued  in  handling  milk  from  the  time 
it  leaves  the  cow,  if  not  before  that  time,  will  deter- 
mine the  number  and  character  of  the  bacteria  present. 
There  is  hardly  any  doubt  that  the  objections  to  milk 
are  chiefly  due  to  the  presence  of  bacteria  and  their 
products.  When  we  remember  that  the  number  of 
bacteria  in  a  given  milk  is  proportionate  to  the  skill 
and  care  with  which  it  is  handled,  it  is  at  once  manifest 
that  we  are  justified  in  demanding  that  the  milk 
siipplicd  should  conform  to  certain  reasonable  tests, 
such  as  are  exacted  by  various  pediatric  .societies 
which  certify  the  milk  produced  under  conditions 
meeting  their  requirements.  The  tests  are  the  result 
of  much  study  on  the  part  of  the  societies'  committ-ees 
and  while  they  fix  a  high  standard,  it  has  proved  to 
be  a  working  standard,  and  one  that  can  be  obtained 
only  by  the  most  painstaking  care  with  every  detail 
of  the  processes  of  feeding,  milking,  and  bottling. 
Milk  secured  under  these  conditions  will  keep  for 
a  longer  period  than  that  collected  in  the  usual  way. 

It  is  interesting  to  note  that  fermentation  changes 
in  milk  proceed  from  the  surface  toward  the  bottom 
of  the  container.  So  markedly  is  this  the  case  that 
it  is  frequently  possible  to  pass  a  tulie  through  an 
upper  layer  of  thick,  sour  milk  and  draw  off  sweet 
milk  until  only  the  layer  of  thick  milk  remains.  This 
condition  implies  that  the  milk  was  practically  st-erile 
when  bottled,  and  that  the  souring  has  been  due  to  a 
later  entrance  of  bacteria. 

Pasteurization  of  milk  is  accomplished  by  subject- 
ing it,  by  means  of  a  water  bath,  to  a  temperature  of 
107°  F.  for  a  period  of  tliirty  minutes. 

Sterilization  of  milk  is  accomplished  by  the  same 
method  followed  in  pasteurizing,  except  that  tlie  t€m- 
perature  to  which  the  milk  is  subjected  is  212°  F. 

Both  methods  have  for  their  object  the  destruction 
of  harmful  bacteria.  The  consensus  of  opinion  would 
seem  to  justify  the  statement  that  pasteurization  will 
accomplish  all  that  we  ordinarily  desire  to  attain  by 
sterilization,  and  tliat  it  has  the  advantage  of  impair- 
ing the  digestibility  and  the  nutritive  worth  of  the 
milk  less  than  does  the  higher  temperature.  Infants 
fed  upon  sterilized  milk  are  more  likely  to  develop 
rickets  and  scorbutus  than  are  those  raised  upon 
pasteurized  milk. 

There  are  mnnerous  outfits  in  the  market  for  the 
sterilization  and  pasteurization  of  milk,  and  with  each 
of  them  will  be  foimd  direct  ions  for  use.  If  thepatiei^t 
is  unable  to  procure  one  of  the  more  pretentious  de- 
vices for  this  purpo.se,  he  can  accomplish  the  object 
by  placing  the  milk  in  bottles  of  suitable  size,  plugging 

435 


Foods  for  the  Sick 


REFERENCE   HANDBOOK   OF   THE   MEDICAL  SCIENCES 


them  loosely  with  sterile  cotton,  standing  the  bottles 
in  a  kettle  on  a  plate,  piece  of  thin  wood,  or  folded 
paper,  and  filling  the  kettle  with  cold  water  to  a  point 
on  a  level  with  the  milk  in  the  bottles.  The  water  is 
then  heated  until  it  reaches  the  boiling  point,  and  if 
the  kettle  is  then  removed  to  the  back  part  of  the 
stove,  or  the  gas  flame  is  lowered  so  that  a  temperature 
slightly  below  the  boiling  point  is  maintained,  the 
milk  will  be  pasteurized  in  thirty  minutes.  If  it  is  de- 
sired to  sterilize  the  milk,  the  water  should  be  kept 
at  the  boiling  point  for  the  time  specified.  The  milk 
should  be  cooled  rapidly  and  kept  in  a  cool  place. 
The  keeping  quality  of  the  milk  will  be  proportion- 
ate to  the  number  and  character  of  the  contained 
bacteria. 

Pasteurized  and  sterilized  milk,  unless  properly 
iced,  will  show  a  more  rapid  increase  in  the  bacterial 
content  than  raw  milk.  Certain  spores  persist  after 
ordinary  pasteurization  and  .sterilization.  Complete 
sterility  can  be  obtained  only  by  fractional  steriliza- 
tion, a  process  almost  never  required. 

Foreign  Bodies  in  Milk. — An  interesting  object 
lesson  in  the  origin  of  the  "cow  odor"  of  milk  can  be 
obtained  by  a  visit  to  a  creamery  where  milk,  gathered 
indiscriminately  from  farms,  is  centrifuged.  Here 
there  can  be  seen  thrown  out  from  the  milk  a  layer  of 
excrementitious  material  that  has  gained  entrance 
into  the  milk  from  the  soiled  teats  of  the  cow,  the 
dirty  hands  of  the  operator  and  the  dust  of  the  shed 
or  pasture.  Milk  that  has  been  properly  handled 
should  have  no  odor. 

The  question  of  administering  whole  milk  may 
present  one  of  two  problems:  Fir.st,  how  to  change 
the  taste  in  order  to  make  it  accef) table  to  the  patient; 
second,  how  to  modify  the  curd  so  that  the  enfeebled 
digestive  power  may  not  be  overtaxed  by  the  size  of 
the  curd  formed. 

To  change  the  taste  it  may  be  administered  cold, 
hot,  sterilized,  boiled,  or  skimmed,  or  with  the 
addition  of  coffee,  tea,  chocolate,  malt,  liquor,  or  a 
spiced  water,  the  latter  to  be  prepared  by  adding 
boiling  water  to  cloves,  ginger,  nutmeg,  allspice, 
cinnamon,  or  a  few  bay  leaves  and  allowing  it  to 
cool,  then  adding  sufficient  of  this  to  the  milk  to 
change  in  a  slight  degree  the  flavor.  These  flavors 
can  be  changed  at  each  feeding,  or  combinations  of 
them  may  be  used. 

A  satisfactory  way  to  overcome  the  dislike  of  the 
taste  of  milk  is  to  have  it  taken  through  a  tube  or  a 
straw. 

To  modify  the  curd,  have  the  patient  eat  the  milk, 
that  is,  sip  it  slowly.  If  it  is  gulped  down  the  curd 
formed  will  be- large,  especially  if  there  is  excessive 
acidity  of  tlie  stomach  contents.  For  this  reason  the 
use  of  a  straw  in  taking  milk  is  of  advantage.  The 
addition  of  an  alkali  to  neutralize  the  excessive  gastric 
acidity  will  lessen  the  .size  of  the  curd.  For  this  pur- 
pose one  may  also  use  lime  water  or  bicarbonate  of 
soda.  Simple  dilution  of  the  milk  will  make  the  curd 
smaller,  and  this  may  be  accomplished  by  the  addition 
of  barley,  rice,  oatmeal,  egg  or  carbonated  water. 

When  there  is  a  deficiency  of  acid  secretion,  it  will 
be  of  advantage  to  add  dilute  hydrochloric  acid  drop 
by  drop  to  the  milk  and  give  it  with  the  flocculent  curd 
suspended. 

With  adults,  just  as  with  infants,  it  is  the  casein  of 
the  milk  which  most  frequently  taxes  digestion.  If 
we  are  unable  to  secure  the  retention  of  tlie  milk  by 
any  of  the  methods  considered,  it  will  be  in  order  to 
change  the  casein  into  a  more  digestible  compound 
by  peptonizing  it  to  a  point  where  its  further  digestion 
can  be  accomplished  by  the  enfeebled  gastric  secretion. 

Buttermilk  is  deserving  of  more  extended  employ- 
ment than  is  usual.  It  is  digested  with  greater  facility 
than  sweet  milk,  has  diuretic  action  and  is  often 
acceptable  because  of  the  taste  or  the  ease  with  which 
it  is  digested,  when  sweet  milk  is  not  well  received. 
The  buttermilk  remaining  after  milk  has  been  used 


for  butter  making  is  almost  devoid  of  fat,  contains 
lactic  acid  bacilli  of  local  origin,  and  is  often  objec- 
tionable Ijecause  of  the  clumps  of  butter  still  present 
in  it  and  the  low  grade  of  milk  used  in  its  preparation. 
Milk  tliat  would  not  meet  the  ordinary  municipal 
reciuirements,  not  to  speak  of  those  for  certification, 
is  often  .sent  to  the  creameries.  Buttermilk  from  this 
source  has  high  food  value  because  of  the  retention  of 
all  of  the  casein  and  sugar,  but  for  the  reasons  ad- 
vanced it  is  often  vmsuitable  for  dietetic  purposes. 
On  the  other  hand,  buttermilk  prepared  by  using 
Bulgarian  lactic  acid  cultures  has  a  decided  merit 
in  that  the  highest  grade  of  milk  may  be  used,  and  the 
fat  content  may  be  regulated  by  the  removal  of 
varying  proportions  of  the  cream  or  by  dilution  with 
water.  The  best  strains  of  lactic  acid  bacilli  are  thus 
introduced  into  the  intestinal  tract  and  a  more  uniform 
ingestion  of  them  is  secured.  The  following  formula 
will  give  a  delicious,  well-proved  preparation: 

Dilute  milk  one-fourth  in  winter  and  one-third  in 
summer.  To  each  quart  of  milk  add  fifteen  grains  of 
salt  dissolved  in  water  and  one  lactic  bacillary  tablet 
crushed.  Cover  with  a  cloth  and  let  stand  in  a  warm 
place  (70°  to  90°)  until  slight  coagulation  has  occurred 
and  a  distinct  line  has  formed  between  cream  and 
coagulated  portion.  Now  place  on  ice  until  thor- 
oughly chilled,  then  shake  until  smooth.  It  will 
retiuire  from  twenty-four  to  seventy-two  hours, 
according  to  temperature,  to  produce  the  effect 
desired;  at  about  body  temperature  (100°)  the  action 
is  quicker,  but  whatever  the  temperature,  it  should  be 
kept  as  uniform  as  possible.  Always  shake  thor- 
oughly before  using. 

Peptonizing  Milk. — This  is  accomplished  by  mixing 
a  powder  composed  of  five  grains  of  extract  of  pan- 
creatin  and  fifteen  grains  of  bicarbonate  of  soda,  or 
the  contents  of  a  peptonizing  tube,  with  two  table- 
spoonfuls  of  cold  water,  and  adding  it  to  a  pint  of 
milk.  The  milk  is  then  placed  in  a  vessel  containing 
water  at  a  temperature  of  115°  F.  (or  so  warm  that 
the  hand  ma.v  be  immersed  in  it  without  positive 
discomfort)  for  five,  ten,  or  fifteen  minutes,  according 
to  the  degree  of  digestion  desired.  There  is  developed, 
in  the  course  of  the  process,  a  bitter  taste  proportionate 
to  the  time  the  milk  is  subjected  to  the  action  of  the 
ferment.  After  the  milk  has  been  peptonized  to  the 
desired  degree,  it  should  be  placed  upon  ice  or  quickly 
brought  to  the  boiling  point  to  check  further  digestive 
action  by  the  ferment.  It  will  be  found  satisfactory, 
in  many  instances,  to  mix  the  milk  and  the  contents 
of  a  peptonizing  tube,  and  allow  the  peptonizing  to 
occur  in  the  stomach.  For  this  purpose  put  two 
taljlespoonfuls  of  cold  water  in  a  goblet  or  glass; 
dissolve  in  this  the  powder  contained  in  one  peptoniz- 
ing tube,  then  add  fresh  cold  milk  to  fill  the  glass;  stir 
this  mixture  thoroughly  and  drink  immediately, 
sipping  slowly.*  Warm  milk  may  be  used  instead 
of  cold  if  the  physician  so  directs. 

The  Administration  of  Milk. — There  is  no  more 
important  direction  to  be  given  to  a  patient  than  that 
milk  shovild  be  taken  slowly.  If  it  is  eaten,  and  not 
gulped,  it  will  certainly  be  digested  with  greater 
facility.  In  many  cases  of  persi.stent  vomiting,  milk 
will  be  retained  if  it  is  fed  by  the  tea.spoonful  at  short 
intervals.  If  it  is  desired  to  nourish  the  patient  on 
an  exclusive  milk  diet,  it  is  well  gradually  to  lessen 
the  variety  and  quantity  of  mixed  food,  and  at  the 
same  time  increase  the  quantity  of  milk.  It  might  be 
a  .source  of  discouragement  to  the  patient  to  announce 
the  quantity  of  milk  you  desire  to  have  him  take  to 
the  exclusion  of  all  other  foods;  therefore  let  the  transi- 
tion be  gradual  and  make  it  a  matter  of  pride  with 
the  individual  to  take  the  six  or  nine  pints  of  milk  that 
it  is  desired  he  should  consume  in  twenty-four  hours 
as  his  only  form  of  nourishment. 

As  the  condition  changes  and  demands  a  less  strict 

•  Acknowledgment  is  due  to  Fairchild  Brothers  &  Foster  for  the 
formula. 
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milk  diet,  the  transition  to  a  mixed  dietary  should  be 
gradual.  There  will  be  manifest  likelih()()d  of  harm 
being  done  to  the  circulation  in  any  suddea  withdrawal 
of  so  much  litiuid  from  the  food. 

The  Qunnlitij  of  Milk  Required. — An  adult  in  bed 
with  an  acute  illness,  such  as  typhoid  fever,  usualU 
takes  about  three  pints  in  twenty-four  ho\n-s.  This 
has  always  seemed  a  disproportionately  small  allow- 
ance for  the  adult,  when  it  is  remembered  that  the 
healthy  child  of  one  year  of  age  is  given  two  and  a 
half  pints.  Emphasis  is  given  to  this  disparity  when 
it  is  remembered  that  the  nutritive  needs  are  propor- 
tionate to  the  amount  of  fever  present. 

The  frequency  of  adminislration  will  be  determined 
by  the  condition  of  the  patient.  If  eight  ounces  are 
given  every  three  hours  from  7  a.m.  to  7  p.m.,  and  twice 
during  the  night,  he  will  receive  three  pints.  If  ho  is 
given  six  ounces  every  two  hours,  and  is  fed  twice 
during  the  night,  he  will  likewise  receive  three  pints. 
It  is  good  practice  to  have  the  milk  intended  for  the 
patient  kept  separate  from  that  for  household  use, 
so  that  it  may  serve  as  a  control  record  of  the  quantity 
administered  in  the  twenty -four  hours. 

Fortified  milk  is  prepared  by  the  additon  of  nutritive 
substances,  such  as  egg  albumin,  either  fresh  or  dried, 
or  whipped  cream. 

Milk  may  Vje  introduced  into  the  dietary  in  innum- 
erable forms,  and  with  little  change  in  its  character. 
Served  imder  another  name,  and  slightly  different  in 
taste,  it  is  readily  accepted  by  those  who  decline 
plain  milk.  One  of  the  nicest  preparations  of  thie 
class  is  plum  porridge,  made  as  follows: 

Raisins,  minced,  twelve;  .starch  (potato  or  corn), 
one  teaspoonful;  milk,  one  pint.  Heat  the  raisins  and 
milk  in  a  dovible  boiler  to  the  boiling  point.  Mix  the 
starch  with  cold  water  and  form  a  smooth  paste;  add 
it  to  the  milk,  keep  it  at  the  boiling  point  for  five 
minutes,  strain  and  serve.  This  preparation  has  a 
fruity  taste,  and  is  often  accepted  by  an  irritable 
stomach.     It  is  of  service  in  diarrhea. 

Milk  may  also  be  administered  in  the  form  of  pap, 
junket,  whey,  koumys,  zoolak,  matzoon,  bonny- 
clabber,  curds  and  whey,  cottage  cheese,  custards, 
and  a  great  variety  of  prepared  dishes  which  have 
milk  as  their  chief  constituent. 

Koumys  is  prepared  by  taking  one  quart  of  milk, 
heated  to  about  100°  F.,  a  tablespoonful  of  sugar 
dissolved  in  a  cup  of  hot  water,  and  a  fifth  of  a  yeast 
cake  dissolved  in  a  tablespoonful  of  cold  water.  Mix 
and  put  in  strong  bottles — beer  or  citrate  of  magnesia 
bottles  are  sufficiently  strong.  Let  the  bottles  stand 
in  a  warm  place,  above  the  range,  for  twenty -four 
hours;  then  place  on  their  sides  in  a  cool  place,  e.g. 
the  cellar  in  summer,  or  some  place  where  the  tem- 
perature will  be  about  60°,  for  six  days.  It  will  re- 
quire less  time,  if  it  is  kept  in  a  warmer  place.  The 
koiunys  is  then  ready  for  use,  and  should  be  drawn 
off  with  a  champagne  tap,  because  of  the  likelihood 
of  losing  a  large  portion  of  it  if  the  cork  is  removed. 
The  acidity  and  taste  of  the  preparation  will  be  influ- 
enced by  the  length  of  time  fermentation  lias  contin- 
ued, and  the  temperature  at  which  it  has  occurred. 
A  koumys  having  a  flavor  and  digestibility  suited  to 
the  patient  may  usually  be  secured  by  attention  to 
these  details. 

Milk  Jelly. — Heat  one  quart  of  milk;  then  add  and 
stir  until  dissolved  one  pound  of  granulated  sugar; 
allow  to  boil  for  ten  minutes;  then  let  cool,  and  when 
cold  add,  with  constant  stirring,  one  ounce  of  gelatin 
dissolved  in  four  ounces  of  water;  when  well  mixed 
add  the  juice  of  three  lemons  mixed  with  a  half  cupf\il 
of  sherry  wine  or  good  whiskey.  Pour  into  cups,  and 
keep  in  a  cool  place.     Serve  warm  or  cold. 

Junket. — Milk,  half  a  pint;  warm  to  blood  heat. 
Sweeten  and  flavor  to  taste.  Add  the  half  of  a  rennet 
tablet,  dissolved  in  a  dessertspoonful  of  water  or 
a  teaspoonful  of  essence  of  pepsin.  Stir.  Do  not 
place  upon  ice  until  it  has  thickened. 


Bonnyclabber. — Skimmed  milk,  preferably  in  a 
glass  dish,  is  allowed  to  thicken  spontaneoasly.  Thi.s 
may  lie  fortified  by  the  addition  of  whipped  cream  and 
egg  albumin. 

P'lp. — Flour,  one  tablespotrnful;  milk,  one  pint. 
Cook  ten  minutes.     The  white  of  an  egg  may  be  added. 

Me.\t. — The  use  of  meat  in  the  dietetic  treatment 
of  acute  disease  is  generally  confined  to  the  adminis- 
tration of  beef,  mutton,  or  chicken,  in  the  form  of  a 
fluid  representing  the  .soluble  constituents  of  the  meat 
albumin,  extractives,  salts,  etc. 

Raw  meat  is  easily  digested  and  when  scraped  is 
serviceable  in  certain  intestinal  diseases.  There  is, 
however,  some  risk  of  tape  worm  associated  with  its 
use. 

The  cooking  of  meat  is  resorted  to  for  the  flavors 
it  develops  and  for  the  purpose  of  making  the  connec- 
tive-ti.ssue  fibers  more  tender. 

The  method  pursued  in  the  preparation  of  the.se 
foods  will  determine  their  nutritive  worth.  Thus, 
beef  tea  will  be  a  stimulant  if  the  protein  of  the 
preparation  is  strained  from  it  after  it  has  been 
coagulated  by  the  application  of  heat.  Beef  tea, 
subjected  to  a  temperature  of  212°  F.,  retains  in  solu- 
tion only  the  salts  and  extractives  of  the  meat,  and 
to  these  constituents  it  owes  its  stimulating  property. 
On  the  other  hand,  beef  tea  is  a  food  if  it  is  prepared 
in  a  way  to  .secure  the  retention  of  the  protein  in  tho 
finished  product. 

In  selecting  the  form  of  beef  for  a  patient,  we  must 
be  influenced  by  his  digestive  capacity.  Thus  we 
may  give  a  dilute  extract  of  lieef  having  mildly  .stimu- 
lating properties,  or  we  may  select  preparations 
having  progressively  increasing  proportions  of  nutri- 
tive worth,  even  ordering  the  entire  beef,  in  which 
case  we  should  have  to  consider  only  the  method  of 
cooking  it. 

The  digestibility  of  the  various  meats  is  determined 
by  so  many  modifying  influences,  such  as  the  age  and 
condition  of  the  animal  supplying  the  meat,  the  time 
that  has  elapsed  since  it  was  killed,  the  method  of 
preparation,  and  the  digestive  power  of  the  indi- 
vidual, that  it  is  not  possible  to  do  more  than  to  state 
approximately  the  relative  digestibility  of  the  various 
forms  of  meat. 

The  order  of  facility  of  digestion,  other  things  being 
equal,  is  as  follows:  Oysters,  eggs,  sweetbread,  tripe, 
calves'  brains,  white  fish,  white  meat  of  chicken,  beef, 
mutton,  s((uab,  fish,  dark  meat,  game,  veal,  pork. 

The  color  of  meat  is  influencofl  by  the  distribution 
of  the  contained  fat.  The  marbling  of  red  meat  is 
due  to  the  fat.  Tlie  white  meat  of  fowls  is  very 
deficient  in  fat;  in  this  case  it  is  collect<>d  in  layers  and 
distributed  about  the  wliit«  meat.  The  dark  meat 
is  richer  in  fat,  and  requires  greater  digestive  power. 
This  fact  will  influence  the  selection  of  fish,  fowls,  and 
beef.  The  fat  of  mutton  has  a  higher  melting  point 
than  that  of  beef  and  fowls,  and  for  this  resuson  it 
sometimes  occasions  indigestion.  Cold  mutton,  in 
which  the  fat  can  be  readily  separated,  will  frequently 
be  found  acceptable  when  the  recently  cooked  mutton 
cannot  be  digested. 

Taking  up  first  the  mildest  preparation  of  beef 
which  we  are  alile  to  offer  the  patient,  we  may  consider: 

Stimuliiting  lieef  Tea. — The  choice  of  the  cut  of  beef 
in  making  various  foods  for  the  patient  is  of  little  im- 
portance, aside  from  the  question  of  cost.  The  meat 
from  the  neck  will  give  a  preparation  quit*  as  nutriti- 
ous as  that  made  from  meat  taken  from  the  round 
steak.  Take  one  pound  of  beef  from  the  neck,  put 
it  twice  througli  the  chopper,  and  place  it  in  a  porce- 
lain-lined kettle;  add  one  pint  of  cold  water.  Allow 
it  to  macerate  in  a  cool  place  for  three  hours,  occa- 
sionally .stirring  with  a  wooden  spoon.  Heat  the 
preparation  to  tlie  boiling  point,  and  allow  it  to  simmer 
for  one  hour.  Season  it  to  taste.  Strain  through  a 
double  layer  of  cheese-cloth,  cool  rapidly,  remove  the 
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fat,  keep  securely  covered.  It  it  is  desired  to  have  a 
preparation  that  is  perfectly  clear,  the  well-beaten 
white  of  an  egg  may  be  added,  and  the  tea  heated  to 
the  boiling  point  and  then  strained.  This  preparation 
is  mildly  stimulating  and  may  induce  wakefulness 
in  those  cases  in  which  a  stimulant  would  produce 
such  an  effect,  and  it  is  not  to  be  relied  upon  as  a  food. 
All  of  the  beef  tea  made  from  the  solid  extracts  of 
beef  furnishes  a  product  of  no  nutritive  worth. 

Beef  Extrael  by  the  Cold  Process. — Minced  beef, 
five  ounces;  cold  water,  a  pint;  hydrochloric  acid, 
five  drops;  common  salt  about  twenty  grains.  Mac- 
erate in  a  cool  place  for  three  hours,  strain  through  a 
sieve,  and  wash  the  residue  with  sufficient  water  to 
make  the  finished  product  measure  a  pint.  Remove 
the  fat,  and  serve  w-arm  or  cold. 

Nuirilive  Beef  Tea. — Take  one  pound  of  beef  from 
the  neck,  remove  the  excess  of  fat,  and  put  it  twice 
through  the  chopper.  Add  one  pint  of  cold  water, 
and  place  in  a  quart  jar.  Macerate  in  a  cool  place 
for  three  hours,  with  occasional  stirring.  Make  a 
water-bath,  and  have  the  water  of  the  bath  extend 
to  the  level  of  the  beef  and  water  in  the  jar.  Stand 
the  jar  in  the  water-batli,  and  heat  slowly  until  the 
water  in  the  water-batli  reaches  the  boiling  jioint. 
Lessen  the  heat  and  continue  its  application,  not  allow- 
ing it  to  reach  the  boiling  point,  for  a  period  of  tliree 
hours.  Strain  through  a  sieve,  and  wash  the  residue 
with  enough  water  to  make  the  finished  product 
measure  a  pint.  Season  to  taste,  cool  rapidly,  and 
remove  the  fat.  Keep  the  tea  as  nearly  sterile  as 
possible.  Should  the  patient  tire  of  the  flavor  of  this 
preparation  the  taste  may  be  modified  by  the  addition 
of  various  aromatics,  such  as  bay  leaves,  mace,  cloves, 
some  minced  celery,  or  aromatic  herbs.  This  prep- 
aration if  not  subjected  to  too  much  heat  should  have 
a  reddish-gray  color,  and  possess  nutritive  worth. 
If  the  wliites  of  several  eggs  are  added  to  the  nutritive 
beef  tea,  a  more  meritorious  food  will  be  provided. 

Bouillon  is  a  dilute  form  of  stimulating  beef  tea. 
A  shin  bone  is  usually  used  in  its  preparation. 

Consomme  is  bouillon  flavored  with  herbs  and 
colored  with  caramel.  The  advantages  of  these  two 
last-named  preparations  are  that  we  are  able  to  secure 
them  from  the  hotels  and  restaurants,  and  in  ordering 
them  for  a  patient  we  apparently  make  a  concession 
to  the  taste  of  the  individual. 

If  a  stronger  beef  preparation  is  desired,  we  may 
give  beef  juice  made  by  taking  meat  from  the  neck, 
cutting  it  in  slices  about  an  inch  thick,  broiling  it 
slightly  in  order  to  start  the  juices,  then  cutting  the 
meat  into  cubes  and  subjecting  it  to  pressure  in  a 
meat  press  designed  for  the  purpose.  The  press 
should  be  heated  before  use  by  pouring  boiling  water 
over  it,  so  as  not  to  chill  the  meat;  a  warm  cup  should 
receive  the  meat  juice,  and  the  meat  should  be  fed  into 
the  press  in  small  quantities.  In  giving  the  prepara- 
tion to  diphtheria  cases  salt  should  not  be  added, 
unless  it  is  found  necessary  to  do  so,  because  that  con- 
tained in  the  beef  is  quite  sufficient,  and  any  addition 
of  salt  would  cause  smarting  of  the  inflamed  mucous 
membrane.  The  neck  or  tender  side  of  the  round 
steak  will  yield  about  six  ounces  of  juice  to  the  pound 
of  steak.  If  beef  juice  is  to  be  prepared  for  any  length 
of  time,  it  is  more  economical  to  buy  a  meat  press 
rather  than  yield  to  the  temptation  to  temporize 
with  a  potato-masher.  This  is  a  concentrated  form 
of  nourishment,  and  one  well  adapted  for  administra- 
tion to  tvphoid-fever  patients  with  jierforation  or 
hemorrhage.  The  residue  leaves  little  to  irritate  the 
ulcerated  area. 

Scraped  beef  cakes  constitute  a  more  concentrated 
as  well  as  a  more  digestible  form  of  nourishment  than 
whole  beef.  They  are  prepared  by  taking  a  steak 
from  the  tender  side  of  the  round,  and,  with  a  knife 
that  is  not  too  sharp,  scraping  it  in  the  direction  of 
the  fiber  until  the  pulp  of  the  meat  is  removed,  leaving 
the  connective  tissue.     The  pulp  is  then  gently  pressed 


into  a  cake  of  uniform  tliickness  and  is  broiled  over 
the  coals  or  in  a  dry  pan.  Seasoning  and  butter 
should  then  be  added,  and  the  cake  put  into  the  oven 
so  that  the  seasoning  may  become  uniformly  blended 
with  the  meat  pulp.  The  flavor  of  this  preparation 
may  be  changed  by  adding  minced  celery,  almonds, 
or  pine  nuts,  and  its  nutritive  worth  may  be  increased 
by  the  addition  of  various  nuts,  butter,  or  egg  albumin. 

Raw  beef  soup  may  be  made  by  taking  the  jnilp  of 
beef,  prepared  as  above  stated,  and  mixing  it  with 
water  sufficient  to  give  it  the  consistence  of  a  cream 
soup.  Salt,  pepper,  or  celery  salt  may  be  added,  and 
tlie  preparation  may  be  slightly  warmed,  if  more  ac- 
ceptable to  the  patient  in  that  condition.  This 
preparation  has  a  field  of  usefulness  in  dysentery  and 
certain  forms  of  summer  complaint. 

Mineed  meat  cakes  may  be  prepared  by  putting  a 
choice  cut  of  beef  twice  through  the  chopper  and  mak- 
ing it  into  cakes  as  was  directed  in  the  preparation 
of  scraped  beef  cakes. 

If  we  would  give  beef  in  its  entirety,  it  would  be 
best  to  select  the  tender  side  of  a  sirloin,  which  will 
be  more  tender  than  any  other  part,  even  if  it  is  less 
juicy.  The  convalescent  is  disinclined  to  make  much 
effort  in  masticating  food,  and  this  necessitates  tlie 
selection  of  tender  meats,  or  the  preparation  of  them 
in  a  way  that  will  require  a  minimum  amount  of 
effort. 

Mutton  broth  is  prepared  by  the  same  method,  and 
the  meat  is  used  in  the  same  proportion  as  directed 
in  the  preparation  of  beef  tea.  The  fat  of  mutton 
is  less  digestible  than  that  of  the  beef,  and  care  must 
be  exercised  to  remove  every  particle  of  it.  An  addi- 
tional reason  for  getting  rid  of  the  small  globules  of 
fat  is  found  in  the  tendency  of  these  particles  to  float 
on  the  surface  of  the  tea  and  attach  themselves  to 
the  lips  of  the  patient,  leaving  a  disagreeable  after- 
taste. 

Chicken  Jelly. — In  making  chicken  broth  it  is  best 
to  select  an  old  fowl.  Crack  the  bones,  cover  the  meat 
with  water,  and  heat  to  the  boiling  point,  and  continue 
the  application  of  heat  a  little  below  the  boiling  point 
for  three  hours,  adding  water  from  time  to  time  to 
replace  that  lost  by  evaporation.  Strain  through  a 
colander,  wash  the  residue  witli  hot  water  sufficient 
to  make  a  pint  of  fluid  for  each  pound  of  chicken  used, 
season  to  the  taste,  and  pour  into  suitable  small 
moulds.  When  cool  remove  the  fat  with  a  spoon  and 
damp  cloth.  Serve  cold  in  the  form  of  cubes,  or  allow 
it  to  retain  the  shape  of  the  moulds;  or  it  may  be 
warmed  and  administered  as  a  broth. 

Chicken  Panada. — Chicken  (white  meat,  raw),  one- 
fourth  pound — chop  and  rub  fine;  fresh  bread  crumbs, 
four  ounces;  milk,  four  ounces;  whites  of  two  eggs, 
well  beaten.     Season  and  poach  in  small  cups. 

Veal  Broth. — Veal,  chopped  fine,  one-half  pound; 
cold  water,  one  pint.  Macerate  for  three  hours. 
Water-bath  for  three  hours.  Strain,  season,  cool,  and 
remove  fat. 

Eggs. — Eggs  are  rendered  unfit  for  food  purposes 
by  decomposition  induced  by  bacteria  which  penetrate 
the  shells.  The  freshness  of  an  egg  can  be  estimated 
l>y  the  jelly-like  condition  of  the  white  and  its  freedom 
from  a  watery  portion.  Staleness  is  indicated  by  a  loss 
of  weight,  diie  to  evaporation  of  the  water.  A  stale 
egg  will  also  give  a  splashing  sound  when  shaken. 
Testing  by  specific  gravity  and  candleing  will  deter- 
mine the  freshness  of  eggs,  but  is  hardly  to  be  regarded 
as  applicable  to  household  adoption. 

Unbeaten  raw  eggs  will  be  accepted  by  a  patient 
in  larger  numbers  and  over  a  longer  period  than 
when  shaken  up  with  milk  or  cooked.  They  may  be 
taken  in  remarkably  large  numbers,  as  many  as  fifty 
a  day. 

Some  patients  experience  difficulty  in  digesting  the 
yolks  of  eggs,  especially  if  they  are  not  strictly  fresh. 
in   these   cases  we   may   give   the   raw   whites   of  a 
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number  of  eggs,  cut  into  small  masses  with  scissors, 
with  sherry,  milk,  or  orange  juice  for  flavor,  if  the 
patient  has  tired  of  the  whites  alone.  After  a  time 
the  yolk  of  one  egg  may  be  added  to  the  whites  and 
it  will  be  readily  accepted.  The  flavor  and  odor  of 
eggs  and  the  color  of  the  yolk  are  greatly  influenced 
by  the  food  upon  which  the  fowl  has  fed. 

The  chemical  composition  of  eggs  is  as  follows: 


White. 

Yolk. 

Water           .    . 

86.2 

12.3 

0.2 

0.6 

250 

49  5 

Protein 

Fats 

15.7 
33.3 

1,705 

The  white  is  very  easily  digested  if  given  raw  or 

very  slightly  cooked.  If  well  beaten  or  but  slightly 
cooked,  or  if  it  is  added  to  water,  it  will  be  found  more 
digestible  in  some  instances  than  milk. 

The  large  percentage  of  oil  contained  in  the  yolk 
would  indicate  its  value  in  those  patients  who  need 
oil  and  are  able  to  digest  it.  It  should  be  slightly 
cooked.  If  it  is  to  be  given  hard  boiled,  it  should  be 
heated  until  it  is  mealy  and  then  grated  or  passed 
through  a  sieve. 

Eggs  may  be  prepared  in  many  ways.  If  fresh 
they  are  easily  digested,  and  furnish  a  concentrated 
form  of  nourishijient. 

Eggs  should  rtot  be  subjected  to  a  high  temperature 
in  their  preparation.  A  satisfactory  method  for  pre- 
paring a  soft-boiled  egg  is  to  place  one  egg  in  a  cup 
containing  one-half  pint  of  water  heated  to  the  boiling 
point  and  allowing  it  to  remain  for  ten  minutes.  The 
cup  should  not  stand  on  marble  or  metal,  since  the 
cooling  of  the  water  would  be  too  rapid  for  the  purpose 
in  view. 

A  poached  egg  should  be  prepared  by  dropping  an 
egg  into  water  near  the  boiling  point  to  fix  the  albu- 
min. It  should  then  be  basted  with  water  of  a  lower 
temperature,  about  170°,  until  there  is  a  veil  over 
the  yolk,  and  the  white  of  the  egg  is  jellified.  An 
egg  prepared  in  this  manner  may  be  given  when  one 
poached  in  the  usual  way  would  not  be  tolerated. 

Albumin  Wakr. — The  white  of  one  egg  well  beaten; 
water,  one  half-pint.  Mix  and  strain.  It  may  be 
flavored  with  sherry  or  lemon  or  orange  juice. 

Egg  Custard. — One  egg,  beaten;  milk,  four  ounces; 
sugar,  one  tablespoonful.  Mix  and  put  in  cups  and 
bake. 

Chocolate  Custard  is  made  by  adding  sufficient 
chocolate  to  flavor  and  color  the  egg  custard. 

Caramel  Custard  is  made  by  adding  sufficient 
browned  sugar  to  impart  a  caramel  flavor  to  the  egg 
custard. 

Brand y-and-egg  Mixture. — Yolks  of  two  eggs;  sugar, 
one  heaping  tablespoonfvil;  brandy,  two  ounces; 
cinnamon  water,  four  ounces.  Mix.  Administer 
in  tablespoonful  doses. 

Egg  Lemonade. — White  of  one  egg,  well  beaten;  juice 
of  one  lemon;  sugar  sufficient;  water,  one-half  pint. 
Shake  thoroughly.     Strain. 

Egg  Flip. — Milk,  hot,  one-half  pint;  yolk  of  one 
egg,  well  beaten;  whi.skey  one  ounce.      Mix. 

Egg  Xog. —  Put  the  yolk  of  one  egg  with  a  table- 
spoonful of  whiskey  or  brandy,  a  tablespoonful  of 
Jamaica  rum,  and  a  tablespoonful  of  granulated  sugar, 
with  a  half  pint  of  whole  milk  into  a  pint  jar,  and 
shake  thoroughly  until  the  sugar  is  dissolved.  Beat 
the  white  and  add  most  of  it  to  the  mixture,  and  shake 
again.  Put  the  remainder  of  the  beaten  white  on  the 
top  of  the  drink,  and  have  the  patient  take  it  through 
a  tube  or  straw. 

Barlholow's  Food. — Sago,  one  ounce;  milk,  one-half 
pint.     Soak  for  ten  minutes,  then  place  in  water-bath 


until  clear.  To  this  add:  Stimulating  beef-tea, 
one-half  pint;  yolk  of  one  egg,  beaten;  celery  salt, 
sufficient.     Mix.     This  is  a  complete  food. 

Fish. — The  digestibility  of  fish  is  influenced  by  the 
kind,  quantity,  and  distrilnition  of  the  oil  contained 
in  the  meat;  and  by  the  .season,  the  freshness,  and  the 
metliod  of  preparation  of  the  fish. 

The  blue,  dark,  and  red  meats  of  fishes  are  due  to 
the  presence  of  oil  or  fat.  In  white  fish  the  fat  U 
collected  in  local  part.s,  and,  for  this  reason,  white 
fish  may  he.  given  to  those  who  cannot  digest  the  oil 
contained  in  the  dark  meat. 

F'or  the  sick,  fish  should  be  broiled,  and  the  amount 
of  fat  desired  should  be  supplied  in  the  form  of  melted 
butter  used  as  a  dressing. 

If  the  fish  is  prepared  t)y  being  plunged  into  boiling 
salted  water,  and  the  process  of  cooking  is  continued 
with  the  water  at  a  .slightly  lower  temperature,  it  will 
retain  almost  all  of  its  nutritive  worth. 

Oysters. — Oysters  contain  a  small  proportion  of 
nourishment,  and  are  Easily  digested  if  the  "eye"  is 
rejected.  The  juice,  prepared  by  mincing  a  dozen 
fat  oysters  with  a  silver  knife  and  putting  them  into 
a  fruit  jar  and  standing  the  jar  in  hot  water  for  a 
half-hour,  is  often  accepted  by  an  irritable  .stomach 
that  refuses  almost  all  other  forms  of  nourishment. 

Oyster  Soujt  should  be  prepared  by  taking  some  flour 
and  butter  and  mixing  them,  with  the  cold  milk, 
gradually  added,  and  then  adding  the  lii|Uor  drained 
from  the  oysters.  This  mixture  should  be  boiled  for 
five  minutes,  and  the  oysters  and  .seasoning  then 
added;  the  soup  should  be  served  at  once.  Prepared 
in  this  manner  the  oysters  should  be  plump  rather  than 
shrivelled,  and  the  soft  parts  may  be  eaten  by  the 
patient  who  is  able  to  digest  solid  food. 

Oyster  Broth. — Oysters,  twelve;  water,  two  ounces. 
Mince  the  oysters.  Place  over  water-bath  for  a 
half-hour.     Season.     Strain. 

Clams. — Clams  have  a  place  in  the  dietary  of  the 
sick  chiefly  for  the  juice,  which  is  very  acceptable  in  a 
great  variety  of  cases. 

To  prepare  clam  juice  take  six  large  clams  in  the 
shell,  scrub  the  shells,  put  them  into  a  kettle,  add  a  cup 
of  water,  heat  until  the  shells  open,  pick  out  the  shells 
and  clams  with  a  fork,  strain  the  liquor  through  a 
double  layer  of  cheese-cloth,  cool  rapidly,  keep  well 
corked  and  cool,  and  dilute  with  hot  or  cold  water  to 
suit  the  taste  of  the  patient.  Some  persons  will 
accept  the  juice  if  it  is  diluted  imtil  it  has  only  a 
suggestion  of  the  clam  flavor,  who  would  be  unable 
to  take  it  if  it  were  stronger. 

.\  cream  of  clams  may  be  made  by  adding  milk  and 
enough  flour  to  give  the  density  desired. 

Veget.\bles.  —  Classification. —  Cereals,  legumes, 
roots  and  tubers,  green  vegetables,  fruits,  nuts,  fungi, 
lichens.  The  green  vegetables  possess  low  nutritive 
worth.  They  are  difficult  to  digest  because  of  the 
large  percentage  of  contained  woody  fiber,  and  many 
are  not  available  for  food  pvirposes  until  they  have  been 
cooked.  They  are  valiuible  for  the  volatile  oils, 
mineral  matter,  organic  acids,  and  the  large  proportion 
of  water  they  contain. 

The  cereals  approach  in  character  a  complete  food 
by  reason  of  the  contained  gluten,  starch,  and  fat. 
The  projjortion  of  nitrogen  is  not  sufficient,  however, 
for  bodilv  needs  without  a  supplemental  supply  in 
other  forms  of  food.  The  distinguishing  advantage 
possessed  by  them  is  that  certain  of  them  can  be  made 
into  bread.  Much  of  the  nitrogenous  worth  of  the 
liread  ))repared  from  wheat  is  .sacrificed  to  the  desire 
for  whiteness.  The  gluten  layer  of  the  wheat  grain 
is  located  directly  under  the  "outer  bran  coat  of  the 
grain,  and  if  this  were  allowed  to  remain  it  would 
give  a  darker  color  to  the  flour  and  the  bread  prepared 
from  it.  ]V hole-wheat  bread  contains  the  gluten  and 
the  phosphates  of  the  grain,  and  for  this  reason  is 
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darker  and  more  nutritious,  and  because  of  a  small 
proportion  of  bran  associated  with  the  flour  is  helpful 
in  overcoming  constipation. 

Legumes  contain  nitrogen  in  the  form  of  protein, 
in  addition  to  starch  and  fat,  and  are  represented 
by  peas,  beans,  lentils,  and  peanuts.  They  may  be 
termed  vegetable  meat  because  of  their  large  percent- 
age of  nitrogen,  and  are  more  valuable  as  foods  be- 
cause of  the  iron  and  sulphur  entering  into  their  com- 
position. It  is  very  difficult  to  secure  all  of  the  nutri- 
ment contained  in  them  because  of  the  intimate 
association  of  the  protein  and  starch  with  the  cellulose 
and  the  dense  capsule  substance  surrounding  them. 
For  those  having  feeble  digestion  they  should  be 
thoroughly  cooked  and  passed  through  a  colander 
to  get  rid  of  a  large  proportion  of  the  associated 
woody  fiber. 

Roots,  tubers,  etc.,  depend  upon  the  contained  starch, 
sugar,  salts,  and  acids  for  their  nutritive  worth. 
Here  the  food  value  is  lower  and  less  concentrated 
than  in  the  case  of  cereals  and_  legumes,  and  they  are 
poorer  in  nitrogen.  The  digestibility  will  vary  ac- 
cording to  the  age  and  to  the  proportion  of  water  lost 
by  evaporation.  The  starch  derived  from  corn  and 
potatoes,  arrowroot  and  rice,  will  tax  the  digestion 
least.  Starches  having  a  cell  wall  are  available  as 
foods  only  after  they  have  been  cooked  sufficiently 
to  cause  the  rupture  of  the  retaining  membrane  so  as 
to  liberate  the  starch. 

Fruits. — Fruits  are  valued  for  their  antiscorbutic 
properties,  due  to  the  salts,  acids,  alkalies,  volatile 
oils,  ethers,  and  the  large  percentage  of  water  which 
they  contain.  They  do  not  possess  high  nutritive 
worth. 

Ntjts  are  rich  in  fats  and  possess  high  calorie  value. 
Most  of  them  are  rich  in  proteins  and  are  relatively 
poor  in  carbohydrate.  Because  of  the  high  fat  and 
low  carbohydrate  content  (with  the  exception  of 
chestnuts)  they  are  very  serviceable  in  diabetes. 
They  are  all  difficult  of  digestion  because  of  the  large 
amount  of  cellulose.  They  should  be  thoroughly 
masticated  or  ground  into  a  paste. 

Roasted  almonds  and  pine  nuts  add  a  pleasant 
flavor  to  meat  cakes  and  are  serviceable  as  relishes  with 
the  ordinary  meal. 

Fungi. — Mushrooms  are  not  now  regarded  as  pos- 
sessing the  high  food  value  which  was  formerly 
attributed  to  them.  As  a  seasoning  they,  as  well  as 
truffles,  serve  a  useful  purpose. 

Bread. — Bread  for  the  sick  should  be  thoroughly 
baked  in  loaves  small  enough  to  insure  the  destruction 
of  the  yeast  plant  at  all  parts  of  the  sponge.  Freshly 
baked  "bread  is  unsuitable  to  patients  needing  dietetic 
directions.  Rasped  rolls  and  thoroughly  baked  rolls 
are  better  than  bread  cut  from  the  loaf. 

Toasted  bread  should  be  prepared  from  stale  bread, 
.slowly  heated  over  the  fire  until  it  is  cooked  through- 
out its  entire  thickness,  is  crisp  and  has  a  golden 
color.     The  crust  should  be  removed. 

Pulled  bread  is  prepared  by  taking  a  loaf  of  Vienna 
bread  two  days  old,  removing  the  crust,  and  separating 
the  sponge  of  the  bread  with  two  forks,  or  the  thumbs, 
in  such  a  way  that  the  bread  is  not  crushed.  Make 
into  strips  about  four  inches  long  and  one  inch  thick. 
Place  in  a  pan,  the  bottom  and  sides  of  which  have 
been  covered  with  paper,  and  bake  in  the  oven  mitil 
of  a  golden  brown  color  and  thoroughly  crisp.  It  may 
be  served  with  cream  or  whipped  cream. 

Dexirinized  bread  is  prepared  by  heating  a  slice  of 
stale  bread  in  the  oven  until  it  is  of  a  dark  brown  color. 

Torrefied  bread  is  prepared  by  subjecting  bread  to  a 
greater  heat  for  a  long  period  than  is  used  in  preparing 
dextrinized  bread. 

Brown  Flour  Soup. — Heat  flour  in  a  pan  until  it  has 
a  walnut  color.     Add  a  little  butter.     Form  a  smooth 


paste  by  the  addition  of  hot  water,  and  continue  the 
addition  of  hot  water  until  sufficient  has  been  added 
to  make  the  consistence  that  of  a  cream  soup.  Cook 
for  five  minutes.     Season  to  taste. 

Drinks  and  Jellies. — There  is  a  class  of  prepara- 
tions possessing  refrigerant,  demulcent,  diuretic,  dia- 
phoretic, and  a.stringent  properties.  They  have  a 
wide  range  of  usefulness,  and  the  variety  of  them  at 
our  disposal  enables  us  to  cater  to  the  taste  of  the 
patient. 

Flaxseed  Tea. — Flaxseed,  one  tablespoonful,  to  be 
washed  with  cold  water;  water,  one  pint.  Boil 
thirty  minutes;  sweeten;  flavor  with  lemon  peel  or 
juice;  cool;  strain. 

Gum-arabic  Water. — Gum  arable,  one  tablespoonful; 
sugar,  one  heaping  tablespoonful;  water,  one  pint. 
Dissolve  by  means  of  a  water  bath.  Add  lemon  juice, 
one  tablespoonful.     Strain. 

Irish-moss  Tea. — Irish  moss,  one  ounce,  to  be  washed 
with  cold  water;  water,  two  pints.  Mix  and  allow 
to  stand  for  fifteen  minutes;  heat  to  boiling  point;  add 
lemon  juice,  two  ounces;  sugar,  two  tablespoonfuls. 
Strain. 

Irish-moss  Jelly. — Irish  moss,  three  ounces,  to  be 
washed  with  cold  water;  water,  one  pint.  Allow  to 
stand  fifteen  minutes;  heat  to  boiling  point  and  con- 
tinue at  that  temperature  for  five  minutes.  Strain. 
Add  sherry  wine,  two  ounces;  sugar,  two  tablespoon- 
fuls.    Put  in  moulds  to  solidify. 

Imperial  Drink. — Cream  of  tartar,  one  teaspoonful; 
boiling  water,  one  pint;  lemon  peel  and  sugar,  of  each 
a  sufficient  quantity.      Mix,  cool,  and  strain. 

Wine  Whey. — Milk  heated  to  boiling  point,  one- 
half  pint;  sherry  wine,  two  ounces.     Mix  and  strain. 

Alum  Whey. — Milk  heated  to  the  boiling  point, 
one-half  pint;  powdered  alum,  one  teaspoonful,  dis- 
solved in  water.     Mix  and  strain. 

Lemon  Whey. — Milk  heated  to  the  boiling  point, 
one-half  pint;  lemon  juice,  two  teaspoonfuls.  Mix 
and  strain. 

Riee  Water. — Rice,  one  tablespoonful,  to  be  washed. 
Then  add  boiling  water,  one  pint,  and  boil  for  half  an 
hour.     Add  lemon  peel  sufficient;  cool.     Strain. 

Toast  Water. — Toast  thoroughly  a  slice  of  bread. 
Pour  over  it  six  ounces  of  boiling  water.  Cover. 
Allow  to  stand  in  a  warm  place  for  fifteen  minutes. 
Administer  by  the  teaspoonful. 

Corn  W ater^'Brown  a  tablespoonful  of  corn  meal 
in  a  pan;  add  six  ounces  of  hot  water:  boil  for  five 
minutes.     Strain. 

Barley  Water. — Pearl  barley,  two  ounces,  to  be 
washed;  water,  four  pints.  Mix  and  boil  to  two  pints. 
Flavor,  sweeten,  and  strain. 

Barley  Water  xrith  Patent  Barley. — Patent  barley, 
two  tablespoonfuls;  cold  water,  two  tablespoonfuls; 
salt,  sufficient;  sugar,  one  tablespoonful;  boiling 
water,  one  pint.     Mix  and  boil  for  five  minutes. 

Dietetics  for  Particular  Diseases. — Stomatitis. — 
Hot  water  taken  freely  an  hour  before  meals  is  of 
great  service.  If  bicarbonate  of  soda  is  added  to  the 
water  the  effect  will  be  better.  A  milk  diet  with 
pulled  bread  or  dextrinized  bread  is  best.  White 
meat  may  be  allowed  in  small  amounts.  Ice  cream, 
iced  fruit  juices,  junket  ice  cream,  and  albuminized 
beef  tea  may  be  given.  Acids  and  fats  are  to  be 
avoided,  as  are  foods  likely  to  undergo  fermentation. 

Tonsillitis  and  Pharyngitis. — There  is  usually 
associated  with  these  diseases  a  mild  febrile  process, 
and  the  same  diet  is  suitable  to  both  conditions. 

Diluent  and  demulcent  drinks,  such  as  rice  water, 
barley  water,  or  oatmeal  water,  are  nutritive  and 
serviceable.  Irish-moss  tea  or  jelly  flaxseed  tea, 
gum-arabic  water  are  soothing,  alum  whey  is  astrin- 
gent, and  imperial  drink  is  refrigerant. 

The  proper  diet  should  be  one  containing  a  large 
quantity  of  water.  Whole  or  skimmed  milk,  or  milk 
with  barley  or  rice  water,  is  to  form  the  chief  article 
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of  diet.  Alum  whey  is  of  service  because  of  its 
astringency,  and  because  it  enables  us  to  vary  the 
diet.  Junket,  milk  jelly,  water  ice,  and  ice  cream  are 
allowable.  Gruels  and  creams  of  various  vegetaViles 
may  be  given.  Animal  broths  should  be  omitted, 
except  those  prepared  from  oysters  and  clams.  The 
subject  will  be  fully  considered  in  the  section  devoted 
to  the  Dietetics  of  Diphtheria. 

Stenosis  oj  the  Esophagus  or  of  the  Cardiac  End  of  the 
Stotnach. — The  character  of  the  cause  of  the  stenosis 
will  influence  the  selection  of  the  diet,  as  will  likewise 
the  degree  of  obstruction.  Milk,  plain  and  modified, 
is  to  be  considered  the  standard  diet.  A  complete 
food  is  to  be  constructed  from  milk,  eggs,  and  cereal. 
We  have  an  example  of  sucli  in  "Bartholow's  food." 
Scraped  beef  and  finely  minced  chicken  can  be  com- 
bined witli  milk  and,  in  case  of  deficient  digestive 
power,  these  combinations  may  be  peptonized.  The 
semi-solid  foods,  such  as  wine  jolly,  calf's-foot  jelly, 
gelatin  preparations,  bromangelon,  junket,  and  ice 
cream  are  easily  swallowed. 

Acute  Gastritis. — The  temporary  avoidance  of  food 
administered  by  the  mouth  is  frequently  the  prime 
indication.  If  the  strength  of  the  patient  is  ex- 
hausted, it  may  be  necessary  to  resort,  to  rectal  ali- 
mentation. Cracked  ice  may  exert  a  quieting 
influence  upon  the  ga.stric  irritat^ility.  Hot  water  is 
of  the  greatest  service  even  when  it  is  not  retained. 
More  acceptable  and  likely  not  only  to  be  retained  but 
also  to  allay  vomiting,  is  clam  juice.  For  the  earlier 
stages  there  is  nothing  better  than  this  preparation. 
The  method  of  administering  it  and  all  nourishment 
in  this  condition  is  quite  as  important  as  the  selection 
of  the  particular  kind  of  food.  A  tcaspoonf  ul  of  liquid 
food  given  every  five  or  ten  minutes,  or  every  minute, 
imtil  four  or  eight  have  been  given,  is  much  more 
likely  to  be  retained  than  are  larger  quantities.  After 
the  irritability  of  tlie  stomach  lias  once  been  allayed 
and  digestion  begins  to  be  performed,  the  interval 
between  feedings  and  tlie  quantity  and  variety  of  food 
may  be  increased.  Milk  with  carbonated  water, 
whey,  junket  that  has  been  passed  through  a  colander 
or  sieve,  albumin  water,  koumys,  or  zoolak  may  be 
given.  Toast  water  or  corn  water  and  dry  toast 
will  often  allay  vomiting.  Oyster  juice  fed  very 
slowly  is  serviceable  in  these  cases;  later,  scraped  beef 
and  chicken  panada,  or  the  white  of  a  poached  egg 
with  pulled  bread,  will  be  acceptable. 

Chronic  Gastritis. — The  condition  with  whicli  the 
gastritis  is  associated  will  influence  the  choice  of  diet. 
Tlie  liberal  use  of  hot  water,  or  hot  water  with 
bicarbonate  of  soda  and  essence  of  peppermint,  will 
facilitate  the  removal  of  the  tenacious  mucus  so 
constantly  present  in  these  cases,  and  give  a  better 
opportunity  for  the  gastric  secretion  to  act. 

The  condition  is  so  constantly  associated  with 
obstruction  of  the  portal  circulation  that  no  food  must 
be  given  that  would  tax  the  hepatic  function.  For 
this  reason  buttermilk,  wliich  represents  sweet  milk 
with  practically  all  of  the  fat  removed,  is  regarded 
by  many  as  the  ideal  diet  for  these  cases.  Skimmed 
milk  is  serviceable  for  the  same  reason.  Milk,  diluted 
with  hot  water,  with  carbonated  water,  or  with  a 
water  prepared  from  one  of  the  cereals,  to  render  the 
curd  smaller,  is  to  be  regarded  as  especially  indicated. 

It  is  a  safe  general  rule  in  dietetics  to  give  that  food 
which  will  tax  the  affected  organ  I^st — in  other  words, 
to  rest  the  disabled  viscus.  This  rule  would  indicate 
the  use  of  fats  and  starches  in  gastritis.  Fats  are 
contraindicatcd,  however,  for  tlie  reason  given. 
Starches  are  of  service  in  many  of  these  cases,  but 
their  use  must  be  watched  because  of  the  liability  to 
occasion  the  development  of  water  brash,  or  heart- 
burn, due  to  lactic  or  butyric  acid  fermentation. 
Corn-starch,  arrowroot,  and  white  potatoes  should 
furnish  a  starch  most  easilv  digested.  It  need  hardly 
be  added  that  care  and  skill  in  the  cooking  of  these 
cereals  will  greatly  influence  their  digestibility. 


The  stimulating  Ijcef  tea  in  the  earlier  stage,  and 
the  nutritive  beef  lea  whea  the  condition  improves, 
will  he  found  serviceable.  Scraped  beef,  or  beef 
reduced  to  a  pulp  by  means  of  a  mortar,  and  the  fibers 
drained  from  it,  will  be  easily  digested.  The  judicioiLs 
use  of  condiments  in  these  cases  will  be  of  service  in 
stimulating  the  gastric  .secretions. 

One  thought  is  to  be  kept  constantly  in  mind  in  the 
treatment  of  these  cases — that  is,  that  no  food  shall 
be  given  that  is  liable  speedily  to  undergo  fermentative 
clianges,  or  to  remain  long  in  the  .stomach.  For  this 
reason,  spare,  cold  boiled  ham,  and  other  smoked 
meats  are  often  more  acceptable  than  other  forms  of 
nourishment. 

In  those  ca.ses  in  which  the  disease  is  associated  with 
deficient  motor  power,  the  interval  between  feedings 
should  be  lengtheiuni,  and  an  effort  made  to  cleanse 
tlie  .stomach  of  the  remnant  of  the  previous  meal 
before  more  food  is  introduced. 

Eggs  are  more  available  if  the  whites  only  are  u.sed. 
They  shoulfl  be  poached  at  a  low  temperature,  or  well 
beaten,  and  should  be  combined  with  other  forms 
of  nourishment.  Oven-baked  toast,  or  pulled  bread, 
will  be  the  form  of  bread  least  likely  to  induce  flatu- 
lency. 

Dyspepsia. — The  term  is  applied  to  a  group  of 
symptoms  including  tho.se  previously  considered  under 
acute  and  chronic  gastritis.  In  addition  to  these 
two  classes  of  gastric  diseases,  there  are  cases  with 
symptoms  .so  pronounced  as  to  enable  them  to  be  con- 
sidered under  the  following  heacLs:  Atonic  dyspepsia; 
nervous  dyspepsia,  including  gastralgia;  intestinal 
dyspepsia. 

Atonic  Dyspepsia. — Hot  water  should  he  given  im- 
mediately upon  rising  tocleansethestomachof  accumu- 
lated mucus,  and  a  glassful  of  cold  water  before  meals 
for  its  tonic  effect.  See  to  it  that  there  are  teeth 
to  perform  the  work  of  preparing  the  food  for  diges- 
tion. It  is  more  promising  to  treat  certain  dyspeptics 
by  ordering  teeth  than  V)y  the  employment  of  covmt- 
less  drugs  and  diets.  When  the  teeth  are  unsuitcd 
to  grind  and  cut  the  food,  it  must  lie  artificially  done 
or  the  diet  will  have  to  be  confined  to  tlie  foods  re- 
quiring no  mastication.  The  condition  of  the  teeth 
and  gums,  as  possible  sources  of  infection,  is  to  be  given 
careful  consideration.  Each  meal  should  consist 
of  one  or  two  articles  of  diet.  Beef  combined  with 
rice  will  give  a  complete  food  liecause  there  is  sufficient 
flit  inseparably  as.sociated  with  the  beef  to  yield  as 
much  of  this  food  element  as  is  likely  to  be  digested 
witli  facility. 

Fruits  are  of  service  in  this  case,  especially  if  taken 
before  the  meal.  Those  containing  a  minimum  of  acid, 
such  as  oranges  and  grapes,  if  taken  before  breakfast 
will  frequently  stimulate  digestion.  Certain  cases 
will  be  met  with  in  which  the  fruits  are  better  borne 
if  taken  at  the  close  of  the  meal.  This  is  p.articularly 
true  of  the  more  acid  fruits,  such  as  strawberries. 

For  breakfast,  .a  liroilod  chop,  the  white  of  a  poached 
egg,  a  cereal,  if  thoroughly  insalivated  and  if  not  too 
much  sugar  is  used,  combined  with  toasted  or  whole- 
wheat bread,  or  shredded  wheat,  would  make  a  suit- 
able meal.  Cambric  tea  is  to  be  preferred  to  tea  or 
coffee.  For  dinner,  a  cup  of  hot  stimulating  beef  tea, 
consomme,  or  bouillon  will  stimulate  digestion. 
This  may  be  followed  by  a  meat  cake,  prepared  by 
passing  beef  twice  through  the  chopper  or  by  scraping 
it.  A  mealy  baked  potato  is  allowable,  and  this  may 
bo  made  more  digestible  by  having  the  potato  removed 
from  the  skin  after  baking,  incorporating  with  it 
butter  and  seasoning  and,  in  certain  instances,  the 
white  of  an  egg,  reiilacing  the  mass  in  the  potato  case 
and  heating  so  that  the  seasoning  may  be  thoroughly 
blended  and  the  starch  granules  separated.  Steamed 
rice,  macaroni,  vormioelli,  or  any  of  the  Italian  pastes 
may  be  given,  and  when  combined  with  grated 
Parmesan  or  .\merican  cheese  will  constitute  a  com- 
plete food.     If  the  diet  is  confined  to  one  or    two 
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articles  of  food  we  are  able  readily  to  determine  the 
influence  of  the  food  elements  administered  upon  the 
course  of  the  disease.  This  point  is  not  sufficiently 
appreciated,  and  its  neglect  often  results  in  failure 
in  the  dietetic  treatment  of  disease.  When  there  is 
hyperacidity,  scraped  beef  as  an  exclusive  diet  will 
often  give  the  best  results.  In  those  cases  in  which 
there  is  a  hyperacidity  the  starches,  if  thoroughly 
insalivated,  are  apt  to  be  more  easily  digested. 

Water  with  the  meals  is  of  advantage  because  of 
its  solvent  effect  and  its  mechanical  aid  in  separating 
the  particles  of  food  and  thus  facilitating  the  action 
of  the  gastric  juice  upon  the  aliment.  Constipation 
is  a  less  prominent  symptom  when  sufficient  water  is 
taken.  Too  much  water,  on  the  other  hand,  niay 
retard  digestion  by  excessively  diluting  the  digestive 
ferments.  Rest  after  meals  promotes  digestion; 
sleep  retards  it. 

Nervous  Dyspepsia. — In  these  cases  the  disease 
manifests  itself  by  symptoms  referable  to  the  nervous 
system  and  associated  with  these  there  are  variable 
appetite,  clean  tongue,  and  a  pain  in  the  region  of  the 
stomach,  which  latter  is  often  relieved  by  taking 
food.  The  element  of  pain  may  be  so  pronounced  as 
to  justify  consideri,ng  the  case  one  of  gastralgia. 
According  to  the  degree  of  severity  of  the  symptoms 
will  be  the  necessity  for  a  rigid"  dietetic  reguiieii. 
Rest  before  and  after  food  is  most  helpful.  The 
meals  should  be  taken  under  a  cheerful  environment. 
Anything  tending  to  depress,  irritate,  or  call  attention 
to  the  patient's  invalidism  is  to  be  avoided.  An  ex- 
clusive milk  diet  may  be  necessary.  Later,  fruits, 
eggs  slightly  cooked,  bacon  crisp  and  dry,  with  dextri- 
nized  bread,  should  compose  the  breakfast.  Coffee 
is  to  be  avoided,  and  tea  also,  unless  it  be  weak  and 
freshly  brewed,  and  taken  several  hours  after  the 
meal. 

Ulcer  of  the  Stomach. — The  inability  to  determine 
how  long  the  condition  has  existed  makes  useless  any 
etfort  to  regiilate  the  diet  to  suit  any  particular 
week  of  the  disease.  The  occurrence  of  hemorrhage 
is  a  definite  landmark  of  the  course  of  the  lesion. 

As  soon  as  the  disease  is  recognized  the  patient 
should  be  put  to  bed. 

When  hemorrhage  has  occurred,  all  food  by  the 
mouth  should  be  withheld  and  rectal  feeding  sub- 
stituted for  several  days,  a  week  or  until  uU  signs 
of  hemorrhage  have  disappeared.  The  objection  to 
rectal  feeding  in  peptic  ulcer  is  the  absence  in  the 
stomach  of  food  necessary  to  neutralize  the  gastric 
juice  which  is  called  forth  by  the  stimulation  excited 
by  the  rectal  alimentation.  It  may  be  better  to 
withhold  all  forms  of  nourishment  or  to  administer 
milk  by  the  mouth.  Later,  white  of  egg,  cream,  and 
gelatin  may  be  given.  The  patient  should  be  con- 
fined to  bed  for  several  weeks. 

Olive  oil  given  before  meals,  has  been  recommended 
with  a  view  of  combating  the  tendency  to  hyper- 
chlorhydria  and  pyloric  spasm. 

Lenhartz  advocates  a  suitable  dietary  in  all  stages 
of  the  disease  capable  of  combating  the  debility, 
anemia,  and  the  administration  of  protein  to  lessen 
the  hyperacidity  and  nourish  the  patient.  An  ice-bag 
is  applied  locally,  bismuth  is  given  internally  and  ice- 
cold  milk  and  eggs  are  administered,  even  when 
hemorrhage  is  present. 

The  rule  to  spare  the  affected  part  applies  with 
special  force  to  this  condition.  The  ulcerated 
gastric  mucous  membrane  must  not  be  irritated  by 
coarse  food,  excessive  food,  or  a  free  flow  of  gastric 
juice,  because  the  likelihood  of  hemorrhage  is  increased 
bv  coarse  particles  of  food,  and  by  distention  of  the 
stomach  by  food  or  gas.  Carbonated  water  is  not  to 
be  used  in" diluting  the  milk  that  is  so  large  a  part  of 
the  diet,  unless  the  mixture  is  allowed  to  stand  until 
effervescence  has  entirely  ceased.  Milk,  prepared  in 
this  way,  will  form  a  flocculent  curd._  Rice  or  albumin 
water  will  be  serviceable  as  an  addition  to  the  milk. 


Curds  and  whey,  if  passed  through  a  sieve,  may  be 
used. 

As  convalescence  becomes  established,  the  patient 
may  have  cream  soups  of  the  various  vegetables, 
always  observing  the  precaution  that  they  be  strained 
through  the  colander  or  sieve.  Meat  soup,  free  from 
fat,  scraped  meat  cakes,  or  minced  white  meat  of 
chicken,  creamed  sweetbreads,  and  strained  gruels,  or 
combinations  of  these  food  elements,  may  be  employed 
in  these  cases. 

The  dietetic  treatment  of  a  case  of  gastric  ulcer 
should  extend  over  a  period  of  from  four  to  six  months. 
Intestinal  Dyspepsia. — Most  conducive  to  relief 
from  digestive  disturbances  is  a  regard  for  the  rules 
that  may  be  applied  to  all  dietetic  efforts.  These 
comprise  a  favorable  environment,  careful  mouth 
toilet,  correct  temperature  of  the  food,  fixed  hours  of 
feeding  and  a  suitable  interval  between  meals,  slow 
eating,  thorough  insalivation  and  a  period  of  rest 
before  and  after  meals.  It  is  not  difficult  to  appreciate 
that  the  most  probable  exciting  cause  of  this  condition 
is  to  be  found  in  the  excessive  use  of  improperly 
cooked  starches.  Potatoes,  yielding  themselves  to 
many  improper  methods  of  cooking,  are  doubtless 
potent  factors  in  the  production  of  intestinal  dyspep- 
sia. Here  the  starch  is  made  difficult  of  digestion  by 
reason  of  the  frying  to  which  it  is  often  subjected, 
and  the  fat  used  in  the  process  has  been  heated  to  a 
point  where  its  chemical  composition  is  changed, 
when  it  becomes  unsuited  for  food  purposes,  as  is 
starch  which  has  been  cooked  in  it. 

The  breads  usually  found  on  the  table  are  frequently 
of  such  composition  or  in  such  a  condition  as  to 
make  them  a  tax  upon  digestion.  Among  the  poorer 
classes  the  meal  is  often  largely  made  up  of  bread  and 
a  liberal  allowance  of  tea  and  sugar.  There  is  another 
class  of  food  stuffs  that  have  contributed  largely  to 
the  causation  of  this  disease,  the  cereals;  the  coarse 
oat-meals  that  have  been  cooked  for  as  brief  a  period 
as  a  half-hour  are  better  adapted  for  bill-posters' 
buckets  than  for  human  stomachs.  The  treatment 
of  the  condition  after  the  elimination  of  the  exciting 
cause  resolves  itself  into  the  administration  of  the 
foods  that  are  digested  chiefly  in  the  .stomach.  Hot 
water,  skimmed  milk,  milk  in  all  possible  combina- 
tions, and  milk  with  the  curd  made  small,  will  be 
found  serviceable  in  all  of  these  cases. 

Clear  soup  made  from  meat,  and  scraped  or  chopped 
meat  cakes  with  dextrinized  bread,  will  stand  for  the 
diet  best  adapted  to  these  cases.  These  articles  of 
diet  are  quite  sufficient  for  a  considerable  period  of 
time  if  prepared  in  the  various  combinations  to  which 
they  lend  themselves.  Later,  slightly  cooked  egg 
albimiin  may  be  added  to  the  diet,  and  as  the  con- 
dition improves,  sweetbreads,  calves'  brains,  squabs, 
chicken,  bacon,  and  game.  The  starchy  foods  are  to 
be  added  gradually  and  the  effect  watched.  Macaroni, 
vermicelli,  and  noodles,  .steamed  rice  and  corn  starch, 
and,  later,  a  baked  potato  may  be  added  to  the  diet. 

Tea  and  coffee,  as  they  are  usually  prepared  and 
used,  are  objectionable  in  all  forms  of  dyspepsia. 
Coff'ee  if  diluted  with  hot  milk  is  less  likely  to  tax  the 
digestion  than  is  tea.  The  question  of  stimulants 
and  wine  is  a  less  pressing  one  here  than  abroad. 
For  the  debilitated  or  aged,  champagne,  or  brandy 
diluted  with  carbonated  water,  when  taken  during  the 
meal,  will  frequently  prove  of  the  greatest  service. 

Cancer  of  the  Stomach. — If  the  lesion  is  situated  at 
the  cardiac  orifice  and  is  sufficient  to  prevent  the 
ready  entrance  of  food  into  the  stomach,  it  will 
become  necessary  to  use  the  stomach  tube  in  feeding 
the  patient.  If  the  pyloric  orifice  is  the  seat  of  dis- 
ease, the  likelihood  of  gastric  dilatation  and  its  attend- 
ant catarrli  is  proportionate  to  the  degree  of  stenosis. 
The  food  in  either  instance  should  be  either  liquid  or 
semi-solid.  Milk  combined  with  eggs,  beef,  or  one 
of  the  starchy  vegetables  will  offer  a  sufficient  range 
of  nourishment.     The  white  of  egg  may  be  given  with 
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milk  or  broth._  Tlie  yolk  can  be  administered  with 
less  objection  in  these  cases,  especially  it  it  is  asso- 
ciated with  pancreatin  and  soda. 

Scraped  beef,  beef  peptonoids,  and  strained  gruels 
are  to  be  given. 

An  early,  careful  employment  of  rectal  feeding  will 
prove  a  valuable  supplemental  source  of  nourishment. 
Later,  it  will  likely  be  the  only  means  of  sustaining  the 
patient. 

Pyloric  ObstrucHon  and  Dilatation  oj  the  Slomach. — 
The  diet  suitable  for  chronic  gastric  catarrh  and  cancer 
of  the  stomach,  with  certain  slight  modifications,  will 
be  found  adapted  to  these  conditions. 

Constipation. — One  of  the  most  important  directions 
that  can  be  given  a  patient  with  this  troublesome  cora- 
jilaint  is  that  a  hard-and-fast  rule  be  observed  in  the 
matter  of  having  a  fixed  hour  each  day,  at  which  an 
effort  to  have  a  bowel  movement  will  be  made.  A 
glass  or  two  of  hot  water,  sipped  at  intervals  during 
the  progress  of  the  toilet,  and,  if  necessary,  the  same 
ciuantity  of  water  taken  before  retiring,  will  greatly 
favor  a  daily  evacuation  of  the  bowels. 

The  condition  is  constantly  associated  with  a 
deficiency  of  the  liquid  element  in  the  intestinal  con- 
tents. Either  there  is  a  deficiency  of  water  ingested, 
or  that  taken  is  lost  by  excessive  perspiration,  and  the 
fecal  matter  in  this  way  becomes  inspissated  and 
constipation  results. 

Fruits,  either  raw  or  cooked,  and  dried  fruits  ac- 
cording to  the  digestive  power  of  the  individual,  are 
of  the  greatest  service  in  overcoming  constipation. 
They  act  more  by  virtue  of  the  acids  and  the  water 
contained  in  them  than  by  their  bulk  and  mechanical 
irritation  of  the  intestinal  tract. 

Most  of  the  dried  fruits  are  more  easily  digested 
if  cooked.  Primes  should  be  deprived  of  the  skin,  and 
thorough  mastication  of  the  fruits  having  much  wood)' 
fiber  should  be  insisted  upon. 

Vegetables,  especially  the  green  vegetables,  e.g. 
spinach,  lettuce,  peas,  beans,  celery,  and  others,  by 
reason  of  the  water  and  acids  they  contain  and  the 
residue  they  leave,  contribute  to  overcome  con- 
stipation. 

When  it  is  remembered  that  approximately  more 
than  three-fourths  of  most  vegetables  are  composed 
of  water,  it  will  be  more  readily  appreciated  how 
these  foods  exert  an  apparent  effect  by  liquefying 
the  intestinal  contents. 

When  the  constipated  habit  of  the  meat-fed  dog  is 
contrasted  with  the  semi-solid  character  of  the  evacua- 
tion of  the  herbivorous  animals  we  have  an  important 
dietetic  suggestion. 

Cereals  are  helpful  in  the  treatment  of  these  cases, 
if  they  are  prepared  in  such  a  way  as  to  leave  the 
bran  layer  of  the  grain  in  the  meal. 

In  this  way  we  secure,  by  bulk  and  mechanical 
irritation,  a  stimulus  to  peristalsis.  Bran  bread, 
ginger  bread,  graham  bread,  brown  bread,  the  various 
cereals  comprising  the  breakfast  foods  on  the  market, 
and  the  gluten,  ginger,  and  smaller  biscuits  of  the 
shops  may  be  used  in  this  condition. 

Milk  is  less  constipating  if  it  has  not  been  skimmed, 
the  fat  of  the  cream  being  laxative.  One  of  the  best 
aperients  for  babies  is  cream. 

Bacon  cooked  imtil  crisp  and  dry  is  serviceable,  by 
reason  of  the  fat  of  which  it  is  composed. 

Butter,  in  large  quantities  upon  gluten,  bran,  or 
brown  bread,  will  be  of  service.  Oils,  with  green 
vegetables  may  be  used. 

When  tlie  condition  is  the  result  of  dyspepsia,  it 
is  important  to  avoid  making  any  pronounced  change 
in  the  diet  without  giving  a  due  consideration  to  the 
digestibility  of  the  food  selected;  as  woody  vegetables, 
so  serviceable  in  constipation,  are  very  difficult  of 
digestion.  Certain  cases  are  benefitted  by  the  use 
of  inert  substances  which  by  reason  of  their  bulk 
stimulate  peristalsis.  Among  these  are  agar-agar  and 
liquid  paraffin. 


Acute  diarrhea  is  to  Ije  treated  according  to  the 
cause  which  occasioned  it.  If  an  irritating  substance 
has  been  ingested  or  developed,  the  withholding 
of  all  food  for  a  time  after  the  irritant  has  been  expelled 
will  prove  the  be.st  initial  treatment. 

Albumin  water  is  serviceable.  Boiled  milk, 
skimmed  milk,  or  milk  to  which  flour  ha.s  been  added 
and  boiled  (making  the  preparation  known  as  "pap"), 
will  prove  acce[)table.  Brown-flour  soup,  "gebrannte 
Mehlsuppe"  of  the  Germans,  with  or  without  ginger 
or  other  acceptable  spice,  is  higlily  regarded,  while 
beef  scraped  or  the  pulp  prepared  by  pounding  the 
beef  in  a  mortar  with  water  or  milk  and  then  strained, 
is  to  be  given.  The  latter  preparation  may  be 
peptonized. 

Chrmiic  Diarrhea. — The  condition  with  which  the 
diarrhea  is  associated  will  influence  the  dietetic 
treatment.  The  food  should  be  administered  in 
small  quantities  and  at  frequent  intervals.  Fer- 
mentable foods,  and  those  likely  to  excite  diarrhea, 
are  to  be  avoided.  Chicken  and  game  meats  are  to 
be  considered  in  this  class.  It  is  important  that  the 
intestines  shall  be  spared  every  effort,  as  far  as 
possible,  to  digest  and  a.ssimilate  the  food  adminis- 
tered. This  means  that  egg  albimiin,  skimmed  milk, 
buttermilk,  sterile  beeftea,  beef  juice,  and  scraped 
meat  should  form  the  chief  constituents  of  the  diet. 
Koumys,  zoolak,  cottage  cheese,  and  certain  of  the 
manufactured  foods  are  also  available.  If  judiciously 
administered,  these  articles  will  prove  an  acceptable 
diet  for  a  protracted  period. 

When  the  digestive  power  increases  dextrinized  bread 
or  flour  soup,  cream  of  potatoes,  corn  starch,  and  "pap" 
ma)-  be  given.  Farina  gruels  combined  with  whites 
of  eggs  are  suitable  to  these  cases.  Brandy  and  red 
astringent  wines,  such  as  Burgundy  or  claret,  will 
be  serviceable  in  certain  cases. 

Dysentery. — The  acute  and  chronic  forms  require 
those  foods  which  are  completely  digested  and  leave 
a  minimum  residue. 

Egg  albumin,  sterile  beeftea,  beef  juice,  scraped 
beef,  gelatin  foods,  skimmed  milk,  and  milk  fortified 
by  the  addition  of  albumin,  curds  and  whey,  grated 
cheese  koumys,  and  similar  foods  are  to  he  considered 
the  chief  articles  of  diet.  The  return  to  a  diet  con- 
taining starch,  sugar,  and  fats  should  be  long  deferred 
and  cautious. 

Intestinal  Diseases  of  Childhood. — It  is  possible  to 
consider  a  large  group  of  separate  conditions  under 
this  heading.  In  all  of  them  the  limit  of  bacterial 
invasion  consistent  with  health  has  been  pa.ssed. 
In  the  successful  treatment  of  these  cases  the  first 
requisite  is  to  secure  the  closest  possible  approach  to 
a  favorable  flora  of  the  gastrointestinal  tract  and  to 
introduce  no  food  that  will  carry  reinfection  or  yield 
a  favorable  medium  for  the  development  of  per- 
nicious forms  of  bacterial  life.  In  marked  contrast 
with  the  conditions  we  strive  to  prevent  are  the  favor- 
able results  that  may  be  secured  by  cultivating  a 
prolific  growth  of  the  Bulgarian  lactic  acid  bacilli. 
This  is  accomplished  by  clearing  out  the  gastro- 
intestinal tract  with  castor  oil  or  Epsom  salts.  Only 
water  or  barley  water  should  be  given  during  the 
subsequent  twenty-fmir  hours.  The  following  day 
milk,  siiitably  diluted,  is  administered  and  a  tablet 
containing  cultures  of  these  bacilli  is  given  before  and 
after  each  feeding.  Constipation,  vomiting  and 
mahuitrition  yield  with  surprising  frequency  to  this 
metliod. 

Condensed  buttermilk,  suitalily  diluted,  will  give 
good  results  in  many  of  these  cases.  It  may  not  be 
continued  for  a  protracted  period  and  its  use  offers 
no  advantages  over  the  method  where  the  tal>lets 
are  employed.  These  diseases  are  usually  associated 
with  an  inability  to  readily  digest  the  ca.scin  con- 
stitvient  of  milk,  and  this  inability  manifests  itself  by 
the  occurrence  of  colic  soon  after  taking  food  and  by 
the  presence  of  curds  of  varying  sizes  in  the  evacua- 
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tion.  The  casein  should  be  lessened  l)y  the  dilution 
of  tlie  milk  witli  water  or  other  diluent.  In  tliose 
cases  in  which  there  is  a  total  inaljility  to  digest 
casein,  whey  will  be  found  acceptable.  Albumin 
water  is  in  favor  in  these  conditions.  Partial  pep- 
tonizing may  enable  the  patient  to  digest  ordinary 
milk.  The  simple  dilution  of  the  milk  lessens  the 
proportion  of  sugar,  and,  thus,  the  likelihood  of 
fermentative  changes  and  acid  stools  is  lessened. 

The  fat  of  the  milk  is  likely  to  favor  diarrhea  and 
vomiting.  Skimmed  or  boiled  milk  will  be  indicated 
in  those  cases  in  which  there  is  reason  to  believe  that 
the  patient  is  imable  to  digest  the  fat.  The  advantage 
of  a  temporary  withholding  of  food  is  not  to  be  for- 
gotten. Beef  jviice  diluted  with  warm  water,  mutton 
broth,  veal  broth,  or  barley  and  egg  water,  will  each 
be  found  serviceable.  There  is  no  dietetic  regimen, 
just  as  there  is  no  particular  food  that  is  adapted 
to  every  one  of  these  cases.  The  food  must  be  mod- 
ified to  meet  what  we  conceive  to  be  the  existing 
condition  and  the  digestive  power  of  the  parts 
involved. 

Acute  Appendicitis. — An  acute  attack  of  appendi- 
citis demands  a  liquid  diet.  There  should  be  no 
excessive  residue;  neither  should  there  be  so  little 
residue  as  to  favor  the  occurrence  of  constipation  with 
the  attendant  likelihood  of  extension  of  the  inflam- 
matory process.  Thus  milk,  toasted  bread,  freshly 
prepared  broths,  egg  albumin,  and  gelatin  prepara- 
tions would  yield  a  suitable  dietary. 

Ochsner  advises  an  avoidance  of  purgation  and 
the  withholding  of  all  food  until  the  most  acute  symp- 
toms have  abated.  The  mouth  may  be  moistened  by 
sips  of  cold  water  and  small  amounts  of  very  hot 
water  may  be  swallowed.  Gastric  lavage  is  practised 
and,  for  persistent  nausea,  is  repeated  from  every  two 
to  four  hours.  Deljilit}'  is  combated  with  enemata  of 
concentrated  licjuid  food.  Eight  ounces  of  normal 
salt  solution  maj-  be  given  by  the  bowel  four  or  sue 
times  a  day  if  no  liquid  is  being  taken  by  the  mouth. 
After  the  patient  has  been  free  from  symptoms  of 
the  disease  for  four  days  he  is  given  stimulating  beef- 
tea.  Peptonized  food  and  milk  are  gradually  in- 
troduced into  the  diet. 

Chronic  Appendicitis. — Foods  which  would  yield  a 
coarse  bulky  residue,  and  improperly  cooked  meats 
are  to  be  avoided.  Oatmeal  as  ordinarily  prepared 
by  being  boiled  for  as  short  a  time  as  half  an  hour  is 
not  suitable  for  food  purposes.  Cabbage,  corn,  and 
fruits  containing  seeds  or  having  dense  skins  are  to 
be  omitted  because  of  the  tendency  to  induce  intestinal 
indigestion  and  flatulency,  and  not  because  of  the 
danger  of  their  entering  the  appendix.  Thus,  the 
class  of  articles  to  be  avoided  constitutes  the  chief 
dietetic  direction  to  be  given  to  these  patients. 
Overeating,  gamey  food,  the  ingestion  of  a  large 
quantity  of  very  cold  food,  ice  cream,  or  beer  may 
aggravate  the  disease.  The  diet  should  be  a  simple 
mixed  one  containing  no  elements  likely  to  tax  diges- 
tion or  to  favor  the  development  of  intestinal  catarrh. 
Thus,  the  legumes  represented  by  peas,  beans,  and 
lentils  with  dense  skins  and  sulphur  as  a  constituent 
are  objectionable.  Corn  is  more  likely  to  do  harm  in 
these  cases  than  is  cornlet  or  cornmeal.  Pickles, 
onions,  and  highly  seasoned  condiments  are  of  ques- 
tionable utility. 

Jaundice,  Biliary  Calculi,  and  Cirrhosis  oj  the  Liver. 
— In  the  dietetic  treatment  of  these  conditions  sugar 
is  to  be  eliminated  as  far  as  possible  from  the  food. 
Starches  are  to  be  reduced  to  a  minimum  because  of 
their  change  into  sugar  in  the  course  of  the  process 
of  digestion.  So  far  as  possible  it  is  well  to  administer 
starches  only  in  moderation  and  those  combined  with 
gluten,  e.g.  macaroni,  vermicelli,  and  rolled  wheat. 
Rice,  tapioca,  sago,  and  arrowroot  may  be  given. 
Potatoes  are  permissible  if  given  in  moderation,  but 
the  vegetables  poor  in  starch  are  to  be  preferred. 
Cream  soups,  spinach,  celery,  lentils,  peas  and  beans 
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are  of  value  in  tliese  cases.     Fruits  of    the  subacid 
variety  are  permissible,  as  apples  and  oranges. 

Milk  is  allowable,  but  should  be  thoroughly 
skimmed  to  exclude  the  fat,  and  diluted  to  reduce  the 
curd.  Some  objection  has  been  made  to  the  use  of 
milk  because  of  its  sugar.  The  sugar  of  milk  is  less 
objectionable,  however,  than  the  cane  sugar  and 
need  not  to  be  so  rigidly  excluded  from  the  diet. 
The  use  of  butter  is  to  be  curtailed  or  entirely  omitted. 
The  white  of  egg  prepared  in  various  ways  will  furnish 
the  proteins  required  for  food  purposes,  but  the 
yolk  is  objectionable. 

Fish,  particularly  the  white  fish,  may  be  given; 
the  oily  varieties  represented  by  mackerel,  eels,  and 
herring  are  to  be  avoided.  Meat  in  the  morning  is 
permissible. 

If  wines  are  demanded  the  sweet  ones  should  be 
avoided,  and  extra  dry  champagne  or  Moselle  wine 
should  be  selected. 

Acute  Nephritis. — The  ideal  food  is  milk.  In 
truth  it  seems  to  be  the  only  food  suitable  to  this  con- 
dition, and  it  becomes  a  question  of  the  method  of 
administration  of  milk  rather  than  of  the  selection  of 
a  dietary  (see  section  on  Milk). 

For  the  sake  of  variety,  when  the  patient  rebels 
against  a  milk  diet,  some  one  of  the  waters  prepared 
from  the  cereals  may  be  given.  The  carbonated 
waters  are  servicealjle  in  these  cases.  A  departure 
from  the  exclusive  milk  diet  should  be  regulated  by 
the  condition  of  the  urine.  The  starchy  foods  are 
to  be  added  to  the  diet  gradually,  and,  if  no  untoward 
effect  is  produced,  the  lighter  meats  may  be  cautiously 
added,  von  Noorden  recommends  the  reduction  of  all 
food  to  as  little  as  a  pint  of  milk  in  twenty-four  hours 
in  cases  of  increasing  edema.  Diaphoresis  should  be 
induced  and  whiskey  or  brandy  given  to  meet  the 
needs  of  the  circulation.  When  this  limited  diet 
can  no  longer  be  persisted  in  or  the  condition  im- 
proves, the  calorie  value  of  the  food  should  be  in- 
creased by  the  addition  of  cream,  rice,  cornmeal, 
oatmeal,  crackers  and  zwieback.  Cream  of  tartar 
lemonade  is  of  service  as  a  beverage. 

Chronic  Parenchymatous  Nephritis. — One  of  the 
greatest  dangers  for  these  patients  is  the  appetite. 
The  protracted  privation  of  ordinary  foods  seems 
to  make  the  appetite  more  voracious.  "The  good 
results  of  the  milk  treatment  in  cases  of  chronic 
nephritis  is  now  among  the  best  acknowledged  in  the 
treatment  of  the  malady,  as  evidenced  in  the  dimi- 
nution of  albumin,  decline  in  dropsy,  increase  in 
the  ciuantity  of  urine  passed,  and  general  ameliora- 
tion of  symptoms."  (Tyson's  "Practice  of  Medi- 
cine.") These  patients  should  take  from  five  to 
nine  pints  of  milk  in  the  twenty-four  hours,  ac- 
cording to  the  amount  of  energy  expended.  When 
the  fullest  measure  of  benefit  obtainalile  from  an 
exclusive  milk  diet  has  been  attained  the  quantity 
administered  may  be  lessened,  and  starches  cautiously 
introduced  to  compensate  for  the  deficiency  of  this 
constituent  absent  from  the  milk  diet.  Protein  in 
the  form  of  meat  and  eggs  is  not  so  rigorously  excluded 
from  the  diet  as  it  formerly  was.  Indeed,  it  has  a 
recognized  advantage  in  selected  cases.  These  must 
be  determined  Ijy  noting  their  effects  upon  metabolism. 

Salt-free  diet  is  most  advantageous  in  cases  com- 
plicated by  edema.  In  certain  instances  it  yields 
results  unattainable  by  any  other  procedure. 

Chronic  rnterstilial  Nephritis. — Here,  as  in  other 
forms  of  nephritis,  a  milk  diet  is  the  one  that 
yields  the  most  satisfactory  results.  Fortunately, 
the  range  of  combinations  with  other  foods  is  not  so 
limited  as  in  the  cases  previously  considered.  _  To 
maintain  a  condition  of  metabolic  equilibrium  is  of 
prime  importance,  even  if  there  should  result  a, 
moderate  increase  in  the  percentage  of  albumin  in 
the  urine.  Since  meats  are  so  closely  associated  with 
the  development  of  complications  in  these  cases,  it 
is  to  be  remembered  that  a  uric-acid-free  diet  can  be 


REFEREN-CE   HAXDBOOK   OF   THE   MEDICAL  SCIENXES 


Foods  for  the  Sick 


obtained  by  securing  the  nitrogenous  constit\ient 
necessary  for  a  complete  food  frcnn  milk  and  clieese. 
All  forms  of  alcohol  are  to  be  curtailed  or  entirely 
eliminated.  Too  much  water  may  prove  disastrous 
by  taxing  the  circulatory  mechanism.  A  rastric- 
tion  of  the  salt  intake  will  lessen  the  desire  for 
water. 

The  possibilities  of  a  meat-free  diet  are  great  and 
promise  most  in  these  cases.  The  advantage  of  hav- 
ing the  diet  composed  of  few  articles  in  the  proper 
proportion  is  well  illustrated  in  these  cases,  in  which 
it  is  necessary  to  note  the  effect  produced  by  various 
food  combinations. 

Uremia. — The  diet  suitable  to  a  case  of  acute 
nephritis,  as  indicated  above,  will  be  found  to  be  best 
adapted  to  cases  of  uremia.  Skimmed  milk  Ls  the 
form  best  adapted  to  these  cases. 

Circulatory  Diseases. — The  success  of  all  dietetic 
measures  is  dependent  upon  the  integrity  of  the  cir- 
culatory mechanism.  The  activity  of  the  digestive 
juices  is  determined  by  the  character  of  the  circulatory 
fluids  of  the  body;  the  functions  of  all  of  the  organs 
of  the  body  are  influenced  by  the  character  and  the 
quantity  of  the  blood  they  receive;  the  metabolism, 
absorption,  and  nutrition  of  all  of  the  tissues  are 
proportionate  to  the  completeness  with  which  the 
heart,  the  vessels,  and  the  blood  perform  their 
physiological  functions.  It  is  the  intimate  inter- 
dependence of  the  various  functions  that  explains 
the  constant  association  of  certain  symptoms,  e.g. 
the  dyspepsia,  indigestion,  palpitation,  and  constipa- 
tion, which  are  associated  with  anemia.  It  is  in 
this  manner  that  morbid  states  are  perpetuated. 
Dropsy  results  from  watery  blood,  transudation  of 
the  liquid  element  of  the  blood  being  favored  by  a 
condition  of  hydremia;  and  this  condition  is  the 
result  of  deficient  nutritive  elements.  It  is  not  pos- 
sible to  continue  for  a  protracted  period  a  dietary 
unsuited  to  the  kind  of  work  being  performed. 
Certain  cases  may  be  saved  by  a  dry  diet;  others 
must  have  liquid  nourishment. 

Anemia. — T?he  form  of  this  disease  most  fre- 
quently met  is  that  associated  with  the  period  of 
puberty  in  girls.  At  this  time  growth  and  develop- 
ment are  more  active  than  previously.  The  nervous 
system  is  actively  concerned  in  this  transitional  state 
and  doubtless  exercises  a  determining  influence  in 
the  early  manifestation  of  digestive  involvement. 
The  intake  of  food  after  the  condition  is  established  is 
unsuited  in  character  and  quantity  for  the  con- 
structive needs  of  the  system  at  this  time.  The 
excessive  consumption  of  the  nitrogenous  elements 
is  evidenced  in  the  increased  quantity  of  urea  elimi- 
nated. The  inclination  of  the  patient  is  to  sweets 
and  starches,  if  an  actual  perversion  of  taste  does  not 
exist.  In  all  cases  in  which  there  is  a.  departure  from 
the  normal  composition  of  the  blood  the  same  dietetic 
rules  will  be  found  serviceable.  The  condition 
essential  to  a  normal  blood  supply  is  that  sufficient 
food  be  taken,  digested,  and  assimilated.  With  food 
as  with  the  administration  of  iron  in  this  condition, 
the  question  is  not  so  much  how  great  an  amount 
may  be  taken  as  how  best  to  secure  the  assimilation 
of  the  largest  possible  quantities.  A  diet  deficient 
in  proteins  has  been  found  constantly  associated 
with  a  hydremic  condition  of  the  blood.  It  would, 
therefore,  seem  to  be  of  prime  importance  to  prescribe 
in  these  cases  a  diet  containing  the  largest  possible 
quantity  of  protein  food.  In  the  severer  forms 
it  will  be  necessary  to  peptonize  the  food  and  to  give 
small  quantities  at  frequent  intervals.  Milk  and 
meat  are  the  foods  most  suited  to  meet  the  require- 
ments, and  they  are  the  forms  of  nourishment  likely 
to  be  most  distastefid  to  the  patient.  It,  therefore, 
becomes  a  question  of  presenting  them  in  the  forms 
least  objectionable.  Scraped  meat  cakes,  meat 
powder  and  broths,  pounded  meat,  bone-marrow 
soup    or    sandwiches,    or    sandwiches    of    gluten    or 


whole-wheat  bread  with  dry  crisp  bacon,  lettuce  and 
inayoiiiiaise  dressing,  chopped  meat  with  celery, 
pine  nuts,  or  almonds,  offer  attractive  combinations 
for  the  administration  of  meat.  Cheese  combined 
with  Italian  pastes,  macaroni,  vermicelli,  or  noodles 
or  with  potatoes,  yields  the  desired  nitrogenou-s  cle^ 
ment.  Fats  seem  to  be  especially  helpful  in  curing 
this  condition,  and  by  the  liberal  ase  of  cream  pre- 
pared in  an  acceptable  way,  or  of  butter  and  whole- 
wheat bread,  or  by  the  administration  of  small  do.ses 
of  cod-liver  oil,  we  are  able  to  secure  fats  in  an 
assimilable  form.  Creams  of  the  nitrogen-  and  iron 
containing  vegetables  are  not  to  be  neglected.  It 
is  held  by  some  that  the  iron  in  combination  with 
vegetables  is  the  most  a.ssirailable  form.  Thus 
we  should  use  carrots,  beets,  spinach,  peas,  beans, 
lentils,  and  gluten  meals. 

Laryngilis,  Tracheilis,  and  Bronchilis. — The  diet 
adapted  to  any  acute  febrile  process  will  be  suitaVjle  to 
these  conditions,  and  will  be  discassed  under  that 
heading. 

A.flhma.— The  importance  of  dietetic  measures  can- 
not be  overestimated  in  the  treatment  of  this  condi- 
tion. The  proper  preparation  of  the  food  and  of  the 
stomach  for  its  reception,  combined  with  the  adjust- 
ment of  the  food  to  the  work  being  performed,  will 
give  results  justifying  the  care  exercised. 

Hot  water  should  be  given  an  hour  before  meals,  and 
at  bedtime.  In  certain  instances  the  addition  of 
bicarbonate  of  soda  and  essence  of  peppermint  will 
give  good  results. 

Breakfast  should  be  composed  of  eggs  with  dextrin- 
ized  bread,  creamed  chipped  beef,  fresh  or  smoked 
fish;  a  cereal  with  a  liberal  supply  of  milk,  e.g.  a  pint, 
and  little  or  no  sugar,  may  prove  an  acceptable  meal. 

Dinner,  which  should  be  taken  at  noon,  may  consist 
of  a  clear  soup,  or  cream  of  potatoes  or  similar  nutri- 
tious vegetable;  macaroni  and  chee.se,  or  .some  form  of 
meats  furnishing  the  nitrogenous  element.  The 
starchy  food  should  be  confined  to  one  vegetable,  and 
it  may  be  steamed  rice,  a  small  potato,  or  spinach 
after  it  has  been  passed  through  the  colander.  Junket, 
corn  starch,  or  apple  tapioca  may  be  eat«n  as  dessert. 

For  supper  milk,  milk  jelly,  Bartholow's  food,  or  a 
cereal  will  be  suitable.  If  the  patient  is  expending 
considerable  energy,  some  cold  boiled  ham,  tongue,  or 
sardines  may  be  allowed. 

Beverages. — It  is  best  to  withhold  the  use  of  tea  and 
coffee  and  reserve  the  therapeutic  effect  of  these 
beverages  for  the  favorable  influence  they  exercise  on 
the  paroxysm.  Water  is  not  to  be  taken  with  meals 
except  in  the  smallest  quantities. 

Fatty,  fermentable,  bulky  foods  are  to  be  avoided. 
Should  the  case  present  an  excess  of  uric  acid  in  the 
urine,  the  diet  should  be  confined  to  "  uric-acid-free" 
substances.  In  so  many  instances  the  paroxysms  occur 
on  Sunday  night,  that  one  is  forced  to  recognize  the 
probability  of  the  increased  intake  of  food  and  the 
diminished  expenditure  of  force  on  that  day  as 
bearing  a  causal  relationship  to  the  development  of 
these  attacks.  These  patients  may  take  the  follow- 
ing foods:  White  meat  of  fish  and  chicken,  beef 
soup,  scraped,  pounded,  or  chopped  beef,  eggs  slightly 
cooked,  green  vegetables  free  from  oxalates,  coffee, 
and  water  in  moderation.  The  carbohydrates  should 
be  confined  to  one  variety  with  any  one  meal, 
and  this  one  should  be  a  form  of  easily  digested 
starch. 

Asthmatic  patients  should  avoid  coarse  fermentable 
foods — indeed,  an  excess  of  any  kind  of  food;  fats 
should  be  avoided,  or  taken  in  the  form  of  butter. 
Malt  liquors  should  not  be  taken. 

Pneumonia. — In  this  disease  the  diet  suited  to  an 
acute  fever  is  indicated. 

In  the  puny  youth,  or  decrepit  old  patient,  the 
nutritive  worth  of  the  milk  may  have  to  be  increased 
by  combining  with  it  strained  gruels  of  arrowroot, 
barley,  oatmeal,  or  corn  starch. 
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Pleurisy  with  Effusion. — "A  dry  diet"  suggests  the 
object  sought  in  the  effort  to  influence  this  condition 
by  means  of  food.  The  amount  of  fever  present  will 
determine  tlie  extent  to  whicli  the  exclusion  of  liquids 
may  be  pushed.  A  diet  made  up  largely  of  scraped 
beef,  minced  chicken,  cereal  foods,  cheese,  macaroni, 
vermicelli,  curds  and  toasted  bread,  will  favor  most 
the  absorption  of  the  exudate,  and  should  be  employed, 
if  not  contraindicated  by  other  conditions  present. 
Vegetables  containing  a  large  percentage  of  water,  such 
as  potatoes,  beets,  tomatoes,  etc.,  are  objectionable. 

Pulmonary  Tuberculosis. — The  diet  should  be 
adapted  respectively  to  each  one  of  the  three  periods 
of  the  disease. 

In  tlie  first  stage  any  combination  of  foods  that  will 
bring  the  patient  to  a  higher  nutritive  level,  giving 
most  fat  and  a  corresponding  improvement  in  the 
blood  with  a  minimum  expenditure  of  energy  in 
digesting  the  food,  is  best  suited  to  the  condition. 

Forced  feeding — made  possible  by  the  use  of  bitter 
tonics  or  the  employment  of  a  stomach  tube — is  to  be 
employed  so  long  as  it  does  not  excite  gastric  catarrh. 
Fats  are  of  prime  importance,  and  may  be  given  in 
various  forms;  for  example,  butter,  thickly  spread 
upon  gluten  or  whole-wheat  bread  or  biscuit,  or  upon 
meats,  and  in  every  possible  form;  cream  in  as  large 
quantities  as  can  be  digested;  fat  of  roasted  or  of 
broiled  meats;  and  meats  containing  large  quantities 
of  fat,  e.g.  game  and  scjuabs. 

Milk,  if  sound,  is  second  to  no  other  food  in  these 
cases.  It  should  be  given  in  every  possible  form — 
■whole,  skimmed,  buttermilk,  koumys,  matzoon, 
zoolak,  cottage  cheese,  cream  cheese,  jvmket,  bonny- 
clabber,  puddings,  and  in  every  possible  combination 
that  may  prove  palatable. 

Red  and  dark  meats  are  preferred  because  the  fat  is 
contained  between  the  fibers,  and  is  more  accessible 
than  when  it  forms  a  separate  layer,  as  in  the  case  of 
white  meats.  Roasts,  steaks,  chops,  beef  chopped, 
scraped,  or  pounded,  beef  juice  or  nutritive  beeftea, 
beef  with  minced  celery,  or  with  pine  nuts,  onions,  or 
other  seasoning  to  stimulate  digestion  and  aid 
nutrition,  are  of  the  utmost  value. 

Eggs  in  any  one  of  the  five  hundred  ways  in  which 
they  may  be  prepared  are  of  especial  value.  The  large 
percentage  of  fat  contained  in  the  yolk,  and  the  easy 
digestiljility  of  the  albumin,  make  them  an  important 
food.  The  dried  white  of  egg  may  be  added  to  broths 
and  soups,  and,  in  this  way,  a  large  number  of  eggs 
may  be  consumed  in  a  day. 

The  cereals  and  more  easily  digested  forms  of  starch 
are  best  suited  to  furnish  the  carbohydrate  element  of 
the  food.  Fermentable  foods,  as  hot  bread,  starches, 
and  pastry  are  to  be  avoided.  Malt  extracts  are 
serviceable  as  aids  to  digestion.  There  are  numerous 
"  diet  cures"  for  tuberculosis  and,  as  in  most  in.stances, 
the  multiplicity  proves  the  inefficiency  of  any  one 
system. 

In  tlie  second  stage  of  the  disease  the  same  dietary 
will  be  suitable,  if  care  is  taken  to  restrict  the  food 
requiring  the  most  active  digestive  processes  to  the 
periods  when  the  patient  has  the  least  fever.  Regard 
must  also  be  paid  to  the  catarrhal  condition  of  the 
digestive  tract  so  often  present  in  these  cases. 

In  the  third  stage  of  tuberculosis  the  food  must  be 
confined  to  the  articles  that  yield  most  nutrition  and 
tax  the  digestion  least.  There  are  numerous  instances 
in  which  patients  with  advanced  tuberculosis  eat 
excessive  ciuantities  of  the  foods  least  adapted  to 
their  condition  with  apparent  impunity.  There  is  no 
food  that  will  do  more  to  prolong  the  life  of  these 
cases  than  egg  albumin  in  large  quantities.  It  seems 
"to  act  as  pine  shavings  to  a  nearly  extinct  fire.  The 
objection  that  holds  against  the  administration  of 
alcoholic  beverages  in  the  earlier  stages  of  the  disease 
does  not  a[)ply  to  patients  at  this  period.  Whiskey 
and  brandy,  judiciously  administered,  are  of  positive 
value. 


Acute  Infectious  Diseases. — Graves  secured  im- 
mortality by  the  request  that  "He  fed  fevers" 
should  be  his  epitaph.  The  careful  adjustment  of 
food  to  the  febrile  condition  would  be  a  better  reason 
for  grateful  remembrance.  There  can  be  no  doubt 
but  that  much  harm  may  be  done  b}'  allowing  a  too 
extensive  dietary  to  fever  patients.  It  is  only  by 
keeping  in  mind  certain  well-established  conditions 
that  we  are  enabled  properly  to  appreciate  the  dietetic 
indications. 

The  child  or  youth  must  have  a  larger  amount  of 
protein  in  the  diet  than  the  matured  individual. 

There  are  no  data  to  enable  us  to  determine  the 
calorie  food  rctiuirements  as  a  result  of  a  febrile  proc- 
ess. It  is  estimated  that  an  increase  of  25  per  cent, 
in  the  calorie  worth  of  the  food  will  approximate  the 
need  resulting  from  a  fever  of  moderate  severity. 
Thus  if  2,500  calories  were  estimated  as  the  diet 
suitable  for  a  given  case,  a  diet  of  3,000  calories  would 
be  reciuired  during  fever. 

1.  in  fever  there  is  excessive  destruction  of  the  fluids 
and  tissues  of  the  body. 

(a)  The  loss  of  protein  is  greatest.  It  is  indicated 
in  the  increased  excretion  of  urea,  and  is  measured  by 
the  muscular  wasting  and  debility. 

{b)  The  destruction  of  fat  is  evidenced  by  the  ema- 
ciation. 

(f)  There  are  marked  changes  in  the  composition 
and  quantity  of  the  liquid  elements  of  the  body. 

2.  The  digestive  and  assimilative  processes  are 
perverted. 

(a)  Gastric  digestion,  which  is  chiefly  concerned  in 
the  utilization  of  protein,  and  to  a  minor  degree  of  the 
fatty  foods,  is  usually  the  function  most  seriously 
involved. 

(b)  Intestinal  digestion  is  less  perverted,  and  the 
carbohydrates  and  fats  are  more  available  for  food 
purposes,  provided  they  are  given  in  liquid  form. 
They  are  completely  metabolized,  leaving  no  residue, 
as  is  the  case  -with  protein  food. 

There  is,  therefore,  need  to  adjust  the  dietary  with 
reference  to  the  affected  part,  and — according  to  our 
estimate  of  the  ability  of  these  respective  parts  to 
perform  their  functions — to  give  foods  which  rec|uire 
either  chiefly  a  gastric  digestion  or  chiefly  an  intestinal 
digestion. 

The  excessive  destruction  of  protein  tissue,  with 
the  attendant  increase  in  the  urea  to  be  eliminated, 
shovfld  make  us  watchful  that  there  is  no  failure  to 
excrete  these  products  of  nitrogenous  waste. 

3.  Adjustment  oj  jood  to  tlie  existing  conditions. 

(a)  The  food  should  be  fluid;  solid  food  frequently 
excites  nausea  and  vomiting. 

(6)  It  should  be  sufficient  to  equalize  a  part  of  the 
combustion  coincident  with  the  fever.  This  may  be 
accomplished  by  supplying: 

(a)  Protein  food  in  the  form  of  milk,  meat  broth, 
or  egg  albumin. 

(fi)  Carbohydrate  in  the  form  of  strained  gruel, 
toast,  barley  water,  or  some  similar  diluent  and 
nutritive  liquid. 

(7)  Fat  must  not  be  given  in  greater  quantities 
than  is  present  in  the  cream  of  whole  milk. 

There  are  two  conditions  constantly  present  in 
febrile  processes:  first,  increased  combustion,  and 
second,  diminished  assimilation. 

When  the  excessive  quantity  of  food  required  to 
furnish  heat  for  one  degree  of  bodily  temperature  is 
taken  into  consideration,  it  is  manifest  that  we  cannot 
hope  to  give  sufficient  food  to  compensate  for  the 
destruction  of  tissue  resulting  from  the  febrile  process. 
Our  aim  should  therefore  be  to  give  nourishment  in 
a  form  that  will  tax  least  the  enfeebled  digestive 
organs,  and  that  may  be  most  readily  assimilated. 

The  digestive  juices  are  scantiest  when  the  fever  is 
highest,  therefore  adjust  the  administration  of  the 
most  nutritive  food  to  the  time  when  tlie  temperature 
is  nearest  normal,  e.g.  in  the  morning  and  at  noon, 


446 


REFERENCE   HANDBOOK   OF   THE    MEDICAL  SCIENCES 


Poodii  for  th«  SIrk 


in  a  case  of  tuberculosis.     The  selection  of  food  will 
be  influenced  by: 

1.  The  age  of  the  patient.  For  puny,  badly  nour- 
ished children  and  feeble,  aged  patienti;,  a  persistent 
effort  must  be  made  to  maintain  the  strength  of  the 
patient. 

2.  The  severity  of  the  fever.  An  acute  self- 
limiting  fever  in  a  robust  individual  warrants  less 
anxiety,  and  less  urgently  demands  the  ingestion  of 
a  considerable  quantity  of  nourishment.  A  high 
temperature  for  a  protracted  period  demands  a  com- 
mensurate intake  of  nutriment. 

3.  The  condition  of  the  digestive  and  excretory 
organs.  The  diet  should  be  entirely  liquid,  or  semi- 
solid, according  to  the  estimated  condition  of  the 
digestive  functions.  In  the  exanthematous  diseases, 
in  which  the  kidneys  may  become  acutelj-  involved,  an 
exclusive  milk  diet  should  be  instituted. 

Milk  must  be  given  first  place  as  the  food  suitable 
for  nourishing  the  sick.  Tlie  curd  must  be  modified 
by  means  of  some  of  the  methods  previously  indicated. 
The  taste  and  digestibility  may  be  changed  by  the 
addition  of  aromatics  and  malt  extracts.  The 
nutritive  worth  may  be  increased  by  the  addition  of 
egg  albumin  and  carbohydrates,  which  should  be 
given  cool  or  warm  according  to  the  preference  of  the 
patient.  It  may  prove  more  acceptable  to  the  taste, 
and  more  easily  digested,  if  taken  through  a  tube. 
The  milk  intended  for  the  patient  should  be  kept 
separate  from  that  used  for  other  purposes,  so  that 
the  quantity  used  in  a  day  may  be  accurately  de- 
termined. The  evacuations  should  be  studied  to 
detect  any  evidences  of  failure  to  digest  the  fat  or 
casein  of  the  milk. 

Meat  should  be  given  in  a  form  that  will  prove 
acceptable  to  the  patient.  Clear  bouillon,  nutritive 
beeftea,  beef  juice,  or  scraped  beef  must  be  selected 
according  to  the  patient's  taste  and  digestive  power, 
and  the  stage  of  the  fever. 

Eggs  will  be  found  most  valuable  if  only  the  whites 
are  used.  The  yolks,  however,  are  of  service  when 
convalescence  is  established  and  can  be  digested. 
They  should  be  slightly  cooked  at  a  temperature  not 
exceeding  180°  F. 

Gelatin  preparations  are  regarded  as  "albumin- 
sparing  foods,  and  may  be  secured  in  the  form  of 
gelatin,  blanc  mange,  bromangelon,  calf"s-foot  jelly, 
chicken  jelly,  wine  jelly,  milk  jelly,  and  similar 
preparations. 

In  those  cases  in  which  a  carbohydrate  is  desired,  a 
strained  cream  of  potatoes,  peas,  beans,  asparagus, 
and  similar  vegetables  may  be  employed.  Cereals 
and  light  puddings  or  custards  may  be  used. 

Beverages. — First  and  of  greatest  importance  is 
water,  given  in  the  largest  quantity  possible  without 
exciting  nausea.  If  there  is  irritability  of  the  stomach, 
a  simple  carbonated  water,  or  one  combined  with 
cracked  ice  and  a  few  drops  of  brandy,  may  be  found 
superior  to  champagne  in  allaying  the  nausea. 
Lemonade,  prepared  by  using  boiling  water  and  strain- 
ing after  it  has  cooled,  will  be  accepted  by  certain 
patients  who  cannot  take  it  when  prepared  in  the 
ordinary  way.  Dilute  phosplioric  or  hydrochloric 
acid  will  be  well  received  in  some  cases.  The  use 
of  egg,  barlev,  rice,  oatmeal,  corn,  toast,  and  similar 
waters,  will  each  in  turn  be  found  of  utility.  Tea 
and  coffee,  without  sugar  or  cream,  are  not  used  as 
often  as  they  might  be  in  cases  in  which  the  contained 
alkaloids  would  not  be  objectionable.  They  have  the 
additional  advantage  of  possessing  distinct  thera- 
peutic properties. 

.\lcoholic  liquors  are  to  be  used  only  when  a  positive 
indication  for  them  exists.  They  are  valuable  as 
foods  and  beverages,  and  require  the  minimum  degree 
of  effort  upon  the  part  of  the  digestive  organs  to 
utilize  them.  But  they  are  not  to  be  administered 
in  doses  larger  than  may  be  required  to  produce  an 
odor  in  the  breath  some  time  after  their  ingestion. 


So  long  as  the  feebleness,  re-stlessness,  or  sleeplessness 
is  favorably  influenced  by  their  ase,  we  may  know 
they  are  doing  good.  The  form  in  which  they  are 
exhibited  is  less  important  than  is  the  purity  of  the 
beverage  and  the  effect  produced.  In  .\merica 
whiskey  is  most  used.  All  forms  of  alcoholic  stimu- 
lants are  less  used  than  formerly. 

Typhoid  Fever. — The  dietetic  treatment  of  this 
disease  may  well  serve  as  a  criterion  to  guide  us  in 
the  effort  to  select  a  suitable  regimen  for  most  of  the 
febrile  affections.  There  would  seem  to  be  two 
lines  of  dietetic  procedure.  Those  who  champion 
the  high  calorie  diet  and  those  who  cling  to  an 
exclusive  milk  diet.  Those  advocating  the  high 
calorie  diet  recommend  that  as  many  as  from  4,000 
to  6,000  calories  be  given  a  fever  patient.  Those 
who  cling  to  a  strict  milk  diet  must  recognize  that,  in 
the  customary  three  or  four  pints  of  milk  given, 
the  patient  cannot  receive  more  than  from  1,000  to 
1,400  calories.  This  is  manifestly  an  insufficient 
amount.  The  emaciated,  starved,  convalescent  ty- 
phoid patient  who  has  been  upon  this  strict  diet  is 
at  last  securing  a  long  deferred  recognition  of  the 
need  of  a  more  nearly  sufficient  diet  for  these  cases. 
The  protracted  enfeeblement  of  every  tissue  of  the  body 
thus  fed  is  in  marked  contrast  with  the  patient  who 
has  been  upon  the  high  calorie  diet  throughout  the 
disease.  The  difference  in  the  mortality  in  the  two 
classes  of  cases  is  in  favor  of  the  high  calorie  diet, 
but  it  is  not  as  striking  as  might  reasonably  be 
expected.  It  would  be  instructive  if  some  accurate 
estimate  could  be  made  which  would  contrast  the  return 
to  normal  efficiency  of  the  patients  representing  the 
two  lines  of  treatment.  It  is  a  safe  assumption  that 
there  is  now  a  marked  disposition  to  feed  typhoid  fever 
patients  a  decidedly  higher  calorie  diet  than  has 
previously  been  in  vogue.  It  is  too  soon  to  adopt 
unreservedly  the  extreme  views  advanced  by  some 
advocates  of  high  calorie  feeding.  Those  who  employ 
an  exclusive  milk  diet  throughout  the  febrile  period, 
usually  continue  its  administration  until  the  tempera- 
ture has  been  normal  for  one  week.  After  this  time 
they  gradually  introduce  into  the  diet  other  foods. 
Milk  is,  without  cjuestion,  the  food  best  suited 
to  these  cases.  This  is  true  for  the  following  reasons: 
(1)  It  is  a  complete  and  sufficient  food;  (2)  it  is 
most  easily  digested  and  assimilated",  (3)  it  is  accept- 
able to  almost  all  patients;  (4)  it  is  available,  and  its 
purity  is  easily  determined;  (.5)  it  is  easily  modified 
as  to  taste,  curd,  and  proportion  of  any  constituent; 
(6)  the  dosage  is  easily  regulated;  (7)  it  furnishes  a 
food  which  is  both  diuretic  and  diluent. 

The  somewhat  prevalent  idea  that  a  considerable 
number  of  patients  cannot  digest  milk  is  not  founded 
upon  fact,  the  difficulty  being  due  rather  to  individual 
peculiarity  of  taste  than  to  inability  to  digest  the 
milk.  The  cases  of  illness  in  which  milk  cannot  be 
made  the  exclusive  diet,  if  the  patient  is  so  inclined, 
must  be  rare.  The  milk  may  be  made  more  ac- 
ceptable by  modifying  the  taste  and  curd,  by  diluting 
to  the  extent  of  one  part  of  milk  to  four  of  water,  by 
feeding  through  a  tube  or  giving  a  tcispoonful  every 
minute  for  eight  minutes  of  each  hour,  by  having 
the  patient  take  it  from  a  porcelain  drinking-cup 
and  preceding  and  following  it  with  a  tongue  bath. 
If,  after  persistent  efforts  of  this  sort,  the  patient 
is  still  unable  or  imwilling  to  take  milk,  it  may  be 
necessary  to  give  it  as  whey  or  junket,  or  it  may  be 
peptonized,  or  sufficient  oyster  or  clam  juice  may  be 
added  to  it  to  impart  a  distinctive  flavor.  The 
failure  of  the  foregoing  methods  for  the  administra- 
tion of  milk  may  necessitate  the  employment  of  nu- 
tritive beeftea,  or  manufactured  beef  preparations, 
the  precaution  being  taken  to  ascertain  that  they 
possess  protein  worth. 

Egg  water,  prepared  by  adding  eight  oimces  of  water 
to  the  white  of  one  egg.  is  serviceable.  Sherry,  or  lemon 
peel,  or  orange  juice  may  be  added  to  impart  fljivor. 

447 


Foods  for  the  Sick 


REFERENCE   HANDBOOK   OF   THE    MEDICAL  SCIENCES 


The  quantity  of  milk  to  be  given  to  a  patient  must 
be  determined  for  each  particular  case.  Ordinarily, 
three  pints  in  twenty-four  hours  is  regarded  as 
sufficient  for  the  adult  who  is  confined  to  bed  with  an 
acute  illness  of  brief  duration.  If  the  patient  is 
given  six  ounces  of  milk  every  two  hours,  from  7  a.  m. 
to  7  p.  M.,  and  two  feedings  of  six  ounces  each  during 
the  night,  he  will  receive  three  pints  in  twenty-four 
hours;  or  if  eight  ounces  be  given  every  three  hours 
during  the  day,  and  twice  during  the  night,  the  same 
amount  will  be  ingested.  This  plan  insures  the 
administration  of  the  quantity  determined  upon  as 
desirable.  The  calorie  value  of  milk  can  readily  be 
enhanced  by  the  addition  of  cream.  Water  should 
be  introduced  in  the  largest  possible  quantities  short 
of  producing  discomfort,  nausea,  or  unduly  increasing 
the  liquid  element  of  the  blood.  It  should  be  urged 
upon  the  patient  regardless  of  his  disinclination  to 
take  it.  The  abatement  of  toxemia  coincident  with 
increased  renal  and  cutaneous  elimination  is  an  almost 
constant  experience. 

A  reference  to  the  table  of  calorie  values  of  in- 
dividual portions  will  find  simplified  the  problem  of 
estimating  the  worth  of  the  diet  ordered. 

The  mouth  toilet,  represented  by  correction  of 
an  unhealthy  condition  of  the  gums  and  teeth  and  a 
tongue  bath  will  go  far  toward  preventing  infec- 
tion of  the  food  and  consequent  gastrointestinal 
derangement. 

The  evacuations  should  be  watched,  and  the 
presence  of  curds  or  globules  of  oil  would  demand 
respectively  either  the  lessening  of  the  quantity  of 
milk,  or  the  rendering  of  the  curds  smaller,  and 
diminishing  the  quantity  of  cream  contained  in  the 
milk. 

Constipation  will  be  less  annoying  if  large  quantities, 
i.e.  five  pints  or  more,  of  water  are  given  daily. 

Hemorrhage,  or  perforation,  will  make  it  advisable 
to  withhold  all  food  or  give  meat  juice,  a  half  ounce 
every  hour  or  two,  or  gelatine.  Opium  sufficient 
to  check  peristalsis  is  indicated.  Give  meat  juice 
only;  a  half  ounce  may  be  given  every  hour  or  two. 
Six  ovmces  of  meat  juice  represent  the  liquid  element 
of  one  pound  of  beef.  The  beef  juice  is  speedily 
absorbed,  and  leaves  so  little  residue  that  there  is  no 
need  to  have  a  bowel  movement  until  a  sufficient 
time  has  elasped  for  the  bleeding  point  to  have  healed. 

If  we  remember  that  the  stomach  is  the  first  to 
recover  its  function,  and  that  it  has  been  least  in- 
volved in  the  morbid  process,  we  shall  appreciate  the 
fact  that  the  dietetic  indication  is  to  give  foods  re- 
quiring gastric  rather  than  intestinal  digestion. 
Those  who  adhere  to  a  strict  milk  diet  during  the 
fever,  usually  make  it  a  rule  to  give  a  milk  diet 
until  the  temperature  has  been  normal  for  one 
week,  then  to  give  the  whites  of  eggs  raw  or  slightly 
cooked.  Foods  such  as  chicken  jelly,  junket,  pap, 
an  entire  egg,  strained  cream  of  potatoes,  oysters 
and  clams,  raw  oysters,  ice  cream,  cornstarch,  arrow- 
root, egg  custard,  scraped  beef,  baked  potatoes,  and 
similar  properly  prepared  good  food,  should  constitute 
the  diet  for  at  least  a  month  after  the  temperature 
has  been  normal. 

Acute  Articular  Rheumatism. — The  food  suitable  for 
any  acute  febrile  process  will  be  acceptable  in  this  dis- 
ease. Milk  foods  and  cereals  in  the  form  of  broths 
are  to  be  given.  After  the  fever  has  subsided  a  greater 
variety  of  broths  and  light  custards  may  be  given.  It 
is  preferable  to  secure  the  nitrogenous  elements  of 
the  food  for  these  cases  from  a  vegetable  source, 
unless  it  can  be  given  in  the  form  of  casein.  Broths 
of  oysters  and  clams,  rice  or  barley  soup  with  chicken, 
or  egg  prepared  in  digestible  forms,  may  be  admin- 
istered, unless  they  excite  some  untoward  symptoms. 

Chronic  Articular  Rheumatism. — The  conditions  de- 
manding dietetic  considerations  are  similar  to  those 
present  in  gout,  and  the  diet  outlined  for  that  disease 
will  serve  in  this  instance  (see  the  following  section). 


Gou/.— Under  this  head  are  included  Lithemia, 
Uric-acidemia.  Gout  is  regarded  as  dependent  upon 
a  deficiency  of  one  or  more  of  the  enzymes  concerned 
in  purin  metabolism.  The  frequency  "with  which  at^ 
tacks  of  gout  follow  indigestion  would  emphasize  the 
need  of  omitting  all  foods  or  food  combinations  that 
have  been  found  to  cause  dyspepsia  in  particular 
individuals. 

von  Noorden  recommends  that  the  purin  tolerance 
of  these  cases  should  be  determined  and  made  the 
basis  of  the  diet  allowed.  To  this  end  he  places  the 
patient  upon  a  purin-free  diet  and  estimates  the 
endogenous  uric  acid  in  the  urine.  He  then  adds 
beef  to  the  diet,  and  after  making  allowance  for  the 
percentage  of  normal  endogenous  purin  metabolism, 
he  estimates  the  degree  of  retardation  of  purin 
elimination.  The  allowance  of  protein  foods  is 
regulated  according  to  the  determined  ability  of  the 
patient  to  metabolize  them. 

The  following  table  abstracted  from  Walker  Hall's 
"The  Purin  Bodies  of  Food  Stuffs,"  shows  the  amount 
of  purin  bodies  in  various  food  materials: 

Tripe 0572 

I.oin  of  veal 1162 

Loin  of  pork 1212 

Neck  of  pork 0567 

Ham 1155 

Rib3  of  beef 1137 

Sirloin  of  beef 1305 

Liver 2752 

Thymus  (sweetbread) 1.0063 

Chicken 1295 

Turkey 1260 

Rabbit 0970 

Oatmeal 0530 

Peameal 0390 

Beans 0637 

Lentils 0637 

Potatoes 0020 

Asparagxis  (cooked) 0215 

Gallstones. — The  dietetic  treatment  is  seldom  in- 
stituted until  their  troublesome  presence  has  rendered 
its  employment  of  small  service.  The  factors  re- 
garded as  potent  in  their  formation  give  the  indication 
for  a  suitable  diet.  These  are  anything  that  favors 
concentration  and  stasis  of  the  bile,  such  as  the  too 
restricted  use  of  water,  sedentary  habits,  and  all  factors 
that  favor  indigestion.  High  game,  fish  and  oysters 
that  are  not  strictly  fresh,  odorous  cheese,  heavy 
puddings,  fats  and  pastry  are  held  to  be  particularly 
objectionable.  The  results  from  the  administration 
of  olive  oil  as  a  cure  have  not  justified  the  expectations 
entertained.  It  is  quite  generally  conceded  that  fats 
are  objectionable  in  most  forms  of  liver  disease.  To 
promote  a  more  continuous  flow  of  bile,  food  in  small 
quantities  should  be  given  at  frequent  intervals  and 
water  drinking  between  meals  should  be  encouraged. 
Frequent  feeding  may  do  harm  in  cases  complicated 
with  atonic  dyspepsia.  A  suitable  diet  should  com- 
prise protein  and  carbohydrate  combined  in  simple, 
well  cooked  dishes  and  in  moderate  quantity.  A  diet 
made  up  largely  of  buttermilk  and  finely  mashed 
spinach  often  gives  good  results. 

Without  entering  into  a  consideration  of  the  identity 
of  the  pathology  of  these  diseases,  it  may  be  confi- 
dently asserted  that  the  dietetic  treatment  for  all  is  so 
similar  that  they  may  be  considered  at  the  same  time. 
It  is  well  to  remember  in  this  connection  that  in  these 
cases  "there  is  a  want  of  balance  between  the  intake 
of  food  and  the  power  of  the  body  to  oxidize  and  utilize 
it."  Here,  as  in  so  many  conditions,  the  disease  is 
not  limited  to  one  organ,  but  is  the  result  of  an  in- 
ability of  all  organs  concerned  in  food  elaboration. 
The  end  product  of  the  digestion  of  purin-containing 
foods  in  these  cases  is  uric  acid,  which  is  decidedly  less 
soluble  than  the  urea  which  should  be  the  form  in 
which  the  excretion  occurs.  The  indication  in  these 
cases  is  to  administer  the  foods  poor  in  purin  bodies. 
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Ready  and  complete  digestibility  and  assimilability 
of  the  food  administered  must  also  be  given  considera- 
tion. Moderation  is  a  watchword  for  all  these  cases. 
The  food  must  be  adjusted  to  the  age  and  occupation 
of  the  individual.  A  vegetable  diet  is  one  most 
favorable  to  these  conditions,  and  yet  it  would  be  a 
serious  mi.stake  suddenly  to  change"  the  dietary  of  an 
individual  from  one  made  up  chiefly  of  mcatto  one 
entirely  composed  of  vegetables.  It  would  be  still 
more  disastrous  to  attempt  to  make  vegetarians  of  all 
of  these  patients.  An  intelligent  adjustment  of  the 
various  food  elements,  as  to  both  the  quantit  ies  and  the 
food  combinations  will  give  the  best  results.  Since 
the  conditions  under  consideration  are  in  a  great 
measure  expressions  of  disturbances  of  purin  metab- 
.  olism,  it  is  well  to  keep  in  mind  that  we  have  purin 
derived  from  the  nuclei  of  the  body  cells  (endogenous) 
as  well  as  from  the  protein  food  (exogenous)  ingested. 

There  is  great  need  of  a  more  extensive  and  accurate 
study  of  the  causal  relationship  existing  between  food 
and  the  conditions  conveniently  grouped  under  the 
designation  "lithemia."  Two  propositions  that  seem 
almost  axiomatic  may,  however,  be  stated:  first,  most 
individuals  eat  too  much  food,  and  second,  most 
Americans  eat  too  much  meat.  It  is  surprising  what 
a  small  amount  of  food  will  prove  sufficient  for  the 
demand  of  the  system  after  maturity  has  been  at- 
tained. A  close  adherence  to  the  rule  that  permits 
enough  food  to  satisfy  positive  hunger  and  no  more  is 
the  price  of  comfort  for  many  lithemia  patients. 
Fothergill  expresses  this  idea  when  he  says,  "there  is 
no  nice  way  of  having  gout,  and  what  is  worse,  there 
is  no  pleasant  way  of  avoiding  it." 

The  dietetic  treatment  will  have  to  be  adapted  to 
the  stage  of  the  disease.  During  the  acute  mani- 
festation of  the  disease  none  but  the  lightest  nourish- 
ment .should  be  given.  Diluent,  diuretic,  and  dia- 
phoretic drinks,  milk  diluted  with  carbonated  water, 
thin  gruels,  or  similar  preparations,  should  be  given. 
Hot  drinks  are  indicated. 

The  interval  between  the  acute  manifestations  offers 
the  most  favorable  opportunity  for  influencing  the 
disease.  The  greater  facility  with  which  we  secure 
complete  metabolism  of  a  meal  composed  of  one  or 
two  simple  foods,  selected  with  a  view  of  securing  a 
complete  food,  would  make  it  advisable  to  adopt  this 
method  in  arranging  the  dietary  for  these  cases. 
The  plan  pursued  in  the  meal  composed  of  several 
courses  is  intended  to  stimulate  the  appetite,  with  the 
result  that  the  digestive  and  assimilative  powers  of  the 
individual  are  frequently  overwhelmed  with  uric  acid, 
which  the  organs  concerned  are  unable  to  excrete,  and 
an  acute  paroxysm  of  gout  results.  The  nitrogenous 
element  of  the  food  for  these  cases  may  be  derived 
from  whole  milk  rather  than  from  skimmed  milk, 
which  contains  a  larger  percentage  of  albuminoid. 
If  whole  milk  cannot  be  digested,  it  is  better  that  it 
should  be  diluted  with  alkaline  water  than  to  have  it 
skimmed.  The  fat  contained  in  the  cream  is  of  service 
in  lessening  the  amount  of  carbohydrate  that  would 
otherwise  be  required.  Milk  is  of  further  advantage 
from  the  fact  that  it  will  not  yield  uric  acid. 

In  those  instances  in  which  a  meat-free  diet  is  not 
to  be  insisted  upon,  oysters  and  clams  may  be  used  in 
a  great  variety  of  ways,  and  their  preparation  enables 
us  to  introduce  large  quantities  of  milk  and  water  into 
the  system.  Fish  of  almost  any  variety,  excepting 
the  indigestible  forms,  represented  by  those  containing 
a  large  percentage  of  oil — e.g.  mackerel,  herring, 
eels — are  permissible. 

The  meat  of  fowls  may  be  prepared  in  a  great 
variety  of  ways,  ranging  from  broths  to  the  minced 
meat  made  into  panada,  or,  if  the  digestive  power 
will  permit,  it  may  be  given  roasted,  broiled,  or 
stewed. 

Eggs  slightly  cooked  may  be  used,  and  if  they  are 
found  unsuited  as  food  for  these  cases,  it  will  probably 
be  the  yolk  that  has  disagreed,  because  of  the  large 
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amount  of  fat  contained  in  it.  The  albumin  of  the 
wliite  is  very  easily  digest(;d. 

Cheese,  representing  the  albuminous  and  in  some 
instances  the  fat  constituent  of  milk,  has  many  of  the 
advantages  po.s.sc.sscd  by  milk  a«  a  food,  and  may  l>e 
u.sed  to  furnish  the  albuminous  element  of  the  meal. 
There  is  less  likely  to  t)e  indigestion  from  its  u.>ie  if 
meat  is  excluded  from  the  meal,  of  which  cheese  ia 
to  furnish  the  nitrogenous  element.  The  con.stipa- 
tion  so  frequently  as.wciated  with  the  diet  into  which 
cheese  enters  is  le.ss  troublesome  if  cream  chce.sea 
are  taken.  The  ability  to  digest  different  varieties 
of  chee.ses  varies  with  the  individual  patients.  Some- 
times it  is  nece.s.sary  to  begin  the  use  of  cheese  in  the 
dietary  by  administering  ca.sein  in  the  form  of  junket, 
then  cottage  cheese,  Neufchdtel,  or  some  similar 
cheese  rich  in  cream.  It  not  infrequently  requires 
time  and  persistent  effort  before  it  can  become  a 
considerable  element  in  the  dietary  of  certain  indi- 
viduals. If  we  desired  to  give  a  cheese  poor  in  fat  and 
rich  in  casein,  we  should  .select  the  Parmesan  cheese. 
This  variety  may  be  added  to  broths,  after  it  has 
been  grated,  to  increase  their  nutritive  worth,  or  it 
may  be  made  into  sandwiches,  and  if  whole  wheat  or 
gluten  bread  be  used,  there  will  be  secured  in  such  a 
combination  a  food  containing  a  large  nitrogenous 
element.  Cottage  cheese  because  of  its  digestibility 
and  nutritive  value  should  be  used  more  extensively. 
Cheese,  according  to  the  variety  selected,  is  said  to 
be  two  or  three  times  as  nutritious  as  meat.  One 
has  only  to  remember  how  largely  this  form  of  food 
takes  the  place  of  meat  in  almost  every  country 
except  .\nierica,  and  to  contrast  the  infrequent  use 
of  it  in  this  role,  to  realize  to  what  great  e.xtcnt  meat 
enters  into  the  dietary  of  the  .\mericans. 

Fats,  in  moderation,  serve  a  useful  purpose  in  the 
dietary  of  these  cases.  Any  evidence  of  inability  to 
digest  them  may  be  regarded  as  a  contraindication  to 
their  use. 

Sugars,  just  as  fats,  are  permissible  to  a  limited 
extent.  They  must  not  be  taken  in  quantities  suffi- 
cient to  excite  indigestion  or  to  favor  the  develop- 
ment of  corpulency.  So  far  as  sugars  and  fats  can  be 
utilized  as  heat  and  force  producers,  they  do  good ;  more 
than  sufficient  for  this  purpose  should  not  be  ingested. 

The  vegetable  element  of  the  meal  should  be  made 
up  of  one,  or  at  most  two,  vegetables.  If  the  nitrogen 
required  is  supplied  in  the  form  of  meat,  milk, 
or  cheese,  then  the  vegetable  had  better  be  one  com- 
posed chiefly  of  starch,  e.g.  potatoes  or  rice.  When 
peas  or  beans  are  u.sed  the  contained  nitrogen  will 
furnish  a  portion  of  that  required  for  the  me.il. 

The  green  vegetables,  so  long  as  they  do  not  excite 
indigestion  by  reason  of  their  bulk  and  woody  fiber, 
are  allowable. 

Cereals,  when  properly  prepared  and  thoroughly 
insalivated,  may  form  a  part  of  the  morning  and  even- 
ing meal.  Oatmeal,  because  of  the  purin  content, 
is  sometimes  objectionable. 

Macaroni  and  vermicelli.  nrrowToot.  corn  starch, 
and  bread,  offer  convenient  and  digestible  forms  of 
starchy  food. 

Fruits  suitable  to  these  cases  must  be  neither  too 
sweet  nor  too  tart.  Cirapes  and  oranges  are  most 
often  acceptable:  strawberries  are  the  most  harmful. 

All  forms  of  food  for  these  patients  must  be  studied 
with  reference  to  the  effect  produced  on  each  case. 
The  more  nearly  we  accurately  estimate  the  need  and 
ability  of  a  given  case  to  metabolize  various  kinds 
and  quantities  of  foods,  the  more  likely  we  are  to  get 
satisfactory  results. 

Beverages. — Water  stands  first,  and  might  with 
advantage  be  made  the  exclusive  drink.  Water, 
plain  or  medicated,  hot  or  cold,  should  be  used  in 
large  quantities  to  secure  its  mechanical  and  solvent 
effect  ujion  the  excretions.  The  most  favorable 
time  for  its  ingestion  is  a  half-hour  or  an  hour  before, 
or  several  hours  after  a  meal. 
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Tea,  coffee,  and  cocoa  are  permissible,  but  cider, 
port,  champagne,  and  malt  beverages  are  not  usually 
permissible.  For  those  who  recjuire  it,  a  light 
wine,  poor  in  sugar  and  alcohol,  if  diluted  with 
carbonated  water,  may  be  administered.  Moselle, 
claret,  or   Hungarian   wines  are  permissible. 

If  a  spirituous  liquor  is  required,  whiskey,  brandy, 
or  gin,  well  diluted,  may  be  given. 

The  foods  prohil)itcd  are  those  containing  oxalic 
acid  in  considerable  amount,  e.g.  rhubarb,  spinach, 
tomatoes,  asparagus,  sorrel,  and  radishes;  neither 
mu.st  patients  take  spiced  or  dried  meats,  pork, 
bacon,  veal,  game,  eels,  mackerel,  salmon,  or  lobster, 
or  rich  gravies,  pastries,  and  candies. 

Diabetes. — Failure  to  recognize  the  presence  of  the 
disease  may  result  from  neglect  to  examine  the  urine 
voided  after  the  chief  meal  or  from  neglect  to  examine 
a  specimen  representing  the  entire  daily  output. 
There  is  a  recognized  periodic  variability  in  the  ability 
of  the  economy  to  metabolize  sugar.  This  may 
result  in  a  failure  to  recognize  the  presence  of  the 
disease  until  it  is  quite  advanced. 

The  treatment  of  the  disease  may  no  longer  be 
regarded  as  a  simple  dietetic  procedure.  A  careful 
and  systematic  estimate  must  constantly  be  made 
to  determine  the  amount  of  sugar  being  eliminated; 
the  amount  and  composition  of  the  food  taken  and 
the  ability  of  the  economy  to  metabolize  the  various 
forms  of  carbohydrate;  the  presence  of  ketone  bodies 
represented  by  acetone,  diacetic  acid  and  oxybutyric 
acid  and  to  determine  the  factor  influencing  the 
failure  of  digestion.  There  is  no  other  disease  in  which 
the  relation  of  diet  to  the  activity  of  the  morbid  proc- 
ess is  so  intimate.  Anything  less  than  the  most  de- 
tailed attention  to  the  ingestion  of  food,  and  the  excre- 
tion of  sugar  in  the  urine,  is  an  act  of  censurable 
neglect.  It  can  l)e  readily  appreciated  that  the  selec- 
tion of  alimentarj'  suljstances  is  of  no  more  impor- 
tance than  their  proper  preparation.  A  condition 
demanding,  for  a  protracted  period,  a  diet  com- 
posed of  articles  from  which  an  entire  class  of  foods 
— i.e.  carbohydrates — must  be  curtailed  if  not  entirely 
eliminated  requires  the  greatest  skill  and  ingenuity  on 
the  part  of  the  one  to  whom  the  preparation  of  the 
food  is  entrusted.  It  is  not  enough  to  hand  to  a 
patient  suffering  with  this  disease  a  list  of  the  foods 
allowed  and  those  to  be  omitted.  Here,  more  than  in 
any  other  condition  reciuiring  dietetic  direction,  is  there 
need  to  demonstrate  to  the  patient  the  possibilities 
of  the  curtailed  regimen  permitted  him.  There  mu.st 
be  a  thorough  understanding  between  the  doctor  and 
the  cook  as  to  what  is  to  be  attempted,  and  that  the 
starches  and  sugars  are  not  to  gain  entrance  into  the 
dietary  in  any  form.  For  instance,  it  would  not  be 
permitted  to  use  wheat  flour  as  a  thickening  in  soups 
when  we  had  forbidden  wheat  bread  in  order  to  elimi- 
nate starch. 

Before  beginning  the  dietetic  treatment  of  this 
disease  certain  facts  shoiild  be  determined  as  a  result 
of  observations  extending  over  several  daj's.  The 
quantity  of  urine  voided  and  the  percentage  of  sugar 
contained  in  it;  the  diet  yielding  these  figures;  the 
weight  of  the  patient  and  his  strength,  as  evidenced 
by  tests  with  the  dynamometer  or  graduated  work; 
all  require  careful  consideration.  After  this  has 
been  done  the  capacity  of  the  organism  to  metabolize 
carbohydrates  should  be  determined.  The  plan 
suggested  by  von  Noorden,  according  to  which  the 
patient  is  gradually  placed  upon  a  standard  diet, 
may  be  recommended. 

von  Noorden's  Standard  Diet. — After  the  car- 
bohydrate element  of  the  diet  has  been  gradually 
eliminated  the  following  diet  is  administered: 

Breakfast:  Tea,  5  grams  infused  in  water  200  c.c; 
ham,  1.50  grams;  one  egg. 

Lunch:  Cold  roast  beef,  200  grams;  cucumber,  60 
grams  with  vinegar  5  grams,  olive  oil  10  grams,  salt 
and  pepper   (to  season);  Apollinaris  water,  4C0  c.c, 
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with  brandy  20  c.c;  coffee,  without  milk  or  sugar. 

Dinner:  Clear  bouillon,  300  c.c;  beef,  250  grams; 
butter,  10  grams;  green  salad,  80  grams;  vinegar, 
10  grams,  and  olive  oil,  20  grams;  sardines,  3;  Apolli- 
naris, 400  c.c,  with  brandy,  20  c.c. 

Supper:  Two  eggs;  Seltzer  water,  400  c.c. 

This  diet  contains  about  204  grams  of  albumin,  13,5 
grams  of  fat,  and  no  carbohydrate.  It  is  to  Ije  con- 
tinued until  there  is  an  absence  of  sugar  from  the 
urine  in  the  one  in.stance,  or  until  it  demonstrates  the 
amount  of  sugar  being  formed  desjute  the  absence  of 
carbohydrate  in  the  food  ingested.  This  method 
yields  a  basis  for  the  classification  of  these  cases,  and 
is  of  further  advantage  in  enabling  us  to  determine 
the  ability  of  the  economy  to  metabolize  varying 
amounts  of  carbohydrates  in  those  cases  in  w'hich 
there  was  an  absence  of  sugar  from  the  urine  after  the 
patient  had  been  upon  the  "standard  diet"  for  a 
sufficient  length  of  time.  A  patient  whose  urine 
shows  no  sugar  for  several  days  as  a  result  of  the 
carbohydrate-free  diet,  is  allowed  some  form  of  starch, 
in  gradually  increasing  quantities,  until  sugar  re- 
appears in  the  urine.  The  following  formula  will 
then  express  his  power  to  metabolize  starch:  tolerance 
to  starch  =  standard  diet-|-x  grains  of  starch. 

The  gravity  of  the  disease  is  proportionate  to  the 
amount  of  sugar  persisting,  notwithstanding  the 
administration  of  the  "standard  diet."  In  the  cases 
in  which  sugar  appears  in  the  urine  despite  this  diet, 
we  are  given  a  measure  of  the  transformation  of  the 
albuminoid  tissues  and  fats  into  sugar.  It  is  likely 
that  transformation  of  proteids  or  fats  into  sugar 
occurs. 

The  indications  in  regulating  the  diet  of  diabetic 
patients. — In  the  withdrawal  of  the  carbohydrates,  the 
economy  being  denied  the  usual  supply  of  carbon  for 
the  production  of  heat  and  force,  it  becomes  necessary 
to  supph'  a  sufficient  increase  of  fat  for  this  purpose, 
and  greatly  to  augment  the  intake  of  nitrogenous 
food  for  the  same  purpose.  The  dietary  permissible 
to  these  patients  includes  all  meats,  exce|)ting  liver, 
which  latter,  because  of  its  contained  glycogen,  is  not 
suitable;  and  fats,  which  are  called  the  sheet  anchor  by 
von  Noorden,  and  which,  in  addition  to  their  nutritive 
worth,  are  esteemed  because  they  tend  to  ])roduce  a 
feeling  of  satiety,  and  thus  relieve  the  distressing 
lumger  so  frequently  a  prominent  symptom  in  these 
cases.  They  in  a  great  measure  supply  the  deficiency 
of  carbon  resulting  from  the  withdrawal  of  the  carbo- 
hydrate. The  admini.stration  of  fat  requires  the 
greatest  care  lest  a  disgust  for  it  be  excited.  It  can  be 
introduced  in  the  form  of  a  thin  layer  rolled  in  a 
slice  of  roasted  beef,  or  between  bits  of  broiled  beef; 
as  a  mayonnai.se  dressing  on  various  salads;  as  butter 
spread  very  thickly  upon  almond  biscuit  or  gluten 
bread;  in  the  form  of  gravy  of  fowls;  in  the  form  of 
meats  containing  a  large  proportion  of  fat,  e.g. 
mackerel,  eels,  blue  fish,  salmon,  sardines,  squab, 
and  the  dark  meat  of  fowls;  and  ripe  olives.  Some 
writers  also  allow  pate-de-foie-gras.  The  problem 
of  succes.sfully  feeding  a  diabetic  is  largely  one  of 
skilfully  administering  in  acceptable  manner  the 
various  meats  and  fats.  To  these  articles  may  be 
added  a  moderate  allowance  of  green  vegetables  con- 
taining a  minimum  amount  of  starch,  and  possessing 
vegetable  salts,  the  latter  being  of  value  for  anti- 
scorbutic purposes. 

Meats  may  be  given  in  any  readily  digestible  form, 
such  as  beef  in  the  form  of  broth;  scraped  meat  cakes 
suitably  seasoned,  to  which  may  be  added  chopped 
almonds,  pine  nuts,  or  celery;  cold  boiled  ham;  crisp 
broiled  bacon  with  eggs;  chipped  beef  creamed,  or  as  a 
sandwich  with  gluten  crackers;  tongue,  kidneys,  tripe, 
sweetbreads,  calves'  brains,  smoked  meats,  and  game 
of  all  kinds. 

Fish  of  all  kinds  may  be  employed,  as,  for  example, 
oysters,  omitting  the  liver;  clams,  lobster,  crabs; 
caviare,  plam  or  combined  with  a  few  drops  of  grated 
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onion  in  the  form  of  a  sandvvit-li  of  gluten  bread  or 
diabetic  biscuit. 

Milh  is  of  service  in  certain  cases,  the  sugar  of  milk 
being  less  likely  than  most  other  forms  of  sugar  to 
favor  the  develo[)ment  of  glycosuria.  Cream  is  of 
especial  utility,  containing  as  it  does  an  albuminoid 
and  a  fat.  It  may  be  given  plain,  combined  with 
vatoous  fiavors,  whipped,  frozen,  or  in  conjunction 
with  white  of  egg.  Skimmed  milk  has  been  urged  by 
various  writers,  large  quantities,  as  much  as  from 
nine  to  twelve  pints  daily,  being  urged  by  Donkin, 
who  reports  favorable  results  from  its  use.  He  ijoints 
out  that  in  this  form  milk  offers  a  concentrated 
assimilable  albuminoid.  Part  of  the  milk  recom- 
mended is  to  be  taken  in  the  form  of  coagulated 
casein.  Koumys,  zoolak,  and  buttermilk  may 
be  found  acceptable  and  unobjectionable  in  certain 
instances. 

Cheeses  prepared  from  cream  are  less  likely  to  in- 
crease the  amoimt  of  sugar  present  than  are  those 
prepared  from  the  whole  milk.  All  forms  of  cheese 
may  be  utilized  in  certain  instances. 

Eggs  offer  an  ideal  food  because  of  the  albuminoid 
and  large  percentage  of  fat  contained  in  the  yolk. 
Given  cooked  or  raw,  with  a  little  salt  to  facilitate 
their  digestion,  they  lend  themselves  to  innumerable 
methods  of  preparation,  and  may  be  consumed  in  large 
quantities. 

Gelatin,  if  regarded  as  an  "albumin-sparing  food," 
should  be  of  utility.  It  may  be  given  in  a  great 
variety  of  ways,  such  as  in  the  form  of  milk  jelly, 
blauc  mange,  chicken  jelly,  calves'-foot  jelly,  and 
similar  preparations. 

The  vegetables  allowable  comprise  most  of  the  greens; 
lettuce,  cress,  spinach,  cabbage,  asparagus,  onions, 
cauliflower,  cucumbers,  dandelion;  also  cranberries, 
gherkins,  artichokes,  horseradish,  kale,  green  French 
beans,  pickles,  carrots.  Potatoes  are  allowed  by 
some  as  a  substitute  for  bread,  because  the  percentage 
of  starch  contained  is  smaller  than  in  ordinary  bread. 
If  potato  be  given  in  the  form  of  a  salad,  with  mayon- 
naise dressing  and  onion,  or  if  it  be  baked  and  butter 
and  egg  added,  it  should  possess  special  nutritive 
worth. 

Fruits  containing  little  sugar,  preferably  those  con- 
taining it  in  the  form  of  levulose,  are  permissible,  e.g. 
apples,  strawberries,  gooseberries,  currants,  rasp- 
berries, sour  oranges,  and  lemons. 

Nuts  of  all  kinds,  excepting  chestnuts,  may  form  a 
large  element  in  the  dietary.  They  furnish  a  form  of 
food  that  may  be  used  extensively  by  varying  the 
method  of  administration.  If  the  patient  picks  the 
nuts  from  tlie  shell  he  is  apt  to  enjoy  them  more  and 
is  less  likely  to  partake  of  them  too  freely.  In  other 
instances  they  may  be  administered  after  they  have 
been  grovmd  in  some  one  of  the  machines  now  upon 
the  market  for  this  purpose.  This  method  of  prepara- 
tion overcomes  the  tendency  to  rancidity  so  pro- 
nounced in  the  nutmeals  upon  the  market.  Roasted 
and  salted  nuts  are  often  particularly  appetizing  and 
sometimes  aid  digestion. 

Forbidden  Foods. — The  forbidden  foods  comprise  all 
saccharine  or  starchy  vegetables  and  fruits,  as  well  as 
the  livers  of  animals  and  o^'Sters.  Bread  is  not  per- 
mitted except  in  the  milder  cases,  where  it  should  be 
"torrefied"  or  twice  baked. 

Gluten  bread  is  certain  to  contain  not  less  than 
fifteen  per  cent,  of  starch,  and  usually  the  amovmt  is 
much  greater.  It  is  heavy,  and  patients  not  infre- 
quently refuse  to  eat  it.  It  is  well  to  learn  the  ])ossi- 
bilities  of  the  various  manufacturers'  products  of 
biscuit  of  gluten,  almond  meal,  and  similar  food 
Bub.stances  which  are  likely  to  contain  less  starch  than 
is  contained  in  gluten  bread;  they  are  quite  pala- 
table and  keep  indefinitely. 

The  sweetening  required  is  to  be  secured  by  the  use  of 
saccharin.  Tliis  sub.stance  is  likely  to  excite  indi- 
gestion, and  must  be  used  in  the  smallest  possil)le 


quantities.  There  are  tablets  on  tlie  market  contain- 
ing one  grain  of  saccharin,  which  offer  the  substance 
in  a  convenient  form.  Glycerin  is  recommended  for 
sweetening  purpo.ses  by  some  writers. 

Complic.-itions. — The  development  of  acidosis  may 
be  recognized  by  a  tendency  to  .somnolence,  a  sweetish 
odor  to  the  breath,  and  suitaljle  tests  applied  U)  the 
urine.  Here  alkalies  should  be  given  by  the  mouth, 
rectum,  or  subcutaneously.  Carbohydrate  food  is 
urgently  indicated  and  fats  and  proteins  are  to  be 
withdrawn  or  gre.atly  reduced  in  the  diet. 

Oatmeal  is  recommended  by  von  Noorden  as  one 
of  the  best  foods  in  certain  diabetic  subjects  who 
are  threatened  with  acidosis.  It  is  introd\iced  in 
large  quantities  as  the  only  carbohydrate,  and  the 
meat  and  fat  are  [)artially  or  entirely  eliminated  from 
the  diet.  There  are  certain  cases,  usually  tho.se  verging 
upon  acidosis,  where  its  use  is  not  attended  with 
satisfactory  results.  He  advises  that  the  oatmeal  be 
continued  for  one  or  two  weeks. 

Nephritis  may  so  gravely  complicate  the  disease 
as  to  make  the  adjustment  of  the  diet  for  this  condition 
take  precedence. 

Cures. — The.se  are  misnomers,  but  refer  to  as- 
sistance derived  from  the  employment  of  certain 
articles  of  food  giving  the  name  to  the  cure.  Best 
known  among  them  is  the  oatmeal  cure  of  von  Noorden, 
the  potato  cure  of  Mosse,  the  yolk  cure  of  Stern,  and 
the  milk  cure  espoused  by  many  writers. 

Beverages. — If  alcoholic  beverages  are  required  be- 
cause they  have  become  es.sential  to  the  patient,  they 
should  be  confined  to  a  dry  or  tart  wine,  such  as 
Moselle,  claret,  nock,  or  Burgundy;  brandy,  whiskey, 
or  gin  may  have  to  be  given,  and  all  beverages  should 
be  well  diluted  with  an  alkaline  or  carbonated  water. 
Study  the  effects  of  particular  wines  upon  a  given 
case  and  regulate  their  administration  accordingly. 

Tea,  Coffee,  and  Cocoa.  Tea  may  be  given, 
preferably  with  lemon;  coffee,  without  milk  or  cream. 
Cocoa  nibs  and  chocolate  prepared  witliout  .sugar  may 
be  used.  The  "water  cures,'  notably  those  of  Carls- 
bad, combine  with  the  therapeutic  effect  of  the  water 
administered,  a  favorable  environment,  a  suitable 
adjustment  of  food  and  exercise,  medicated  baths, 
massage,  and  an  absence  of  the  exciting  causes  that 
have  been  potent  as  factors  in  the  production  of 
the  disease. 

For  one  to  whom  so  much  is  denied  it  is  worth 
while  to  consider  the  possibilities  of  a  daily  mdnu 
consi-sting  of  only  the  foods  permissible.  Such  a 
dietary  would  comprise  for  one  day : 

Breakfast:  Poached  eggs  and  bacon;  gluten  bread; 
cream  and  hot  water. 

Luncheon:  Cream  of  spinach;  hot  sardines  on 
gluten  biscuit,  garnished  with  lemon  and  parsley; 
celery  salad  with  mayonnaise;  tea  with  lemon. 

Dinner:  Little  Neck  clams;  consomme'';  roast  beef; 
asparagus  with  melted  butter;  stewed  onions;  lettuce 
with  French  dressing;  junket;  coffee. 

Nervous  Affections. — Neuralgia  has  been  defined  as 
"the  cry  of  a  hungry  nerve."  The  pain  may  be 
associated  with  the  trifacial,  gastric,  hci)atic.  intes- 
tinal, or  other  nerves,  and  the  neuralgia  may  be 
designated  accordingly.  If  traumatic  irritation  has 
been  excluded  as  an  exciting  cau.se  of  the  condition. 
it  is  of  imjiortance  to  determine  the  degree  of  nutri- 
tional failure  that  is  likely  to  be  present  in  a  particular 
instance.  The  intimate  causal  relationship  between 
nerve  pains  and  lithemia  or  uricacidemia,  would 
lead  one  to  endeavor  to  determine  how  far  an  excess 
of  foods  containing  uric  acid  is  concerned  in  tlie 
production  of  the  neuralgia.  Indeed,  it  would  seem 
justifiable  to  regard  neuralgia  as  a  symptom:  it  may 
be  of  anemic,  lithemic,  gouty,  rheumatic,  or  dyspeptic 
conditions,  and  these  each,  in  turn,  may  he  regarded  as 
the  products  of  faulty  nutrition.  Therefore  the 
principles  underlying  the  dietetic  treatment  of  one 
condition  will  apjily  to  all. 
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First,  the  habits  of  the  individual  must  be  studied. 
The  food  he  has  been  accustomed  to  talie,  the  care 
exercised  in  its  preparation,  the  regularity  in  eating, 
and  the  suitabilit\'  of  the  quantity  and  kind  of 
food  to  the  life  worlv  of  the  individual  must  be  as- 
certained. A  good  i)ractice  in  those,  and  in  similar 
cases,  is  to  have  the  [)atient  continue,  under  oljserva- 
tion,  for  a  time  without  any  dietetic  restraint.  Let 
a  record  of  each  meal  be  made  and  submitted  for  inr 
spection,  and  in  this  way  it  is  often  possible  to  discove- 
a  potent  factor  in  the  causation  of  a  morbid  condition. 
It  is  well,  however,  to  guard  lest  a  patient  in  moderate 
circumstances  should  bring  a  list  of  fare  so  sumptuous 
as  at  once  to  disprove  its  accuracy. 

The  study  of  the  urine,  with  special  reference  to  the 
amount  of  uric  acid  being  excreted,  will  yield  most 
valuable  data  regarding  the  advisabOity  of  with- 
holding certain  albuminous  foods.  One  cannot  study 
works  upon  this  subject  without  being  impressed  with 
the  intimate  relationship  existing  between  an  excess 
of  uric  acid  and  certain  neuralgic  manifestations. 
Indeed,  it  is  hardly  possible  to  determine  how  far 
gout,  rheumatism,  and  calculous  diseases  in  general 
are  dependent  upon  this  same  condition  of  uricaoid- 
emia. 

That  diet  is  a  potent  factor  in  the  successful  treat- 
ment of  all  these  processes  is  universally  accepted. 
Therefore  it  is  in  order  to  consider  what  foods  will 
give  us  sufficient  of  the  various  elements  necessary 
for  nutrition,  and  at  the  same  time  leave  no  excess  of 
uric  acid  in  the  circulating  blood. 

The  gradual  withdrawal  of  all  forms  of  meat  from 
the  dietary,  with  a  proportionate  increase  of  milk, 
cheese,  and  gluten  foods  to  supply  the  nitrogenous 
food  required,  and  a  corresponding  increase  in  the 
starches,  nuts,  and  fruits  is  recommended. 

It  is  not  to  be  inferred  that  the  dietary  is  to  be 
limited  to  the  articles  suggested  in  these  tables.  In- 
deed, it  is  surprising  to  note  what  a  variety  of  meals 
can  be  prepared  without  meat  and  the  forbidden  foods. 
On  the  other  hand,  certain  patients  find  it  entirely 
impracticable  to  live  upon  this  or  a  strictly  vegetable 
dietary.  In  these  instances  the  liberal  administration 
of  beef  in  the  form  of  nutritive  beef-tea  and  scraped 
or  chopped  meat  cakes,  in  conjunction  with  a  decided 
increase  in  the  fats,  will  give  the  best  results.  The 
fats  suitable  are  obtained  in  cream,  butter,  bacon, 
and  in  the  yolks  of  eggs,  in  the  form  least  likely  to  tax 
digestion  and  excite  repugnance. 

When  all  the  exciting  causes  of  the  disease  under 
consideration  are  eliminated,  the  diet  which  main- 
tains a  condition  of  nutritional  equilibrium  will  be 
the  one  best  suited  to  the  case. 

Neurasthenia  requires  an  excess  of  easUy  assimilable, 
highly  nutritious  food,  administered  at  frequent 
intervals,  in  the  largest  possible  quantities.  This 
particularly  applies  to  those  cases  undergoing  what 
is  usually  designated  "the  rest  cure."  Here  the  food 
is  urged  upon  the  patient  regardless  of  his  desires,  and 
even  despite  a  positive  disinclination  for  food.  Milk, 
cream,  andotherformsof  fat  and  oils,  gruels  and  easily 
digested  starches,  are  administered  at  frequent 
stated  intervals,  and  the  patient  is  aided  in  utilizing 
a  part  of  this  nutriment  by  the  administration  of 
massage  and  electricity,  while  he  stores  the  remainder 
in  the  form  of  fat  and  muscular  tissue.  Indeed,  the 
entire  plan  of  the  treatment  aims  to  secure  a  marked 
increase  in  body  weight.  This  is  in  accord  with  the 
view  expressed  by  S.  Weir  Mitchell,  who  states  that 
"loss  of  fat  is  constantly  associated  with  impoverished 
blood,  and  that  to  gain  in  fat  is  nearly  always  to  gain 
in  blood."  Many  cases  of  neurasthenia  which  do 
not  undergo  the  rest  cure  are  greatly  benefited  bj'  an 
ocean  voyage,  where  there  is  usually  a  condition  of 
limited  expenditure  of  mental  and  muscular  effort, 
coupled  -with  an  inclination  to  ingest  and  ability  to 
digest  excessive  quantities  of  food.  A  neurasthenic 
who  travels  for  his  health  should  not  be  allowed  to 
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consume,  in  long  journeys,  irregular  meals,  and  hasty 
sightseeing,  all  the  energy  developed  from  his  abUity 
to  take  increased  quantities  of  food. 

Insomnia  is  frequently  referable  to  one  or  two 
classes  of  causes: 

(a)  Improper  eating  or  drinking  before  retiring. 

('))   Deficient  nutrition. 

The  patients  of  the  first  class  require  only  to  have 
the  food,  drug,  or  drink  that  has  been  causing  the 
insomnia  to  be  cut  off,  and  to  have  the  evening  meal 
composed  of  easily  digested  food.  This,  with  the 
temporary  use  of  a  hypnotic,  should  accomplish  a 
cure. 

In  the  second  class  of  cases  an  effort  should  be  made 
to  place  the  patient  upon  a  higher  nutritive  level  by 
the  administration  of  light  nourishing  food  between 
meals,  and  a  cup  of  hot  milk,  a  milk  punch,  or  malt 
beverage  with  a  biscuit  before  retiring.  A  complete 
food,  such  as  "Bartholow's  food,"  taken  before  re- 
tiring, will  frequently  insure  a  night's  repose.  It  is 
desirable  to  have  some  milk  or  crackers  at  the  bedside, 
in  case  they  should  be  required  during  the  night.  The 
objection  to  liquors  and  malt  beverages,  as  an  aid 
in  inducing  sleep,  does  not  apply  to  this  class  of 
cases  as  it  does  to  the  cases  of  insomnia  occurring  in 
youth. 

Epilepsy  is  so  rare  in  the  herbivora,  and  so  frequent 
in  the  carnivora  that  the  immunity  of  the  vegetarian 
animals  would  seem  to  give  us  a  positive  dietetic 
indication  for  the  treatment  of  this  di,sea.se.  Meats, 
particularly  the  coarser  forms,  such  as  bologna,  seem 
to  be  especially  prone  to  excite  convulsive  attacks. 
Gorging  with  food,  especially  improperly  masticated 
meats  and  other  forms  of  nourishment — notably 
peanuts — is  regarded  as  being  likely  to  excite  epileptic 
paroxysms. 

The  intimate  relationship  between  the  ingestion  of 
an  excess  of  unsuitable  and  improperly  masticated 
food  and  an  epileptic  seizure  must  be  familiar  to  all 
those  who  have  given  considerable  attention  to  this 
class  of  cases.  The  dietetic  treatment  of  epilepsy 
promises  most  when  the  patient  is  untjer  the  complete 
control  of  an  attendant.  For  this  reason  the  epileptic 
colonies  should  seciue  the  best  results,  other  things 
being  equal. 

The  diet  that  promises  most  for  these  cases  is  one 
in  which  meat  is  reduced  to  the  lowest  quantity  con- 
sistent with  the  demand  for  work  and  growth.  In 
early  youth  and  old  age,  fish  and  white  meat,  with  the 
occasional  administration  of  red  meat  for  the  noon 
meal,  are  best.  Aside  from  this,  the  diet  should 
consist  of  cereals  and  vegetables,  and  the  meals  shovild 
be  eaten  at  fixed  hours.  The  frecjuency  of  the 
attacks  during  the  night  would  suggest  the  de- 
sirability of  having  the  evening  meal  compoised  of 
easily  digested  food. 

Exanthcmatous  Diseases. — The  diseases  charac- 
terized by  a  skin  eruption  in  the  course  of  an  acute 
febrile  process  will  demand  especial  dietetic  direction 
only  in  those  instances  in  which  nephritis  has  occurred 
as  a  complication.  Here  milk  is  to  be  made  the 
exclusive  nourishment,  until  the  absence  of  albumin 
from  the  urine  indicates  the  improved  condition  of 
the  kidneys  and  permits  a  more  extended  dietary. 

Skin  Diseases. — These,  when  not  of  parasitic  origin, 
are  frequently  infiuenced  by  diet.  The  causal 
relationship  between  the  occurrence  of  urticaria  and 
the  eating  of  certain  fish,  molluscs,  fruits,  or  cereals 
is  fully  established.  Certain  cases  of  eczema,  acne, 
psoriasis,  furunculosis,  dermatitis,  and  pruritus  can 
be  favorably  influenced  by  attention  to  the  character 
and  quantity  of  the  food.  The  recent  work  of 
Schamberg  upon  the  etiology  of  psoriasis  seems  to 
give  convincing  evidence  of  the  causal  relationship 
between  the  ingestion  of  meat  and  the  occurrence 
of  this  disease.  That  there  is  found  associated  with 
indigestion  and  lithemic  states  a  condition  favoring 
the  development  of  skin  eruptions,  there  can  hardly 
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be  any  reasonable  doubt.  The  diet  outlined  for 
lithemia  will  be  found  suitable  for  these  cases  (ride 
section  on  Gout).  B.  Franklin  Stahl. 


Foot. — It  is  natural  to  compare  the  foot,  as  the 
distal  member  of  the  lower  extremity,  with  the  hand, 
the  corresponding  member  of  the  upper;  and  by  such 
a  comparison  we  get  most  valuable  aid  to  a  com- 
prehension of  its  structure.  It  has  been  said  that  the 
foot  is  merely  a  hand  altered  by  the  functions  of  support 
and  locomotion  which  it  has  had  to  perform.  While 
it  is  in  general  true  that  foot  and  hand  are  con- 
structed upon  a  similar  plan,  it  must  be  remembered 
that  the  differentiation  commences  far  down  in  the 
animal  series.  The  similarity  between  the  anterior 
and  posterior  extremities  of  a  quadruped,  such  as  the 
horse  for  instance,  disappears  to  a  considerable  extent 
when  the  anatomical  structure  is  closely  examined. 
Even  in  quadrupedal  locomotion  the  posterior  ex- 
tremities are  the  ones  most  active  in  propelling  the 
body,  the  anterior  limbs  being  mainly  for  support  and 
equipoise.  The  impression  of  the  forefeet  of  an 
unshod  horse  is  different  from  that  of  the  hindfeet 
on  this  account.  As  the  forelimbs  come  to  be  more 
used  for  the  purposes  of  prehension  and  dexterity, 
the  difference  in  structure  becomes  more  marked. 
The  higher  apes  were  improperly  called  quadrumana, 
for  no  animal,  speaking  strictly,  has  four  feet  anatom- 
ically similar;  stiU  less  has  any  animal  four  organs 
that  can  properly  be  called  hands.  The  differences 
are  various,  according  to  the  adaptation  of  the  anterior 
and  posterior  members  for  the  special  activities  of 
the  animal.  The  bones  of  the  carpus  are  never 
found  to  be  the  same  as  those  of  the  tarsus,  varying 
either  in  number  or  in  the  union  of  the  various  osseous 
elements.  There  is  not,  properly  speaking,  any  op- 
posability  of  the  great  toe  in  apes,  as  it   cannot  be 


FlQ.   2399.— Hand  and  Foot  of  a  Chimpanzee.      (Vogt.) 

carried  around  and  placed  at  will  against  the  various 
other  toes;  but  it  is  set  at  a  wider  angle  than  the  others, 
so  that  it  can  be  used  like  the  curve  of  a  pincers  or 
of  a  cramp-iron  for  grasping  and  climbing.  The 
posterior  extremities  of  apes  are  merely  feet  adapted 
for  walking  upon  trees,  the  resemblances  of  the  foot 
or  "hind-hand"  to  a  true  hand  being  onlj-  skin  deep 
(Huxley'). 

There  seems  from  the  structure  of  the  human  foot 
no  reason  to  doubt  that  it  has  been  developed  from 
an  organ  adapted  for  the  same  use.  Strong  evidence 
of  this  is  found  in  the  fetal  condition  of  the  foot,  which 
approaches  in  many  respects  that  of  the  anthropoid 
apes,  there  being  less  development  of  the  heel,  an 
arrangement  of  the  joints  which  permits  more  inver- 
sion of  the  sole,  and  a  difference  in  the  corresponding 
length   of   the   first   and    second    metatarsal    bones, 


indicating  that  the  adult  condition,  in  which  the  great 
toe  is  as  long  as,  or  longer  than,  the  others,  has  been 
gradually  acquired.  Leboucq-  determined  the  average 
proportion  of  the  first  metatarsal  to  the  second  to 
be  in  the  child  before  birth  as  1  is  to  1.37;  at  fourteen 
years,  as  1  is  to  1.21;  and  in  the  adult  as  1  is  to  1.17. 
Fig.  2.399  shows  the  hand  and  the  foot  of  the 
chimpanzee  contrasted,  while  Fig.  2400  shows  the 
same  members  in  adult  man.  In  the  gorilla  the  re- 
semblance to  the  human  hand  and  foot  is  still  greater. 


Fla.  2400.— Hand  and  Foot  of  -Man.     (Vogt.) 

The  feet  of  a  child  that  has  never  walked  show  decided 
differences  in  power  of  using  the  toes,  there  being 
considerable  grasp  and  the  same  imperfect  opposability 
of  the  great  toe  as  is  seen  in  apes.  The  markings  upon 
the  sole  show  this  to  some  extent. 

The  markings  on  the  foot  of  a  child  that  has  never 
worn  a  shoe,  nor  stood  alone  upon  its  feet,  resemble 
somewhat  those  of  the  palm  of  the  hand,  indicating 
considerable  freedom  of  flexion  and  a  certain  amount 
of  independent  use  of  the  great  toe.  They  almost 
entirely  disappear  after  the 
\3^$\  \  foot  is  used   as  a  support. 

I  <?|&\  \  The  power  of  the  great  toe 

'y/'if:'^'\  \  may,  however,  be  kept  up 

■  '-'jK?/     \  if  the  feet  are  not  confined, 

and  many  savage  tribes  use 


interosseous  talocal- 
eaneal  ligament 


plantar  fascia 
plantar  ealeaneo-naWcular  ligament 


Fig.  2401. — The  Anteroposterior  .\rch  of  the  Foot.  The  bones 
shown  are  those  cut  by  a  longitudinal  section  through  the  axis 
of  the  great  toe.  The  calcaneus  forms  the  posterior  branch  of 
the  arch:  the  navicular,  first  cuneiform,  first  metatarsal,  the 
anterior  branch:  and  the  talus  is  at  the  summit.  .\  sesamoid 
bone  is  seen  under  the  head  of  the  first  metatarsal.  In  front 
are  the  phalanges  of  the  great  toe. 

the  foot  for  grasping.  Among  .Australian  savages 
this  grasping  power  is  of  great  assistance  in  climbing 
trees,  and  they  habitually  pick  up  a  spear  or  similar 
object  with  the  foot.  Nubian  horsemen  are  said  to 
use  the  reins,  and  Chinese  boatmen  to  pull  an  oar,  by 
means  of  the  great  toe.  Occasionally  persons  may  be 
found  who.  either  born  without  hands  or  losing  them 
earlv  in  life,  have  acquired  the  habit  of  using  the  foot 
for  various  acts  ordinarily  performed  by  the  hands, 
and  can  thread  a  needle  (as  do  the  Hindoo  tailors),  use 
scissors,  or  even  wTite,  with  the  toes.     The  fact  that 
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walking  in  the  erect  position  is  learned  only  witli 
difficulty  shows  that  it  is  a  l:ite  atniuirenient. 

The  main  characteristics  of  the  human  foot  arc, 
therefore,  those  which  adapt  it  for  support  and  loco- 
motion. For  this  purpose  a  most  beautiful  structural 
arrangement  has  been  effected,  combining  great 
strength  with  peculiar  elasticity  and  lightness.  The 
bones  are  set  in  the  form  of  a  vault  supported  at  the 
points  connected  by  arches,  two  of  these  starting  from 
the  same  point  of  the  heel  (the  tuberosity  of  the 
calcaneus),  anrl  extending  forward,  one  to  the  ball  of 
the  great  toe  (head  of  first  metatarsal),  the  other  to  a 
corresponding  point  on  the  little  toe.  The  third  arch 
is  transverse,  connecting  the  anterior  ends  of  the 
longitudinal  ones. 

The  inner  arch  is  formed  by  the  calcaneus  behind 
the  fir.st,  second,  and  third  metatarsals,  the  cuneiform, 


dor-salis  pedis  artery     second  cuneiform  bone 
third  cuneiform  bone  ^^^c-f+/ 


e.Ttensor  digitorum  brcMs 


cuboid  bone 


rat  cunei- 
rm  bone 


/internal  mus- 
'    cular  group 


external  muscular  group  |  )  tendons  of  flexors 

plantar  fascia  middle  muscular  group 

Fig.  2402. — The  Transverse  Arch  of  the  Foot.  Section  through 
the  anterior  row  of  tarsal  bones.  The  line  A  B  represents  the 
surface  upon  which  the  foot  rests  when  the  individual  stands 
erect. 

and  navicular  bones  in  front,  with  the  talus  set  at 
the  vertex  as  a  keystone  (see  Fig.  2401).  The  outer 
arch,  which  is  much  flatter,  is  formed  by  the  cal- 
caneus, cuboid,  and  two  outer  metatarsals  which 
articulate  with  it.  The  transverse  arch  is  formed  be- 
liind  b}'  the  three  cuneiform  bones  and  the  cuboid 
(Fig.  2402),  in  front  by  the  metatarsal  bones.  It 
should  be  noted  that  this  arch  becomes  shallower  and 
shallower  as  the  toes  are  approached,  until  at  last 
upon  reaching  the  heads  of  the  metatarsals  the 
weight  is  borne  fully  upon  them  all.  The  imprint  of 
a  normal  human  foot,  shows  this  clearly.  The  height 
of  the  arches  forms  the  instep,  a  feature  peculiar  to 
man,  and  which  varies  considerably  in  different  races, 
being  generally  higher  in  the  Indo-European  than  in 
others.  Arabs  are  said  to  boast  that  their  instejjs  are 
so  high  th.at  water  will  run  under  them  without 
wetting  the  sole,  and  the  Andalusian  instep  is  famous. 
A  popular  saying  has  it  that  the  foot  of  the  negro  is  so 
flat  that  it  makes  a  hole  in  the  ground.  A  very 
amusing  proof  of  this  primitive  condition  of  the  negro 
foot  may  be  noticed  in  Southern  cities,  where,  during 
the  heat  of  summer,  it  is  customary  to  wet  the  pave- 
ments in  the  evening.  It  is  not  unusual  to  see  bare- 
footed negro  boys,  whose  feet  are  so  flat  that  atmos- 
pheric pressure  makes  them  adhere  slightly  when 
applied  to  the  wet  and  smooth  pavement,  in  the 
same  way  that  a  boy's  leather  sucker  adheres  to  a 
smooth  stone,  and  it  is  a  favorite  pastime  with  such 
gifted  indivicluals  to  walk  the  .streets,  producing  a 
somewhat  i3t.artling  report  every  time  the  foot  is  with- 
drawn from  the  pavement.  It  is  perhaps  not  without 
some  reason  that  the  height  of  the  instep  is  considered 
a  mark  of  pure  blood,  as  it  appears  to  be  one  of  the 
signs  of  complete  adaptation  to  the  erect  posture  and  to 
locomotion  in  that  position. 

Man  is  the  only  animal  th.it  has  the  foot  placed  at 


right  angles  to  the  axis  of  the  body,  most  mammalia 
not  touching  the  ground  with  the  calcaneus  at  all. 
The  horse,  for  instance,  literally  walks  ujjon  the  points 
of  the  toes,  the  hoof  being  comparable  with  the  nails 
of  the  human  foot,  and  the  hock  or  "knee"  being  the 
tuberosity  of  the  calcaneus.  There  appe.ars  to  be  some 
relation  between  this  ascension  of  the  calcaneus  and  the 
fleetness  of  the  animal,  as  those  which  are  the 
swiftest  have  the  bones  so  arranged  that  they  walk 
merely  upon  the  tips.  If  support  alone  were  needed 
there  would  be  no  necessity  for  the  metatarsal  bimes 
and  toes,  as  m.ay  be  seen  in  those  who  have  had  them 
amputated.  The  anterior  part  of  the  arch  is  there- 
fore for  purposes  of  locomotion,  and  it  may  be 
noted  that  in  running  the  heel  is  raised  off  the  ground, 
and  the  anterior  part  only  is  used,  the  anatomical 
relation  of  the  bones  to  the  soil  being  similar  to  that 
which  occurs  ordinarily  in  the  foot  of  the  carnivora. 
The  great  swiftness  and  lightness  of  motion  of  a 
premiere  danseuse  is  owing  to  her  ability  to  dispense 
entirely  with  the  posterior  portion  of  the  arch. 

Owing  to  this  difference  of  formation  the  anterior  and 
posterior  pillars  of  the  longitudinal  arches  differ — the 
posterior,  being  for  support,  is  short,  thick,  and  strong, 
being  of  but  one  bone;  the  anterior,  composed  of 
several  bones,  is  longer,  so  that  the  motion  of  raising 
the  heel  can  be  quickly  performed.  The  length  of 
the  heel  in  the  African  race  is  merely  apparent,  and 
caused  by  the  flattening  of  the  arch  rather  than  by  a 
real  projection.  The  number  of  bones  in  the  anterior 
arch  greatl.y  aids  in  the  distribution  of  the  force,  as  any 
one  may  see  who  will  take  the  trouble  to  note  the 
difference  in  shock  which  occurs  when  alighting  upon 
the  heels  rather  than  upon  the  balls  of  the  toes. 

This  system  is  sustained  by  ligaments,  tendons,  and 
fascial  bands  in  such  a  way  as  to  form  a  most  elastic 
and  adjustable  support.  The 
longitudinal  arches  are  held  u)) 
by  a  strong  sheet  of  connective 
tissue,  one  of  the  thickest 
aponeurotic  structures  in  the 
bodv,  the  plantar  fascia  (Figs. 
2401  and  240.3),  which  is  at- 
tached behind  to  the  calcaneus, 
and  in  front  divides  into  five 
slips,  (me  for  each  toe,  which 
pass  forward  and  are  mainly 
united  to  a  band  of  transverse 
fibers  which  runs  across  the 
foot  just  behind  the  clefts  of 
the  toes. 

This  braces  up  the  arches  of 
the  foot  in  the  same  way  that  a 
tension  rod  prevents  the  rafters 
of  a  roof  from  spreading.  This 
arrangement  is  found  only  in 
the  human  foot,  other  animals^ 
having  a  ])!antar  fascia  mova- 
ble like  that  of  the  hand,  and 
usually  with  a  special  tensor 
like  the  jjalmaris  longus  of  the 
arm.  The  little  plantaris  mu.s- 
cle  of  the  human  leg,  which 
does  not  reach  the  foot,  but 
unites  with  the  tendo-calca- 
ncus  at  the  ankle,  is  the  relic 
of  such  a  structure. 

When  this  fascia  is  very  tense,  it  may  draw  the  arch 
so  closely  together  as  to  prevent  the  outside  of  the 
foot  from  touching  the  ground.  This  condition  is 
not  usually  found  in  the  normal  foot,  being  the  result 
of  contracture  of  the  fascia. 

Besides  this  arrangement,  the  longitudinal  arches 
are  braced  at  the  top  by  strong  ligaments.  A  glance 
at  Figs.  2401  and  2404  will  show  how  nece.ssary  these 
are.  The  astragalus  at  its  inner  side  overlaps  the 
calcaneus,  and  would,  in  case  of  a  lateral  thrust,  be 
shoved  downward  and  inward  into  the  space  between 


Fig.  2403. — Dissection 
of  the  Foot  showing  the 
Plantar  Fascia.  (Mar- 
shall.) 
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that  bone  und  the  scaphoid  were  it  not  for  the  i)Iantar 
calcaneo-na\icular  ligament,  which  passes  from  the 
projectinK  shelf  of  the  calcaneus  known  as  the  sus- 
tentaculum tali,  forward,  under  the  talus,  to  the 
navicular.  Its  ujjper  surface  is  lined  with  svnovial 
membrane,  and  the  cavity  of  tlio  joint  between  the 
anterior  part  of  the  talus  and  the  calcaneus  is  contin- 
ued forward  over  it  to  the  talonavicular  articulation. 
The  tendon  of  the  tibialis 
posterior  passes  forward  under 
this  ligament,  and  its  fibers  are 
united  with  it,  strengthening  it 
materially,  and  by  its  pull 
upon  the  navicular  assisting 
the  firmness  of  the  joint 
exactly  at  that  period  of  the 
step  when  the  arch  is  most  in 
danger;  that  is  to  say,  when 
the  heel  is  being  raised  and  the 
weight  thrown  forwartl  upon 
the  navicular. 
If  this  ligament 
becomes     weak 


long  plantar  ligament  plantar  calcaneo-navicuiar  ligament 

Fig.  2404. — The  Ligaments  on  the  Inner  Side  of  the  Right  Foot. 

or  the  nuiscle  atrophied,  the  arch  is  depressed,  the 
head  of  the  talus  descends  below  its  proper  level,  and 
flat  foot,  or  valgus,  results.  This  is  usually  associated 
with  arthritis,  and  is  a  verv  painful  affection,  differing 
much  from  the  congenital  form  of  the  defect.  It  is 
found  especially  among  those  who  stand  for  long  peri- 
ods of  time. 

On  the  outer  side  of  the  foot  the  arch  is  trussed  up 
by  means  of  a  strong  band  called  the  long  plantar 
ligament  (Fig.  2404),  pa.ssing  from  the  tuberosity 
of  the  calcaneus  forward  to  the  base  of  the  second, 
third,  and  fourth  metatarsals. 

To  produce  the  transverse  vaulting,  certain  short 
and  oblique  ligamentous  bands  are  used,  radiating 
from  the  navicular,  the  cuboid,  and  the  third  cunei- 
form bones,  and  these  are  assisted  in  a  marked  degree 
by  the  action  of  the  muscles. 

Fig.  240.5  shows  that  the  tendons  of  the  peroneus 
lungus  and  of  the  flexor  digitorum  longus  are  so  ar- 
ranged that  they  pull  obliquely  upon  the  bones  of  the 
foot,  crowding  them  together  and  consolidating  them 
transversely.  Duchenne'  was  of  the  opinion  that 
flat  foot  is  frequentlj'  associated  with  an  insufficiency 
in  the  peroneus  longus.  The  members  of  the  inner 
arch  are  decidedly  more  movable  than  those  of  the 
outer,  which  recalls  the  fact  that  it  is  only  the  outer 
part  that  is  used  for  support  among  anthropoids. 

The  various  interosseous  ligaments  assist  consider- 
ably to  keep  the  bones  in  place.  The  strongest  of 
them  is  the  one  between  the  talus  and  the  calcaneus 
(Fig.  2401),  separating  the  articular  surface  into  two 
distinct  portions.  It  lies  within  a  canal  formed  by 
grooves  upon  either  bone,  and  known  as  the  sinus 
tarsi,  surrounded  in  that  situation  witli  fat. 

The  joints  of  the  foot  are  adapted  to  the  arch-like 
form  above  described.  An  inspection  of  Fig.  2401 
will  show  that  there  is  an  approximation  in  these 
joints  to  arcs  of  circles,  the  larger  arcs  being  in  the 
posterior  part  of  the  arch,  the  smaller  and  more  nu- 
merous forward.  A  study  of  the  cancellated  tissue  of 
the  bones  shows  that  these  arcs  are  continued  to 
some  extent  by  strengthening  bars  within  the  bone, 
showing  that  conditions  of  stress  have  occasioned  this 
arrangement.  The  movements  are  generally  those 
of  rotation   and   not   purely   gliding    (Bradley*).     A 


uniformity  of  distribution  of  pressure  is  thus  obtained. 
The  ligaments  which  unite  the  different  bones  are  of 
two  classes:  those  which  are  special,  surrounding  and 
supporting    particular  joints;  and    those  which    are 
general,  mainly  employed  in  bracing  and  sustaining 
the  arches  of  the  foot.     To  the  first  cla.ss  belong  the 
capsular  ligaments  which  are  found  at  every  joint,  and 
are  strengthened  more  or  less  by  .special  bands,  which 
receive  names  from  the  bones  which  they  unite.     The 
principal  ligaments  of  the  .second  cla.ss  have  already 
been  mentioned.     The  movements  are  of  two  clas.ses, 
one  of  wliich  is  a  simple  flexion  and  extension,  mainly 
expressed  in  the  joint  between  the  talus  and  the  leg 
bones  (see  Ankle  Joinl),  and  in  the  various  metatarsal 
and  phalangeal  joints;  the  .seqond  a   movement    of 
inversion  and  eversion  of  the  sole,  .sometimes  called, 
rather    inaccurately,    adduction    and    abduction,    or 
supination  and  pronation,  and  which  takes  place  in 
the  joints.     .-Vs  already  mentioned,  the  joint  between 
the  talus  and  the  calcaneus  is  double,  with  two  syno- 
vial sacs,  the  anterior  being  continuous  with  the  talo- 
navicular articulation.     The  joint  has  been  carefully 
studied  by  Miss  Clark,*  who  made  many  measure- 
ments of  it,  both  in  fetal  and  adult  subjects.     The 
f.acets  on  the  talus  are  concave,  and  the  axis  of  mo- 
tion  is   a   line  extending   from    the   insertion  of  the 
dorsal  ligament  binding  the  talus  to  the  navicular 
through  the  head  of  the  talus  and  the  body  of  the 
calcaneus    obliquely    downward    and    backward    to 
about  the  point  where  the  calcaneofibular  Ugament 
is  inserted.     The  movements  which  take  place  are 
really  a  nearly  simple  flexion  and  extension  about  this 
oblique    axis,    the   former   turning   the   sole    inward 
(supination),  the  latter  slightly  outward  (pronation). 
The  arrangement  of  the  axis  of  motion  with  reference 
to  the  axis  of  the  talus  is  different  in  the  fetus,  resem- 
bling that  of  anthropoids.     The  whole  bone  is  quite 
differently  shaped  as  regards  the  inclination  of  its 
articular       sur- 
faces, they  being 
adapted   to  the 
fetal      position, 
which  is  that  of 
dorsal       flexion 
and  inversion  of 
the  foot.      The 
head  of  the  talus 
is  so  directed  as 
to  make  the  axis 
of  the  bone  more 
nearly    coincide 
with  that  of  the 
motion    of    the 
joint.   Inversion 
is    therefore 
easier  and  more 
complete.     The 
shape  of  the  ar- 
ticular facet  on 
the  head  of  the 
talus   is  also 
different,    its 
greatest  diame- 
ter    being     less 
oblique  than  in 
adults.     In   the 
ape's  foot  inver- 
sion of  the  sole 
is  necessary-  for 
climbing,  and  among  Australian  savages  it  is  similarly 
used.     This   movement   is   undoubtedly   very   useful 
in  correcting  slight  disturbances  of  equilibrium  when 
standing  erect.     The  direction  of  the  facets   in   the 
adult  is  such  that  when  tho  posterior  part  of  the  cal- 
caneus   slips    forward    and    downward    tho    anterior 
facet  moves  backward  and  upward,  carrying  the  distal 
end   of  the  bone  slightly   inward.     For   this   reason 
inversion  is  always  accompanied  by  a  turning  in  of 


flexor 
digi- 
torum 
longud 


Flo.  2405. — Diagram  of  the  .\ction  of 
Some  of  the  Principal  Tendons  which  Con- 
solidate the  Transverse  Arch  of  the  Foot. 
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the  toes,  and  eversion  by  turning  them  out.  A 
further  degree  of  this  movement  of  the  toes  is  found 
in  the  talonavicular,  a  shallow  ball-and-socket  joint, 
the  round  head  of  the  talus  being  received  into  the 
posterior  hollow  facet  on  the  navicular.  It  is  this 
joint  tlia,t  gives  to  the  foot  the  great  freedom  of  move- 
ment that  is  enjoyed  by  dancers.  A  comparison  of 
these  joints  with  those  of  the  wrist  will  show  at  once 
that  there  is  no  real  homology  possible  between  them. 
Dislocation  may  occur  here,  the  interosseous  ligament 
being  torn  and  the  malleoli  usually  fractured  at  the 
same  time. 

The  peculiar  condition  of  the  fetal  foot,  with  refer- 
ence to  this  joint,  is  probably  the  primary  cause  of 
the  different  varieties  of  club  foot.  The  most  com- 
mon form,  or  varus,  is  the  persistence  of  the  fetal 
condition  of  inversion  of  the  sole.  The  articular 
surfaces  between  the  calcaneus  and  the  cuboid  are 
saddle-shaped,  and  have  a  triangular  outline.  The 
movements  allowed  here  are  like  those  of  the  talo- 
navicular joint,  but  less  in  extent.  The  whole  articu- 
lar line  between  the  talus  and  calcaneus  behind,  and 
the  navicular  and  cuboid  in  front,  is  known  as  the 
mediotarsal  joint,  sometimes  called  Chopart's  joint 
by  surgeons  because  of  the  operation  frequently 
jierformed  there.  The  movements  of  the  other 
joints  of  the  foot  .are  similar  to  the  corresponding  ones 
of  the  hand.  The  great  toe  is  the  only  one  that  lies 
perfectly  extended,  the  others  being  more  or  less  flexed. 
Together  they  give  elasticity  to  the  last  act  of  walking, 
when  the  weight  is  thrown  forward  upon  the  other 
foot. 

In  considering  the  surgical  anatomy  of  the  articula- 
tions of  the  foot,  it  is  necessary  to  note  that  the  bones 
fall  naturally  into  three  grand  divisions  of  tarsus, 
metatarsus,  and  phalanges,  and  that  the  tarsal  bones 
are  divisible  into  an  anterior  group,  composed  of  the 
three  cuneiform  bones,  the  cuboid,  and  the  navicular, 
and  a  posterior  group,  the  calcaneus  and  the  talus. 
The  talus  may  itself  be  considered  separately,  as  it 
lies  more  superiorly  and  with  a  horizontally  directed 
joint  surface.  There  are,  therefore,  the  foUowing 
lines  in  which  disarticulation  can  be  effected:  First, 
between  the  different  phalangeal  and  metatarso- 
phalangeal joints;  second,  the 
tarsometatarsal  line;  third,  the 
mediotarsal  line;  fourth,  the 
subtalic  line;  and,  lastly,  the 
crurotarsal  line,  by  which  the 
entire  foot  may  be  removed. 
The  phalangeal  joints  are  easily 
found  by  remembering  that  it 
is  always  the  proximal  phalanx 
that  forms  the  promi- 
nence in  flexion,  and 


Fig.  2406. — View  of  the  Muscles  and  Tendons  on  the  Inner  Side 
of  the  Right  Foot,  a,  a,  Transverse  crural  and  laciniate 
ligaments;  lb,  abductor  hallucis;  7',  tendon  of  flexor  digitoruni 
longus;  8',  tendon  of  flexor  hallucis  longus;  9',  tendon  of  tibialis 
posterior:  11',  tendons  of  extensor  digitorum  longus;  12',  tendon 
of  extensor  hallucis  longus:  14'.  tendon  of  tibialis  anterior; 
22,  tendo  calcaneus.      (Marshall.) 

that  the  opening  must  therefore  be  somewhat  for- 
ward from  that.  The  same  may  be  said  for  the 
metacarpophalangeal  joints,  the  gener.al  line  of  which 
lies  about  three-fourths  of  an  inch  behind  the 
skin  fold  connecting  the  toes.  The  expcsed  condi- 
tion of  this  part  of  the  foot,  as  well  as  its  distance 
from  the  heart,  renders  it  liable  to  some  injuries,  such 
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as  chilblains,  and  .senile  gangrene.  The  tarsometa- 
tarsal hue  is  used  for  the  operations  of  Hey  and  Lis- 
franc,  neither  of  which  is  frequently  performed,  as 
disease  is  very  rarely  confined  to  the  metatarsal  bones. 
Hvrtl's'  rule  for  finding  the  joint  on  the  inner  side 
is  that  it  lies  exactly  at  the  half-length  of  the  sole. 
It  is  also  about  an  inch  and  a  half  in  front  of  the  tuber- 
osity of  the  navicular,  which  ma.v  be  easily  felt  on 


B.  V.  tibialis  anterioris 
B.  V.  ext.  hallucis  longi 
B.  V.  ext.  digitorum  longi 


Cruciate  ligament  . 


B.  subtendinea  m.  tibialis  ant. 
B.  subtendinea  m.  peronei  tertii 


V.  t.  anterior  ext.  hallucis  long 


Fig.   2407. — Synovial  Sheaths  on  Back  of  .\uklf  and  Foot. 

the  inner  side  of  the  foot  in  front  of  the  point  of  the 
internal  malleolus.  A  slight  eminence  may  usually 
be  felt  on  the  posterior  extremity  of  the  first  meta- 
tarsal by  holding  the  foot  steady,  pressing  firmly  on 
the  skin,  and  thus  following  back  the  smooth  internal 
surface  of  the  shaft  of  the  bone.  On  the  outer  side 
the  line  cannot  be  missed,  as  it  lies  directly  behind 
the  prominent  tuberosity  at  the  base  of  the  fifth 
metatarsal.  The  base  of  the  second  metatarsal  bone 
is  received  between  the  first  anrl  third  cuneiform 
bones,  the  second  cuneiform  being  correspondingly 
lessened  in  length.  This  adds  considerable  firmness 
to  the  arches,  but  makes  the  line  quite  irregul.ar  and 
is  an  obstacle  to  the  speedy  performance  of  the  opera- 
tion. Disarticulation  is  now  usuall.v  jjracti.sed;  but 
Hey  sawed  through  the  metatarsal,  leaving  the  base 
in  place.  Tillaux*  remarks  that  although  the  irregu- 
larity of  the  line  varies,  the  joint  of  the  second  cunei- 
form is  always  at  a  definite  interval  behind  that  of 
the  first — about  a  centimeter.  The  interosseous 
ligaments  are  strong,  and  are  the  principal  obstacle 
to  the  knife. 

In  the  mediotarsal  line  the  operation  known  as  Cho- 
part's is  performed.  The  line  is  not  very  difficult  to 
find  as  it  lies  on  the  inner  side  just  behind  the  tuber- 
osity of  the  navicular,  and  externally  just  in  front 
of  the  prominent  edge  of  the  head  of  the  calcaneus. 
This  latter  is  midway  between  the  fibular  malleolus 
and  the  tuberosity  on  the  metatarsal  bone  of  the 
little  toe.  There  is  no  irregularity  in  the  line,  it 
being  composed  of  two  curves,  one  between  the 
navicular  and  talus,  convex  forward,  the  other  between 
the  calcaneus  and  cuboid,  convex  backward.  The 
principal  obstacle  to  the  knife  is  the  bifurcated  or 
Y-ligament,  which  is  strong  and  thick,  radiating, 
as  mentioned  before,  from  the  calcaneus  to  be  inserted 
by  two  slips  into  the  cuboid  and  the  navicular.  The 
calcaneo-navicular  ligament  which,  it  will  be  remem- 
bered, ties  the  vertex  of  the  arch,  is  also  divided  in 
this  operation.  In  old  subjects  it  is  occasionally 
found  to  be  ossified. 

Disarticulation  under  the  talus  is  not  often  resorted 
to.  As  there  are  no  muscles  attached  to  that  bone, 
it  can  be  of  little  service  even  if  left  in  place. 

The  muscles  of  the  foot  are  divided  b.v  their  position 
into  intrinsic  and  extrinsic;  those  which  have  their 
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origin  above  belonsinK  to  tho  Latter  class.  The  divi- 
sion is  topographical  rather  than  scientific,  for  there 
is  no  doubt  that  many  of  the  muscles  now  found  in 
the  foot  primarily  had  an  origin  higher  up,  and  have 
become  displaced  in  the  course  of  phylogenetic 
development."  The  extrinsic  muscles  are  the  most 
active  agents,  the  intrinsic  mostly  aiding  and  supple- 
menting them.  They  fall  quite  naturally  into  four 
groups — an  anterior,  supplied  by  the  deep  peroneal 
nerve  and  composed  of  the  tibialis  anterior,  extensor 
hallucis  longus,  extensor  digitorum  longus,  and 
peroneus  tertius;  a  lateral,  supplied  by  the  sujierficial 
peroneal  nerve  and  composed  of  the  peroneus  longus 
and  brevis;  and  two  posterior,  the  superficial  supplied 
by  the  tibial  nerve  and  composed  suijerficially  of  the 
muscles  inserted  into  the  tendocalcaneus  (g.astroc- 
nemius,  soleus,  plantaris),  and  deeply  of  the  tibialis 
posterior,  flexor  digitorum  longus,  and  flexor  hallucis 
longus.  All  of  these  pass  over  two  joints,  the  ankle- 
joint  or  talocrural  and  the  talocalcaneal,  and  therefore 
occasion  motion  at  both,  but  in  very  varying  degrees. 

The  tendons  of  the  anterior  group  may  be  seen  in 
Figs.  2406,  2407,  and  2413,  and  passing  down  over  the 
ankle,  where  they  are  held  in  position  by  thickened 
bands  of  fascia  known  as  the  annular  ligaments.  There 
are  three  of  these,  an  upper  one  the  transverse  crural 
ligament  extending  across  the  lower  part  of  the  leg 
from  fibula  to  tibia,  an  anterior  one,  the  cruciate  crural 
ligament  in  the  form  of  a  •<,  placed  thus  on  its  side 
(the  shape  best  shown  in  Fig.  2407)  and  an  internal 
one,  the  laciniate  ligament.  Themain  stem  of  the 
cruciate  ligament  is  a  strong  loop-like  band  which  lies 
on  the  outer  portion  of  the  ankle,  springing  from  the 
fore  part  of  the  calcaneus  in  the  deep  fossa  between 
that  bone  and  the  talus  known  as  the  sinus  tarsi.  It 
completely  surrounds  the  tendons  of  the  peroneus 
tertius  and  extensor  digitorum  longus  (see  Fig.  2408, 
a).  This  band  was  first  descriljed  by  Retzius,_  who 
gave  it  the  name  of  ligamentum  fundiforme  tarsi.  ^  It 
is  of  considerable  strength,  and  gives  a  new  direction 
to  the  tendons,  so  that  they  pull  more  exactly  in  the 
line  of  the  toes  (see  Fig.  2413),  thus  forming  a  sort  of 
trochlea  like  that  which  the  superior  oblique  muscle  of 
the  eye  has.  According  to  Hyrtl  it  usually  becomes 
cartUaginous  in  old  people.  By  a  sprain  the  tendons 
may  be  torn  from  this  connection,  and  will  then  be 
seen  to  take  a  much  more  direct  line  to  the  toes.  From 
this  band  the  two  branches  of  the  cruciate  ligament 
diverge,  passing  over  the  tendons  of  the  extensor 
hallucis  longus  and  the  tibialis  anterior.  The  tendons 
which  pass  down  over  the  dorsum  are  provided  with 
certain  svnovial  sheaths  which  are  shown  in  Fig. 
2407.  The  tendon  of  the  tibialis  anterior  (14'  in 
Fig.  2400)  is  the  largest  and  strongest,  and  may  be 
ea-iily  made  out  whenever  the  foot  is  flexed  and  tho  sole 
at  the  same  time  bent  inward.  As  it  is  inserted  into 
the  first  cuneiform  and  base  of  the  first  metatarsal,  it 
necessarily  flexes  the  foot  and  inverts  the  sole.  It 
will  be  seen  that  the  attitude  is  much  like  that  of  varus, 
and  in  fact  this  muscle  is  one  of  the  most  active  agents 
in  that  deformity.  In  dividing  the  tendon  care  must 
be  taken  not  to  iapen  the  talocalcaneal  joint. 

The  tendon  of  the  extensor  hallucis  longus  comes 
next  (see  Fig.  2413).  It  is  also  very  large  and  strong 
and  is  the  most  prominent  cord  in  front  during  flexion 
of  the  foot.  On  this  account  it  is  the  first  to  suffer 
from  any  tightness  of  the  covering  about  tho  ankle. 
It  is  inserted  into  the  last  phalanx  of  the  great  toe, 
which  it  strongly  extends  in  tho  last  act  of  walking 
just  as  the  foot  is" about  to  leave  the  ground.  Continu- 
ing its  action,  it  flexes  the  foot  on  the  leg  and  assists 
the  tibialis  anterior  to  invert  the  sole.  It  is  more 
firmly  enclosed  by  the  cruciate  ligament  than  the 
tibialis  anterior,  .and  its  pull  upon  that  band  raises 
the  arch  slightly  so  that  its  impression  is  fainter. 

The  extensor'digitorum  longus  sends  tendons  to  the 
four  outer  toes  which  unite  with  those  of  the  extensor 
brevis   and  are  inserted   into  the  second  and  third 


phalanges.  Clo.scly  associated  with  thLs  muscle  i.s  the 
jieroncus  tertius,  a  thin  muscular  .slip  which  sends  a 
tendon  to  the  metatarsal  bone  of  the  little  toe.  It 
hardly  deserves  a  separate  name. 

Tho  action  of  tlu^  extensors  upon  the  toes  Ls  rein- 
forced by  tho  lumbricales  from  the  solo  of  the  foot. 
These  muscles  arise  from  the  flexor  tendons  and  pass 
around  the  jjlialangos  to  be  inserted  into  a  triangular 
aponeurosis,  which  is  common  to  the  extensor  inuscles. 
In  walking,  therefore,  as  tho  flexors  a.ssist  in  rai.sing  the 
foot  they  give  a  firm  basis  for  the  pull  of  the  lumbri- 
cales, so  that  in  tho  final  act  of  rolling  the  weight  for- 
ward upon  the  toes  thoy  can  assist  the  extensor.s.  It 
should  bo  remombered  that  the  division  of  tho  muscles 
into  flexors  and  extensors  is  not,  in  so  far  as  it  implies 
an  antagonistic  condition,  entirely  correct.'"  Those 
muscles  which  extcMid  the  toes  also  flex  the  foot,  and 
rice  I'ersa.  There  i.s  no  loss  of  muscular  force,  as  there 
would  be  did  one  set  pull  directly  against  the  other. 

The  extensor  brevis  (see  10,  Fig.  240S),  though  an 
intrinsic  muscle,  should  be  mentioned  here,  as  it 
belongs  morphologically  to  the  same  grouj).  It  was 
originally  a  leg  muscle,  and  has  gradually  slii)ped 
down,  all  stages  of  its  descent  being  seen  in  different 
animals.'  It  arises  from  the  forepart  of  the  upjjor  and 
outer  surfaces  of  tho  calcaneus,  and  presents,  on  the 
outer  side  of  the  foot,  a  considerable  muscular  belly, 
which  contributes  to  the  modelling  of  that  part  of  the 
foot,  and  is  soft  and  pulpy  to  the  touch.  This  should 
be  remembered  in  examining  the  ankle  for  suspected 
joint  disease,  or  after  a  sprain.  When  struck  lightly 
it  will  quiver,  and  this  movement  has  boon  mistaken 
for  fluctuation,  and  the  muscle  has  been  incised  in 
mistake  for  an  abscess.  The  tendon  which  goes  to  the 
groiit  toe  is  usually  somewhat  separated  from  the 
others,  and  that  part  of  the  muscle  has  been  described 
separately  as  an  extensor  hallucis  brevis. 

The  extensor  brevia  varies  considerably,  especially 
with  regard  to  the  amount  of  division  of  the  various 
muscular  bellies  of  which  it  is 
composed,  and  there  is  occasion- 
ally .seen  a  tendency  for  it  to 
become  merged  with  the  dorsal 
interossei,  elements  of  an  en- 
tirely different  origin. 

The     peroneus     longus     and 

brevis    (16'  and  17',  Fig.  2408) 

were  primitively  upon 

the      front     of     the 

fibula,  but  their  ten- 


Fia.  2408. — View  of  the  Muscles  and  Tendons  on  the  Outer  Side 
of  the  Rieht  Foot,  a,  LiK.imentum  fundiforme;  la,  abductor 
niiniini  digiti:  7'.  insertion  of  tlie  tendons  of  tho  flexor  dicitorum 
longus;  10,  extensor  digitorum  brevis;  11',  tendons  of  the  ex- 
tensor digitorum  longus:  12',  tendon  of  tho  extensor  h:illucis 
longus;  l.").  tendon  of  the  peroneus  tertius;  Ili'.  tendon  of  the 
peroneus  brevis;  17'.  tendon  of  the  peroneus  longus;  22,  tendo 
calcaneus.     (Marshall.) 

dons  have  been  shifted  behind  the  outer  malleolus  for 
adaptation  to  climbing.  They  are  here  held  by  a 
strong  shoot  of  fascia  (retinaculum  superius),  and 
are  similarly  sheathed  (retinaculum  inferius)  where 
thoy  lie  in  "a  groove  on  the  outer  side  of  the  calc.a- 
neum.  Notwithstiinding  this  secure  attachment  the 
tendons  are  more  frequently  displaced  than  any 
others  in  the  body.  Leaving  the  groove  thev  diverge 
from  e;ich  other,  "the  brevis  being  inserted  into  the 
tubercle  of  the  tiftli  metatarsal,  and  continued  by  a 
thin  tendon  as  far  as  the  toe,  the  longus  passing  across 
under  the  arch  of  the  foot  in  the  groove  on  the  inferior 
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surface  of  the  cuboid,  and  being  inserted  into  the 
tubercle  of  the  first  metatarsal  bone  (see  Fig.  2405). 
They  strongly  evert  the  sole,  producing  a  condition 
like  that  of  valgus. 

The  peroneus  tertius,  the  extensor  digitorum, 
longus  and  the  extensor  digitorum  brevis,  were  origi- 
nally parts  of  the  same  muscle  sheet  which  belonged 
to  the  back  of  the  foot  and  front  of  the  leg.  The 
twisting  over  of  the  foot  into  its  position  with  the 
plantar  surface  downward  has  caused  them  to  appear 
in  their  present  situation.  Extra  peroneal  muscles 
are  not  infrequent,  and  in  one  dissection  performed  by 
the  author  a  set  of  five  were  found. 

The  main  body  of  the  flexor  tendons  passes  down 
on  the  inner  side  of  the  ankle.  Fig.  2409  shows,  in  a 
diagrammatic  form,  how  they  are  arranged,  and  their 
tendons  are  seen  in  Fig.  2406.  Besides  these  there 
should  be  mentioned  those  muscles  (the  soleus  and 
gastrocnemius)  which  are  inserted  through  the  tendo 
calcaneus  upon  the  calcaneus.  Duchenne's  experi- 
ments^ in  the  faradization  of  muscles  led  him  to  the 
conclusion  that  these  latter  act  as  extensors  and  ad- 
ductors of  the  foot,  while  the  peroneus  longus  is  an 
extensor  and  abductor.  In  order  to  get  a  powerful 
and  equal  extension  of  the  foot  these  act  to- 
gether, and  this  maj'  be  increased  by  a  simultaneous 
contraction  of  the  flexor  digitorum  longus  and  flexor 

pollicis    longus. 

,j,     ...         ,       He  supposes  that 

tib.a-   -||-^[^^     I//      the  reason  for  the 

flex,  digit,  long. 


B 


.  V.  tibialis  post 

laciniate  ligament. 


peculiar  action  of 
the    tendo    calca- 


FlG. 


B.  V.  flex.  long.  hall.  J 

B.  postcalcanea  profunda 

2409. — Synovial  Sheaths  of 
Inner  Side  of  Foot. 


neus  m  causmg 
adduction  is  occa- 
sioned bj-  the  ar- 
rangement of  the 
plantar  ligaments. 
The  str  ongest 
bands  lie  on  the 
lateral  side  of  the 
foot,  and  this  de- 
termines a  devia- 
tion of  the  line  of 
action  in  that  di- 
rection. 
It  was  formerly  supposed  that  the  severing  of  the 
tendo  calcaneus  was  necessarily  a  fatal  injury.  Hip- 
pocrates was  firmly  of  this  opinion,  and  one  of  the 
names  given  to  the  tendon  is  chorda  magna  Hippo- 
cratis.  It  was  undoubtedly  a  serious  matter  when 
the  wound  was  an  open  one  and  proper  drainage  not 
secured;  but  with  the  modern  resources  of  surgery 
it  is  often  safely  divided  for  the  relief  of  club  foot.  For 
about  an  inch  and  a  half  above  its  lower  end  it  is  free 
from  muscle  fibers,  and  narrows  slightly,  and  it  may 
be  cut  there,  care  being  taken  to  avoid  the  vessels 
and  nerves  at  its  inner  side,  and  the  bursa  which  exists 
just  above  its  insertion  (see  Fig.  2409).  Rupture  of 
the  tendon  has  occurred  from  violent  muscular  action 
in  jumping. 

The  tendons  of  the  tibialis  posterior,  the  flexor 
fligitorum  longus,  and  the  flexor  hallucis  longus  pass 
down  behind  the  internal  malleolus  in  a  special  com- 
partment, confined  by  a  strong  band  of  fascia  known 
as  the  laciniate  ligament,  which  passes  from  the 
malleolus  to  the  calcaneus,  enclosing  not  only  the 
tendons  but  the  vessels  and  nerves  which  accompany 
them.  They  have  special  synovial  sheaths  (Fig. 
2409),  and  are  so  arranged  that  the  tendon  of  the 
flexor  hallucis  longus  is  nearest  the  tendo  calcaneus, 
that  of  the  flexor  digitorum  longus  next,  and  that  of 
the  tibialis  posterior  nearest  the  malleolus,  the  tendon 
of  the  digital  flexor  twisting  around  it  from  without 
inward,  and  then  passing  downward,  forward,  and 
outward  under  the  sole.  Were  it  not  for  this  the  ten- 
don of  the  tibialis  posterior  would  be  likelj"  to  slip 
from  under  the  malleolus  or  the  sustentaculum  tali 
as  it  passes  forward  to  be  inserted  into  the  tuberosity 
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of  the  navicular,  and  by  a  tendinous  expansion  into 
all  the  bones  at  the  upper  part  of  the  vault  except  the 
talus.  It  strongly  inverts  the  sole  and  raises  the  head 
of  the  first  metatarsal.  Spigelius  called  it  musculus 
nauticus,  because  it  is  necessarily  used  by  sailors  in 
climbing  masts. 


flexor  di^tonim  lonpis 


eztcDflor  di^torum  longus 


flexor  p-tllicis.  longnd 


Fig.  2410. — Dtagrani  Showing  the  Manner  in  which  the  Flexor 
and  Fxtensor  Tendons  are  Reflected  around  the  .\nkle. 
(Langer. '^)  * 

The  flexor  digitorum  longus  and  the  flexor  hallucis 
longus  are  arranged  somewhat  like  the  flexor  digi- 
torum profundus  and  the  flexor  pollicis  longus  of  the 
hand,  as  they  have  an  arrangement  of  tendons  which 
pass  in  a  similar  way  through  those  of  the  flexor  brevLs 
to  be  inserted  into  the  terminal  phalanges  of  the  toes. 
But  they  are  ver.v  diff'erently  related  in  the  sole,  for 
they  not  only  decussate  and  unite  there,  but  the  flexor 
digitorum  longus  receives  a  reinforcement  from  an 
accessory  head,  the  quadratus  plantoe,  or  caro  quad- 


I 


Fir'^t  Layer. 


Seconii  Layer. 


Fig.  2411.— The  Muscles  of  the  Sole  of  the  Foot,  la. 
Abductor  minimi  digiti;  Ih,  abductor  hallucis;  6,  flexor  digi- 
torum bre\-is;  7'.  tendon  of  flexor  digitorum;  longus  7rt,  its 
plantar  head,  or  flexor  accessorius;  76.  7b,  lumbricales;  S', 
tendon  of  fiexor  hallucis  longus;  17,  tendon  of  peroneus  longus; 
9',  insertion    of  tibialis  posterior. 

rati  Sylvii,  arising  from  the  tuberosity  of  the  calcaneus, 
and  inserted  at  the  decussation.  The  crossing  in  the 
sole  is  such  that  in  the  greater  number  of  cases  the  ten- 
don of  the  flexor  hallucis  sends  to  the  decussation  a 
lateral  twig,  which  again  divides  in  slips  for  the  second 
and  third  toes,  uniting  with  the  tendons  of  the  flexor 
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Foot 


digitoruni.  The  slip  to  the  third  toe  may  be  wanting, 
but  sometimes  one  is  sent  to  the  fourth.  This  arrange- 
ment recalls  the  musculature  of  the  ape's  foot,  where 
the  hallucis  tendon  supplies  the  third  and  fourth  toes, 
and  sometimes  the  second,  while  the  digital  tendon  is 
mainly   confined  to  the  second  and  fifth,  or  to  the 


Third  Layer. 


Fourth  Layer. 


Flo.  2412. — The  Deep  Muscles  of  the  Sole.  4.  4.  Flexor  digit! 
quinti  bre\'is:  5,  5,  flexor  hallucis  brevis;  26,  adductor  pollicis, 
with  its  detached  heads,  3,  3,  3,  also  called  the  transverstis  pedis; 
1,  1,  1,  dorsal  interossei;  2,  2,  2,  plantar  intcrossei. 

second  only,  the  great  toe  receiving  only  a  slender 
tendon  which  quite  fails  in  the  orang.  The  unusual 
development  of  the  hallucis  in  man  appears  to  be  con- 
nected with  the  use  of  the  great  toe  for  preserving  the 
equilibrium  in  the  erect  position. 

The  plantar  head  mainly  reinforces  the  tendons  for 
the  third  and  fourth  toes."  The  whole  apparatus 
appears  to  indicate  that  the  original  plan  was  for  a 
flexor  fibularis  (flexor  hallucis  longus)  and  a  flexor 
tibialis  (flexor  digitorum),  and  that  the  quadratus 
originally  belonged  to  the  latter  muscle,  but  after- 
ward lost  its  insertion  upon  the  fibula.  Variations 
are  found  which  tend  to  confirm  this. 

It  will  be  noticed  that  the  most  direct  pull  appears 
to  be  toward  the  second  and  third  toes;  the  tendons 
there  are  supplied,  not  only  from  the  common  flexor, 
but  also  from  the  tendon  of  the  hallucis.  This  would 
appear  to  show  that  the  original  axis  of  the  foot,  or  line 
on  which  it  rolls,  is  not  through  the  great  toe,  as  usu- 
ally stated,  but  through  the  second  and  third  toes,  and 
would  bear  out  the  experiments  of  Beely,'^  who  found 
that  in  a  cast  taken  from  the  impression  made  by  his 
foot  while  standing  upon  a  layer  of  soft  plaster,  the 
heads  of  the  second  and  third  metatarsals  made  a 
deeper  impression  than  any  other  portion  of  the  ante- 
rior part  of  the  foot. 

The  action  of  the  flexor  is  to  bend  the  toes  and  con- 
tribute to  the  stability  of  the  foot  in  standing.  After 
bending  the  toes  it  also  flexes  the  mediotarsal  joint. 

So  it  follows  that  these  muscles  all  cooperate  in 
lifting  the  heel  from  the  ground  and  flexing  the  foot, 
and  that,  as  this  is  done,  the  toes  are  strongly  flexed 
and  pressed  against  the  ground  like  an  elastic  spring 
(see  Fig.  2410). 

They  are  often  divided  in  orthopedic  operations, 
usually  at  the  malleolus,  as  it  should  be  remembered 
that  the  posterior  tibial  artery  lies  near  the  flexor 
digitorum  longus,  being  exactly  in  the  middle  of  the 
space  between  the  posterior  margin  of  the  internal 


malleolus  and  the  internal  borflor  of  the  tendo  cal- 
caneus. The  nerve  is  in  the  .same  sheath  with  the 
artery  and  behind  it. 

The  intrinsic  muscles  of  the  sole,  which  are  quite 
numerous,  are  shown  on  Figs.  2411  and  2412.  They 
are  arranged  in  three  groups,  separated  from  each 
other  by  appropriate  layers  of  fascia,  as  shown  in  Fig. 
2402.  The  external  group  is  compo.sed  of  muscles 
relating  to  the  little  toe,  the  flexor  brevis  and  abductor 
minimi  digiti;  the  inner  is  a  similar  group  relating  to 
the  great  toe,  the  flexor  brevis  and  abductor  haLucis; 
while  the  middle  set  is  related  to  the  muscles  which 
come  down  from  the  calf,  the  quadratus  plants;  and 
the  lumbricales,  together  with  the  flexor  digitorum 
brevis  and  adductor  pollicis.  Deep  under  all  these 
lie  the  interossei.  The  muscle  sometimes  described  as 
transversus  pedis  is  now  accepted  by  the  evidence  of 
embryology  a  portion  of  the  adductor  pollicis. 

These  muscles  are  of  special  u.se  in  supplementing 
(he  action  of  the  ligaments  in  supporting  the  arches, 
giving  an  elastic  support  variable  according  to  the 
nature  and  direction  of  the  strain.  The  intero.ssei 
are  in  two  groups,  the  plantar  and  the  dorsal,  the  lat- 
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Fig.   2413.- 


-A  Dissection  Showing  the  Deeper  Structures  on  the 
Dorsum  of  the  Foot. 


ter  not  being  prominent  on  the  sole.  All  originally 
developed  upon  the  sole,  the  dorsal  having  gradually 
passed  up  between  the  metatarsal  bones  during  fetal 
life.  Cunningham'^  tliinks  that  the  primitive  typical 
arrangement  of  the  intrinsic  plantar  muscles  is  the 
same  as  that  of  the  hand,  viz.,  that  there  is  a  plantar 
layer  of  adductors  of  tlie  toes  represented  by  the 
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adductor  hallucis  and  its  detached 
head,  the  transversus  pedis,  and  the 
three  plantar  interossei;  an  intermedi- 
ate layer  of  flexores  breves,  composed 
of  the  flexor  brevis  minimi  digiti  and 
the  flexor  hallucis  brevis;  and  a  dorsa" 

layer    of    abduc- 

origin  flexor  digitorum  \ 
brevis  J 


tors  of  the  toes 
represented  by 
the  abductor  hal 
lucis,  the  abduc' 
tor  minimi  digiti, 
and  the  dorsal 
interossei.  The 
layers  have  lost 
their  relative 
planes  in  the 
foot  partly  be- 
cause of  the 
arched  condition, 
and  partly  by 
suppression  of 
the  flexores 
breves  for  the 
second,  third, 
and  fourth  toes. 

The  nerves  of 
the  foot  give  us 
important  evi- 
dence with  re- 
gard to  the  value 

and  previous  history  of  the  muscles. 
Those  derived  from  the  lumbar 
plexus  do  not  have  any  motor 
functions,  but  supi)ly  sensation  to 
the  integument  of  the  inner  side 
(.saphenous  nerve).  The  sacral 
plexus  gives  sensations  to  the  re- 
maining portions,  viz.,  b.v  the  sural 
nerve  on  the  inner  side,  the  super- 
ficial peroneal  over  the  dorsum,  and 
the  plantar  nerves  on  the  sole,  the 
medial  plantar  supplying  the  first 
three  toes  and  half  of  the  fourth, 
the  lateral  sui)i)lying  the  other  half 
of  the  fourth  and  the  fifth.  The  Fiq.  2414 
nerves  of  the  dorsum  are  shown  in 
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Figs.  2413  and 
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Fig.  2415.- 


-The  Superficial  Veins  and  Nerves  of  the  Dorsum  of 
the  Foot. 


The  vessels  of  the  foot  (see  the  same 
figures)  are  not  very  numerous  or  large. 
L  pon  the  dorsum  we  have  the  continu- 
ition  of  the  anterior  tibial  artery,  which, 
as  it  passes  under  the  cruciate  ligament, 
changes  its  name  to  dorsalis  pedis.     It  is 

posterior  tibial  artery  j^  «  «  »  '"  P  ''""''^d 

by    two    veins, 
and  passes  for- 
ward   to   anas- 
tomose, at   the 
.space    between 
the     first     and 
second        toes, 
with  the  lateral 
plantar.       It  is 
believ'ed  to  cor- 
respond  to  the 
radial  artery  of 
the   hand,    and 
it  will  be  seen 
that  the  twist- 
ing over  of  the 
dorsal     surface 
has    given   it   a 
less    devious 
course.       It    is 
easily     secured 
in     the     upper 
part     of    its 
course,  where  it 
lies  quite  super- 
ficially and  just 
external  to  the 
tendon    of    the    extensor    hallucis 
ongus.     Aneurysm  has  occurred  in 
it  as   a   sequel   to   a  sprain.      The 
posterior  tibial  artery,  coming  down 
behind  the  ankle,  divides,  just  be- 
fore  entering   the  sole,  into  lateral 
and  medial  plantar,  the  latter  being 
the  smaller.     The  lateral  runs  out- 
wardly across  the  foot,  deep  under 
the  muscles,  and  then  turns  again 
to  the  inner  border  and  anastomoses 
with  the  dorsalis  pedis.      It  is  not 
practicable  to  reach  these  for  liga- 
ture in  the  sole,  except  by  resection 
of  the  metatarsal  bones. 

The  superficial  veins  are  found  mainly  upon  the 
dorsum.  A  reference  to  Fig.  2415  will  show  that  the 
great  and  small  saphenous  veins  arise  from  an  anas- 
tomotic arch  that  extends  across  the  metatarsal 
bones,  with  the  convexity  toward  the  toes.  Tight 
boot-lacings  may  so  compress  these  veins  as  to  pro- 
duce a  stasis,  with  pain  and  swelling.  Veins  of  any 
considerable  size 
are  wanting  upon 
the  sole. 

The  integument 
of  the  sole  of  the 
foot  is  intimately 
united  with  the 
layer  of  subcuta- 
neous fat,  which  is 
here  not  loose  and 
movable,  but  shut 
into  distinct  com- 
part m  e  n  t  s  by 
septa  of  connec- 
tive tissue.  This 
forms  a  very  com- 
pact and  elastic 
cushion  for  sup- 
porting the  weight 
of  the  body. 

Smallnessof    Fig   2416.— Deformed  Foot  of  a  Chines 
these  members  has  Ladv  of  Rank.     (Langer.) 


A  Dissection  showing  the  Deeper 
Structures  on  the  Sole  of  the  Foot. 
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been  during  all  modern  times  consideret!  a  mark  (if 
beauty.  There  seems  to  be  no  good  reason  for  this, 
except  that  it  indicates  a  general  delicacy  of  con- 
struction of  the  body  and  can  hardly  be  associatcfi 
with  habits  of  labor.  _  Structurall.v  a  small  foot  would 
seem  to  be  an  ineffective  organ.  The  Chinese  wonu'U 
of  rank  are,  as  is  well  known, 
so  treated  in  infancy  that  the 
foot  has  no  opportunity  to 
grow,  and  soon  becomes  mis- 
shapen, as  shown  in  Fig.  2410, 
reduced  from  a  photo- 
graph by  Welcker.  The 
operation        commences 


Fig.  2417. — Section  of  Natural  Foot  with  the  Bones,  and  a 
Corresponding  Section  of  a  Chinese  Deformed  Foot.  The  outline 
of  the  latter  is  dotted,  and  the  bones  are  shaded.      (Flower.) 

usually  in  the  second  year  of  the  child's  life,  and  con- 
sists in  turning  the  toes  under  the  sole  and  confining 
them  there  by  bandaging.  The  procedure  is  .said  to  be 
quite  painful,  and  sometimes  fatal  to  delicate  children. 
If  the  parents  belong  to  a  class  in  which  labor  will  be 
required  of  the  child,  nothing  further  is  done,  and  the 
foot,  though  deformed,  can  still  be  used  for  walking. 
If  they  are  wealthy,  the  deformity  is  carried  further  by 
so  bandaging  the  foot  that  the  great  toe  approaches 
the  heel  as  nearly  as  possible.  As  to  the  motive  for  this 
strange  custom,  it  seems  probable  that  it  originated  in 
an  attempt  to  increase  the  value  of  the  female  as  an  ob- 
ject of  sexual  appetite.  As  the  woman  can  move  about 
but  little,  a  greater  deposit  of  fat  is  found  on  the  mons 
veneris,  and  the  nymphjB  are  thickened.  Besides  this, 
it  is  said  these  deformed  feet  are  kept  carefully  covered, 
because  tliey  resemble  in  appearance  the  vulva.  Only 
prostitutes  di.splay  their  feet,  and  for  the  purpose  of 
enticing  ctistoniers  (Strieker'*).  Fig.  2417  shows  the 
skeleton  of  such  a  malformation.         Fr.\nk  Baker. 
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Foot,    Disabilities  of  the. — I.  The   Weak    Foot 

(Splay  foot;  flat  foot). — The  most  common  and  by 
far  the  most  important  of  the  disabilities  of  the  foot 
is  the  so-called  flat  foot.  This  afTection,  although  so 
common,  is  still  imperfectly  understood  and  in  order 
to  make  its  etiology,  and  the  principles  that  should 
govern  its  treatment,  clear,  one  must  contrast  the 
apjiearance  and  the  functional  ability  of  such  a  dis- 
abled foot  with  those  of  the  nornuil  niember. 

The  foot  is  supi)orted  by  ligaments,  by  the  muscles, 
and  by  the  strong  plantar  fascia  that  covers  in  the 
sole.  When  it  is  in  active  use  it  is  controlled  Vjy  the 
muscles,  but  when  it  serves  as  a  passive  support,  as 
in  standing,  the  ligaments  bear  the  greater  part  of  the 
strain,  and  its  normal  elasticity  allows  the  bearing  sur- 
face to  expand  as  the  arches  are  slightly  depressed. 
It  must  not  be  understood,  however,  that  the  longi- 
tudinal arch  is  simply  flattened  by  direct  pressure 
and  by  elongation  of  elastic  ligaments  and  fascia. 
Ligaments  and  f;iscia  are  not  clastic  and  they  are  not, 
in  the  normal  foot,  overstretched.  The  change  in 
contour  is  the  efTect  of  normal  motion  in  the  joints  of 
the  foot,  by  which  it  is  phiced  in  the  most  favorable 
attitude  for  weight  bearing  without  muscular  exertion. 

Of  the  changes  of  contour  that  distinguish  the  foot 
used  as  a  passive  support  from  the  one  that  bears  no 
weight,  the  most  significant  is  the  obliteration  of  the 
outward  curve  of  its  internal  border.  This  change  is 
due  to  the  fact  that  the  astragalus,  bearing  the  leg, 
rotates  inward  and  downward  on  the  os  calcis  until 
it  is  checked  by  the  resistance  of  the  ligaments  and 
by  the  interlocking  of  the  bones.  The  head  of  the 
astragalus  thus  becomes  slightly  prominent;  the  inner 
border  of  the  foot  is  depressed,  and  an  attitude  is 
attained  in  which  the  weight  of  the  body  may  be  sup- 
ported with  but  slight  muscular  exertion.  This 
position  of  the  foot  is  one  of  a  scries  of  similar  changes 
in  the  relation  of  the  bones  of  the  lower  extremity, 
which  are  instinctively  assumed  when  the  limb  is 
placed  in  the  so-called  attitude  of  rest. 

The  second  function  of  the  foot  is  as  a  lever  to  raise 
and  to  propel  the  body.     The  calf  muscles  supply  the 


Fig.  2418. — .4,  The  Proper  .\ttitude  in  Activily,  B,  The  improper 
attitude  of  outward  rotation  of  the  limb. 

power  and  the  heads  of  the  metatarsal  bones  serve  as 
tlie  fulcrum  on  which  the  weight  is  lifted.  When  the 
foot  is  used  as  a  lever  it  should  be  held  in  such  relation 
to  the  leg  that  the  line  of  weight,  passing  downward 
through  the  center  of  the  knee  and  ankle  joints,  is 
continued  over  the  second  toe  or  practically  the  center 
of  the  foot.  As  the  body  is  lifted  over  the  fulcrum, 
the  fore  foot  is  turned  inward  in  its  relation  to  the  leg 
or,  more  properly  speaking,  the  leg  is  turned  outward, 
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because  the  inner  side  of  the  fulcrum,  formed  by  tlie 
first  metatarsal  bone,  is  longer  than  its  outer  side. 
Thus  the  strain  is  directed  toward  the  outer  and 
stronger  side  of  the  foot  (Fig.  2418,  A)._ 

In  the  proper  walk,  which  is  the  best  illustration  of 
the  leverage  function,  the  feet  should  be  nearly 
parallel  to  one  another,  so  that  the  line  of  strain  may 
fall  through  the  center  of  the  foot.  As  one  foot  is 
advanced  it  first  bears  weight  momentarily  on  the  heel, 
then  upon  its  outer  border;  the  heel  is  then  raised  and 
the  body  is  lifted  over  the  toes,  the  great  toe  giving 
the  final  impulse,  so  that  if  the  walker  is  looked  at 
from  behind,  he  appears  to  be  in-toeing  at  the  termina- 
tion of  each  step.  Thus,  during  the  walk,  there  is  an 
alternation  of  postures,  and  the  foot,  under  muscular 
control,  assumes  the  attitudes  most  opposed  to  that  of 
passive  support. 

The  alternation  of  postures  and  the  leverage  action 
are  by  no  means  necessary  to  simple  progression;  for 
example,  both  feet  might  be  fixed  in  plaster  bandages 
yet  walking  would  be  possible  just  as  it  is  possible  on 
two  wooden  legs.  Indeed  an  approximation  to  such  a 
manner  of  walking  is  often  seen,  in  which  the  passive 
attitude  persists.  Such  a  walk  is  necessarily  jarring 
and  ungraceful,  and  if  it  is  not  the  result  of  weakness 
and  deformity  it  predisposes  to  them  because  of  the 
disuse  of  the  proper  function  of  the  foot. 

One  of  the  most  common  causes  of  disuse  of  the 
leverage  function  is  the  custom  of  turning  the  feet 
outward.  This  is  normal  in  the  passive  attitude  of 
weight  bearing,  because  it  locks  the  joints  and  throws 
the  strain  upon  the  ligaments  to  relieve  the  muscles 
(Fig.  2418).  On  this  very  account  it  is  the  improper 
attitude  for  activity  because  the  strain  falls  upon  the 
inner  border  of  the  foot  or  to  the  inner  side  of  the  ful- 
crum, making  the  proper  exercise  of  muscular  power, 
and  alternation  of  postures,  impossible. 

The  persistence  of  an  improper  posture  may  be 
simply  a  habit,  but  it  is  evident  that  if  an  individual 
were  overweighted  by  a  heavy  burden  he  could  not 


Fig. .2419. — Typical  Weak  Foot  of  Moder.ite  Degree,  Illustrat- 
ing the  Component  Elements  of  Abduction  and  Depression  of  the 
Arch. 

walk  with  an  elastic  step,  nor  could  he,  if  his  muscular 
power  were  insufficient  for  normal  activity,  nor  if  the 
structure  of  the  foot  were  weak,  nor  if  active  move- 
ments caused  pain.  In  any  one  of  these  instances  the 
passive  attitude  would  be  assumed  habitually  and  the 
foot  would  approximate  in  appearance,  to  a  greater 
or  less  degree,  the  so-called  flat  foot  which  is  merely 
an  abnormal  persistence,  and  an  exaggeration  of,  the 
attitude  of  rest  (Fig.  2419). 

If  one  contrasts  the  appearance  of  the  foot  in  activ- 
ity, under  the  control  of,  and  supported  by,  the 
mu.scles,  with  one  that  is  inactively  supporting  weight, 
he  will  appreciate  the  distinction  between  activity 
(strength)  and  passivity  (weakness).  If  then  the 
foot  is  habitually  used  in  the  passive  attitude  it  may 
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be  properly  called  a  weak  foot,  because  it  is  weak  in 
the  sense  that  it  is  in  danger  of  progressive  deformity 
of  which  the  sensation  of  weakness  is  the  earliest  and 
most  constant  symptom.  Many  weak  feet,  in  the 
early  stage  at  least,  would  not  be  recognized  as  de- 
formed (flat)  feet,  and  in  a  fair  proportion  the  arch 
is  well  formed  and  even  accentuated.  Flat  foot  is 
therefore  a  misnomer,  and  it  is  an  especially  unfor- 
tunate term,  in  that  it  calls  attention  to  deformity 
rather  than  to  disability.  The  term  weak  foot  will 
be  used  therefore  to  include  all  varieties  of  disability 
of  the  foot  which  are  characterized  by  the  habitual 
attitude  of  inactivity,  of  which  only  the  advanced 
tvpes  might  be  properly  described  as  flat  feet. 


Fig.  2420.— The  Normal 
Relation  of  the  .\atragalu3 
to  the  Os  Calcis. 


Fig.  2421. — The  Relation  of 
the  Astragalus  to  the  Os  Calcis 
in  the  Confirmed  Weak  Foot. 


The  Anatomy  of  the  Weak  Foot. — As  has  been  stated, 
a  persistence  of  the  attitude  of  rest  or  inactivity  is 
characteristic  of  the  weak  foot.  This  attitude  in 
which  the  weight  falls  upon  its  inner  border  is  some- 
times called  pronation  or  eversion  of  the  foot,  and, 
when  at  all  marked,  it  might  be  described  properly  as 
valgus.  This  latter  term  is,  however,  usually  asso- 
ciated with  more  advanced  or  fixed  deformity  (talipes) 
and  it  is  therefore  rarely  applied  to  the  disability  under 
consideration. 

One  may  analyze  the  attitude  and  the  deformity  of 
the  weak  foot  somewhat  as  follows:  1.  The  leg  is 
displaced  inward  so  that  the  weight  falls  upon  the 
inner  side  of  the  foot.  2.  The  leg  is  rotated  inward 
so  that  a  line  drawn  through  its  center  prolonged  from 
the  crest  of  the  tibia,  instead  of  falling  over  the  second 
toe,  now  points  inside  the  great  toe,  or  even  over  the 
center  of  the  internal  border  of  the  foot  (Fig.  2419). 

It  has  been  stated  that  under  normal  conditions,  in 
the  act  of  passive  weight  bearing,  the  astragalus 
rotates  downward  and  inward  upon  the  os  calcis, 
depressing  its  anterior  and  internal  border  until  the 
movement  is  checked  by  the  strong  ligaments  con- 
necting the  bones  (the  calcaneoscaphoid,  the  deltoid, 
and  the  interosseus) ;  in  other  words,  the  leg  has  a 
tendency  to  .slip  downward  and  inward  from  off  the 
foot.  In  the  typical  weak  foot  this  inclination  has 
become  an  accomplished  fact,  for  the  normal  move- 
ment has  become  so  exaggerated  by  the  distention 
of  the  ligaments  and  by  the  weakness  of  the  supporting 
muscles  that  a  partial  dislocation  has  taken  place 
(Figs.  2420,  2421).  The  astragalus  has  rotated  and 
slipped  far  to  the  inner  side  of  its  normal  position  and 
is  in  an  attitude  of  exaggerated  rotation  and  moderate 
plantar  flexion,  so  that  its  head  can  be  plainly  felt  on  the 
internal  border  of  the  foot.  The  anterior  extremity 
of  the  OS  calcis  is  depressed  and  turned  slightlv  inward 
and  its  internal  border  is  lowered.  The  scaphoid  bone 
is  lowered  together  with  the  head  of  the  astragalus, 
although  to  a  less  degree,  and  has  been  forced  farther 
away  from  the  os  calcis,  and  with  it  the  entire  border 
of  the  foot  is  depressed  also.  Thus  the  depression 
of  the  arch,  the  third  element  in  the  deformity,  is 
always  preceded  and  accompanied  by  a  bulging  inward 
of  the  inner  side  of  the  foot.     The  foot  is,  as  it  were, 
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broken  in  the  center,  the  posterior  division  having 
turned  inward  and  downward;  that  is,  the  astragalus 
has  rotated  inward  and  downward  to  an  extreme 
degree  and  has  slipped  from  off  the  os  calcis.  The 
latter  bone,  although  forced  outward  in  its  relation 
to  the  astragalus,  still  turns  inward  slightly,  while 
the  fore  foot  in  its  relation  to  the  leg  and  to  the  pos- 
terior divisions  of  the  tarsus  is  greatly  abducted. 
The  dislocation  may  be  so  extreme  that  the  entire 
sole  of  the  foot  rests  upon  the  ground,  and  a  callus 
even  may  be  found  at  the  point  that  usually  represents 
the  highest  point  of  the  arch,  which  now  supports  the 
greatest  burden. 

In  this  change  of  relation  between  the  bones,  the 
arched  part  of  the  foot,  or  waist,  appears  much  broader 
than  normal,  even  broader  than  the  front  of  the  foot; 
the  heel  projects,  the  external  malleolus  is  depressed 
and  carried  forward  by  the  rotation  of  the  leg  and  is 
much  less  prominent  than  normal;  the  internal  mal- 
leolus is  more  prominent  and  with  the  astragalus  it 
overhangs  the  bearing  surface  of  the  sole.  The  foot, 
considered  as  a  mechanism,  is  twisted  and  out  of  gear, 
its  motion  is  therefore  very  much  restricted.  It  is 
manifestly  impossible  for  the  patient  to  adduct  the 
fore  foot,  that  is,  to  turn  it  inward  about  the  head  of 
the  misplaced  astragalus.  Plantar  flexion  is  also 
much  limited  because  of  the  permanent  position  of 
adduction  and  plantar  flexion  that  the  astragalus  ha." 
assumed.  Dorsal  flexion,  on  the  other  hand,  may 
appear  to  be  abnormally  free,  because  the  fore  foot  is 
abducted  and  slightly  dorsifiexed  upon  the  head  of  the 
astragalus.  When,  however,  the  displacement  is 
reduced  adaptive  shortening  of  the  calf  muscle  be- 
comes evident  in  many  instances. 

Supposing  the  foot  to  have  been  normal  before  it 
began  to  break  down,  it  is  apparent  that  such  deform- 
ity could  not  have  been  acquired  without  adaptive 
changes  in  its  internal  structure.  In  a  general  way 
these  changes  have  been  indicated  by  the  description; 
the  ligaments  on  the  internal  a.spect  of  the  foot  and 
of  the  ankle-joint  are  weak  and  distended;  the  unused 
portion  of  the  articular  surfaces  of  the  joints  may  be 
denuded  of  cartilage,  while  new  facets  may  have 
formed  to  accommodate  the  changed  relation  of  the 
bones — as,  for  example,  at  the  junction  of  the  external 
malleolus  with  the  os  calcis.  Evidence  of  injury  and 
of  abnormal  pressure  may  be  found  in  thickened 
periosteum  and  in  formation  of  osteophytes,  while 
the  internal  structure  of  the  bones  has  been  changed 
as  weU,  to  adapt  itself  to  the  new  conditions.  The 
muscles  which  are  no  longer  u.sed  in  the  leverage 
function,  the  plantar  flexors  and  adductors,  have 
become  atrophied — a  change  that  is  most  evident 
in  the  shrunken  calf.  The  muscles  on  the  inner 
border  of  the  foot  have  been  over-stretched,  while 
those  on  the  upper  and  outer  part  have  become 
shortened  and  contracted.  Such  a  foot  represents 
an  extreme,  it  may  be  an  irremediable,  degree  of 
deformity.  The  machine  is  completely  broken  down; 
it  can  no  longer  perform  its  proper  function;  it  is  even 
less  efficient  than  the  wooden  foot,  because  use  is 
attended  by  discomfort. 

The  disability  and  deformity  are  found  in  every 
grade  of  severity.  Pain  begins  when  the  muscles 
are  over-strained  by  the  disadvantageous  attitude. 
Later,  when  the  bones  are  habitually  placed  in  ab- 
normal relation  to  one  another,  the  accommodation 
and  nutritional  changes  advance.  It  is  evident  there- 
fore that  the  individual  in  whose  foot  the  arch  is 
accentuated  and  whose  ligaments  are  firm,  may  suffer 
from  the  symptoms  of  strain  long  before  the  arch  has 
been  depressed  or  deformity  has  become  apparent; 
also  that  the  lateral  inward  bulging,  characteristic 
of  advancing  deformity,  must  in  such  a  case  be  very 
great  before  the  astragalus  can  reach  the  ground  and 
the  arch  be  completely  flattened.  On  the  other  hand, 
if  the  individual  has  inherited  a  low  arch,  or  if,  as  the 
result  of  weakness  in  early  life,  the  arch  has  been 


depressed  or  has  never  developed,  aecoinnuKiative 
changes  in  the  bones  will  have  taken  place  during 
growth,  so  that  the  fiat  foot  of  this  type  will  not  be 
attended  with  as  much  change  in  its  relation  to  the 
leg,  and  therefore  disturbance  of  function,  as  in  the 
typical  case  that  has  been  described.  This  latter 
class  of  cases  e.xemplifies  the  po[)ular  tj-pe  of  flat  foot 
that  may  exist  without  pain  or  disability. 

It  is  very  evident  that  the  lowering  of  the  arch  is 
a  secondary  element  of  the  deformity  and  that  the 
I)opuIar  significance  of  flat  foot,  as  an  inherited  and  ir- 
remediable weakness,  is  most  misleading.  It  is  mis- 
leading also  in  that  in  the  most  painful  type  of  weak 
foot  there  may  be  practically  no  lowering  of  the  arch, 
as  shown  by  an  imprint  of  the  sole,  while  the  actual 
flat  foot  may  exist  without  symptoms. 

As  has  been  stated,  there  is  one  feature  common  to 
every  grade  of  the  so-called  flat  foot:  the  foot  regarded 
as  a  machine  is  weak,  as  compared  with  the  normal 
standard — ^weak  because  of  the  persistence  of  the 
attitude  of  rest  and  relaxation,  as  contrasted  with 
that  of  activity  and  strength,  and  weak  because  the 
proper  relation  between  the  power  and  the  fulcrum 
is  changed.  Even  the  inherited  flat  foot,  or  the  flat 
foot  which  has  never  caused  .symptoms,  is  weak,  in 
the  sense  that  in  use  it  lacks  the  spring  and  elasticity 
characteristic  of  the  perfect  machine. 

The  term  weak  foot  may  be  used  then  to  indicate  all 
t^-pes  of  the  disability.  In  one  weak  foot  the  arch  has 
disappeared;  in  another  weak  foot  the  arch  is  of  nor- 
mal depth,  but  the  foot  is  abducted  in  its  relation  to 
the  leg.  In  one  case  the  deformity  appears  only  under 
weight;  in  another  the  foot  is  held  rigidly  in  the  de- 
formed position  by  muscular  spasm.  In  one  instance 
there  may  be  great  deformity  without  pain;  and  in 
another  disabling  weakness  and  pain  without  de- 
formity. In  one  case  the  foot  is  unable  to  perform  its 
functions  because  of  its  inherent  weakness,  in  another 
the  disability  may  be  due  simply  to  the  improper  use 
of  a  normal  structure.  In  all  cases,  however,  disa- 
bility as  exemplified  by  the  symptoms  of  pain  and 
weakne.ss  is  due  to  a  disproportion  between  the  burden 
or  strain  that  is  put  upon  the  foot  and  the  ability  of 
the  mechanism  to  perform  this  task. 

This  theory  accounts  for  the  fact  that  the  weak  foot, 
although  very  common  in  childhood,  does  not,  as  a 
rule,  cause  discomfort  until  adolescence,  when  the 
weight  and  strain  put  upon  it  are  increased.  It 
explains  also  why  the  foot  which  may  be  fairly  normal 
in  structure  breaks  down  more  often  in  later  adoles- 
cence or  early  adult  life  when  the  contiruious  strain 
of  regular  occupation  is  undertaken.  It  is  evident 
that  an  occupation  requiring  the  long  continuance  of 
the  passive  attitude — that  of  waiters,  cooks,  and  bar- 
tenders for  example — exposes  the  feet  to  greater 
strain  than  one  which  permits  alternation  of  po.stures, 
and  that  the  symptoms  are  likely  to  be  more  severe 
and  the  deformity  to  be  greater  among  those  who  are 
obliged  to  labor  than  among  those  who  are  not.  Over- 
work or  strain,  of  occupation  or  otherwise,  may  be 
temporarily  disproportionate  because  of  local  or  gen- 
eral weakness,  as  for  example  during  pregnancy  or 
after  recovery  from  exliausting  disease  or  because  of 
local  injury  or  disease  of  the  foot  itself  or  simply 
because  of  the  .strain  of  more  constant  use.  On  this 
theory  one  may  very  easily  explain  why  weak  foot 
may  appear  or  rather  attract  attention  at  any  age. 
and  why  also  there  is  no  constant  relation  tetween 
the  degree  of  deformity  and  the  severity  of  the  symp- 
toms; for  although  all  presenting  the  characteristic 
deformity  are  weak  feet,  yet  all  weak  feet  are  not 
necessarily  painful  feet.  Pain  is  not  caused  liecause 
the  foot  is  flat;  it  is  a  symptom  of  progressive  de- 
formity, of  strain  and  injury  to  the  joints;  it  shows  that 
the  foot  is  becoming  flat ;  it  is  a  symptom  of  the  injury 
that  the  weak  or  flat  foot  has  received.  The  progress 
of  the  deformity  may  be  temporarily  or  permanently 
checked  at  any  stage,  either  by  a  removal  of  the  exeit- 
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ing  cause  or  because  of  the  resistance  of  the  tissues; 
then  the  pain  ceases.  On  the  other  hand,  this  stability 
may  not  be  attained  until  the  entire  sole  of  the  foot 
rests  upon  the  ground,  and  even  then  the  patient  may 
suffer  from  discomfort  and  pain. 

This  conception  of  the  foot  as  a  machine,  of  which 
grades  of  efficiency  may  be  recognized,  has  a  great  ad- 
vantage, since  it  enables  one  to  perceive  wherein  a  foot 
is  weak  even  though  the  weakness  causes  no  symp- 
toms whatever.  Thus  one  may  prevent  deformity 
by  avoiding  the  extra  strain  that  improper  attitudes 
entail,  and  by  strengthening  the  muscles  on  whose 
ability  its  integrity  depends.  Finally,  from  this 
standpoint  one  may  better  appreciate  the  etiological 
importance  of  improper  shoes,  in  this  as  in  practically 
all  of  the  disabilities  to  which  the  foot  is  liable. 

As  has  been  stated,  the  symptoms  of  the  weak  foot, 
although  similar  in  type,  varj-  in  severity  according  to 
the  local  condition  and  the  disturbance  of  function, 
the  work  to  be  performed,  and  the  susceptibility  of 
the  individual. 

Symptoms. — The  most  characteristic  symptom  is 
the  sensation  of  weakness.  The  patient  begins  to 
recognize  as  familiar,  a  feeling  of  discomfort,  of  tire 
and  strain  about  the  inner  side  of  the  foot  and  ankle, 
sometimes  after  long  standing,  a  dull  ache  in  the  calf 
of  the  leg.  or  pain  at  the  knee,  hip,  or  in  the  lumbar 
region,  symptoms  more  common  in  women  than  in 
men;  or,  after  overexertion,  a  momentary  sharp  pain 
radiating  from  the  point  of  weakness;  thus  the  patient 
often  dates  the  history  of  his  trouble  from  a  long  walk. 
After  a  time  the  patient  may  become  aware  that  he  is 
accommodating  his  habits  to  his  feet;  he  rides  when 
he  once  walked;  he  sits  when  he  once  .stood;  he  no 
longer  runs  up  or  down  stairs  or  jumps  off  the  street 
car.  His  feet  have  lost  their  spring  as  he  expresses  it, 
which  means  that  the  foot  is  no  longer  supported  and 
controlled  by  muscular  activity  and  is  no  longer  used 
as  a  lever.  Not  infrecjuently,  early  s>Tnptoms  are 
pain  and  sensitiveness  at  the  center  of  the  heel,  ex- 
plained in  part  by  the  jarring  heel  walk  which  is 
always  assumed  when  the  foot  is  weak,  and  in  part  by 
the  strain  upon  the  attachments  of  the  deep  plantar 
ligaments.  The  patient  may  complain  that  he  cannot 
buy  comfortable  shoes;  the  reason  is  that  the  weak 
foot  under  use  changes  its  shape,  so  that  the  shoe  that 
was  comfortable  in  the  morning  compresses  the  foot 
painfully  at  night.  Thus  increasing  discomfort,  due 
in  part  to  corns,  bunions,  painful  great  toe  joints,  and 
deformities  of  the  toes,  is  experienced.  Coldness  and 
numbness,  congestion  and  increased  perspiration, 
caused  by  the  impaired  circulation  and  weakness,  are 
common  symptoms  in  eases  of  the  more  advanced 
type.  Actual  pain  is,  as  a  rule,  felt  only  when  the 
foot  is  in  use.  It  ceases  under  temporary  rest  or  relief 
from  disproportionate  work,  and  it  is  this  remittence 
of  s.vmptoms,  together  with  the  fact  that  discomfort  is 
usually  more  marked  in  damp  weather,  that  leads  so 
often  to  the  mistaken  diagnosis  of  rheumatism.  The 
foot  is  weak  and  vulnerable;  the  patient  recognizes  the 
fact  that  he  has  what  he  speaks  of  as  a  weak  ankle,  or 
sprain,  or  gout,  or  rheumatism;  but  if  he  has  accom- 
modated himself  to  the  weakness,  but  little  discomfort 
is  experienced.  In  many  instances  such  relief  or 
accommodation  is  impossible,  and  it  is  therefore 
among  the  working  class  that  one  oftener  sees  the 
rapid  development  of  the  disability  and  deformity. 
Tlie  range  of  motion  becomes  more  and  more  restricted; 
the  habitual  attitude,  at  first  exaggerated  to  deformity 
only  under  the  influence  of  the  weight  of  the  body, 
becomes  a  permanent  displacement.  The  weak  and 
distorted  foot  is  subjected  to  constant  injury,  to  what 
may  be  likened  to  a  succession  of  slight  sprains;  thus 
local  congestion,  swelling,  and  sensitiveness  may  ap- 
pear together  with  muscular  spasm  and  pain  on 
passive  motion.  Because  of  the  stiffness  of  the  foot, 
and  the  consequent  loss  of  accommodation  to  in- 
equalities of  the  surface,  the  patient  dreads  to  cross  a 
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rough  pavement,  for  every  misstep  is  a  source  of  pain. 
Another  characteristic  symptom  is  the  discomfort 
felt  on  changing  from  a  position  of  rest  to  activity. 
The  patient  after  sitting,  or  on  rising  in  the  morning, 
is  unable  to  walk,  but  staggers  and  limps  for  several 
minutes,  a  symptom  explained  by  the  fact  that  when 
the  foot  is  at  rest  there  is  a  partial  reposition  of  the 
displaced  bones,  which  must  be  again  forced  into  the 
deformed  posture  that  has  become  habitual.  The 
local  sensitiveness  and  stiffness  are  increased  by  use, 
so  that  the  patient  may  have  difficulty  in  removing  the 
shoe  at  night,  and  the  symptoms  relieved  by  the  rest  of 
Sunday  become  progressively  worse  during  the  week. 

The  pain  and  discomfort  in  cases  of  this  type  be- 
come more  general  in  character,  and  are  often  referred 
to  the  dorsum  of  the  foot,  representing  muscular 
spasm  and  tension,  to  the  irritated  plantar  fascia,  and 
to  the  outer  side  of  the  ankle,  where  the  external 
malleolus  is  grinding  out  a  facet  in  the  projecting  os 
calcis.  The  patient  may  now  complain  of  discomfort 
in  the  feet  and  of  cramps  in  the  legs,  even  when  in  bed, 
and  the  appearance  of  weakness,  awkwardness,  and 
depression  of  spirits  n^ay 
be  so  noticeable  that  the 
case  is  sometimes  mis- 
taken for  serious  disease 
of  the  nervous  sj-stem. 

The  appearance  of  such 
a  foot  has  already  been 
described,  and  the  effect 
of  the  deformity  on  its 
function  should  be  evi- 
dent. The  gait  is  slouchy 
and  cloddy;  the  feet  are 
simply  pushed  by  one 
another  in  the  attitude 
of  eversion,  the  knees  are 
slightly  flexed  and  the 
weight  is  borne  entirely 
upon  the  posterior  seg- 
ment of  the  foot.  The 
muscles  have  atrophied, 
the  foot  is  cold  and  con- 
gested from  its  continual 
inactivity,  and  it  usually 
is  bathed  in  perspiration. 
A  certain  range  of  motion 
remains  at  the  ankle 
joint,  but  adduction  is 
absolutely  restricted  by 
the  shortened  and  spas- 
modically contracted 
muscles  on  the  outer  and 
upper  surface.  This  type 
represents  of  course  only 
the  severe  variety  that  is 
more  likely  to  be  seen  in 
hospital  than  in  private 
practice;  and  it  would 
seem,  were  it  not  for  the 
evidence  to  the  contrary, 
which  the  histories  of  the 
patients  present,  that  the 
nature  of  the  trouble 
must  be  recognized  at  a 
glance,  although  in  the 
milder  and  earlier  cases 
the  diagnosis  is  not  always 
so  easily  made. 

Diagnosis. — In  all  cases 
foot  is  suspected,  a  thorough  and  orderly  examination 
should  be  made,  not  only  of  its  appearance,  but  also 
of  its  functional  ability  and  of  the  manner  in  which 
it  is  used.  Such  an  examination  is  not  merely  for  the 
purpose  of  confirming  a  diagnosis  which  is  usually 
evident  on  inspection,  but  rather  that  the  amount  and 
character  of  the  temporary  or  permanent  changes  in 
structure  mav  be  estimated. 


Fio.  2422.— Extreme  Deformily 
in  Adolescence. 
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Fig.  2423. — \'oluntary  Dorsal  Flexion, 


Altitudes. — -One  begins  the  examination  by  noting 
the  manner  of  standing  and  ■nalking.  The  heel 
walk,   the  exaggerated  turning    out   of  the  feet,  the 

slouchy  gait  in 
which  the  leg  i.s 
never  completely 
extended,  in  which 
the  power  of  the 
calf  muscle  is  not 
applied  and  in 
which  the  essential 
po.stures  of  the 
foot  are  disused, 
;ire  all  elements 
I  if  weakness  that 
-hould  be  cor- 
rected w-hether 
they  cause  sj-mp- 
ioms  or  not.  The 
listribution  of  the 
weight  of  the  body 
ind  the  habitual 
use  of  the  foot  are 
often  made  evi- 
dent by  examininu 
the  worn  shoe.  If 
it  is  bulged  inward 
at  the  arch  or  worn 
away  on  the  inner 
side  of  the  sole,  it 
shows  weakness. 
The  same  observations  are  then  made  on  the  bare  feet, 
particular  attention  being  paid  to  the  line  of  strain  or 
leverage.  Thus,  a  line  drawn  down  the  crest  of  the 
tibia  from  the  center  of  the  patella  continued  over  the 
foot,  should  meet  the  interval  between  the  second  and 
third  toes;  if  it  falls  over  or  inside  the  great  toe,  it 
shows  that  the  foot  is  working  at  a  disadvantage. 

The  contour  of  the  foot  should  then  be  examined. 
Its  internal  border  should  curve  slightly  outward,  so 
that  if  the  feet  are  placed  side  by  side  -with  the  toes 
and  heels  in  apposition,  a  .slight  interval  remains 
between  the  arches;  if  this  slight  concavity  is  replaced 
by  a  noticeable  convexity  when  weight  is  borne,  the 
foot  is  weak.     This  change  in  contour  is  the  earliest 

and  sometimes  the 
only  evidence  of 
deformity.  The 
arch  of  the  foot 
properly  protected 
by  the  muscles  and 
by  a  proper  atti- 
tude, sinks  b\:t 
slightly  under 
weight;  there  is  a 
slight  elasticity 
only,  as  the  strain 
is  thrown  more  to 
the  inner  side  of 
the  median  line, 
and  if  the  depre.s- 
sion  is  marked  it 
shows  weakness. 

Bearing  Surface. 
—  The  exact 
amount  of  bearing 
surface  may  be 
shown  by  an  im- 
print upon  carbon 
paper  or  by  smear- 
ing the  sole  with 
vaseline;  then  as 
the  patient  stands 
upon  a  sheet  of 
white  paper  the 
outline  of  the  foot  should  be  traced,  so  that  the  relative 
size  of  the  imprint  to  that  of  the  foot  may  be  shown 
and  compared  with  the  normal  standard.    This  is  how- 
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Fig.  2424- — \'oluntary  Pl.nntar  Flexion. 


Fig.  242.^. —  Voluntary  .\aduction. 


ever  a  test  of  no  diagnostic  value  but  simply  indicates 
the  degree  of  deformity  in  certain  types  of  ca.>ie.s. 

The  Range  of  .Uohon.— The  range  of  motion  is  next 
to  be  tested,  for  its 
limitation  i.s  one  of  the 
earliest  signs  of  disu.se 
of  function  and  weak- 
ness. This  range  of 
motion  varies  some- 
what within  normal 
limits;  it  is  usually 
greater  in  childhood 
than  in  adult  life, 
greater  in  the  .slender 
than  in  the  massive 
foot,  and  greater  in  the 
foot  ased  properly  than 
in  one  that  is  not.  The 
first  test  is  applied  to 
simple  dorsal  and  plan- 
tar flexion ;  the  leg  must 
be  fully  extended  at  the 
knee,  the  line  of  strain 
mu.st  be  in  its  normal 
relation  so  that  the  foot 
is  neither  adducted  nor 
abducted,  and  the  ol>- 
servation  must  be  made 
upon  its  outer  border. 
The  patient  should  be 
able  to  flex  the  font 
from  ten  to  twenty  de- 
grees less  than  the  right 
angle,  and  to  extend  it  from  forty  to  fifty  degrees  be- 
yond the  right  angle,  the  range  of  motion  being  from 
fifty  to  sixty  degrees. 

By  far  the  most  important  test,  however,  is  that  of 
adduction  or  inversion  of  the  foot,  the  range  of  motion 
at  the  mediotarsal  and  subastragaloid  joints.  With 
the  leg  extended  as  before,  the  foot  is  turned  inward  as 
far  as  possible. 
The  elevation  of 
its  inner  border 
(supination)  and 
the  turning  in  of 
the  heel  are  shown 
in  the  accompany- 
ing figure.  The 
actual  range  of  ad- 
duction is  some- 
what difficult  to 
measure,  but  it  is 
about  thirty  de- 
grees (Fig.  2425). 
Even  the  mild  and 
early  cases  of  weak 
foot  usually  show- 
some  limitation  of 
this  most  important 
motion  because  of 
disu.se,  and  in  many 
instances  it  is  com- 
pletely lost,  the  pa- 
tient turning  the 
entire  leg  in  the 
effort  to  adduct  the 
foot.  The  less  im- 
portant range  of 
abduction  may 

then  be  tested;  nor- 
mally it  is  about 
half  that  of  adduc- 
tion. It  niay  !■ 
noted  that  tl 
range  of  supination 
or  inversion  of  the 


Fia.  242G. — \'oluntarj'  Abduction. 


sole  is  nearly  twice  as  great  as  that  of  pronation  or 
eversion  of  the  sole;  in  other  words,  the  internal  bor- 
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der  of  the  foot  can  be  raised  twice  as  far  from  the 
floor  as  can  the  external  border. 

The  range  of  passive  motion  is  then  tested.  That  of 
dorsal  flexion  is  from  five  to  ten  degrees  beyond  that  of 
voluntary  motion,  while  passive  extension,  so  far  as  it 
applies  to  the  ankle  joint,  is  about  the  same  as  the 
voluntary,  although  the  fore  foot  may  be  still  farther 
bent  downward  at  the  mediotarsal  joint.  The  limits 
of  passive  adduction  and  aljduction  are  considerably 
beyond  those  of  the  voluntary  range. 

The  test  of  passive  motion  serves  several  purposes; 
contrasted  with  the  range  of  voluntary  motion  it 
indicates  the  habitual  use  of  the  foot,  since  the  motion 
lesst  used  is  most  limited.  It  also  makes  evident  the 
slight  restriction  of  motion  and  the  presence  of  local 
sensitiveness,  which,  even  in  early  cases,  are  usually 
pre.sent.  Thus,  if  pressure  be  made  just  in  front  of  and 
below  the  internal  malleolus,  at  the  astragal o-scaphoid 
junction,  and  if  at  the  same  time  the  foot  be  suddenly 

adducted,     the 

patient  will 
complain  of 
]j a i  n  at  the 
point  of  pres- 
sure and  of  a 
feeling  of  con- 
striction and 
tension  about 
the  dorsum  of 
the  foot,  before 
the  normal 
limit  of  motion 
is  reached. 
When  the  foot 
is  dorsiflexed 
the  plantar 
fascia  is  put 
upon  the 

stretch,  and  its 
condition  may 
be  noted,  for  a 
contracted  and 
sensitive  plan- 
tar fascia  may 
rause  symp- 
toms of  disabil- 
it\  that  induce, 
ni  arecomliined 
with,  abduction 
iiid  valgus.  In 
other  words, 
this  mode  of 
examination 
^i^  f-'"^^'^'"-^^.'"'"':'^"^'^^*'^"' ■'-""''      demonstrates 

Predisposes  to  Disability  and  Deformity.         ^Ug        disabilitv 

and  permanent  change  in  the  machine  which  must  be 
overcome  before  a  cure  can  be  accomplished.  By  it 
one  will  recognize  several  grades  of  weak  foot. 

Varieties  of  Weak  Foot. —  I.  The  normal  foot  improp- 
erly used,  as  shown  by  the  manner  of  standing  and 
walking. 

2.  The  foot  which,  because  of  laxity  of  ligaments  or 
insufficient  muscular  support,  is  forced  by  the  weight 
of  the  body  into  an  attitude  of  deformity.  The  foot 
when  in  use  falls  into  an  abnormal  attitude  of  abduc- 
tion in  its  relation  to  the  leg,  as  evidenced  by  the 
inward  projection  of  its  inner  border  and  by  the  over- 
hanging internal  malleolus,  showing  that  the  leg  has 
been  displaced  inward  on  the  foot.  As  a  rule,  in  this 
class,  the  laxity  of  ligaments  allows  a  depression  of  the 
arch,  as  shown  by  the  imprint,  but  in  other  instances, 
although  the  arch  seems  lower  because  of  the  charac- 
teristic attitude  (valgus)  in  which  the  leg  as  it  were 
overhangs  the  foot,  yet  the  imprint  shows  that  there 
is  no  increa.se  in  the  area  of  bearing  surface.  Indeed 
this  may  be  even  smaller  than  normal;  thus  an  indi- 
vidual may  suffer  from  so-called  fiat  foot  whose  arch 
is  in  reality  exaggerated. 

466 


3.  The  weak  foot,  which  shows  typical  deformity 
under  u.se  and  in  which  the  range  of  voluntary  motion 
is  somewhat  limited,  particularly  in  the  direction  of 


Fig.  242S. — Weak  Foot  in  Childhood  showing  Hahitu;il  .\bduction 
without  Depression  of  the  Arch. 

plantar  flexion  and  adduction.  In  this  class  forced 
movement  causes  discomfort  and  pain,  showing  a 
certain  permanent  accommodative  change  in  structure 
which  is  not  apparent  when  the  foot  is  not  in  use. 


Flu 


-Extreme  Deformity  in  .adolescence; 
Complete  Sinking  of  the  Arch. 


.\bduction  and 


In  these  slighter  grades  of  disability,  the  improper  use 
of  the  foot,  the  loss  of  active  leverage  ("spring") 
is  ver}-  evident  when  the  patient  walks. 
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4.  The  foot  which  presents  typical  and  permanent 
defoniiity,  whether  it  is  in  use  or  not,  and  in  whidi  tiie 
range  of  both  voluntary  and  passive  motion  is  much 
restricted. 

This  limitation  of  motion  is  an  adaptation  of  struc- 
ture to  the  habitual  functional  use  and  to  the  deform- 
ity. Such  changes  are  first  apparent  in  the  muscles 
and  ligaments;  in  more  advanced  cases,  the  articular 
surfaces  of  the  bones  are  altered  to  accommodate  the 
habitual  subluxation.  Added  to  this  underlying 
limitation  of  motion  there  is  usually  a  certain  amount 
of  muscular  spasm,  which  varies  in  degree  with  the 
local  congestion,  irritation,  and  inflammation  of  the 
joints  and  tissues.  In  the  quiescent  weak  foot  it  may 
he  absent,  but  on  renewed  injury  or  overwork  of  the 
weak  structure  it  again  appears.  It  dejjends  also 
upon  the  irritable  condition  of  the  overworked  and 
contracted  abductor  muscles,  practically  the  only 
group  that  retains  functional  power.  Thus  the  spasm, 
as  has  been  stated  in  describing  the  severe  and  painful 
type  of  weak  foot,  is  greater  after  the  day's  use  and 
relaxes  somewhat  during  the  night.  The  degree  of 
muscular  spasm  and  rigidity  varies  with  the  intensity 
of  the  symptoms.  It  is  often  greater  in  the  early 
.stage  of  the  disability  than  in  the  cases  in  whicli  the 
deformity  is  of  long  duration. 

Two  Extreme  Types  of  Weak  Foot. — 1.  Persislenl 
Abduction. — In  one  type  of  rigid  foot,  the  foot  is 
twisted  outward  and  upward.  It  may  be  inverted  to 
such  an  extent  that  practically  the  weight  is  borne 
upon  the  heel  and  ball  of  the  great  toe.  In  such 
instances  the  astragalus,  although  rotated  inward 
upon  the  pronated  os  calcis,  is,  of  cour.se,  not  plantar- 
flexed  nor  is  the  anterior  extremity  of  the  os  calcis 
depressed.  The  entire  foot  is  simply  held  in  an  atti- 
tude of  extreme  abduction  and  slight  dorsal  flexion, 
by  the  spasm  and  contraction  of  the  fiexors  and  abduc- 
tors, so  that  the  leg  must  be  bent  at  the  knee  and 
inclined  forward  to  bring  the  sole  to  the  grounfl. 
Such  extreme  cases  are  uncommon.  They  are  often 
the  direct  result  of  injury  ("chronic  sprain"),  and 
when  the  deformity  is  reduced  the  arch  will  be  fomul 
to  be  exaggerated  in  depth.  Less  extreme  types  of 
this  class  are  often  seen  and  they  serve  to  emphasize 

the  statement  that  the 
most  important  disabil- 
ity of  the  weak  foot  is 
due  to  the  change  from 
the  normal  relation  be- 
tween the  leg  and  the 
foot  (valgus)  and  not  to 
the  depression  of  the 
arch  (planus)  which  is, 
in  most  instances,  a 
secondary  deformity. 

2.  Pes  Planus. — As  has 
been  stated  already  and 
as  is  well  known,  there 
is  a  type  of  painless 
deformity  sometimes 
called  pes  planus.  To 
this  t_vpe  the  term  flat 
foot  may  be  properly  ap- 
plied because  the  flatness 
of  the  foot  is  more  notice- 
able than  the  other  com- 
ponents of  the  deformity 
that  have  been  described. 
This  class  is  probably  the 
eff'ect  of  inherited  laxitv 
Fig  2430.— Adduction  of  the  ^f  ligaments  or  of  rachitis 
Fore  Foot  Comb.ned  wtth  \  algu3;  ^j^      j  f  acquired 

an  uncommon  type.  vjwi»^i  .^_  i 

weakness  in  early  life,  so 
that  a  normal  arch  was  never  present.  Such  a  foot 
controlled  by  efficient  muscles  may  be  strong  and 
.serviceable,  but  it  is  nevertheless  deformed,  and  it  is 
doubtful  if  its  possessor  ever  could  attain  the  grace 
and  elasticity  of  gait  possible  under  normal  condi- 


tions. It  is  said  al.so  that  a  low  arch  Ls  normal  in 
certain  races,  for  example  the  negro,  V>ut  it  is  certain 
that  the  American  negro  is  not  exempt  from  ttie  pain 
and  di.sability  incidental  to  the  broken-down  foot, 
whether  his  arch  was  originally  low  or  not. 

It  is  evident  that  the  breaking  down  of  a  properly 
shaped  foot,  provided  with  normal  ligaments,  mu-st  be 
attended  by  greater  pain  and  disability  than  of  one  in 


Fig.  2431. — "Flat    Foot"    showing    the    Extreme    .\bduction    in 
Early  Childhood. 

which  the  arch  was  originally  low  and  of  which  the 
ligaments  were  weak,  because  it  is  during  the  progres- 
sion of  the  deformity,  and  particularly  in  its  early 
stages,  that  such  symptoms  are  most  prominent. 
When  the  bones  of  the  arch  rest  upon  the  ground  or 
when  final  stability  has  Ijecome  assured,  pain  may 
cea,se,  and  permanent  accommodation  to  the  new  con- 
dition may  increase  the  ability  of  the  deformed  mem- 
ber. Such  an  adaptation  might  be  quickly  accom- 
plished in  the  foot  originally  flat,  while  in  the  other 
instance  the  symptoms,  although  remitting  from  time 
to  time,  might  continue  during  the  life  of  the  sufTerer. 

We.\k  Foot  ix  Childhood. — There  can  be  no  doubt 
that  in  many  instances  the  origin  of  the  weak  foot  may 
be  traced  to  early  childhood.  Certainly,  deformities 
and  improper  attitudes  are  very  common  at  this  period 
and  it  is  much  more  likely  that  they  are  ingrown  than 
outgrown.  Actual  p:iin  from  the  weak  foot  is  unusual 
at  this  age.  The  child  may  complain  of  fatigue  and 
mav  be  weak  and  awkward,  but  it  is  usually  because 
of  the  very  evident  deformity,  rather  than  because  of 
svmptoms,  that  advice  is  asked.  In  these  cases,  as 
in  every  case,  the  habitual  attitudes  and  use  of  the 
feet  are  of  the  first  importance. 

One  of  the  mo.st  frequent  of  the  improper  postures 
is  that  of  exaggerated  outward  rotation  of  the  limbs, 
which  is  not  only  an  ungraceful  attitude,  but  a  direct 
cause  of  weakness  as  well.     The  opposite  attitude  of 
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inward  rotation  of  the  feet,  the  so-called  "pigeon- 
toed"  walk,  is  mo.st  offensive  to  relatives  and  friends 
and  it  is  for  correction  of  the  attitnde  that  the  child 
may  be  brought  for  treatment.  The  attitude  is,  in 
most  instances,  a  sign  of  the  weak  foot,  for  on  examin- 
ation the  bulging  on  the  inner  side,  the  inward  rota- 
tion of  the  leg  in  its  relation  to  the  foot,  and  the  flattened 
arch,  show  very  plainly  that  it  is  the  foot  and  not  the 
attitude  that  requires  treatment;  in  fact  the  attitude 
is,  in  this  class  of  cases,  really  a  safe-guard  against 
increasing  deformity  and  it  will  correct  itself  when  its 
cause  is  removed.  Particular  emphasis  is  Ihid  \ipon 
this  point,  which  is  very  generally  overlooked,  because 
the  routine  treatment  of  the  "pigeon  toes"  in  these 
cases  might  be  the  cause  of  direct  harm. 

"Weak  ankle"  is  a  term  popularly  applied  to  the 
■weak  foot  of  childhood,  in  which  the  foot  is  in  a  posi- 
tion of  valgus  when  in  use,  so  that  the  shoe  is  worn 
away  on  its  inner  side.  Weak  ankles  are  very  com- 
mon in  very  young  children  and  are  often  one  of  the 
results  of  general  weakness  due  to  defective  assimila- 
tion. At  this  age  the  foot  is,  in  addition,  usually  fiat, 
although  in  the  valgus  or  weak  ankle  of  later  years 
the  arch  is  often  normal  in  outline. 

In  older  children  prominent  or  "outgrown"  joints 
often  attract  the  mother's  attention;  the  internal 
malleoli  appear  prominent  because  of  the  position  of 
valgus,  or,  because  of  the  eversion  of  the  feet,  the  mal- 
leoli may  strike  against  one  another,  "interfere,"  and 
thus  there  may  be  an  actual  hypertrophy  of  the  tissues 
over  the  projecting  bones  from  local  irritation. 

Another  type  is  the  long  slender  foot  in  which  the 
scaphoid  bone  is  prominent  because  of  the  strain  and 
pressure  put  upon  it  by  the  improper  attitudes;  its 
position  is  often  shown  by  the  point  of  wear  in  the 
leather  of  the  shoe.  In  the  weak  foot  of  childhood, 
although  restriction  of  voluntary  and  passive  motion 
may  t^e  present,  there  are,  as  a  rule,  but  little  local 
sensitiveness  and  muscular  spasm,  and  as  has  been 
stated,  but  little  pain.  Thus  it  differs  greatly  from 
the  adult  type,  the  reason  being  that  the  weak  foot 
in  childhood  is  not  subjected  to  the  strain  of  constant 
occupation  or  to  the  burden  of  disproportionate  weight. 
There  is  another  important  difference  also:  the  foot 
in  the  adult  is  obliged  to  bear  a  greater  burden  than 
any  other  part,  and  although  fairly  normal  in  structure 
it  may  be  overstrained.  Thus  in  many  instances  the 
weakness  of  the  foot  may  be  the  only  disability.  In 
childhood,  on  the  other  hand,  a  weak  foot  is  very  often 
a  local  indication  of  general  weakness  and  loss  of  tone. 

It  must  be  borne  in  mind  that  the  feet  are  the  foun- 
dation of  the  body,  and  that  an  insecure  foundation 
affects  the  entire  mechanism.  General  functional 
weakness  and  awkwardness,  the  flat  chest,  round 
shoulders  or  other  curvatures  of  the  spine,  are  often 
observed  as  accompaniments  or  effects  or  weak  feet. 
Thus,  the  systematic  treatment  of  any  form  of  pos- 
tural weakness  in  childhood  must  often  include  the 
treatment  of  the  feet  as  well. 

Recapitulation. — The  disability  and  deformity  of 
the  weak  or  so-called  flat  foot  are  caused  by  dispro- 
portion between  the  strength  of  the  foot  and  the  weight 
and  strain  to  which  it  is  subjected. 

The  foot  may  be  weakened  by  injury  or  disease; 
it  may  be  overburdened  by  the  body  weight,  or 
overstrained  by  laborious  occupation,  or  the  broken- 
down  foot  may  be  simply  one  indication  of  general 
bodily  weakness.  It  is  unnecessary  to  enumerate 
all  the  various  factors  that  singly  or  combined  lead 
to  this  disability. 

It  may  be  stated,  however,  that  the  painful  weak 
foot  as  seen  in  adult  life  is  in  man\-,  or  most,  instances 
the  only  evidence  of  weakness.  The  most  constant 
of  the  predisposing  causes  are  improper  shoes,  and  the 
mechanical  disadvantage  to  which  the  foot  is  subjected 
by  the  assumption  of  improper  attitudes. 

.A.11  weak  or  flat  feet  ai-e  mechanically  weak,  but  all 
weak  feet  are  by  no  means  painful  feet.     Pain,  the 

468 


symptom  of  overstrain  or  injury,   bears  no  definite 
relation  to  the  degree  of  deformity. 

In  certain  instances,  exaggeration  of  the  arch  may  be 
combined  with  persistent  abduction  of  the  foot; 
in  others,  the  flattening  of  the  arch  may  be  the  most 
noticeable  deformity,  but  in  most  cases,  the  two  are 
combined  in  varying  degree.  And  as  each  deformity 
is  an  evidence  of  weakness,  it  seems  hardly  necessary 
to  made  a  radical  distinction  between  the  two. 

Treatment. — The  principles  of  the  treatment  which 
leads  to  the  permanent  cure  of  the  weak  foot  are  very 
simple,  l>ut  their  application  varies  somewhat  accord- 
ing to  the  grade  and  duration  of  the  disability.  The 
object  of  treatment  is  so  to  change  the  weak  foot  that 
it  may  conform,  not  only  in  contour  but  in  habitual 
attitvides  and  in  power  of  voluntary  motion,  to  those 
of  the  normal  foot,  because  cure  is  impossiVjle  until 
function  is  regained.  The  first  step  must  be,  there- 
fore, to  make  passive  motion  free  and  painless  to  the 
normal  limit.  In  other  words,  the  obstructions  to  the 
motion  of  the  machine  must  be  removed  before  the 
power  can  be  properly  applied;  for  normal  function 
is  manifestly  impossible,  while  motion  is  restrained  bj^ 
deformity  orpain  or  by  adhesions  or  contractions. 

The  weak  foot,  because  of  inefficient  muscles  unable 
to  hold  itself  in  proper  position,  must  be  supported,  in 
many  instances,  until 
regenerative  changes 
have  taken  place  in  its 
structure.  Such  support 
is  necessary  to  retain  the 
joints  in  proper  position, 
and  to  hold  the  w-eight 
and  strain  in  normal 
relation  to  the  foot. 
When  these  essentials 
are  provided,  the  patient 
may  cure  himself  Ijy  the 
proper  functional  use  of 
the  foot,  and  by  the 
avoidance  of  attitudes 
that  place  it  at  a  disad- 
vantage. 

It  may  be  well  to  de- 
scribe first  the  treatment 
that  must  be  applied  to 
all  classes  of  weak  foot 
in  which  a  cure  is  to  be 
attempted,  and  which 
by  itself  is  sufficient  in 
the  milder  types,  before 
calling  attention  to  the 
modifications  that  may 
be  necessary  in  special 
cases. 

The  Shoe. — In  practi- 
cally all  cases  it  will  be 
necessary  to  provide  the 
patient  with  a  proper 
shoe,  for  the  shoe  is 
usually  the  direct  cause 
of  the  minor  deform- 
ities, and  the  indirect 
cause,  in  many  instances, 
of  more  serious  disabil- 
ity. Indeed  most  of  the 
deformities  and  disabil- 
ities of  the  foot  are  incidental  to  civilization  and  are 
confined  to  the  shoe-wearing  people. 

The  direct  effect  of  the  ordinary  shoe  is  to  lessen 
the  size  and  balancing  power  of  the  fulcrum  by  cramp- 
ing the  toes  together  while  the  high  heel  throws  more 
strain  upon  the  arch  and  the  ankle.  Indirectly  it 
causes  deformities,  corns,  bunions,  and  the  like,  which 
make  active  movement  or  leverage  painful,  and  induce 
the  habitual  assumption  of  the  passive  attitude  which 
predisposes  to  deformity. 

The  proper  shoe  should  contain   sufficient  space  for 


Fig.  2432.— The  Proper  Relation 
of  the  Sole  to  the  Shape  of  the 
Foot.  A,  Outline  of  solo:  B.  out- 
line of  foot;  C,  imprint  of  foot. 
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the  independent  movements  of  the  toes.  This  motion 
is  illustrated  in  the  walk  of  the  barefoot  child.  As  the 
weight  falls  on  the  foot  the  toes  expand,  and  as  the 
body  is  raised  on  the  foot  they  contract.  The  impor- 
tant leverage  action  of  the  great  toe  and  the  support 
afforded  by  it  to  the  arch  of  the  foot  have  already  been 
mentioned.  The  shape  of  the  sole  should  correspond 
to  the  shape  of  the  undistorted  foot.  The  heel  should 
be  broad  and  low  and  the  shank  narrow  and  flexible. 

The  prevention  of  distorted  toes  and  the  discomforts 
that  result  from  the  abuse  of  the  foot  is  of  great  impor- 
tance in  childhood,  but,  unfortunately,  little  children 
are  often  seen  wearing  shoes  of  the  shape  usually 
assumed  at  years  of  discretion.  In  this  regard, 
girls  suffer  more  than  boys,  as  women  do  more  than 
men.  The  girl  who  may  have  worn  comparatively 
harmless  shoes  until  the  age  of  ten  years  or  there- 
abouts, changes  suddenly  to  the  high  heel  and  narrow 
sole  and  the  process  of  distortion  begins,  the  character 
of  distortion  and  the  degree  of  discomfort  depending 
on  the  amount  of  work  required  of  the  foot.  Shoes 
without  heels  should  be  worn  as  long  as  possible  by 
children  because  of  the  greater  stability  and  because 
the  high  heels  limits  the  necessity  for,  and  therefore 
the  use  of,  the  entire  range  of  motion  of  the  foot  and 
ankle.  These  shoes  should  however  conform  to  the 
shape  of  the  foot  in  the  manner  described. 

A  simple  expedient  in  the  treatment  of  the  weak  foot 
and  an  aid  in  balancing  it  properly,  is  to  make  the 
inner  border  of  the  sole  and  heel  of  the  shoe  slightly 
thicker  in  order  to  throw  the  weight  toward  the  outer 
side  of  the  foot.  This  is  of  especial  importance  in  the 
treatment  of  the  slighter  degrees  of  what  is  known  as 
weak  ankle,  but  it  is  always  of  service  in  the  treatment 
of  any  grade  of  weak  foot. 

Attitudes. — When  the  patient  is  pro-i-ided  with  a 
proper  shoe,  his  attention  is  called  to  the  attitudes  that 


Fio.  2433. 


-The  Internal  Border  of  the  Shoe  Elevated  .Vccording 
to  Thomas'  Method. 


protect  the  foot  from  strain.  He  should  endeavor  to 
hold  the  feet  nearly  parallel  to  one  another  in  walking 
and  to  throw  the  weight  as  far  as  possible  on  the  outer 
border  of  the  sole  of  the  shoe.  The  significance  of  the 
bulging  on  the  inner  side  of  the  foot  is  pointed  out  to 
him  and  how  this  may  be  prevented  by  voluntarily 
inclining  the  weight  to  the  outer  side  of  the  foot  and  by 
aiding  the  arch  by  the  power  of  the  great  toe. 

The  importance  of  leverage  is  explained.     He  is 
told  that  he  must  try  to  press  down  the  sole  of  the 


shoe  with  his  toes  and  employ  the  active  lift  of  the 
calf  muscles  l>y  fully  e.xtending  the  leg  and  raising  tlie 
body  on  the  foot  from  time  to  time.  Finally,  he  uiust 
avoid  especially  the  pas.sive  posture  which  sirnulateif 
the  attitude  and  deformity  of  flat  foot  by  inclining  the 
weight  toward  the  outer  border  of  the  foot  in  standing. 
In  short,  lie  must  be  instructed  in  the  mechanics  of 
the  foot  and  taught  how  the  weak  foot  may  b6  pro- 
tected and  strengthened. 


Fig.  2434. 


—Illustrating  Voluntary  Protection  of  the   Foot  from 
Overstrain.       (Compare  with  Fig.  2427.) 


Exercises. — Voluntary  exercise  should  be  devoted 
to  strengthening  the  adductors  and  plantar  flexors; 
thus  the  foot  should  be  extended,  adducted,  and 
supinated  over  and  over  again  at  every  opportunity. 
Tip-toe  exercises  are  particularly  useful.  The  patient 
holding  the  feet  parallel  to  one  another,  or  Ixjtter  in 
inward  rotation,  raises  the  body  on  the  toes  from 
twenty  to  one  hundred  times,  the  limbs  being  fully 
extended  at  the  knees,  resting  in  the  intervals  on  the 
outer  border  of  the  feet.  The  best  of  all  exercises  is, 
however,  the  proper  walk,  in  which  at  each  step  the 
leverage  power  of  the  foot  is  employed  and  in  which 
it  passes  through  the  proper  alternation  of  postures. 

Treatment  by  massage  and  special  g>-mnastic  exer- 
cises is,  of  course,  of  benefit,  if  the  patient  can  com- 
mand it,  although  by  no  means  e.s.sential  to  the  cure. 

Support. — In  many  instances  the  simple  treatment 
that  has  been  outlined  is  all  that  is  required  and  the 
symptoms  of  tire  and  strain  are  tjuickly  relieved.  In 
the  more  advanced  type  of  disability  the  patient  is  not 
able  to  prevent  deformity  voluntarily;  consequently  a 
support  is  necessary  to  hold  the  foot  in  proper  position 
and  to  relieve  discomfort.  It  is  usually  necessary  in 
the  treatment  of  the  weak  and  flat  foot  of  childhood, 
because  one  cannot  command  the  aid  of  the  patient. 

A  support  for  the  weak  foot  should  be  adapted  to 
the  nature  of  the  deformity.  The  deformity  is  not  a 
direct  breaking  down  of  the  arch,  as  is  usually  taught, 
but  a  lateral  deviation  and  secondary  depression. 
Consequently  the  support  should  be  primarily  lateral 
and  it  should  not  interfere  with  normal  function  upon 
which  cure  depends. 
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The  supports  that  are  ordinarily  employed  do  not 
fultil  the  conditions;  the  pads  and  springs  .placed  be- 
neath the  arch  are  intended  to  support  it  by  direct 
pressure  without  regard  to  the  lateral  distortion;  the}- 
are  usually  ill-fitting  and  are  often  of  such  length  and 
shape  as  to  splint  the  foot  and  thus  prevent  its  motion. 
Leg  braces  which  more  directly  control  the  valgus  do 
not  often  hold  the  foot  accurately,  and  their  weight 
and  unsightliness  are  fatal  objections  to  their  use  in  the 
early  cases,  in  which  prevention  of  subsequent  de- 
formity is  of  such  importance. 

A  brace  should  never  be  applied  to  a  deformed  and 
rigid  foot  because  it  is  not  able  to  shape  itself  to  the 
support;  the  spasm  and  rigidity  must  first  be  relieved 
by  preliminary  treatment,  as  will  presently  be 
described. 

The  Conslruction  of  the  Brace. — The  first  essential  is 
a  plaster  cast  of  the  foot,  taken  in  the  attitude  in 
which  one  wishes  to  support  it.  Such  a  model  may 
be  easily  and  quickly  made  in  the  following  manner: 

The  Plaster  Cast.— Soa,t  the  patient  in  a  chair;  in 
front  of  him  place  another  chair  of  equal  height;  on  it 
lay  a  thick  pad  of  cotton  batting  and  cover  it  with  a 


Fig.  2435. — The  Steel  Brace  Seen  from  Various  Aspects. 

square  of  cotton  cloth.  Put  about  a  (|uart  of  cold 
water  into  a  basin  and  sprinkle  plaster  of  Paris  on  the 
surface  until  it  does  not  readily  sink  to  the  bottom; 
then  stir.  When  the  mixture  is  of  the  consistence  of 
very  thick  cream  pour  it  upon  the  cloth.  The  patient's 
knee  is  then  flexed  and  the  outer  side  of  the  foot, 
previously  powdered  lightl.y,  is  allowed  to  sink  into 
the  plaster,  and  the  borders  of  the  cloth  being  raised 
the  plaster  is  pressed  against  the  foot  until  rather 
more  than  half  is  covered.  The  foot  should  be  slightly 
plantar  flexed  to  correspond  to  its  attitude  in  the  shoe 
and  the  sole  should  be  in  the  plane  perpendicular  to 
the  seat  of  the  chair.  As  soon  as  the  plaster  is  hard, 
its  upper  surface  is  dusted  with  talcum  powder  and 
the  remainder  of  the  foot  is  covered  with  plaster;  the 
two  halves  are  then  removed,  rubbed  with  talcum,  and 
bandaged  together.  The  mould  is  then  filled  with 
the  plaster  cream.  In  a  few  moments  the  pla.ster 
shell  may  be  removed  and  one  has  a  reproduction  of 
the  foot,  which,  when  properly  made,  should  stand 
upright  without  inclination  to  one  side  or  the  other. 
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In  most  instances  it  will  be  of  advantage  to  deepen 
in  the  plaster  model  the  inner  and  outer  segments  of 
the  arch,  especially  at  the  heel  in  order  to  restore  the 
normal  contour  and  usually  a  little  plaster  is  added 
to  the  outer  border  which  may  have  been  flattened 
by  pressure. 

The  Brace. — Upon  the  model,  the  outline  of  the 
lirace  is  drawn  as  illustrated  in  the  diagrams.  The 
best  sheet  steel,  eighteen  to  twenty  gauge,  cut  after 


Fig.  2436. — Showing  the  External  Arm  of  the  Brace  as 
.\pplied  to  the  Foot. 

the  pattern  is  moulded  upon  it  and  tempered,  so  that, 
as  it  is  applied  for  the  purpose  of  preventing  deformity, 
it  may  be  practicall.v  unyielding  to  the  weight  of  the 
body.  It  is  then  polished  and  galvanized  to  prevent 
rusting. 

It  will  be  noted  that  the  brace  cla.sps  the  weak  part 
of  the  foot  and  holds  it  well  together;  the  broad  in- 
ternal upright  portion  covers  and  protects  the  astrag- 
aloscaphoid  jvmction,  rising  well  above  it.  The 
external  arm  covers  the  calcaneo-cuboid  junction  and 
the  outer  aspect  of  the  foot  to  a  height  sufficient  to 
hold  the  foot  .securely.  The  sole  part  provides  a  firm, 
comfortable  support,  which  does  not  press  upon  the 
sole  because  the  foot  is  inclined  toward  the  outer 
border  and  liecau.se  the  lateral  restraint  prevents  the 
sinking  of  the  arch.  Finally  as  the  brace  extends 
only  from  the  center  of  the  heel  to  a  point  just  behind 
the  metatarsophalangeal  joint  of  the  great  toe,  it 
does  not  restrain  the  normal  motions  of  the  foot. 

As  it  is  fitted  to  the  foot  it  finds  and  holds  its  own 
place  in  the  shoe,  so  that  no  attachment  is  required; 
thus  it  may  be  changed  from  one  shoe  to  another. 
Not  only  does  it  hold  the  foot  laterally  and  from 
beneath,  but  there  is  an  element  of  sugge.stiveness  in 
the  slight  leverage  action  which  is  very  important. 


Fig.  2437. — Showing  the  Sole  of  the  Braces  as  Applied 
to  the  Foot. 

The  patient,  instructed  to  throw  his  weight  upon  the 
outer  side  of  the  foot  and  wearing  a  shoe  which  has 
been  tilted  in  the  same  direction  by  thickening  the 
inner  border  of  the  sole  and  heel,  presses  down  the 
external  arm  and  thus  lifts  the  internal  flange  against 
the  inner  side  of  the  foot,  which  is  instinctively  drawn 
away  from  the  pressure  and  thus  toward  the  normal 
contour.  Thus  he  no  longer  rotates  the  limbs  out- 
ward, everts  the  feet  in  walking,  or  assumes  the  passive 
attitude  in  standing  because  of  the  suggestive  lateral 
pressure   of   the   support.     This   brace   is   therefore, 
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when  properly  adjusted,  a  positive  aid  in  tlie  physio- 
logical cure  as  contrasted  with  the  negative  action  of 
the  ordinary  sole  plate. 

The  shape  of  the  brace,  in  general  like  that  of  the 
diagram,  may  be  modified  in  certain  cases;  for 
instance,  the  entire  internal  aspect  of  the  foot  may 
be  weak  as,  for  example,  in  those  exceptional  cases  in 
which  the  greatest  deformity  is  in  front  of  the  astrag- 
aloscaphoid  articulation  and  must  be  covered  by  the 
internal  flange.  In  very  heavy  subjects  the  sole  por- 
tion must  be  made  wider  and  if  metatarsal  support  is 
required  it  must  be  extended  forward  beneath  the 


Fig.  213S. — Wide  Supports  for  ^'ery  Heavy  Persons. 

joints.  If  any  portion  of  the  rim  of  the  plate  causes 
discomfort,  as  shown  by  an  indentation  in  the  skin  the 
edge  may  be  turned  away  slightly  at  the  point  of  pres- 
sure by  a  wrench.  At  first  it  is  often  necessary  to 
remove  the  brace  at  intervals,  but  when  it  has  been 
adjusted  and  after  the  patient  has  become  accustomed 
to  the  new  postures  and  attitudes  it  is  worn  constantly. 
It  is  usually  necessary  to  wear  it  for  from  three  months 
to  a  year  or  longer,  according  to  the  condition  of  the 
part  and  the  use  to  which  the  feet  are  put.  The 
brace,  properly  made  and  adjusted  under  the  proper 
conditions,  causes  no  more  pressure  or  discomfort 
than  a  well-made  shoe,  for  its  principle  is  quite 
different  from  that  of  ordinary  supports  that  are  in 
common  use,  to  which  this  objection  has  been  made. 
This  brace  supports  the  arch  primarily  by  preventing 
abduction,  consequently  its  pressure  is  first  felt  upon 
the  lateral  aspect  of  the  foot,  a  pressure  that  the 
patient  can  relieve  by  improving  the  attitude.  The 
brace  should  provide  support  when  necessary,  and  at 
all  times  suggest  and  enforce  a  proper  attitude;  it  is, 
however,  but  one  of  the  essential  factors  in  the  general 
scheme  of  treatment. 

In  the  treatment  of  children,  passive  movements  of 
the  foot  should  be  carried  out  in  all  directions,  but 
particularly  in  dorsal  flexion  and  adduction  to  the 
full  limit,  at  morning  and  at  night,  until  the  child  has 
regained  the  normal  muscular  power  and  ability. 
Special  gymnastics  and  massage  are  always  desirable 
and  they  may  be  necessary  in  certain  cases.  Bicycling 
may  Ije  cited  as  one  of  tlie  best,  and  roller  skating  as 
one  of  the  worst,  exercises  for  the  weak  foot.  A  year 
is  about  the  time  required  for  the  cure  of  the  ordinary 
type  of  weak  foot  in  childhood,  although  attention  to 
the  shoes  and  the  attitudes  must  be  kept  up  in- 
definitely. 

The  Rigid  We-^^jc  Foot. — One  may  now  contrast 
with  these  mild  types  of  weakness  that  have  been 
described,  those  cases  of  extreme  deformity  in  which 
the  symptoms  are  disabling  and  in  which  the  foot  is 


rigidly  held  in  the  deformed  position  by  muscular 
spasm.  Such  cases,  often  considered  hopeless  as 
regards  a  cure  or  even  relief,  are  in  reality  the  most 
satisfactory  from  the  remedial  standpoint,  and  in  no 
other  type  of  painful  deformity  can  so  much  \>e  accom- 
plished by  rational  treatment  as  in  this  ela.ss.  The 
deformity  must  be  considered  as  a  dislocation,  in 
which  the  astragalus  has  slipped  downward  and  inward 
from  off  the  os  calcis,  which  in  turn  is  tipped  downward 
and  inward  and  into  a  position  of  valgus.  The 
remainder  of  the  foot  Ls  turned  outward,  so  that  the 
relation  of  the  fore  foot  and  the  leg  is  entirely  changed ; 
in  fact  the  fore  foot  is  almost  entirely  disased. 

Corresponding  to  the  duration  of  the  disability,  one 
finds  the  accommodative  changes  in  the  soft  parts  and 
in  the  bones,  but  such  changes  are  by  no  means  a-s 
marked  as  those  recorded  in  the  reports  of  autop.'^ies 
which  have  been  made  in  cases  of  advanced  and  irreme- 
diable deformity.  In  fact,  by  far  the  greater  number 
of  patients  are  young  adults  in  whom  the  extreme 
deformity  is  of  comparatively  short  duration,  and  in 
whom  complete  cure  is  possible. 

In  the  treatment  of  such  a  condition,  one  must  first 
reduce  the  dislocation  and  overcome  the  obstacles  that 
contracted  muscles  and  ligaments  may  offer  to  free 
and  normal  motion.  Then  rest  must  lie  assured  to 
the  injured  and  conge.sted  parts  in  order  to  relieve 
the  patient  from  the  pain  that  he  has  suffered  so  long. 

Forcible  Overcorrection. — By  far  the  most  effective 
treatment  is  forcible  overcorrection  of  the  deformity, 
under  anesthesia.  When  the  patient  is  under  the 
influence  of  the  anesthetic  the  muscular  spasm  relaxes, 
and  it  will  be  seen  that  this  accounts  for  about  half  the 
restriction  of  motion,  the  remainder  being  caused  by 
the  adaptive  changes  that  have  been  mentioned.  One 
now  endeavors  to  overcome  this  re.sidual  obstruction 
and  to  assure  the  patient  against  a  relapse,  by  fixing 
the  foot  in  the  position  of  extreme  adduction  and 
inversion,  the  attitude  directly  opposed  to  that  which 
has  become  habitual. 

This  is  the  object  of  forcible  overcorrection  as  the 
first  step  in  the  systematic  repair  of  the  disabled  mech- 
anism. Its  principle  must  not  be  confounded  with 
forcible  correction  carried  out  with  the  object  of  sim- 
ply remoulding  the  arch  of  the  foot,  or  in  which  the 
simple  correction  of  the  deformity  is  the  object  in 
view. 

One  first  extends  the  foot  forcibly,  then  flexes  it  to 
the  normal  limit,  then  abducts  and  adducts,  the  differ- 
ent motions  being  carried  out  over  and  over,  until  the 
rigid  foot  has  become  perfectly  flexible.  In  cases  of 
long  standing  it  is  often  necessary  to  draw  the  patient 
to  the  end  of  the  table  so  that  the  foot  may  be  taken 
between  the  knees,  in  order  to  supply  the  required 
force  by  the  thigh  muscles.  This  forcible  manipula- 
tion is  accompanied  by  the  audil)le  breaking  of  adhe- 
sions, and  the  complete  disappearance  of  the  deform- 
ity. In  certain  instances  it  will  Ije  necessary  to  divide 
tlie  tendo  .A.chillis;  when,  for  example,  the  range  of 
dorsal  flexion  is  limited  by  resLstant  accommodative 
shortening  of  the  calf  muscles,  or  when  because  of 
great  pain  and  sensitiveness  at  the  niediotarsal  joint, 
it  is  desired  to  remove  the  strain  of  the  calf  muscle 
completely;  traumatic  cases  come  especially  under 
this  head.  In  other  cases  the  peronei  tendons  may  be 
divided  if  they  offer  especial  resistance  to  adduction. 
Tenotomy  has  one  great  advantage:  it  necessitates 
longer  fixation  in  the  plaster  bandage,  and  gives  the 
patient  the  benefit  of  rest  and  the  opportunity  for 
prolonged  after-treatment.  When  the  passive  range 
of  motion  has  been  regained,  the  foot  is  turned  down- 
ward, then  inward  and  upward  into  the  position  of 
extreme  varus.  By  this  manipulation  the  os  calcis  is 
drawn  under  the  astragalus  and  thrown  into  the  supi- 
nated  position,  and  tlie  scaphoid  is  flexed  about  and 
under  the  head  of  the  astragalus,  which  is  then  lifted 
to  the  limit  of  normal  flexion.  The  attempt  is  always 
made  to  bring  the  extreme  outer  border  of  the  inverted 
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foot  up  to  a  right  angle  with  the  leg,  which  is  the  limit 
of  normal  flexion  in  this  attitude.  The  foot,  thickly 
padded  with  cotton,  especially  about  and  between  the 
toes,  is  then  fixed  in  this  position  by  a  firm  plaster-of- 
Paris  bandage  extending  to  the  knee.  Surprisingly 
little  discomfort,  considering  the  force  that  it  is 
sometimes  necessary  to  apph',  is  experienced  after 
the  opejation.  The  familiar  and  often  intense  pain, 
from  which  the  patient  has  suffered  so  long  is  entirely 
relieved  by  the  correction  of  the  deformity;  there  is 
of  course  a  sen.se  of  tension  about  the  outer  side  of  the 
ankle  and  dorsum  of  the  foot,  but  this  is  not,  as  a  rule, 
of  long  duration. 

Functional  Use  in  the  Overcorrected  Attitude. — As 
soon  as  possible,  often  on  the  following  day,  the 
patient  is  encouraged  to  stand  and  to  walk.  Walking 
serves  two  purposes:  to  still  further  overcorrect  the 
deformity,  and  to  accustom  the  patient  to  a  posture 
entirely  different  from  that  so  long  assumed.  Mean- 
time the  contracted  tissues  on  the  outer  side  become 
thoroughly  overstretched,  the  weakened  ligaments 
and  muscles  on  the  inner  side  are  relaxed,  and  the 
local  irritation  rapidly  subsides  under  the  rest  from 
the  constant  injury  to  which  the  foot  has  been  sub- 
jected. The  patient  is  not  confined  to  the  bed  or 
house,  although  if  both  feet  are  in  plaster  supports, 
crutches  are  of  course  necessary.  The  time  that  the 
feet  should  remain  in  the  overcorrected  position 
depends  upon  the  duration  of  the  deformity  and  the 
severity  of  the  symptoms,  the  usual  time  being  two 


Fig.  2439. — Illustrating  Forcible  Correction  of  the  Deformed 
Foot.  C  Mediotarsal  joint;  .4,  the  scaphoid  bone;  B,  the 
internal  malleolus. 

weeks  to  a  month  or  more.  When  the  patient  can 
use  the  foot  without  discomfort  the  plaster  support  is 
removed;  the  foot  is  placed  in  the  normal  attitude 
and  a  cast  is  taken  for  the  brace.  Immediately  after 
the  foot  is  returned  to  the  former  position,  and  the 
plaster  bandage  is  reapplied.  When  the  brace  is 
ready  this  is  finally  removed;  the  fcot  is  now  in  good 
position,  and  in  many  instances  the  arch  is  exaggerated 
in  depth.  For  the  first  few  days,  prolonged  soaking 
in  hot  water  or  the  use  of  the  hot-air  bath,  with  subse- 
quent massage,  at  intervals  during  the  day,  will  be 
found  useful  in  overcoming  the  swelling  and  local 
tenderness  that  may  persist.  It  is  always  insisted 
that  a  new  shoe  of  the  proper  shape  shall  be  obtained, 
the  sole  and  heel  of  which  are  raised  a  quarter  of  an 
inch  on  the  inner  border,  to  aid  the  action  of  the  brace 
in  the  balancing  of  the  weak  foot.  When  the  shoe  is 
removed  at  night,  the  patient  is  instructed  to  invert 
the  foot  until  it  has  regained  its  strength;  in  other 
words,  the  deformity  is  never  allowed  to  recur. 

Systematic  Manipulation. — The  systematic  treat- 
ment is  then  begun  by  the  surgeon  and  the  patient, 
the  first  essential  being  the  attainment  of  free  and 
painless  passive  motion  in  all  directions.  These 
motions,  which  have  been  so  long  restrained  by  de- 
formity, cannot  be  regained  without  effort,  and  during 
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this  critical  stage  treatment  must  be  carried  out  by 
the  surgeon  himself;  if  he  trusts  to  the  patient  or  to 
his  friends,  a  cure  is  out  of  the  question.  At  lea.st 
once  a  day  the  full  range  of  motion  is  tested.  Three 
motions,  abduction,  flexion,  and  extension,  are  usually 
free  and  painless;  but  the  fourth,  that  of  adduction, 
is  almost  invariably  resisted  b.v  the  same  quality  of 
muscular  rigidity  that  was  pre.sent  before  the  opera- 
tion. By  far  the  most  effective  method  of  overcoming 
this  resistance  is  conducted  as  follows.  The  patient 
being  seated  in  a  chair,  the  surgeon  sits  or  stands 
before  him.  Let  us  suppose  that  the  left  foot  is  to  be 
adducted,  or,  as  the  patients  express  it,  twisted.  The 
surgeon  places  the  foot  between  his  knees;  his  left 
hand  encircles  the  heel,  the  fingers  grasping  the  pro- 
jecting oscalcis  and  tendo  Achillis;  the  ball  of  the 
palm  lies  against  the  mediotarsal  joint  on  the  inner 
aspect  of  the  foot;  the  right  hand  grasps  the  outer  .side 
of  the  fore  foot  and  toes;  then  by  steady  pressure  of 
the  thigh  muscles,  the  fore  foot  is  forced  downward 
and  inward  (adducted  and  supinated)  over  the  fulcrum 
formed  by  the  projecting  palm  which  lies  upon  the 
left  knee,  the  fingers  holding  the  heel  .steadily  in  place. 
This  inward  twisting  is  at  first  resisted  by  a  mixed 
voluntary  and  involuntary  muscular  spasm,  which 
gradually  gives  way  under  .steady  pressure.  When  the 
limit  of  adduction  has  been  reached  the  foot  is  firmly 
held  until  all  pain  has  subsided.  Then  the  patient  is 
instructed  to  attempt  voluntary  movements  while 
the  foot  is  guided  by  the  hands;  in  other  words,  the 
patient  attempts  to  adduct  the  foot  while  the  surgeon 
supplies  the  power,  which,  in  all  cases  of  this  type, 
has  been  completely  lost.  In  most  instances  and 
especially  in  hospital  practice  the  deformity  is  re- 
strained in  part  by  the  application  of  adhesive  plaster 
strapping  applied  in  a  manner  presently  to  be  de- 
scribed. This  passive  manipulation  to  the  extreme 
limit  of  normal  adduction,  plantar  and  dorsal  flexion, 
is  continued  from  day  to  day  until  there  is  no  longer 
a  sensation  of  pain  or  tension;  for  as  long  as  there  is  the 
slightest  spasm  or  pain  on  passive  motion,  so  long  is  the 
nuiscular  control  limited,  cure  delayed,  and  relapse 
of  deformity  probable.  During  active  treatment  the 
patient,  by  the  use  of  massage,  active  and  passive 
motion,  is  constantly  working  to  one  end,  namely, 
to  regain  the  lost  power  of  voluntary  adduction. 

The  time  necessarj-  to  rest  the  feet,  to  overcome  the 
local  irritation  and  muscular  spasm,  to  regain,  in  part 
at  least,  the  range  of  passive  motion,  and  to  place  the 
patient  in  the  same  position  as  regards  a  cure  as  that 
of  the  milder  type  of  deformity,  is  from  three  to  six 
weeks.  L^sually  the  patients  are  told  that  a  month 
will  be  necessary,  and  that  at  the  end  of  that  time 
they  may  return  to  work,  free  from  pain  and  from 
danger  of  relapse,  and  that  the  feet  will  constantly 
grow  stronger  under  the  work  which  before  was  too 
great  for  their  strength.  The  time  necessary  to  re- 
educate the  adductor  muscles  in  their  proper  function 
depends,  in  great  degree,  upon  the  intelligence  and 
persistence  of  the  patient.  Although  in  after-treat- 
ment massage  and  special  exercises  are  of  benefit,  the 
essentials  are  very  simple;  they  are,  an  effective  brace, 
a  proper  shoe,  and  the  passive  manipulation  that  has 
been  described,  until  its  object  has  been  attained; 
the  proper  walk,  the  best  and  easiest  of  exerci.ses;  and 
finally,  one  must  force  into  the  patient's  understand- 
ing the  method  of  protecting  the  weak  foot  by  the 
alternation  of  strain  and  by  the  proper  postures. 

• 

Other  V.\RrETiES  of  RiGro  We.\k  Foot. — The  foot 
which  is  fixed  in  the  abducted  position  without  depres- 
sion of  the  longitudinal  arch,  is  simply  one  variety  of 
the  rigid  weak  foot,  and  should  be  treated  in  the  same 
manner. 

It  may  be  stated  also  that  a  very  large  proportion 
of  the  so-called  chronic  sprains  of  the  ankle  are  of  this 
type,  and  that  the  disability  will  yield  very  readily  to 
treatment    conducted    for     the    purpose    of     restor- 
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ing  impaired  function,  in  the  manner  that  has  been 
indicated. 

There  are  other  cases  in  which  the  deformity  of  flat 
foot  is  a  complication  of  arthritis  deformans  or  chronic 
rheumatism  or  gout,  of  which  the  evidence  is  seen  in 
various  joints,  but  in  which  the  pain  and  discomfort 
seem  to  be  concentrated  in  the  feet,  which  are  stiff  and 
deformed.  In  such  cases  one  can  hardly  expect  com- 
plete relief,  but  although  the  function  of  leverage  may 
not  be  regained,  still  one  may  hope,  by  overcoming  the 
deformity,  to  hold  the  weight  of  the  body  in  its  proper 
relation  to  the  foot,  so  that  the  pain  of  a  progressive 
dislocation  may  not  be  added  to  the  pain  of  disease. 
In  a  number  of  instances,  forcible  correction  has  been 
employed  by  the  writer  in  eases  of  this  type,  and  in  all 
the  improvement  in  the  general  condition,  conse- 
quently in  the  resistance  to  the  disease,  after  the 
relief  of  the  local  pain  and  discomfort,  has  been  very 
great. 

Between  the  two  classes  of  cases,  the  mild  and  the 
severe,  one  finds  every  grade  of  deformity.  All  cases 
in  which  there  are  marked  muscular  spasm,  local 
tenderness,  and  swelling,  require  temporary  rest,  in 
many  instances  simply  rest  from  functional  use  com- 
bined with  massage;  in  others  rest  in  a  plaster  bandage 
in  the  adducted  position.  In  the  milder  and  ordinary 
class  of  cases,  the  use  of  a  brace  and  shoe  will  alone 
relieve  spasm  and  pain,  and  the  range  of  motion  can 
usually  be  regained  by  manipulation,  passive  motion, 
and  by  the  proper  use  of  the  foot. 

Occasionally,  even  in  childhood,  one  may  encounter 
marked  limitation  of  normal  motion,  particularly  in 
dorsal  flexion,  not  due  to  pain  and  muscular  spasm  but 
to  actual  shortening  of  muscle.  This  may  be  the 
accommodative  shortening  that  is  characteristic  of 
long-standing  deformity;  in  other  instances  it  would 
appear  to  be  the  result  of  a  slight  and  unnoticed  neu- 
ritis or  anterior  poliomyelitis,  which  has  resulted  in 
muscular  inequality.  If  the  contraction  does  not 
yield  readily  to  manipulation  or  to  mechanical  stretch- 
ing, forcible  correction,  and  if  necessary  tenotomy, 
should  be  employed  in  the  manner  already  described; 
for  whatever  may  be  the  theory  of  its  causation,  it  is 
again  emphasized  that  obstruction  to  motion  in  any 
direction  must  be  overcome  before  a  complete  cure  is 
possible. 

Adjuncts  in  Treatment. — It  must  be  apparent  that  in 
many  instances  the  cure  of  the  weak  foot  is  out  of  the 
question,  either  because  of  the  want  of  energy  or 
opportunity  on  the  part  of  the  patient,  or  because  of 
the  local  or  general  conditions,  types  familiar  in  out- 
patient practice.  In  such  cases,  raising  and  strength- 
ening the  inner  side  of  the  shoe  by  the  wedge-shaped 
leather  sole,  as  used  by  Thomas,  splints  the  painful 
foot  and  aids  in  relie\'ing  the  strain.  If  the  syinptoms 
are  more  acute  the  adhesive  plaster  strapping  is  often 
of  service,  although  it  is  applied  in  a  different  manner, 
and  with  a  somew^hat  different  object  in  view._  One 
end  of  a  strip  of  adhesive  plaster,  about  fifteen  inches 
long  and  three  inches  wide,  is  applied  to  the  outer  side 
of  the  ankle  just  below  the  external  malleolus;  the 
foot  is  then  adducted  as  far  as  possible  and  the  band 
is  drawn  tightly  beneath  the  sole  and  up  the  inner  side 
of  the  arch  and  leg,  and  is  stayed  in  this  position  by 
one  or  two  plaster  strips  about  the  calf.  Narrow  plas- 
ter straps  are  then  applied  about  the  arch  and  ankle, 
in  the  figure-of-eight  manner,  and  a  bandage  is  applied. 
The  object  of  the  dressing  is  to  aid  in  holding  the  foot 
in  the  proper  position  by  the  support  and  suggestive- 
ness  of  the  plaster,  andto  provide  the  firm  compres- 
sion about  the  arch  that  is  always  agreeable  to  the 
sufferer  from  weak  foot.  This  treatment  combined 
with  the  built-up  shoe,  and  with  the  corrective  manip- 
ulation that  has  been  described,  is  often  very  effective 
in  overcoming  the  acute  and  disabling  symptoms 
of  the  weak  and  injured  foot,  which  are,  as  has  been 
stated,  often  the  result  of  extra  strain  or  injury,  in 
other  words,  a  sprain  of  a  weak  foot.     Consequently 


when  these  symptoms  are  relieved,  the  patient,  who 
has  become  habituated  to  the  weakne.ss  and  deform- 
ity, considers  himself  cured. 

Opcralire  Trenlmcnt. — The  varioas  cutting  opera- 
tions for  the  relief  of  flat  foot  do  not  call  for^exteiided 
comment  and  they  are  employed  only  in"  cases  of 
extreme  and  resistant  deformity.  The  typical  oper- 
ation, the  removal  of  a  wedge  of  greater  or  lesser  extent 
from  the  astragaloscaphoid  region,  aims  at  removal  of 
deformity  simply;  fiinctional  cure  is  made  impos.sible 
by  the  destruction  of  the  mediotarsal  joint.  The  oper- 
ation of  advancement  of  the  posterior  extremity  of  the 
OS  calcis,  as  proposed  by  (ileich,  in  order  that  it  may  l>o 
placed  in  a  relation  to  the  leg  somewhat  like  that  of  a 
Pirogoff  amp\itation,  offers  little  hope  of  ultimate  cure, 
for  as  the  disability  is  not  due  to  primary  depression  of 
the  arch,  it  can  hardly  be  cured  by  exaggerating  its 
depth  in  this  manner.  The  mo.st  rational  of  the  oper- 
ations for  flat  foot  is  the  supramalleolar  osteotomy  of 
Trendelenburg,  in  which  the  bones  of  the  leg  are 
divided  al)ove  the  ankle,  and  the  distal  fragment  is 
turned  inward,  with  the  aim  of  directing  the  weight 
upon  the  outer  border  of  the  foot.  In  practice,  the  op- 
eration is  by  no  means  always  successful,  wliile  the 
bow-leg  deformity  that  results,  if  the  object  is  at- 
tained, is  an  unfortunate  accompaniment  of  the 
treatment. 

It  may  be  mentioned  in  this  connection  that  frac- 
ture at  the  ankle  joint,  followed  by  faulty  union  in  a 
position  of  valgus,  is  a  form  of  traumatic  flat  foot  that 
may  be  cured  by  this  operation.  In  estimating  values 
of  operative  treatment,  the  rest,  necessary  for  weeks  or 
months,  must  be  considered  as  explaining  in  |)art  the 
immediate  favorable  effect  of  whatever  procedure  is 
adopted. 

II.  The  Hollow  or  Contracted  Foot.  (Talipes 
cavus;  Talipes  plantaris.). — The  hollow  foot  in  which 
the  arch  is  exaggerated  may  be  considered  as  the  con- 
dition directly  opposed  to  the  flat  or  relaxed  foot  in 


Flu.  2140. — The    Contr.icteJ    Foot — An    KxaRKeralcJ    .\rch    and 
Slight  Limitation  of  Dorsal  Flexiuu. 

which  the  arch  is  lessened  or  lost.  In  the  latter 
instance  the  area  of  bearing  surface  is  increased 
while  in  the  hollow  foot  the  liearing  surface  is  dimin- 
ished and  the  imprint  of  the  sole  may  show  that  the 
entire  weight  is  borne  upon  the  heel  and  upon  the 
metatarsophalangeal  region. 

The  contracted  foot  may  be  divided  into  two  classes, 
the  simple  and  the  compound.     In  the  first  class  the 
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arch  alone  is  exaggerated,  "Talipes  arcuatus."  In 
the  second  there  is  a  limitation  of  the  range  of  dorsal 
flexion  at  the  ankle  joint  as  well,  "Talipes  plantaris." 
A  mild  form  of  this  type  was  originally  described  l)y 
Shaffer  under  the  title  of  "Non-Deforming  Clubfoot" 
(Medical  Record,  May  23,  1SS5). 

Etiology. — The  simple  hollow  or  high-arched  foot 
may  be  an  inherited  peculiarity.  It  may  be  induced 
by  the  habitual  use  of  high  heels  or  possil)ly  by  exces- 
sive exercise  of  the  calf  muscle  as  by  professional 
dancers. 

Those  cases  in  which  there  is  limitation  of  the  range 
of  dorsal  flexion  at  the  ankle  joint,  or  even  slight  per- 
sistent equinus,  may  be  congenital  also,  but  in  most 
instances  it  appears  to  be  a  remote  effect  of  a  tempor- 
ary weakness  of  the  dorsal  flexors  of  the  foot,  or  of 
restriction  of  dorsal  flexion  from  some  other  cause. 
This  supposition  is  supported  by  the  fact  that  the 
symptoms  may  date  from  a  period  of  weakness  and 
awkwardness  following  scarlet  fever,  rheumatism,  or 
other  infectious  disease  of  childhood,  symptoms 
attracting  little  attention  in  early  life,  but  becoming 
more  marked  in  adolescence  or  at  a  later  period.  _  In 
other  instances  the  cause  may  be  more  direct,  the  slight 
deformity  following  a  sprain  or  fracture,  or  it  may  be  a 
result  of  an  h.abitual  attitude,  as  in  patients  who  have 
been  treated  for  disease  of  the  hip  joint  by  the  trac- 
tion appliance. 

Sym-ptoms. — The  simple  contracted  foot  may  not 
cause  symptoms;  in  fact  it  often  pas.ses  as  a  particu- 
larly beautiful  member  rather  than  one  that  is 
deformed.  As  a  rule,  however,  the  patient  complains 
of  inability  to  buy  well-fitting  .shoes,  as  the  ordinary 
shoe  does  not  support  the  arch  while  the  upper  leather 
presses  uncomfortably  upon  the  prominent  dorsum. 
In  eases  of  this  type  there  may  be  actual  exostoses  on 
one  or  more  of  the  projecting  cuneiform  bones  of 
the  dorsum  surmounted  by  a  .sensitive  bursa. 

There  is  usually,  in  consequence  of  the  rigidity  of 
the  foot,  abnormal  pressure  upon  the  heel  and  fore 
foot,  and  sensitive  corns  or  callosities  at  the  latter 
point  are  often  found.  Pain  beneath  the  greiit  toe- 
joint  or  about  the  anterior  metatarsal  arch,  which  is 
often  depressed,  is  a  common  symptom,  and  as  a  rule 
patients  complain  of  discomfort  in  the  hollow  of  the 
foot  referred  to  the  tense  and  sensitive  plantar  fascia. 
The  gait  is  usually  luigraceful,  the  patient  everting 
the  feet  and  walking  heavily  upon  the  heels.  In 
many  instances  there  is  a  persistent  attitude  of  valgus, 
"weak  ankles,"  and  in  ca.ses  of  this  type  the  most 
troublesome  symptoms  may  be  those  characteristic 
of  the  weak  foot.  The  symptoms  described  are  usu- 
ally more  marked  in  the  compound  variety  of  the  con- 
tracted foot  than  in  the  simple  form. 

On  examination  the  nature  of  the  affection  is  usually 
apparent.  The  arch  is  exaggerated,  especially  on  the 
inner  border,  and  the  ten.se  contracted  bands  of  plan- 
tar fascia,  usually  very  .sensitive  to  pressure,  can  be 
demonstrated  when  the  foot  is  dorsiflexed.  In  many 
instances  there  is  an  obliteration  of  the  anterior 
metatarsal  arch,  the  normal  slight  concavity  being 
replaced  by  a  distinct  convexity,  and  at,  or  about,  the 
head  of  the  third  me<atarsal  bone  a  sensitive  callus 
is  usually  present.  The  toes  are  usually  contracted 
that  is  hvperextended  .at  the  metatarsophalangeal, 
and  flexed  at  the  first  phalangeal  articulations.  The 
prominence  of  the  dorsum  of  the  foot  corresponds  to 
the  depth  of  the  arch,  and  at  this  point,  as  has  been 
stated,  one  or  more  of  the  cuneiform  bones  may  pro- 
ject sharply  beneath  the  skin.  The  range  of  dorsal 
flexion  is  often  restricted  at  the  right  angle  with  the 
leg,  and  in  this  class  there  is  usually  habitu.al  dorsi- 
flexion  of  the  toes,  as  if  the  direct  result  of  the  action 
of  the  accessory  dorsal  flexors  of  the  foot. 

Treatment. — In  the  mild  cases  of  simi)le  hollow  foot 
the  symptoms  may  be  relieved  in  many  instances  by 
the  use  0 f  a  properly  fitted  shoe  with  a  high  "Spanish " 
arch. 
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If  the  symptoms  are  more  persistent,  a  metal  foot 
plate,  modelled  upon  a  plaster  cast  of  the  sole,  may  be 
employed,  the  object  of  the  brace  being  to  equalize  the 
pressure  on  the  sole,  to  remove  the  strain  upon  the 
sensitive  fascia,  and  to  lessen  the  pressure  on  the 
sensitive  points  of  the  anterior  metatarsal  arch.  If 
the  foot  is  habitually  u.sed  in  a  valgus  attitude,  the 
sole  and  heel  of  the  shoe  must  be  made  thicker  along 
the  inner  border  in  order  to  correct  the  inclination. 

In  addition  to  the  supporting  shoe  or  brace,  daily 
forcible  manipulation,  with  the  object  of  stretching 
out  the  foot  and  increasing  the  range  of  dorsal  flexion, 
if  this  be  limited,  and  of  re.storing  the  range  of  plantar 
flexion  of  the  toes,  is  of  service. 

If  the  deformity  is  well  marked  and  of  long  standing 
it  should  be  corrected  by  operative  means.  The 
patient  being  ane.sthetized  the  plantar  fascia  is  divided 
subcutaneously  and  the  exaggerated  arch  is  then 
reduced  to  the  normal  depth  by  forcible  manipulation 
with  the  hands,  or  by  the  use  of  the  Thomas  wrench. 
The  limitation  of  dorsal  flexion  is  overcome  by  stretch- 
ing or  if  necessary  by  tenotomy  of  the  tendo  Achillis. 
If,  as  in  the  more  extreme  ca.ses,  the  contraction  of 
the  toes  is  resistant,  the  deformity  is  overcome  by 
force  and  if  necessarv  the  extensor  tendons  are  divided. 
The  foot  is  then  placed  in  moderate  dorsal  flexion, 
the  metatarsal  arch  being  elevated  by  forced  plantar 
flexion  of  the  extended  toes  and  fixed  by  a  plaster 
support,  the  sole  part  being  thick  and  unyielding, 
and  the  foot  is  fixed  in  a  plaster  bandage  in  which  a 
thin  wooden  foot  plate  is  incorporated.  The  patient 
is  afterward  encouraged  to  walk  in  order  to  still 
further  flatten  the  yielding  sole  by  the  weight  of  the 
body.  A  metatarsal  foot  plate  is  afterward  applied 
and  combined  with  persistent  manual  stretching, 
voluntary  efforts  will  usually  restore  a  sufficient  range 
of  plantar  flexion  of  the  toes  to  overcome  the  deformity 
of  the  metatarsal  arch  by  flattening  the  sole  against 
the  resistant  sole  plate. 

III.  Plant.\r  Neuralgia. — Pain  referred  to  the  hol- 
low of  the  foot,  combined  with  sensitiveness  to  pres- 
sure on  the  plantar  fascia,  is  usually  symptomatic  of 
the  hollow  or  contracted  foot  in  which  the  fascia  is 
subjected  to  abnormal  tension.  Occasionally  it  is 
present  when  the  arch  is  weak  or  broken  down. 
Sensitiveness  of  the  fascia  and  pain  at  this  point  on 
standing  are  sometimes  present  in  feet  apparently 
normal.  These  symptoms  may  be  induced  by  injury 
or  by  irritation  or  inflammation  of  the  fascia,  appar- 
ently due  to  infection,  as  it  laay  follow  influenza, 
typhoid  fever,  and  the  like. 

Treatment. — If  the  foot  is  fairly  normal  in  appear- 
ance, or  if  .slight  weak  foot  is  pre.sent,  the  application 
of  a  well-fitting  shoe  may  relieve  the  symptoms.  In 
most  instances,  however,  a  properly  fitted  light  steel 
foot  plate  is  indicated,  in  order  that  the  weight  may 
be  distributed,  thus  relieving  the  fascia  from  strain. 
If  the  foot  is  markedly  contracted  the  fascia  may  be 
stretched  or  divided.     (See  Contracted  Foot.) 

IV.  Weakness  of  the  Anterior  Metatarsal  Arch. 
(Anterior  Metatarsalgia;  Morton's  Neuralgia.) — 
Pain  and  discomfort  referred  to  the  metatarso- 
phalangeal articul.ations  of  the  foot  are  symptoms 
that  may  be  explained  in  most  instances  by  weakness 
or  deformity  of  the  metatarsal  arch.  Normally  the 
anterior  extremities  of  the  metatarsal  bones,  althovigh 
each  bears  its  share  of  weight  when  pres,sure  is  put 
upon  the  foot  in  standing  and  walking,  form  an  arch 
when  the  foot  is  not  in  use,  the  second  and  third  bones 
being  on  a  somewhat  higher  level  than  the  others. 
In  other  words,  there  should  be  a  certain  resiliency 
of  this  part  of  the  foot  that  lessens  the  liability  to 
injvirious  pressure  or  strain.  In  many  instances  this 
resiliency  is  lost  and  one  finds  on  examining  the  sole 
of  the  foot  a  persistent  convexity  in  place  of  the  normal 
arch.  It  may  be  noted  in  this  connection  that  plantar 
flexion  of  the  toes  raises  the  heads  of  the  adjoining 
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metatarsal  bones  and  increases  the  metatarsal  arch. 
On  the  other  hand,  dorsiflexion  of  the  toes  lowers  the 
arch,  and  as  this  attitude  of  persistent  dorsifiexion  of 
the  first  phalanges  and  consequent  limitation  of 
plantar  flexion  is  one  of  the  common  effects  of  im- 
proper shoes,  one  recognizes  the  shoe  as  the  most  con- 
stant cause  of  weakness  and  of  depression  of  the  meta- 
tarsal arch. 

Another  type  of  weak  arch  is  that  in  which  there  is, 
in  consequence  of  weakness  and  flabbiness  of  tissue, 
an  abnormal  lateral  expansion  of  the  fore  foot.  Or 
again  there  may  be  apparenth-  a  local  weakness  of 
the  muscles  or  ligaments  of  one  of  the  component 
bones  of  the  arch  that  allows  it  to  assume  an  abnormal 
relation  to  its  fellows. 

Attention  was  first  called  to  pain  in  this  region  of 
the  foot  by  Dr.  T.  G.  Morton  of  Philadelphia,  in  1870, 
under  the  title  of  a  painful  affection  of  the  fourth 
metatarsophalangeal  articulation,  and  as  far  as  the 
symptoms  of  this  type  of  what  maj-  be  called  anterior 
metatarsalgia  is  concerned,  his  description  needs  but 
little  amendment.  Typical  cases  of  this  class  are 
characterized  by  a  sudden  cramp-like  pain  beneath 
the  fore  foot  in  the  neighborhood  of  the  fourth  toe. 
It  may  begin  as  a  burning  pain  beneath  the  toe  or 
isimply  as  a  sensation  of  discomfort  that  gradually 
ncreases  until  it  becomes  unbearable.  From  the 
point  of  greatest  discomfort  the  pain  often  radiates 
to  the  end  of  the  toe  or  up  the  dorsum  of  the  foot  to 
the  leg.  Except  in  extreme  cases,  the  pain  is  never 
felt  except  when  the  shoe  is  worn,  and  it  may  be  re- 
lieved usually  by  removing  the  shoe  and  rubbing  the 
foot.  This  need  is  so  urgent  that  the  removal  of  the 
shoe  is  one  of  the  most  distinctive  signs  of  the  affection. 
These  cramp-like  attacks  may  occur  only  at  infrequent 
intervals,  as  for  example  when  a  certain  shoe  is  worn, 
or  they  may  recur  so  frequently  as  practically  to  dis- 
able the  patient.  After  an  attack  of  cramp  the  part 
may  be  sensitive  for  a  time,  and  swelling  even  may 
appear,  if  it  has  been  severe  and  prolonged.  This  is, 
however,  rather  unusual.  The  affection  is  relatively 
more  common  among  women  than  among  men,  and 
among  the  well-to-do  rather  than  the  poorer  classes. 
It  is  not  infrequently  found  in  several  members  of  the 
same  family,  and  it  may  be  an  inherited  peculiarity. 
It  is  often  bilateral,  the  second  foot  becoming  affected 
usually  after  a  considerable  interval.  The  affection 
is  usually  chronic  in  character  and  not  infrequently 
the  patients  are  of  a  nervous  or  possibly  neurasthenic 
type. 

As  has  been  stated,  pam,  although  far  more  common 
at  the  fourth  articulation,  is  by  no  means  confined  to 
this  point.  In  some  instances  the  patient  is  unable 
to  localize  the  pain  accurately,  in  others  it  is  referred 
to  the  three  adjoining  toes,  second,  third,  and  fourth. 
In  certain  cases  the  greatest  complaint  is  of  sensitive- 
ness of  the  metatarsophalangeal  joints  to  pressure, 
either  direct  or  lateral.  This  complaint  is  more  com- 
mon when  the  arch  is  depressed  and  fixed  in  this  atti- 
tude corresponding  to  the  rigid  weak  foot.  In  other 
instances  a  painful  callus  beneath  the  second  or  third 
metatarsal  head  is  the  chief  source  of  discomfort. 

It  should  be  stated  that  typical  cases  of  Morton's 
neuralgia  may  be  present  although  the  foot  is  appar- 
ently normal  in  appearance. 

Etiology. — The  attacks  of  pain,  although  favored 
by  "hot  pavements,"  by  "the  sticking  of  a  -damp 
stocking  to  the  foot,"  by  thin  soles,  bj-  sudden  and 
unguarded  movements,  and  the  like,  are  practically 
always  induced  by  the  shoe,  and  it  may  be  assumed 
that  the  pressure  of  the  shoe  upon  a  weakened  and 
sensitive  part  induces  the  cramp.  The  influence  of 
the  shoe,  as  the  author  has  suggested  elsewhere 
(Medical  Record,  August  6,  1898)  may  be  explained 
as  follows.  Normally,  lateral  pressure  on  the  hand 
or  foot  compresses  it  and  increases  the  depth  of  the 
arch,  as  the  tight  glove  does  the  hand.  If,  how- 
ever,  this  increase   of  the   arch   is  prevented,   the 


adjoining  bones  cannot  escape  direct  lateral  pressure, 
a  pressure  that  then  Ijecomes  extremely  painful,  a.s 
one  may  demonstrate  upon  one's  .self  by  .squeezing  the 
hand  suddenly  while  the  metacarpal  bones  are  fixed 
in  the  same  plane;  or  if  one  finger  of  the  hand  be  dorsi- 
flexed  so  that  the  metacarpophalangeal  joint  is  forcefl 
below  the  level  of  its  fellows,  pain  on  lateral  pressure 
is  always  referred  to  this  point.  The  same  maneuver 
causes  pain  in  the  foot  at  the  corresponding  articula- 
tion. It  is  evident  also  that  in  the  foot  an  articula- 
tion that  is  depressed  habitually  will  be  constantly 
subjected  to  greater  weight,  or  direct  pressure  as  well, 
when  it  is  in  use. 

Of  all  the  causes  of  weakness  and  deformity  of  the 
anterior  part  of  the  foot  the  shoe  is  by  far  the  most 
important.  The  lateral  compression  of  the  narrow 
and  ill-shaped  sole  induces  distortion  of  the  toes  and 
atrophy  of  the  muscles  that  have  lost  their  function. 
Thus  the  fore  foot,  deprived  of  its  accessory  supports, 
is  subjected  to  abnormal  pre.ssure.  The  depression 
of  the  metatarsal  arch  is  induced  by  the  persi.stent 
dorsiflexion  of  the  toes  which  is  the  attitude  of  .shoe- 
wearing  people,  an  at  tiude  favored  by  direct  compres- 
sion by  the  rocker  shape  of  the  ordinary  shoe  and  by 
the  slight  depression  of  the  sole  beneath  its  center. 

In  the  depressed,  arch,  that  metatarsophalangeal 
joint  that  is  lowest  is  subjected  to  abnormal  pressure 
and  it  is  liable  to  lateral  compression  as  well,  the  lat- 
ter being  the  direct  cause  of  the  characteristic  cramp. 
The  fourth  articulation  is  that  most  liable  to  injury 
because  it  is  practically  the  outer  support  of  the  arch, 
as  the  fifth  joint  is  almost  always  on  a  higher  plane  or 
in  an  attitude  that  favors  injurious  pressure. 

This  may  be  readily  illu.strated  by  the  school  boy 
trick  of  suddenly  compressing  the  hand  when  the  fifth 
metacarpal  bone  is  above  the  level  of  the  fourth. 


Fi(i.  2441. — .\n  Attitude  of  the  H.-ind  in  which  Lateral  Pressure 
is  Painful. 

In  many  instances  of  Morton's  cramp  there  seems 
to  be  simply  a  laxity  of  tissues  that  allows  a  sudden 
displacement  downward  of  the  fourth  articulation  or 
elevation  of  the  fifth,  a  movement  as  of  something 
slipping  in  the  bone  which  is  followed  by  the  character- 
istic pain.  This  displacement  nuiy  be  induced  by  a 
misstep  or  by  overexertion  and  not  infrequently  the 
first  appearance"  of  the  affection  dates  from  a  sprain  or 
twist  of  the  foot,  or  is  induced  by  extreme  dorsiflexion 
of  the  toes.  It  may  be  stated  also  that  extreme  dorsi- 
flexion may  cause  a  subluxation  of  one  of  the  joints 
which  in  itself  may  be  the  cause  of  the  peculiar  pain. 
There  are,  of  course,  other  predisposing  or  exciting 
causes  of  this  pain  than  the  simple  local  causes  that 
have  been  mentioned:  for  example,  weakness  of  the 
longitudinal  arch,  the  hollow  foot,  in  which  the  plan- 
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Fig.  2442." 


-In  this  Attitude  of  the  Hand  Lateral  Pressure  Causes  Pain  at  the 
Depressed  Joint. 


tar  fascia  is  contracted:  gout,  rheumatism,  or  other 
local  or  constitutional  affection  that  may  make  the 
foot  abnormally  sensitive. 

Pathology. — It  would  appear,  as  has  been  stated, 
that  the  ordinary  cause  of  the  symptoms  is  pressure, 
which,  as  the  attacks  recur,  makes  the  articulation  in 
general  sensitive.  The  more  intense  pain  is  due 
apparently  to  injury  and  pressure  on  a  digital  nerve 
and  in  certain  instances  a  local  neuritis  may  be 
present.  Other  changes  in  and  about  the  joint  are 
usually  those  secondary  to  the  abnormal  position  of 
the  part. 

Treatment. — The  treatment  should  be  conducted 
with  the  aim  of  removing  the  direct  causes  of  the  dis- 
comfort and  of  restoring  the  normal  condition  of  the 
weakened  ]5art.  The  first  essential  is  therefore  to 
provide  the  patient  with  a  proper  shoe.  This  must 
correspond  with  the  outline  of  an  undistorted  foot; 
the  sole  should  be  thick  and  the  shank  should  be  arched 
to  give  proper  support  to  the  sole.  A  laced  shoe  that 
may  be  drawn  tight  about  the  arch  usually  adds  to 
the  comfort  of  the  patient.  The  sole  should  be  flat 
and  it  should  be  somewhat  thicker  in  the  center  so 
that  it  may  form  a  slight  convexity  beneath  the 
metatarsal  arch.  In  fact  the  object  of  mechanical 
treatment  is  to  support  this  anterior  arch  in  its  proper 
position.  For  this  reason  it  is  well  in  most  instances 
to  provide  the  patient  with  a  light  steel  sole  plate, 
fashioned  on  a  plaster  cast  of  the  sole  of  the  foot, 
of  which  the  longitudinal  and  anterior  arches  have 
been  somewhat  exaggerated.  This  plate,  as  is  shown 
in  the  diagram,  usually  extends  from  the  center  of 
the  heel  to  slightly  beyond  the  metatarsophalan- 
geal joints,  but  in  certain  instances  it  is  of  advan- 
tage to  extend  it  farther  forward  in  order  to  splint 
the  foot  and  prevent  dorsal  flexion  of  the  toes  if 
this  motion    induces    discomfort    or    if  the   part    is 
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especially  sensitive  and  if  the  longitudinal 
arch  is  weak  it  should  be  supported  by  a 
combination  brace  of  the  type  mentioned 
in  the  description  of  the  weak  foot.  As 
an  immediate  treatment  the  fore  foot  from 
the  tarsus  to  the  phalanges  may  be  bound 
by  strips  of  adhesive  plaster,  the  meta- 
tarsal region  being  compressed  somewhat 
as  a  tight  glove  compresses  the  hand;  the 
elevation  of  the  arch  ma^'  be  further 
assured  by  inserting  a  pad  of  felt  or 
leather  beneath  it.  This  is  a  very  effec- 
tive means  of  relieving  the  discomfort 
and  preventing  the  recurrent  cramp. 

In  acute  cases  or  when  the  part  is  very 
sensitive,  and  particularly  in  those  cases 
that  have  Resulted  directly  from  injury, 
a  plaster  bandage  may  be  ajiplied,  the 
foot  being  fixed  in  an  attitude  of  slight 
dorsiflexion  and  adduction.  The  metatar- 
sal arch  should  be  exaggerated  and  the 
toes  fixed  in  slight  plantar  flexion.  If  the 
arch  is  rigidly  depressed,  as  in  certain 
cases  complicated  by  rheumatism  anrl  the 
like,  the  deformity  must  be  overcome  by 
forcible  manipulation  under  anesthesia  be- 
fore the  bandage  is  applied. 

In  all  cases  the  patient  should  endeavor, 
in  the  after-treatment,  to  regain  power  of 
plantar  flexion  of  the  toes  by  manipulation 
and  by  exercise,  and  by  pressing  the  toes 
firmly  against  the  sole  of  the  shoe  to  assist, 
as  far  as  may  be,  the  weakened  arch  in  the 
performance  of  its  labor. 

Operative  Trealmeid. — An  effective  treat- 
ment, and  one  that  may  be  necessary  in 
the  persistent  type  of  this  affection,  is  ex- 
cision of  the  head  of  the  metatarsal  bones, 
if,  as  is  usual,  the  pain  is  localized  at  this 
point.  This  operation,  the  treatment  of 
suggested     by 


routine 

Morton,  is  easy  of  per- 
formance and  it  usually 
affords  relief.  The  re- 
sulting deformity  is  but 
slight.  In  mo.st  in- 
stances it  is,  however, 
unnecessary. 

Thus  far  cases  resem- 
bling the  Morton  type 
have  been  considered. 
There  is  another  class 
in  which  the  metatarsal 
arch  is  imiformly  de- 
pressed and  in  which 
the  toes  are  contracted. 
The  fore  foot  is  thick- 
ened and  the  patient 
complains  of  discomfort 
on  standing  and  often 
of  burning  pains  at 
night.  In  many  in- 
stances the  pain  is  ag- 
gravated by  a  sensitive 
callus  beneath  the  arch. 
In  curative  treatment 
a  foot  plate  is  applied 
but  the  range  of  plan- 
tar flexion  is  increased 
by  methodical  forced 
flexion  of  the  toes  in 
order  that  the  flexibil- 
ity of  the  region  may 
be  restored.  In  resist- 
ant cases  forciljle  con- 
nection imder  anesthe- 
sia   may   be    necessary 


Fio.  2443.— A  Brace  to  Sup- 
port the  Anterior  Arch.  A,  The 
point  of  greatest  elevation  beneath 
the  painful  part. 
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and   in  instances  of  extreme  deformity  resection  of 
the  depressed  metatarsal  heads  may  be  necessary. 

Massage,  the  hot-air  bath,  and  the  apphcation  of 
various  Hniments  are  of  some  service  in  certain 
cases  as  adjuncts.  Constitutional  treatment  is  also 
indicated  in  those  cases  in  which  there  is  a  gouty  or 
rheumatic  tendency  or  other  complication. 


V.  Hallux  Rigidus  (Hallux  flexus). — Hallux  rigidus 
is  a  painful  affection  of  the  great  toe  joint  accompanied 
by  restriction  of  motion.  In  well-marked  cases  the 
toe  may  l;>e  habitually  plantar-flexed  to  a  slight  degree; 
hence  the  name  hallux  flexus  suggested  by  Davies- 
Colley.  In  this  class  the  motion  may  be  much 
restricted,  particularly  in  dorsal  flexion,  thus  inter- 
fering with  proper  functional  use  of  the  foot.  There  is 
usually  pain  of  a  burning,  throbbing  character  re- 
ferred to  the  joint  and  increased  by  use,  and  a  certain 
degree  of  congestion  is  often  present. 

Etiology. — Hallux  rigidus  is  usuall.v  seen  in  ado- 
lescence as  a  complication  of  a  weak  arch  which  allows 
the  fore  foot  to  be  crowded  into  the  narrow  part  of  the 
shoe,  thus  subjecting  the  great  toe  joint  to  lateral  and 
longitudinal  pressure.  In  some  instances  the  habitual 
flexion  is  the  effect   of  an  instinctive  effort  of  the 


Fig.  2444. — Plantar  Flexion  of  the  Toes.     An  exercise  for  strength 
ening  the  anterior  arch  and  overconiiug  deformity. 


patient  to  support  a  weakened  arch  by  downward 
pressure  of  the  great  toe.  (Hammer-toe,  flat-foot, 
Nicoladoni.) 

The  affection  may  also  be  induced  directly  by 
injury,  as  by  stubbing  the  toe  or  by  kicking  a  hard 
object,  or  it  may  be  a  complication  of  rheimiatism  or 
gout. 

There  are  no  distinctive  changes  in  the  joint  other 
than  those  secondary  to  long-standing  restriction  of 
function  and  deformity. 

Treatment. — If  the  rigid  joint  is  a  secondary  effect, 
as  in  mo.st  instances  it  is,  of  the  weak  or  broken-down 
foot,  the  first  step  is  the  treatment  of  the  exciting  cause 
(see  Weak  P"oot).  In  any  event  a  properly  fitting 
shoe  must  be  worn,  which  exerts  no  pressure  on  the 
sensitive  part.  The  .sole  must  be  thick,  so  that 
movement  in  the  joint  may  be  restricted,  and  in 
certain  in-itances  it  may  Ije  necessary  to  in.sert  a 
steel  brace  between  the  layers  of  the  sole  of  the  shoe 
in  order  to  prevent  all  motion  for  a  time.  If  direct 
pressure  on  the  toe  joint  causes  discomfort.,  the  sole 
of  the  shoe  may  be  made  very  thick  jiust  behind 
the  sen.sitive  part,  so  that  the  weight  is  supported  as 
it  were  on  an  anterior  heel  (I'ig.  2445). 


If  the  affection  of  the  toe  complicates  a  rigid  weak 
foot,  as  is  not  infrequently  the  ca.se,  the  deformities 
should  be  overcorrected  under  anesthesia  (the  flexed 
toe  being  forcibly  extended),  and  fi.xed  in  a  pla.ster 
bandage  in  the  manner  described  in  the  .section  on 
Weak  Foot.  _  In  extreme,  and  very  exceptional,  ca.ses 
of  long  standing,  excision  of  the  joint  may  be  required. 


'    Fio.  2445.— The  Anterior  Heel. 

VI.  Painful  Great  Toe. — Pain,  on  motion  and 
pressure,  at  the  great  toe  joint,  and  symptoms  re- 
sembling tho.se  of  hallux  rigidus,  arc  not  uncommon  in 
older  subjects.  These  symptoms  are  induced  usually 
by  a  long  walk  or  by  strain  or  other  injury. 

The  treatment  is  based  upon  essentially  the  .same 
principles  as  those  governing  the  treatment  of  the 
former  affection.  Thus,  for  example,  splinting  may 
be  employed,  when  necessary,  to  restrain  painful 
motion,  and  a  proper  shoe  may  be  fitted  for  the  relief 
of  pressure. 

Pain  about  the  great  toe  is  a  common  .symptom  of 
the  weak  arch,  or  of  the  contracted  foot.  It  may  be 
caused  simply  by  the  pressure  of  a  tight  shoe.  It  i.s 
often  present  as  a  symptom  of  hallux  valgus  and  of 
its  accompanying  bunion.  The  joint  may  l)e  directly 
involved  in  gout,  rheumatism,  and  the  like,  and  an 
enlargement  of  the  metatarsal  extremity  by  an  out- 
growth of  cartilage  or  other  change  in  conformation 
similar  to  that  observed  in  the  fingers  (Heberdcn's 
nodes)  is  not  uncommon.  The  treatment  must  be 
directed  to  the  cause.  Resection  of  the  metatarsal 
extremity  may  be  advisable,  if  pressure  on  the  en- 
larged joint  causes  discomfort. 


VII.  Hallux  Valgus. — Hallux  valgus  is  a  deformity 
of  the  foot,  in  which  the  first  metatarsal  bone  is  ad- 
ducted  and  at  its  anterior  extremity  separated  from 
its  fellows,  while  the  toe  is  turned  outward  or  ab- 
ducted to  a  greater  or  less  degree.  Thus  although  the 
area  of  the  toes  is  contracted  the  fore  foot  is  actually 
broadened. 

In  fon-sequence  of  the  distortion  there  is  an  actual 
displacement  of  the  joint  surfaces.  In  marked  cases, 
the  first  phalanx  of  the  distorted  toe  articulates  only 
with  the  external  condyle  of  the  metatarsal  bone, 
while  the  internal  condyle,  projecting  on  the  inner  side 
of  the  foot,  is  subjected  to  the  direct  pressure  of  the 
shoe.  Here  a  bursa  forms  and  this  in  turn  is  sur- 
mounted by  a  corn  or  callus. 

The  projecting  condyle,  sometimes  irregular  and 
hj'pertrophied  by  the  deposit  of  periosteal  bone,  the 
bursa,  and  the  overlying  corn  make  up  the  enlarged 
joint  or  so-called  bunion.  In  ca.ses  of  this  type  there 
is  usually  more  or  less  abduction  of  the  other  toes, 
and  the  great  toe,  often  rotated  on  its  long  a.xis,  may 
be  displaced  above  or  below  its  fellows. 

Etiology. — By  far  the  most  important  of  the  predis- 
posing and  exciting  cau'^es  of  the  defonnity.  and  of 
the  consequent  pain  and  discomfort,  is  the  shoe.  In 
fact  a  moderate  degree  of  hallux  valgus,  shown  by  the 
projecting  "enlarged"  joint,  is  so  common  as  to  P?ss 
as  the  normal  condition  of  shoe-wearing  people.  The 
influence  of  the  shoe  is  increased  when  the  longitudinal 
arch  is  weak,  as  the  parts  are  Ihen  subjected  to  greater 
pressure.  The  deformity,  or  more  especially  the 
symptoms,  may  be  increased  by  gout,  rhevnnatoid 
arthritis,  and  the  like,  and  bv  overstrain  and  injury  as 
well. 

Pathology. — The  pathologv  does  not  call  for  ex- 
tended comment.     Theie  are  the  usual    changes  in 
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and  abi)ut  the  joint  that  accompany  similar  subluxa- 
tions, the  cartilage  disappears  from  the  exposed  parts 
of  the  internal  condyle,  and  the  ligaments  and  the 
muscles  contract  on  the  shortened  side  and  oppose 
the  rectification  of  the  deformity. 

Symploms. — The  most  important  sign  of  hallux 
valgus  is  the  deformity.  The  most  important  symp- 
toms are  the  pain  and  sensitiveness  induced  by  the 
pressure  upon  the  projecting  joint.  The  discomfort 
is,  of  course,  greatly  increased  by  the  inflamed  bun- 
ion and  accompanying  corn.  There  may  be  pain 
also  beneath  and  about  the  joint.  Pain  in  the  joint 
may  be  in  part  symptomatic  of  the  irritation  and 
changes  secondary  to  the  deformity  itself.  Pain 
beneath  the  joint  is  usually  caused  by  the  greater 
pressure  to  which  the  part  is  subjected  by  the  out- 
ward rotation  of  the  foot,  an  attitude  that  is  almost 
always  assumed  by  the  patient  if  there  be  an  accom- 
panying weak  foot.  In  certain  instances  pain  beneath 
the  joint  may  be  due  to  irritation  about  one  of  the 
displaced  sesamoid  bones,  which  are  sometimes 
adherent  and  are  sensitive  to  direct  pressure. 

Treatment. — In  the  slighter  degrees  of  deformity 
the  symptoms  may  be  checked  by  the  use  of  a  proper 
shoe,  straight  on  the  inner  side  and  with  capacious 
upper  leather.  This  removes  the  direct  pressure  and 
allows  an  opportunity  for  normal  movement.  Mak- 
ing the  sole  somewhat  thicker  on  the  inner  border  is 
of  advantage  also,  as  it  inclines  the  weight  slightly 
toward  the  outer  part  of  the  foot.  In  addition, 
daily  manual  correction  of  deformity,  together  with 
alternate  voluntary  flexion  and  extension  of  the  toe 
while  it  is  guided  by  the  fingers  in  the  normal  direc- 
tion, is  of  advantage  from  the  curative  standpoint. 

A  number  of  appliances  have  been  devised  to  hold 
the  toe  in  normal  position  while  the  foot  is  in  use.  In 
most  instances,  however,  the  incidental  discomfort 
is  sufficient  to  prevent  their  use.  One  of  the  simple.st 
and  most  efficient  of  these  devices  is  the  Holden  toe 
post,  a  thin  upright  of  metal  fixed  in  the  front  of  the 
sole  of  the  shoe,  making  a  compartment  into  which 
the  toe  is  guided  and  thus  held  in  an  improved  posi- 
tion. This  toe  post  necessitates  a  digitated  stocking 
and  a  special  shoe;  like  other  appliances  it  is  very 
uncomfortable  unless  it  is  perfectly  adjusted,  and  until 
the  patient  has  become  accustomed  to  it. 

It  must  be  borne  in  mind  that  a  part  of  the  defor- 
mity of  hallux  valgus  is  caused  by  the  adduction  of  the 
metatarsal  bone.  It  is  well,  therefore,  to  lessen  this 
displacement  by  the  use  of  a  bandage  or  by  adhesive- 
plaster  strapping  about  the  fore  foot,  so  applied  as 
to  exercise  a  certain  amount  of  compression  at  this 
point. 

It  has  been  stated  also  that  weakness  of  the  arch 
or  flat  foot  is  a  common  accompaniment  of  hallux 
valgus.  In  such  cases  a  proper  support  is  an  essen- 
tial part  of  the  treatment. 

As  a  rule  patients  demand  treatment  rather  because 
of  the  discomfort  than  because  of  the  slight  degree  of 
deformity.  This  discomfort  is  due  to  the  pressure  on 
the  sensitive  bunion  lying  on  the  projecting  condyle, 
and  the  removal  of  thi.s  projecting  bone  will  practi- 
cally relieve  the  symptoms. 

A  simple  and  effective  operation  is  conducted  as 
follows.  A  slightly  curved  incision  is  made  below  the 
joint,  the  bunion  is  dissected  from  the  adherent  skin, 
the  joint  is  opened  and  the  projecting  bone,  usually  the 
greater  part  of  the  internal  condyle  of  the  metatarsal 
bone,  smoothly  removed  with  a  chi.sel,  after  which  the 
capsule  is  closed  with  fine  catgut  as  in  the  external 
wound.  The  toe  is  then  straightened  by  stretching 
the  contracted  tissues.  The  entire  foot  is  slightly 
adducted,  or  turned  inward,  and  together  with  the 
leg  is  enclosed  in  the  plaster,  the  toe  being  fixed  in  the 
corrected  position  by  the  same  means. 

As  soon  as  the  weight  can  be  supported  without  dis- 
comfort the  patient  is  allowed  to  walk  about  on  the 
foot.     Afterward,  manipulation,  exprcises,  the  use  of 


a  proper  shoe  together  with  a  flat-foot  brace,  if  this 
is  indicated,  will  complete  a  practical  cure. 

Modifications  of  the  Operation. — In  certain  instances 
there  may  be  contraction  of  the  extensor  tendon  of  the 
toe.  Weir  has  suggested  that  this  may  be  divided 
and  sewed  to  the  periosteum  on  the  outer  border  of 
the  first  phalanx,  thus  serving  to  prevent  recurrence 
of  deformity. 

In  more  extreme  cases  of  contraction  and  deformity, 
resection  of  the  head  of  the  metatarsal  bone  may  be 
indicated.  Cuneiform  osteotomy  of  the  metatarsal 
bone  has  been  suggested,  but  this,  to  be  effective,  must 
include  the  projecting  condyle. 

Fowler's  Operation. — In  this  procedure  the  incision 
is  made  between  the  first  and  second  toes,  the  liga- 
ment is  divided,  and  the  toe  is  displaced  inward.  The 
bunion  and  the  projecting  portion  of  the  internal  con- 
dyle are  then  removed  if  necessary,  the  toe  is  replaced, 
and  the  wound  closed.  This  operation  appears  to 
offer  no  advantage  over  the  simple  one  that  has  been 
described,  for,  when  properly  performed,  the  scar  is 
insignificant  and  is  not  subjected  to  pressure  if  it  be 
made  slightly  below  the  most  prominent  part  of  the 
joint. 

Bunion — The  treatment  of  the  bunion,  the  inflamed 
sac  and  corn,  may  be  summarized  as  rest  with  hot  or 
cold  applications  during  the  active  stage,  with  relief 
of  pressure  by  the  use  of  a  proper  shoe.  In  many 
instances  a  metallic  support  for  the  arch  to  remove  the 
direct  pressure  on  the  toe  is  indicated.  Operations 
should  as  a  rule  be  deferred  until  the  acute  symptoms 
have  subsided.  An  effective  operation  must  include 
the  removal  of  the  projecting  bone  as  well  as  the  sac. 

VIII.  Hallux  V.-^rus  a.\d  Pigeon  Toe. — The  term 
hallux  varus  is  properly  applied  only  to  persistent 
adduction  of  the  great  toe,  while  pigeon  toe  is  the 
popular  name  for  in-toeing,  an  attitude  usually  caused 
by  an  inward  rotation  of  the  entire  limb. 

Hallux  varus  is  usually  congenital:  the  great  toe 
turns  inward,  sometimes  when  in  active  motion,  to  a 
marked  degree,  in  fact  it  may  be  almost  prehensile 
in  its  movements. 

In  certain  instances  there  is  slight  accompanying 
adduction  of  the  foot  at  the  mediotarsal  joint,  con- 
stituting a  mild  degree  of  talipes  varus.  The  mother's 
attention  is  usuall.v  attracted  to  the  condition,  not 
by  an  actual  deformity  of  the  toe,  but  by  difficult}-  in 
putting  on  the  baby's  stocking. 

Hallux  varus  is  occasionally  seen  also  as  an  acquired 
peculiarity  in  connection  with  certain  varieties  of  weak 
foot  (valgus).  In  such  cases  there  is  a  marked  inward 
bulging  at  the  mediotarsal  joint  which  is  compensated 
for  by  an  exaggerated  inward  twist  of  the  fore  foot 
and  adduction  of  the  great  toe  (Fig.  24.30). 

Treatment. — Simple  hallux  varus,  as  a  rule,  requires 
no  treatment  since  it  is  cured  by  the  use  of  the  shoe 
when  the  child  begins  to  walk.  In  more  extreme  cases 
the  prehensile  movements  may  be  restrained  by  a 
narrow  band  of  adhesive  plaster  passed  over  the  toes 
and  fore  foot.  If  talipes  varus  is  present  it  should 
be  treated  in  the  ordinary  manner  (see  Foot,  Distor- 
tions of  the). 

Pigeon  Toe. — Hallux  varus  is  a  rather  imusual  cause 
of  the  in-toeing  gait,  or  so-called  pigeon  toe,  which,  as 
has  been  stated,  is  caused  as  a  rule  by  inward  rotation 
of  the  entire  limb  rather  than  by  a  deformity  of  the  toe 
or  foot  This  rotation  of  the  limb  may  be  caused  also 
by  bow  legs  in  which  there  is  an  accompanying 
inward  twi.st  of  the  tibi;?  and  occasionally  it  may  be 
induced  bv  a  restriction  of  the  range  of  outward  rota- 
tion at  the  hip  joints. 

As  a  rule,  however,  pigeon  toe  is  a  compensatory 
attitude  s\anptomatic  either  of  weak  feet  or  of  knock 
knees,  and  it  is  therefore  far  more  often  a  secondary 
than  a  primary  attitude.     The  proper  position  of  the 
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feet  in  walking,  at  least  in  childhood,  is  one  of  parallel- 
ism. In  fact  the  exaggerated  outward  rotation  of  the 
feet  which  is  so  commonly  seen,  is  more  abnormal  than 
a  slight  degree  of  in-toeing.  As  the  latter  attitude, 
from  the  conventional  standpoint,  passes  for  deformity 
it  usually  attracts  the  mother's  attention  before  the 
weakness,  of  which  it  is  so  often  a  .s\-mptom. 

Treatment. — The  rational  treatment  must  V)e  di- 
rected to  the  cause  of  the  peculiar  attitude,  viz.,  the 
bow  leg,  the  knock  knee,  or  the  weak  foot.  In  many 
instances  the  in-toeing  habit  remains  for  a  time,  after 
the  removal  of  its  cause,  and  systematic  training  in 
walking  with  the  feet  rotated  outward  may  be  nec- 
essary to  overcome  it. 

If  there  be  actual  limitation  of  the  range  of  outward 
rotation  at  the  hip  joints,  as  is  sometimes  the  ca.se,  this 
must  be  overcome  by  systematic  stretching. 

In  the  absence  of  knock  knee  or  weakness  of  the 
arch  the  tendency  to  in-toeing  may  be  lessened  In- 
making  the  sole  of  the  shoe  somewhat  thicker  on  the 
outer  border. 

In  the  more  exaggerated  types,  the  use  of  elastic 
tapes  attached  to  the  front  and  outer  margin  of  the 
soles  of  the  shoe,  passing  about  the  back  of  the  leg 
from  without  inward  over  the  front  of  the  thigh  and 
across  the  buttock,  to  be  attached  to  the  middle  of 
the  waist  band,  is  an  efficient  treatment. 

IX.  Haiimeh  Toe. — Hammer  toe  is  a  persistent 
flexion  of  a  toe,  usually  of  the  second.  In  well-marked 
cases  the  first  phalanx  is  dorsiflexed,  the  second 
plantar-flexed,  and  the  third  may  be  flexed  and 
extended.  The  toe  is  usually  compressed  between  its 
fellows,  while  its  extremity,  lying  on  a  lower  level,  is 
flattened  out  against  the  sole  of  the  shoe  into  a  club 
or  hammer  shape.  On  the  dorsal  surface  of  the  flexed 
joint  which  is  subjected  to  pressure  from  above  there 
is  usually  a  sensitive  corn  or  callus.  The  discomfort 
of  the  hammer  toe  is  caused  by  the  pressure  of  the  shoe 
upon  the  corn  above  and  upon  the  h>"pertrophied 
extremity  below,  of  which  the  nail  is  not  infrequently 
ingrown. 

Etiology. — Hammer  toe  may  be  congenital,  but  in 
the  great  majority  of  cases  it  is  an  acquired  deformity 
caused  by  narrow  and  short  shoes.  The  second  toe  is 
more  often  involved  because  it  is  the  longest  and  is 
subjected  to  greatest  lateral  pressure  also.  In  cases  of 
long  standing  all  the  tissues  are  shortened  on  the 
plantar  or  short  surface,  the  most  resistant  contraction 
being  in  the  ligaments  of  the  first  phalangeal  joint. 

Treatment. — Congenital  hammer  toe  may  be  cor- 
rected in  infancy  by  manipulation  and  by  retention 
with  a  strip  of  adhesive  plaster.  The  slight  degrees 
of  hammer  toe  in  older  subjects  may  be  treated  in  a 
similar  manner  b.v  methodical  stretching  and  splinting 
with  some  light  material  such  as  celluloid.  In  such 
cases  a  digitated  stocking  is  of  advantage.  In  all  cases 
a  wide,  capacious  shoe  which  exerts  no  pressure  what- 
ever, is  the  first  es.sential. 

Confirmed  hammer  toe  may  be  treated  by  division 
of  the  resistant  parts,  particularly  of  the  ligaments  of 
the  first  interphalangeal  joint,  and  by  correction  fol- 
lowed b}'  retention  for  a  time  with  a  digital  splint  of 
elastic  material  or  a  leather  inner  sole.  In  most 
instances,  however,  patients  demand  treatment  for 
the  relief  of  the  discomfort  caused  by  vertical  pressure 
upon  the  flexed  toe,  rather  than  for  the  absolute 
restoration  of  symmetry.  For  this  class  the  most 
efficient  procedure  is  resection  of  the  prominent  joint, 
sufficient  bone  being  cut  away  from  tlie  adjoining 
phalanges  to  remove  the  projection  completely.  By 
such  a  procedure  permanent  relief  may  be  secured. 

X.  0\'ERLAPPncG  Toes. — Irregularity  in  the  line  of 
the  toes  is  sometimes  observed  in  infancy ;  for  example, 
a  congenital  hammer  toe  may  be  present  or  the  little 
toe  may  be  set  upon  a  higher  level  than  its  fellows. 

The  irregularities  may  be  treated  by  methodical 


manipulation  and  by  retention  of  the  distorted  mem- 
ber by  straps  of  adhesive  plaster  pa.s.sed  above  and 
beneath  it,  fixing  it  to  its  fellows.  Irregularities  of 
this  character  in  older  subjects  are  almost  always 
caused  by  improper  foot  wear,  with  the  exception  of 
distortions  caused  by  rheumatism  or  by  lesions  of  the 
nervous  system,  and  the  like.  In  this  class,  the  use  of 
a  proper  shoe  will  usually  relieve  the  symptoms. 

XI.  AcHiLLOBtJRSiTis.  (AchiUodynia.) — In  189.3 
Albert  {Wien.  vied.  Presse,  January  8",  189.3)  sugge,sted 
the  title  .Vchillodynia  to  characterize  a  group  of  symp- 
toms caused,  in  most  instances,  by  irritation  or  in- 
flammation of  the  bursa  lying  between  the  tendo 
Achillis  and  the  posterior  surface  of  the  os  ealcis. 

Etinloi/!/. — In  certain  cases  the  bursitis  may  be 
caused  directly  by  pressure,  injury,  or  overstrain, 
weak  foot  being  a  predisposing  factor,  but  in  many 
instances  rheumatism,  gout,  gonorrhea,  and  the  like, 
appear  to  be  predisposing  or  exciting  causes  of  this,  as 
of  similar  affections  of  bursa;  and  tendon  sheaths 
elsewhere.  Concretions  within  the  bursa  or  exostoses 
beneath  it  may  be  mentioned  as  possible  causes,  or 
complications. 

Pathology. — In  chronic  ca.ses  the  bursa  is  thickened 
and  enlarged  and  the  lining  membrane  is  fringed  and 
reduplicated.  The  contents  may  be  serous  or  semi- 
solid and  concretions  may  be  present.  Suppuration 
may  occur  within  the  sac  or  it  mav  be  the  .seat  of 
syphilitic  or  tuberculous  disease.  The  periosteum  in 
the  neigliborhood  is  usually  thickened,  and  the  under- 
lying bone  may  be  congested  and  softened. 

Symptoms. — In  typical  cases  there  is  sensitiveness  to 
press\ire  over  the  l)ack  of  the  heel,  and  pain  or  dis- 
comfort exaggerated  by  functional  use,  particularly 
by  motions  and  attitudes  that  increase  the  strain 
upon  the  tendon.  The  pain  may  radiate  up  the  leg 
or  it  may  be  referred  to  the  bottom  of  the  heel. 
Patients  often  complain  also  of  a  .sen.sation  of  laxity 
and  insecurity  in  the  subastragaloid  articulation. 
In  a  large  proportion  of  the  cases  the  symptoms  of 
the  weak  foot  accompany  or  follow  those  of  achillo- 
dynia.  In  the  latter  instance  this  is  explained 
doubtless  by  the  fact  that  the  loss  of  the  leverage 
function  of  the  calf  nuiscle  induces  an  awkward  gait 
with  a  strong  inclination  toward  pronation  of  the  foot, 
an  attitude  tliat  tlirows  an  increased  strain  upon  its 
inner  border  and  upon  the  longitudinal  arch.  In 
cases  of  long  standing  there  is  marked  atrophy  of  the 
calf  due  to  disuse  of  function  and  in  many  instances  a 
broadening  of  the  posterior  part  of  the  heel  caused  by 
the  infiltration  or  irritation  of  the  periosteum  about 
the  insertion  of  the  tendon.  The  enlarged  bursa  is 
usually  demonstrable  on  inspection  and  palpation. 
The  affection  may  l)e  miilateral  or  bilateral,  the  latter 
being  more  common  in  chronic  cases.  As  a  rule  the 
symptoms  begin  in  one  foot,  the  second  becoming 
involved  after  an  interval  of  several  months. 

When  the  s>-mptoms  have  persisted  for  any  length 
of  time,  there  appears  to  be  little  tendency  toward 
spontaneous  recovery,  a  fact  that  is  explained  by 
difficulty  in  securing  relief  from  pressure  and  strain  in 
this  situation. 

Treatment. — In  acute  cases,  particularly  those  that 
have  followed  injury,  the  treatment  should  t)e 
functional  rest  combined  with  the  application  of 
heat  or  cold,  as  may  be  indicated.  When  the  im- 
mediate symptoms  have  subsided  the  part  may  l>e 
supported  by  adhesive  plaster  so  arranged  as  to  relieve 
the  strain  upon  the  sensitive  part.  A  long  band  of 
pla.ster  about  two  and  a  half  inches  wide  is  closely 
applied  to  the  sole  of  the  foot  and  calf  of  the  leg. 
reaching  from  the  toes  nearly  to  the  knee,  with  the 
foot  in  slight  plantar  flexion.  This  is  supported  In- 
additional  straps  about  the  fore  foot  and  leg.  the  ankle 
and  heel  being  completely  covered  with  narrow  strips; 
a  bandage  is  then  applied.  By  this  means  the  direct 
pull  of  the  muscle  ou  the  sensitive  part  is  checked  and 
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compression  is  exerted  upon  the  bursa.     The  dressing 
should  be  renewed  when  its  efficiency  is  lessened. 

If  more  complete  fixation  is  indicated  by  the  symp- 
toms a  light  plaster  bandage  may  be  applied  to  hold 
the  foot  at  a  right  angle  with  the  leg  and  slightly 
adducted.  The  patient  can  then  use  the  foot  without 
discomfort.  In  many  instances  the  application  of  the 
cautery  seems  to  hasten  the  ab- 
sorption of  the  effusion.  If  relief 
from  function  is  necessary  for 
any  length  of  time,  as  in  the 
chronic  cases,  it  is  well  to  apply 
a  leg  lirace  to  the  shoe  with  a 
joint  at  tlie  ankle  so  arranged  as 
to  prevent  dorsal  flexion  beyond 
a  right  angle.  As  patients  are 
usually  sensitive  to  direct  jar,  a 
rubber  heel  should  be  employed, 
and  an  increased  height  of  the 
heel  sufficient  to  throw  the 
weight  forward  upon  the  front 
of  the  foot  usually  lessens  the 
discomfort. 

As    has    been  stated,    in    the 
chronic  cases  there  is  usually  an 
accompanying  weakness  of  the 
longitudinal    arch.      This    may 
require  the  ap- 
plication  of  a 
support       and 
further    treat- 
ment    as    de- 
scribed in  the 
section  on  the 
weak  foot. 

Operative 
Treatment. —  In 
persistent  cases,  particularly  those  in  which  the  bursa 
is  palpable  and  in  which  the  adjoining  tissvies  of  the 
OS  calcis  are  infiltrated  the  removal  of  the  bursa  is 
indicated.  This  is  accomplished  by  an  incision  beside 
the  insertion  of  the  tendon  where  the  bursa  is  most 
prominent.  Irregularities  of  the  underlying  bone 
.should  be  removed  at  the  same  time.  The  wound  is 
then  closed  and  a  plaster  bandage  is  applied.  This 
should  be  worn  until  the  patient  can  walk  without 
discomfort.  Support  may  or  may  not  be  required 
in  the  after-treatment.  Operative  intervention  is 
of  course  indicated  when  suppuration  of  the  sac  is 
present  or  when  it  is  the  seat  of  primary  or  secondary 
tuberculous  disease.  As  has  been  stated,  the  local 
disability  may  be  induced  or  prolonged  by  systemic 
disease.  In  such  instances  appropriate  remedies 
should  be  employed. 

XII.  AcHiLLOBURsiTis  PosTEBioE. — A  Small  sensi- 
tive bursa  over  the  insertion  of  the  tendon,  between 
it  and  the  skin,  sometimes  causes  symptoms  re- 
sembling those  of  the  preceding  affection.  This  bursa 
is  usually  caused  by  the  pressure  of  the  shoe,  and  it 
may  be  relieved  by  removing  the  exciting  cause  and 
by  strapping  with  adhesive  plaster. 

"Burs;e  or  sensitive  points  elsewhere  on  the  heel  are 
to  be  treated  in  a  similar  manner.  Irregular  pro- 
jections on  the  bone  may  require  removal. 

XIII.  Strain  of  the  Tendo  Achillis. — Pain  on  use 
of  the  foot  referred  to  the  tendo  Achillis  may  follow 
strain  or  overuse,  the  symptoms  may  resemble  those  of 
Achillobursitis,  but  "the  sensitive  point  is  often 
localized  at  the  middle  of  the  tendon  or  at  the  junction 
with  the  muscular  substance.  Apparently  there  is, 
In  these  cases,  an  irritation  within  the  fibrous  sheath  of 
the  tendon  or  injury  to  the  muscular  fibers. 

The  treatment  is  functional  rest.  As  a  rule  the 
application  of  the  adhesive-plaster  strapping,  as  de- 
scribed in  the  treatment  of  Achillobursitis,  is 
effective. 


XIV.  Painful  Heel,  Calc.axeobursitis. — Pain  and 
sensitiveness  to  pressure  referred  to  the  bottom  of 
the  heel  are  common  symptoms  of  the  contracted 
or  hollow  foot,  in  which  there  is  abnormal  pressure 
on  the  anterior  and  posterior  pillars  of  the  arch.  It 
may  be  in  normal  feet  a  symptom  of  overuse,  as  when 
the  tissues  beneath  the  heel  become  sensitive  after 
long  standing  or  walking,  and  it  is  a  common  symptom 
of  the  weak  foot  of  which  the  so-called  heel  walk  is 
characteristic.  Pain  and  .sensitiveness  may  be  caused 
directlv  by  gonorrheal  infection.  This  is  most  often 
at  the"  attachment  of  the  flexor  brevis  digitorum 
of  the  OS  calcis  and  it  may  lead  to  the  formation  of  ex- 
ostosis at  this  point.  It  must  be  born  in  mind  however 
that  exosto.sis  in  this  region  are  by  no  means  uncom- 
mon in  apparently  normal  feet  and  that  they  may 
cause  discomfort  only  because  the  arch  is  depressed. 

In  rare  instances  the  point  of  tenderness  is  dis- 
tinctly localized  and  is  due  to  a  small  inflamed  bursa 
lying  over  the  periosteum  of  the  inner  tuberosity  of  the 
OS  calcis. 

Treatment. — This  must  be  directed  to  the  condition 
of  which  the  pain  is  a  symptom.  Effective  treat- 
ment of  gonorrhea  or  similar  causes  being  the  first 
consideration.  The  treatment  of  the  weak  foot  and 
of  the  contracted  foot  is  described  elsewhere.  If  the 
sensitiveness  is  due  to  overuse  or  to  abnormal  pressure, 
the  use  of  a  rubber  heel  combined  with  fre(|uent 
change  from  the  passive  attitude,  in  which  the 
weight  is  supported  entirely  on  the  sensitive  part, 
may  relieve  the  symptoms.  In  many  instances  the 
use"  of  an  arched  foot  plate,  to  distribute  the  pressure 
along  the  entire  sole,  is  of  service. 

Painful  bursfe,  inflammatory  tissue,  and  exostoses, 
that  cause  persistent  sensitiveness  in  spite  of  treat- 
ment, should  be  removed  by  a  direct  longitudinal  in- 
cision just  in  front  of  the  bearing  surface  of  the  heel. 

Royal  Whitman. 


Foot,  Distortions  of  the. — Talipes. — In  the  pre- 
ceding article  the  disaljilities  of  the  foot,  of  which  the 
discomfort  is  of  greater  importance  than  the  deformity, 
have  been  described.  One  may  now  consider  those  of 
congenital  and  acquired  origin  of  whijh  defornuty  is 
the  most  noticeable  feature.  A  distortion  of  the  foot 
of  this  class  is  simply  an  abnormal  retention  of  a 
normal  attitude,  or  what  is  an  exaggeration  of  a  nor- 
mal attitude.  In  other  words  the  centers  of  motion, 
at  which  the  foot  is  deformed,  are  the  centers  of  nor- 
mal motion,  and  the  different  distortions  may  be 
simulated  by  a  normal  subject.  If  the  foot  has  been 
fixed  in  a  certain  attitude  during  fetal  life,  or  if  it 
has  been  used  for  any  length  of  time  in  the  abnormal 
position,  the  deformity  becomes  exaggerated  beyond 
the  possibility  of  imitation,  and  secondary  variations 
in  its  shape,  size,  and  nutrition  follow. 

The  deformities  of  the  foot  are  grouped  under  the 
generic  name  talipes,  derived  from  talus  (ankle)  and 
pes  (foot),  signifying  a  form  of  deformity  in  which  the 
patient  walks  upon  his  ankles.  Talipes  was  therefore 
originally  synonymous  with  the  popular  term  club 
foot,  but  at  the  "present  time  it  is  used  as  a  prefix  to 
the  descriptive  titles  of  the  different  distortions,  while 
club  foot  is  usually  applied  only  to  the  most  common 
of  the  deformities,  cquinovarus,  in  which  the  distorted 
foot  is  club-like  in  form. 

Varieties. — There  are  four  simple  varieties  of  the 
distorted  foot  or  talipes: 

1.  Talipes  Equinus,  the  extended  or  plantar-flexed 
foot.  In  well-marked  cases  the  patient  walks  upon 
the  heads  of  the  metatarsal  bones,  an  attitude  that 
suggested  the  name  equinus  (horse-like). 

2.  Talipes  Caleaneu.':,  the  dorsiflexed  foot  in  which 
the  heel  is  prominent,  and  which  alone  bears  the  weight 
in  walking;  hence,  calcaneus  from  calcaneum,  the 
heel  bone. 
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In  these  forms  the  center  of  distortion  is  at  the  ankle- 
joint.  Under  the  terms  equinus  and  calcaneus  are  in- 
cluded not  only  the  cases  of  marked  deformity,  but  also 
those  in  which  the  range  of  dorsal  or  plantar  flexion  is 
sufficiently  limited  to  disturb  the  function  of  the  foot. 

3.  Talipes  Varus,  the  inverted  foot.  In  this  de- 
formity the  foot  is  turned  in  or  adducted,  and  com- 
bined with  the  inward  twist,  which  exaggerates  the 
normal  curve  of  the  inner  border,  there  is  always  a 
certain  degree  of  supination,  or  inversion;  that  is,  the 
inner  border  of  the  sole  is  elevated  and  the  outer 
border  is  depressed,  so  that  the  weight  falls  to  the 
outer  side  of  the  center  of  the  foot. 

4.  Talipes  Valgus,  theeverted  foot.  This  deformity 
is  the  reverse  of  varus.  The  foot  is  abducted,  that  is 
the  foot  is  twisted  outward  at  the  center  and  everted, 
so  that  in  use  the  weight  falls  on  the  inner  border. 

In  these  forms  of  lateral  deformity  the  centers  of 
distortion  are  at  the  mediotarsal  and  subastragaloid 
joints. 

The  simple  deformities  in  which  the  foot  is  persist- 
ently extended  or  flexed,  or  twisted  in  or  out,  are 
comparatively  uncommon. 

Compound  Deformities. — As  a  rule,  the  deformities 
are  combined  in  varying  degree;  thus,  the  over- 
extended or  the  overflexed  foot  is  usually  twisted 
inward  or  outward,  making  four  varieties  of  compound 
deformity.  1.  Talipes  equinovarus — downward  and 
inward.  2.  Talipes  equinovalgus — downward  and  out- 
ward. 3.  Talipes  calcaneovarus — upward  and  inward. 
4.   Talipes  calcaneovalgu^ — upward  and  outward. 

In  the  simple  and  compound  varieties  of  talipes  the 
arch  of  the  foot  may  be  increased  or  diminished  in 
depth.  It  is,  for  example,  usually  increased  in 
calcaneus  and  equinus,  and  it  is  usually  diminished 
in  valgus;  but  this  secondary  or  subordinate  deformity 
is  not  recognized  in  the  ordinary  classification.  If 
the  arch  of  the  foot  is  exaggerated,  the  condition  is 
sometimes  called  talipes  carus;  if  it  is  lessened  or  lost, 
talipes  planus.  These  slight  degrees  of  distortion, 
in  -which  the  functional  disability  is  more  important 
than  th^  deformity,  are  rarely  classed  as  forms  of 
talipes.  Simple  cavus,  the  hollow  or  contracted  foot, 
and  planus,  one  of  the  forms  of  the  common  weak  or 
flat  foot,  have  been  described  already. 

Etiology. — From  the  remedial  standpoint,  the 
cause  of  the  deformity  is  of  far  greater  importance 
than  its  form.  Thus  the  distortions  of  the  foot  fall 
primarily  into  two  groups:  1.  The  congenital  form,  in 
which  tiie  foot  has  become  deformed  in  process  of 
formation.  2.  The  acquired  form,  in  which  the  foot, 
perfect  at  birth,  has  at  a  later  time  become  distorted. 

Congenital  talipes  is  simply  a  twisted  foot,  of  which 
the  component  parts,  although  malformed  to  a  greater 
or  lesser  degree,  are  capable  of  regaining  perfect  form 
and  function.  This  is  practically  true  of  the  great 
majority  of  cases,  although  there  are  exceptional 
instances  in  which  congenital  deformity  is  complicated 
by  defective  formation  of  the  foot  or  leg,  or  in  which 
the  deformity  is  caused  by,  or  at  least  accompanied 
by,  paralysis,  as,  for  example,  in  certain  forms  of 
spina  bifida  or  other  congenital  defect  or  disease  of 
the  nervous  apparatus. 

Acquired  talipes  is  almost  always  a  consequence  of 
paralysis  of  spinal  origin  (anterior  poliomyelitis)  in 
early" childhood.  Certain  muscles  or  groups  of  mus- 
cles being  paralyzed,  the  muscular  force  is  unbalanced 
and  the  foot  becomes  distorted  by  the  action  of  the 
unopposed  muscles,  and  by  the  influence  of  gravity. 
This  distortion  is  confirmed  and  increased  by  the 
accommodative  changes  that  accompany  functional 
use  and  growth  in  the  abnormal  attitude. 

Far  less  often  acquired  talipes  is  the  result  of  pa- 
ralysis of  cerebral  origin,  of  other  forms  of  spinal  dis- 
ease, of  local  paralysis  following  neuritis  or  injury  to  a 
nerve  trunk.  It  may  be  caused  by  scar  contraction, 
as  after  a  severe  burn,  or  by  direct  injury  to  the  bones, 


or  by  di.sease  that  may  interfere  with  subsequent 
growth.  Such  are,  however,  relatively  uncommon 
cau.ses,  and  the  statement  holds  good  that  congenital 
talipes  is  a  simple  distortion  capable  of  perfect  cure, 
while  acquired  talipes  is  a  deformity  usually  secondary 
to  disea.se  of  the  spinal  cord.  It  is  therefore  capable 
onh'  of  rectification,  not  of  perfect  cure,  unless  re- 
covery from  the  original  disease,  of  which  it  is  a  result, 
has  taken  place. 

CoNCENTTAL  TALIPES. — EttoloQU — The  etiolog>-  of 
congenital  talipes  as  of  other  congenital  deformities 
is  conjectural.  In  some  instances  the  influence  of 
inheritance  is  apparent,  and  again  two  or  more  chil- 
dren with  club  foot  may  be  born  of  the  same  mother, 
but,  as  a  rule,  there  is  nothing  in  the  family  or  per- 
sonal history  that  can  in  any  manner  explain  the 
deformity.  The  most  reasonable  explanation  applied 
to  the  majority  of  cases  is  that  the  foot  has  from 
some  cause  remained  for  a  longer  or  shorter  time  in 
a  constrained  or  fixed  position,  and  has  thus  grown 
into  deformity. 

It  has  been  claimed  by  Eschricht,  and  by  Berg 
(herg,  .Archives  of  Medicine,  New  York,  December  1, 
1882)  that  at  about  the  third  month  of  intrauterine 
life  the  thighs  of  the  embryo  are  abducted,  flexed,  and 
rotated  outward,  the  legs  are  crossed,  and  the  feet  are 
plantar-flexed  and  adducted  so  that  the  inner  surfaces 
of  the  thighs,  the  tibial  borders  of  the  legs,  and  the 
plantar  surfaces  of  the  feet  are  held  in  close  apposition 
to  the  abdomen  and  to  the  pelvis  of  the  fetus.  Later 
there  is  an  inward  rotation  of  the  legs  so  that  the  feet 
are  turned  gradually  outward  until  the  soles  are 
brought  into  contact  with  the  uterine  wall,  the  feet 
then  being  in  the  attitude  of  abduction  and  dorsal 
flexion.  According  to  this  theory  there  is  a  regular 
succession  of  attitudes  during  intrauterine  life.  If 
the  inward  rotation  of  the  lower  extremity  is  pre- 
vented, or  if  it  is  incomplete,  the  foot  remaining 
in  the  original  position  becomes  deformed.  Thus, 
equinovarus,  being  the  normal  attitude  of  the  early 
and  middle  period  of  intrauterine  life,  is  the  most 
common  and  the  most  intractable  of  the  congenital 
deformities.  If  the  constraint  or  pressure  is  not 
exerted  until  a  later  period,  after  rotation  has  taken 
place,  when  the  foot  has  attained  or  nearly  attained 
its  normal  size  and  shape,  it  will  then  induce  the  less 
common  and  comparativelj-  shght  grades  of  deformity 
such  as  calcaneus  or  valgus. 

This  theory  which  seems  interesting  and  reasonable, 
appears  to  rest  on  an  insecure  basis.  Bessel  Hagen 
states  that  in  embryos  of  thirty  millimeters  in  length, 
the  foot  is  in  extreme  plantar  flexion ;  in  those  of  ninety 
to  one  hundred  millimeters,  the  foot  is  at  a  right  angle 
to  the  leg;  and  from  this  size  to  that  at  full  term, 
the  foot  may  be  found  in  any  position — abducted,  ad- 
ducted, or  dorsiflexed.  Restates  also  that  supination 
is  not  the  usual  attitude  at  an  early  period,  but  is  more 
common  near  the  termination  of  intrauterine  life, 
and  that  when  it  is  present  it  is  more  often  combined 
with  dorsiflexion.  In  other  words,  there  is  no  time 
when  the  foot  regularly  and  normally  assumes  the 
attitude  of  club  foot,  from  which  it  is  changed  by  the 
rotation  of  the  legs.  Scudder  (Boston  Medical  and 
Surgical  Journal,  October  27,  1887),  after  similar 
investigations,  arrived  at  practically  the  same  con- 
clusions. He  states  that  there  is  no  necessary  relation 
between  the  age,  the  rotation  of  the  legs,  and  the 
position  of  the  feet. 

It  would  appear,  however,  that  there  is  during  the 
process  of  development  an  alternation  of  attitudes 
and  postures.  If  the  feet  for  any  reason  are  fixed  in 
one  position  during  this  period  of  rapid  growth,  dis- 
tortion must  follow;  if  the  constraint  is  slight,  and  if 
its  influence  is  exerted  at  a  late  period,  the  deformity 
will  be  slight;  if  it  occurs  at  an  early  period,  the  de- 
formitv  will  be  more  resistant. 

One  of  the  causes  of  constraint,  and  thus  of  ulti- 
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mate  deformity,  appears  to  be  the  interlocking  of  the 
feet.  Many  museum  specimens  show  this,  and  in 
some  of  the  cases  of  talipes  seen  during  the  first  weeks 
of  life,  the  feet  may  be  replaced  in  the  attitude  in 
which  they  had  been  fixed  before  birth.  Intrauterine 
pressure,  although  not  necessarily  direct  pressure, 
undoubtedly  has  an  influence  in  aggravating  the  de- 
formity. The  effect  of  pressure  is  not  infrequently 
shown  in  atrophic  areas  of  skin,  and  bursce  even  are 
sometimes  found  over  prominent  bones.  Entangle- 
ment in  the  umbilical  cord,  the  direct  pressure  of 
extra-  or  intrauterine  tumors,  and  the  like,  may  be 
mentioned  also  as  possible  causes  of  restraint  or 
fixation  of  the  foot  that  induces  deformity.  Further 
evidence  of  restraint  of  normal  movements  and  of 


Fig.  2447.- 


-Congenita!  Talipes  Illu.strating  the  Attitude  of  the 
Limbs  at  Birth. 


abnormal  attitudes  of  the  limbs  is  seen  not  infre- 
quently in  connection  with  club  foot.  For  example, 
there  may  be  hyperextension  or  fixed  flexion  of  the 
knees,  and  in  cases  of  extreme  deformity  the  foot  is 
often  smaller  than  normal  or  otherwise  asymmetrical. 
In  certain  instances  the  distorted  foot  may  be  im- 
perfect in  structure;  toes  may.  be  absent  ("sponta- 
neous amputation"),  or  constricting  bands  about  the 
leg  or  foot  may  be  present.  Such  abnormalities  are 
usually  ascribed  to  amniotic  adhesions.  Talipes  ma.v 
be  combined  with  evidences  of  impaired  or  arrested 
development,  with  harelip,  exstrophy  of  the  bladder, 
spina  bifida,  absence  of  patella;,  or  with  other  deform- 
ities, such  as  club  hand  and  wry  neck.  Or  there  may 
be  evidence  of  intrauterine  disease,  as  shown  by 
ankylosis  of  joints  or  by  so-called  fetal  rickets.  Fi- 
nally, deformities  of  the  foot  may  be  complicated  by 
absence  of  bones  of  the  foot  or  of  the  leg,  indicating 
original  defects  in  the  germ  itself.  This  latter  group, 
which  includes  the  complications  of  club  foot  and  im- 
perfection of  structure,  is  comparativel.v  small.  As 
has  been  stated,  congenital  club  foot,  in  the  great 
majority  of  cases,  is  a  simple  deformity  capable  of 
perfect  cure. 

The  relative  frequency  of  the  congenital  and  ac- 
quired forms  of  talipes  has  given  rise  to  much  dis- 
cussion in  the  past,  and  statistics  on  this  point  are  at 
considerable  variance  with  one  another.  This  may 
be  explained  by  the  fact  that  acquired  paralytic 
talipes  is,  as  a  rule,  a  preventable  deformity.  At  the 
present  time  the  extreme  degrees  of  acquired  talipes 
are  comparatively  infrequent  and  the  deforniit.v  is 
usually  of  a  much  slighter  grade  than  the  correspond- 
ing form  of  congenital  distortion. 
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Sex  of  congenital  talipes 

Percentage 

Sex  of  acquired  talipes,  . 
Percentage 


Males.    Females.  I    Total. 


1355 

748 

2103 

64.4 

35.6 

1416 

1199 

2615 

54.1 

15.9 

Congenital  talipes  is  much  more  common  among 
males  than  among  females.  All  statistics  are  in 
accord  upon  this  point.  Acquired  talipes  is  more 
equally  divided  between  the  sexes. 


Right.       Left. 

Both. 

Total. 

Foot    affected     in     congenital 

talipes 

Percentage 

643 
30.4 

552 
26.1 

908 
43.5 

2103 

Unilateral  1195  =  57.5  per  cent. 

Bilateral  918  = 

43.5  per  cent. 

Right.    1  Left. 

Both. 

Total. 

Foot  affected  in  acquired  talipes 
Percentage 

1126 
43 

1102 
42.1 

387 
14.9 

2615 

Unilateral  2228  =  85.1  per  cent.     Bilateral  387  =  14.9  per  cent. 

In  congenital  talipes  the  deformity  is  nearly  as 
often  of  both  as  of  one  foot,  while  in  the  acquired  form 
unilateral  deformity  is  far  more  common.  In  each 
variety  the  right  foot  appears  to  be  more  often  effected 
than  the  left. 

The  ReIjATive  Frequency  of  the  Different  Forms  of  Con- 
genital Talipes. 


Equinovarus 

Valgus 

Varus 

Calcaneovalgus 

Equinus 

Calcaneus 

Equinovalgus 

Calcaneovarus 

Cavus 

^'algoCavus 

Equinoeavus 

Different  deformity  in  each  foot 


Percentage. 

77.4 
6-8 
4.2 
.  4.1 
2.3 
2.2 
1.6 


Relative  Frequency  of  the  Different  Forms  of  Acquired 
Talipes  Together  with  the  Etiology. 


Equinovarus 610 


Equinus. 

Calcaneus 

Valgus 

Equinovalgus. ,  . 
Calcaneovalgus . 

Varus 

Calcaneovarus.  , 
Equinoeavus. .  . 
Calcaneovarus. . 

Cavus 

Varocavus 


Spinal 


Deformity  different  on 
each  side 


469 
313 
205 

163 
123 
68 
13 
38 
15 
48 
2 


2067 


Xa 


Si? 


■5  "■ 

O'o 


59 
102 
7 
6 
1 
1 
8 
0 
0 
0 
1 
1 


41 
50 
3 
10 
5 
1 
3 
1 
0 
0 
1 
1 


784 

678 

352 

259 

177 

141 

90 

15 

40 

17 

54 

4 


2611 


30. 
25.9 
13.4 
9.9 
6.7 
5.4 
3.1 
0  5 
1.5 
O.G 
0.2 


Anterior  poliomyelitis. 

Cerebral 

Traumatic 


2067  =  79.9  per  cent. 
302  =  11.5  per  cent. 
195  =    7      per  cent. 
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Comparative  Frequency  op  the  Different  Forms  of  Talii'eHi 
Congenital  and  AcguiHED. 


Equinovarua.  . . 

Valgus 

Varu3 

Calcaneovalgus 

Equinus 

Calcaneus 


Congenital. 


Acquired. 


77.4  per  cent. 
6.8  per  cent. 

4 . 2  per  cent. 
4. 1  per  cent. 

2.3  per  cent. 
1 .  6  per  cent. 


32.5  per  cent. 
9.  7  per  cent. 
2.  7  per  cent. 
4  .4  per  cent. 

26  . 1  per  cent. 

12.6  per  cent. 


According  to  these  statistics,  in  three-fourths  of 
the  congenital  cases  the  deformity  is  ociuinovarus. 
Equinus  and  calcaneus,  rare  as  congenital  deformities, 
comprise  one-third  of  the  acquired  forms. 

Occasionally  the  deformity  of  each  foot  is  difTerent, 
far  more  often  in  the  acquired  than  in  the  congenital 
form.  In  7  of  the  18  congenital  cases  the  deformity 
was  equinovarus  on  one  side,  calcaneus  on  the  other; 
in  3  equinovarus  and  calcaneovalgus,  and  in  3  simple 
varus  and  valgus.  The  50  cases  of  acquired  talipes 
represented  every  combination  of  deformity. 

In  31,  or  4  per  cent.,  of  735  cases  of  congenital 
talipes,  the  distortion  was  combined  with  other  con- 
genital defects  or  deformities,  viz.,  in  12  cases  witli 
double  club  hands;  in  6  cases  with  defective  develop- 
ment of  the  hands,  webbed  fingers,  and  the  like;  in  7 
cases  with  spina  bifida;  in  3  eases  with  absence  of  one 
or  more  bones  of  the  leg;  in  1  case  with  torticollis;  in  I 
case  with  harelip;  in  1  case  with  dislocation  of  the  knee 
and  ankylosis  of  an  elbow;  in  2  cases  with  general 
rigidity  and  deformity  of  the  joints. 

Anatomy. — Congenital  talipes  is,  in  the  great  ma- 
jority of  cases,  the  form  in  which  the  foot  is  twisted 
inward  and  downward,  or  in  the  more  extreme  cases, 
inward  and  upward,  and  in  its  club-like  appearance 
justifying  the  popular  name.  The  ordinary  con- 
genital club  foot  in  early  infancy  is  simply  a  foot  held 
in  an  attitude  of  plantar  flexion,  adduction,  and  in- 
version. The  dorsum  of  the  foot  looks  forward  and 
slightly  outward  and  upward,  the  plantar  surface  is 
abnormally  concave  and  looks  backward,  inward,  and 
downward.  In  many  cases  the  equinous  element  of 
the  deformity,  masked  by  the  extreme  inversion  of 


Fig.  244S. — Congenital  Club   Feet  in  Sisters,  the  Twelfth  and 
Thirteenth  Children:  All  the  Others  Normal. 

the  foot,  does  not  appear  until  this  has  been  corrected 
in  part.  The  foot  often  seems  somewhat  smaller  than 
normal,  and  the  heel  appears  to  be  ill  formed.  Upon 
the  outer  dorsal  surface  the  astragalus  projects  be- 
neath the  skin.  The  external  malleolus  is  prominont, 
while  the  internal  malleolus  lies  deep  beneath  the 
redundant  tissue  of  the  internal  aspect  of  the  foot. 

The  internal  structure  of  the  foot  corresponds  to  the 
external  contour;  thus  the  relation  of  the  bones  to  one 
another,  and  the  shape  of  the  indi\adual  bones  even, 
are  more  or  less  altered  as  the  deformity  is  more  or 
less  of  an  exaggeration  of  the  attitudes  that  the  nor- 


mal foot  is  capable  of  assuming.  These  changes  are 
most  marked  in  the  astragalus  and  os  calcis.  The 
astragalus  is  somewhat  wedge-shaped  from  without 
inward;  it  is  plantar-flexed  so  that  a  large  part  of  its 
body  protrudes  from  between  the  malleoli.  It8  neck 
is  often  somewhat  longer  than  normal,  and  it  is,  as  a 
rule,  depressed  and  deflected  inward.  The  os  calcis 
is  also  in  an  attitude  of  plantar  flexion;  the  external 
tuberosity   is  drawn   upw;ird   to   tln'   vicinity  of  the 


Fig.  2449. — Resistant  Club  Foot  Showing  the  Secondary  Knock 
Knees. 

external  malleolus,  its  anterior  extremity  looks  down- 
ward and  inward,  and  it  is  often  twisted  inward  on  its 
long  axis  corresponding  to  the  deformity  of  the  neck 
of  the  astragalus.  Its  external  surface  looks  down- 
ward and  forward,  and  it  lies  directly  beneath  the 
astragalus,  instead  of  to  its  outer  side  as  in  the  nor- 
mal relation. 

The  scaphoid  is  drawn  inward  and  upward,  and 
articulates  with  the  inner  part  of  the  deflected  head  of 
the  astragalus,  lying  in  close  proximity  to,  and  often 
articulating  witli,  the  internal  malleolus.  The  cuboid 
is  displaced  upward  and  inward  and  lies  to  the  inner 
side  of  the  anterior  extremity  of  the  os  calcis.  The 
remaining  bones  are  changed  in  position,  but  not 
materially  in  shape.  In  many  instances  the  tibia  is 
rotated  inward  upon  the  femur  at  the  knee  joint,  and 
combined  with  this  inward  rotation  there  maj"  be  an 
inward  twist  of  the  tibia  on  its  long  axis. 

The  ligaments  are  altered  to  correspond  to  the 
changed  relations  of  the  bones.  Those  on  the  short 
side  are  more  or  less  resistant  according  to  the  dura- 
tion of  the  deformity.  The  muscles  are  normal  as 
to  their  structure  and  their  origin  and  insertion,  but 
the  direction  of  the  tendons  as  they  pass  across  the 
foot  is  changed.  Those  attached  to  the  inverted  side, 
the  extensor  and  adductor  group,  are  shortened  and 
are  relativelv  stronger  than  those  on  the  outer  side, 
which  are  lengthened  and  atrophied  from  disuse. 
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To  sum  up:  all  the  component  parts  of  the  foot 
participate  in  the  deformity.  The  most  noticeable 
changes  in  the  bones  are  in  their  position  and  relation 
to  one  another,  but  the  astragalus,  os  calcis,  and 
scaphoid  are  usually  somewhat  distorted. 

The  most  resistant  structures  in  the  deformed  foot 
are  the  plantar  fascia  and  the  ligaments  that  bind  the 
scaphoid,  the  os  calcis,  and  the  internal  malleolus  to 
one  another.  The  muscles  that  are  most  active  in 
retaining  and  increasing  the  deformity  are  the  tibialis 
anticus,  the  tibialis  posticus,  and  the  combined 
gastrocnemius  and  soleus. 

The  changes  that  have  been  outlined,  which  are 
comparatively  slight  and  which  may  be  easily  rectified 
soon  after  birth,  become  more  marked  as  the  part 
develops.  And  when  the  child  begins  to  walk,  the 
weight  of  the  body,  combined  with  growth  and 
functional  use  in  the  abnormal  position,  increases  and 
fixes  the  deformity. 

In  the  adolescent  or  adult  type  of  club  foot  the 
deformity  may  be  so  extreme  that  the  patient  actually 
appears  to  walk  on  the  outside  of  his  ankles,  as  the 
term  talipes  implies.  The  feet  turn  directly  inward, 
or  even  inward,  upward,  and  backward,  and  the 
peculiar  walk,  by  which  interference  of  inverted  feet 
is  prevented,  has  given  another  name  (reel  foot)  to  the 
deformity. 

Genu  valgum  is  usually  present  in  such  cases.  This 
deformity  may  be  congenital,  but  it  is  oftener  a  sec- 
ondary or  accommodative  distortion.  The  legs  are 
shrunken  from  disuse.  The  foot  itself  is  atrophied, 
and  is  much  smaller  than  the  normal.  The  changes 
in  the  bones  are  much  more  marked;  only  a  small  part 
of  the  articulating  surface  of  the  astragalus  lies  be- 
tween the  malleoli,  and  this  posterior  extremity  is 
flattened  out  to  the  shape  of  a  wedge.  There  is 
consequently  an  apparent  backward  displacement  of 
the  fibula. 

All  the  bones  of  the  foot  are  more  or  less  atrophied, 
and  the  normal  area  of  cartilage  has,  to  a  great  extent, 
disappeared  from  the  proper  articular  surfaces.  In 
this  advanced  stage  the  foot  serves  practically  as  a  sim- 
ple rigid  support. 

In  these  extreme  cases  cure,  in  the  sense  of  perfect 
functional  recovery,  is  of  course  out  of  the  tiuestion; 
but  relief  of  the  deformity,  that  is,  replacement  of  the 
foot  in  the  axis  of  the  leg  at  a  right  angle  tp  it  and  in  the 
plantigrade  attitude,  is  nearly  always  possible. 

Syynploms. — The  symptoms  of  congenital  club  foot 
are  practically  included  in  the  description  of  the 
deformity.  The  functional  disability  is  of  course 
considerable,  although  some  patients  are  surprisingly 
active  and  are  able  to  walk  long  distances.  Discom- 
fort from  club  foot  is  due  almost  entirely  to  the  corns 
or  inflamed  burs®  over  the  bony  prominences,  and 
its  degree  depends  of  course  upon  the  use  to  which 
the  foot  is  subjected. 

Treatment. — Although  congenital  club  foot  is  an 
eminently  curable  deformity,  yet  perfect  and  perma- 
nent cure  requires  minute  attention  to  details  during 
the  active  stage  of  treatment,  supplemented  by 
long-continued  and  carefid  supervision  after  the  cure 
is  supposed  to  be  complete.  No  other  deformity 
presents  such  a  record  of  failures  and  incomplete 
cures;  of  relapses  after  apparent  cure;  of  tedious  and 
ineffective  treatment  by  braces,  often  for  many  years, 
and  of  unnecessary  and  mutilating  operations.  Some 
of  the  failures  may  be  explained  by  the  neglect  of 
the  parents  and  by  want  of  opportunity.  A  few  are 
due  to  the  unusual  obstacles  in  the  deformity  itself, 
but  b}'  far  the  greater  number  must  be  accounted  for 
by  failure  of  the  physician  to  apprehend  the  true 
nature  of  the  deformity,  or  by  his  inexperience  in  the 
practical  details  of  treatment. 

Proper  treatment  implies  suitable  opportunity. 
Under  such  conditions  the  treatment  of  congenital 
club  foot  would  be  included  in  the  first  of  the  following 
sections : 


The  infantile  club  foot  is,  as  has  been  stated,  simply 
a  twisted  foot.  It  is  true  that  there  are  slight  changes 
in  the  bones,  but  the  bones  of  an  infant's  foot  are 
represented  Ijy  yielding  cartilage  which  will  rapidly 
reform  under  changed  conditions.  The  shortening  of 
the  muscles  and  ligaments  may  be  overcome,  and  when 
the  relation  of  the  bones  to  one  another  is  set  right,  the 
joints  will  become  normal.  The  treatment  of  a  club 
foot  may  then  be  divided  into  three  stages: 

1.  The  rectification  of  the  external  deformity. 

2.  The  support  of  the  foot  in  proper  position  during 
the  process  of  transformation  of  its  internal  structure, 
and  until  the  normal  muscular  power,  unbalanced  by 
the  deformity,  has  been  regained. 

3.  The  period  of  supervision.  This  would  include 
the  treatment  of  possible  complicating  deformities  of 
the  knee,  the  laxity  of  ligaments,  and  the  like,  as  well 
as  the  oversight  of  the  functional  use  of  the  foot  and 
the  leg  during  the  early  years  of  life. 

The  First  Stage  of  Treatment:  Rectification  of  Deform- 
ity.— It  should  be  stated  at  once  that  "rectification  of 
deformity"  does  not  mean  apparent  symmetry,  a 
misapprehension  to  which  the  majority  of  failures  in 
treatment  may  be  ascribed.  It  means  that  when 
deformity  is  really  rectified  all  contracted  and  resistant 
parts  must  have  been  so  elongated  that  every  passive 
motion  and  attitude  possible  for  the  normal  foot  is 
equally  possible  and  as  easily  attained  in  that  which 
was  deformed.  This  is  actual  functional  rectification, 
as  contrasted  with  the  simple  straightening  of 
deformity. 

The  most  important  part  of  the  club-foot  deformity 
is  varus.  The  foot  that  is  rolled  over  and  twisted 
inward  to  the  attitude  of  extreme  adduction  must  be 
untwisted  and  forced  into  the  attitude  of  extreme 
abduction  or  valgus,  the  so-called  overcorrection. 
Until  this  is  accomplished  no  attention  whatever  need 
be  paid  to  the  residual  equinus.  There  are  two 
reasons  for  dividing  tlie  procedure  into  two  parts: 
first,  in  order  that  the  attention  of  the  surgeon  may  be 
concentrated  on  one  and  the  most  important  part  of 
the  deformity;  second,  because  by  this  preliminary 
untwisting  the  os  calcis  is  brought  into  the  upright 
position,  into  its  proper  relation  to  the  astragalus,  to 
the  bones  of  the  leg  and  to  the  tendo  Achillis,  so  that 
the  true  degree  of  equinus  may  be  appreciated. 

Preliminary  Manipulation. —  For  obvious  reasons, 
the  second  week  of  life  is  usually  as  early  as  mechan- 
ical treatment  can  be  undertaken.  Until  then,  pre- 
liminary manipulation  by  the  nurse,  more  partic- 
ularly manual  rectification  of  the  deformity  by  gently 
drawing  the  foot  toward  abduction  and  retaining  it  in 
the  improved  position  for  a  few  minutes,  as  often  as  is 
possible,  may  be  of  service  in  overcoming  its  resistance. 
As  a  treatment  by  itself,  however,  simple  manual 
rectification  is  tedious  and  ineffective,  although  par- 
tial cures  have  been  attained  by  perseverance  with 
this  means  alone. 

Mechanical  rectification  is  the  treatment  of  choice 
and  routine  in  infantile  club  foot.  In  this  treatment 
two  methods  may  be  described:  (1)  by  the  plaster 
bandage;  (2)  by  some  form  of  simple  splint. 

The  principle  of  the  two  is  essentially  the  same. 
The  foot  is  drawn  toward  an  improved  position  and 
retained  there  by  the  plaster  bandage,  or  it  may  be 
fixed  to  some  form  of  metal  splint  or  brace  whose 
shape  is  gradually  changed  from  week  to  week,  as  the 
resistance  lessens. 

Gradual  Rectification  of  Deformity  by  Means  of  the 
Plaster  Bandage. — In  this  treatment  care  should  be 
taken  to  avoid  undue  pressure,  irritation  of  the  skin, 
or  insecurity  of  the  bandage.  Shreds  of  cotton  should 
be  placed  between  the  toes,  and  the  outer  aspect  of 
the  ankle  where  the  skin  is  thrown  into  folds  when  the 
foot  is  streightened,  should  be  smeared  with  vaseline. 
If  the  leg  is  fat  so  that  the  bandage  is  likely  to  be 
displaced  a  narrow  strip  of  tadhesive  plaster  long 
enough  to  reach  from  the  knee  to   a   point  a   inch   or 
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more  below  the  heel  is  appLed  to  the  outter  side  of  the 
leg.  A  thin  layer  of  cotton  is  wound  about  the  leg 
just  below  the  knee,  in  order  to  protect  the  skin  from 
the  hard  margin  of  the  plaster  bandage,  and  a  similar 
strip  is  carried  about  tke  toes.  The  foot  .s  then  drawn 
gently  toward  the  abducted  position,  often  as  far  as 
the  axis  of  the  leg  at  the  first  dressing,  without  causing 
discomfort.  While  it  is  held  in  this  position  a  narrow 
flannel  bandage  is  smoothly  applied  to  the  leg  and 
foot,  the  band  of  adhesive  plaster  being  drawn  out 
between  the  folds  about  the  ankle.  A  very  light  plas- 
ter bandage  is  then  applied  from  the  knee  to  the  ex- 
tremities of  the  toes,  and  into  this  bandage  the  pro- 
jecting strip  of  adhesive  pla.ster  is  incorporated,  so 
that  no  displacement  of  the  dressing  is  possible.  The 
turns  of  both  the  plaster  and  the  flannel  bandage  are 
made   from  within,  downward  and  outward  in  order 


Fig.  2450. — The  First  Application  of  the  Plaster  Bandage,  Showing 
the  Improved  Position. 

that  the  tension  may  aid  in  retaining  the  foot.  When 
the  plaster  bandage,  which  during  the  hardening  proc- 
ess has  been  constantly  rubbed  and  manipulated  so 
that  it  may  fit  the  part  perfectly,  has  become  firm, 
a  long  stocking  is  drawn  over  it  and  is  attached  to  the 
body  clothing.  At  the  end  of  a  week  the  bandage  is 
removed.  The  leg  and  foot  are  gently  bathed  with 
alcohol,  thoroughly  dried,  powdered,  and  protected 
as  before,  and  the  bandage  is  again  applied.  At  this 
second  dressing  the  irritated  adductor  muscles,  after 
the  interval  of  complete  rest,  will  be  much  less  active 
and  the  contracted  tissues  will  be  less  resistant,  so 
that  the  foot  may  be  easih"  turned  somewhat  outward, 
or  beyond  the  line  of  the  leg. 

After  four  or  five  applications  of  the  bandage  at 
weekly  intervals  the  foot,  in  ordinary  cases,  can  be 
held  without  resi-stance  in  the  attitude  of  extreme 
equinovalgus.  The  sole,  which  at  first  looked  back- 
ward, inward,  and  upward,  is  now  turned  in  the  oppo- 
site direction,  forward,  outward,  and  downward,  and 
the  inner  border  of  the  foot,  which  was  concave,  is 
now  convex.  When  the  varus  has  been  completely 
overcome,  treatment  is  directed  to  the  equnius.  At 
the  first  application  of  the  dressing  one  carries  the 
foot  upward  (toward  dorsal  flexion),  while  it  is  still 
retained  in  the  abducted  position;  but  when  the  right- 
angled  position  has  been  attained,  it  is  brought  nearer 
to  the  axis  of  the  leg.  The  pronation  or  eversion  of 
the  sole  is  retained,  however,  untU  correction  is  com- 
pleted. In  correcting  the  equinus,  a  certain  degree  of 
force  is  required,  sufficient  to  cause  some  discomfort 
during  the  application  of  the  plaster,  but  not  sufficient 
to  cause  suffering  afterward.  The  pressure  is  applied 
to  the  entire  foot  so  that  the  posterior  extremity  of 
the   OS   calcis    mav   be  drawn  downward    by   actual 


lengthening  of  the  tendo  .\chilli8,  and  not,  as  is  often 
the  case,  by  an  overcorrection  of  the  forefoot,  while 
the  heel  remains  in  its  original  position  of  plantar 
flexion.  By  the  proper  application  of  force  the  equi- 
nus is  gradually  overcome;  the  sharp  indentation  or 
fold  at  the  insertion  of  the  tendo  .\chillis  is  lessened, 
and  the  heel  becomes  more  prominent. 

The  reduction  of  the  equinus  may  be  somewhat 
more  difficult  than  that  of  the  varus,  but  it  .should  be 
entirely  corrected  in  three  or  four  months  from  the 
time  of  beginning  the  treatment. 

As  has  been  stated,  correction  of  the  deformity 
implies  overcorrection;  and  it  is  well  when  this  has 
been  attained  to  hold  the  foot  for  several  weeks,  by 
means  of  the  plaster  bandage,  in  an  attitude  of  ex- 
treme eversion  and  dorsal  flexion  (calcaneovalgus)  in 
order  to  impress,  as  it  were,  the  new  position  upon  its 
structure. 

This  concludes  the  first  stage  of  the  treatment,  the 
simple  rectification  of  deformity. 

Correction  by  the  plaster  bandage  has  the  great 
advantage  of  placing  the  treatment  entirely  under  the 
command  of  the  surgeon.  When  properly  applied, 
the  support  fits  perfectly  and  holds  the  foot  in  the 
desired  attitude  without  undue  pressure. 

The  disadvantages  of  the  treatment  are  almost 
entirely  due  to  its  improper  application.  For  in- 
stance, the  bandage,  which  should  be  of  about  the 
thickness  of  blotting  paper,  may  be  too  heavy,  or  the 
padding  may  be  so  thick  that  it  does  not  retain  its 
position.  Excoriations  are  usually  due  to  carelessness 
in  the  application  of  the  bandage  or  they  result  from 
a  failure  to  remove  it  in  proper  season.  The  fear  of 
compression,  of  atrophy  of  muscles,  of  stunting  the 
growth  of  the  foot,  is  groundless.  At  the  end  of  the 
retention  treatment  the  corrected  foot  is,  as  a  rule, 
larger  than  one  that  has  been  untreated.  The 
stunted  foot  is  the  result  of  non-treatment,  or  of 
ineffective  treatment  by  braces  or  otherwise;  not  of 
the  enforced  rest  necessitated  by  the  methodical  and 
rapid  reduction  of  deformity. 

It  may  be  noted  in  this  connection  that  the  normal 
infant  moves  the  foot  in  various  directions  in  a  more  or 
less  regular  alternation  of  postures,  while  in  club  foot 
motion  is  in  one  direction  only,  that  toward  which 
the  foot  is  turned.  The  muscles  on  the  back  and  inner 
side  of  the  leg,  which  are  alone  active,  become  rela- 
tively irritable  and  hypertrophied  as  compared  with 
those  on  the  front  and  outer  side  that  are  disused. 
Thus,  muscular  activity  of  the  deformed  foot  is  in 
reality  harmful,  because  it  increases  deformity  and 
still  further  disturbs  the  muscular  balance.  For  this 
reason  the  temporary  restraint  of  motion,  necessary 
during  the  rectification  of  the  deformity,  may  be 
considered  rather  of  advantage  than  otherwise.  When 
movement  is  again  allowed  and  encouraged,  it  must 
be  in  the  directions  opposed  to  the  attitudes  of  de- 
formity, with  the  aim  of  so  strengthening  the  weakened 
group  of  muscles  at  the  expense  of  the  stronger,  that 
the  balance  of  muscular  power  may  be  reestablished. 

Correction  of  deformity  may  be  accomplished  by 
holding  the  foot  in  an  improved  position  by  strips  of 
adhesive  plaster,  or  by  the  elastic  traction  of  rubber 
bands  attached  to  the  leg  and  font.  As  compared 
with  the  ease,  rapidity,  and  certainty  of  correction  by 
the  plaster  bandage,  such  methods  are  uncertain  and 
ineffective  and  they  will  not  therefore  be  described  in 
detail. 

The  Rectifir.ation  of  Deformity  hy  Splints  and  Braces. 
— Of  mechanical  supports  there  are  many  varieties. 
Complicated  applianct^s  should  be  avoided  because 
they  are  unnecessary,  and  because  they  ser\'e  to  dis- 
tract attention  from  the  prime  object  of  treatment, 
the  rapid  and  systematic  correction  of  deformity. 

Of  the  simpler  braces,  that  used  by  Judson  of  New 
York  is  one  of  the  best  and  will  serve  as  a  type  to 
illustrate  this  form  of  treatment.  The  method  of 
application  may  be  described  in  Judson 's  own  words: 
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"The  apparatus  which  I  have  conveniently  used  to 
effect  this  reduction  before  the  cliild  learns  to  stand 
is  a  simple  retentive  brace  which  acts  as  a  lever  making 
pressure  on  the  outer  side  of  the  foot  and  ankle,  at  A, 


Flo.  2-151. 


Fig.  2452 


Fig.  2456. 


Fig.  2457. 


Fig.  2458. 


in  Figs.  2451  to  2453,  inclusive,  and  counterpressure 
at  two  points,  one  on  the  inner  side  of  the  leg,  at  B, 
and  the  other  at  the  inner  border  of  the  foot,  at  C. 
It  is  advisable  to  keep  in  mind  that  this  simple  instru- 
ment is  a  lever,  because,  if  we  know  that  we  are  using 
a  lever  with  its  three  well-defined  points  of  pressure, 
we  can  make  the  apparatus  more  efficient  than  if  we 
view  it,  in  a  more  general  way,  as  an  apparatus  for 
giving  a  better  shape  to  the  foot. 

"I  use  a  little  brace  made  of  sheet  brass,  doing  the 
work  with  a  few  simple  tools.  An  advantage  of  doing 
the  work  one's  self  is  that  there  is  no  room  for  doubt  as 
to  where  the  blame  lies  if  the  apparatus  does  not  work 
well.  Two  curved  discs,  B  and  C,  Figs.  2452  and  2453, 
are  riveted  to  a  shank,  D,  and  thus  is  formed  that  part 
of  the  brace  which  applies  the  two  points  of  counter- 
pressure,  while,  on  the  other  hand,  the  point  of  pres- 
sure is  brought  into  action  by  a  third  disc,  or  shield, 
A,  which  is  drawn  tightly  against  the  outer  side  of 
the  foot  and  ankle,  and  held  in  place  by  a  strip  of 
adhesive  plaster  E,  which  includes  the  limb  and  the 
piece  which  connects  the  two  discs,  B  and  C.  The 
discs  are  lined  with  two  or  three  thicknesses  of 
blanket,  easily  renewed,  when  necessary,  with  a  needle 
and  thread.  These  braces  are  so  cheap  and  easily 
knocked  together  that  it  is  nothing  to  apply  new  and 
larger  ones,  using  heavier  material  for  the  shank  as 
the  child  grows.  In  general,  three  sizes  will  be 
enough,  the  shanks  being  12  gauge,  f  in.  wide;  14 
gauge,  J  in.  wide;  and  16  gauge,  f  in.  wide.  The 
discs  are  conveniently  made  from  22  gauge,  1}  in. 
wide.  The  rivets  are  copper  belt-rivets,  No.  13.  A 
lip  turned  on  the  edge  of  the  discs,  with  the  flat  pliers, 
gives  stiffness  to  the  thin  brass,  and  protects  the  skin 
from  the  rough  edge.  If  more  easily  obtained,  tin 
discs,  light  bars  of  iron  or  steel,  and  ordinary  iron 
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rivets,  would  doubtless  answer.  (See  Figs.  2452, 
2457,  and  2458.) 

"The  brace  is  applied  with  three  strips  of  adhesive 
plaster.  The  upper  and  lower  pieces,  F  and  G,  Fig. 
2453,  are  simply  to  keep  the  apparatus  in  place,  which 
they  do  effectively  if  ordinary  gum  plaster  is  used, 
while,  by  drawing  the  middle  strip,  £,  tightly  over  the 
shield,  and  straightening  the  brace  from  time  to  time, 
the  deformity  is  gradually  and  gently  reduced.  At 
each  reapplication  the  brace  is  made  a  little  straighter 
than  the  foot  at  that  stage.  This  may  readUy  be  done 
by  the  hands,  and  then  the  adhesive  strip  is  to  be 
tightened  over  the  shield  till  the  shape  of  the  foot 
agrees  with  that  of  the  brace.  After  a  few  days,  the 
brace  is  to  be  made  still  straighter  and  again  reapplied, 
and  made  tight  tUl  another  point  of  improvement  is 
gained.  The  brace  is  applied  very  crooked  at  the 
beginning  of  treatment,  as  in  Figs.  2452  and  2453,  and 
is  straightened  from  time  to  time,  and  a  longer  brace 
applied  as  the  deformity  is  reduced  and  the  patient 
grows.  It  should  be  removed  every  week  or  two 
weeks,  and  an  interval  of  a  few  days  allowed  for  free- 
dom from  the  brace,  when  the  mother  is  advised  to 
manipulate  the  foot  constantly,  using  as  much  force 
as  she  will  in  the  direction  of  symmetry.  Manipulat- 
ing the  foot  during  these  intervals  is  of  great  impor- 
tance, as  cases  have  occurred  in  which  varus  and 
equinus  have  been  entirely  overcome  by  the  mother 's 
hand  alone. 

"  63-  this  simple  and  prosy  treatment,  carried  out 
systematically  and  without  haste,  or  violence,  or  pain, 
the  foot,  unless  it  is  a  frightful  exception,  may  with 
certainty  be  changed  from  varus  to  valgus.  At  the 
same  time  the  tendo  .\chillis  is  lengthened  till  the  po- 
sition of  the  foot  is  near  the  normal,  or  at  right  angles 


Fig.  2459. 


Fig.  24S0. 


Fig.  2461.  Fig.  2462. 

Figs.  2459  to  2462.— The  Taylor  Club-foot  Brace. 

with  the  leg,  as  the  result  of  manipulation  and  giving 
the  brace  from  time  to  time  a  partly  anteroposterior 
action.  Figs.  2452  and  2453  show  approximately  the 
shape  of  the  brace  at  the  beginning  of  treatment.  Fig. 
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2454  when  the  varus  is  reduced,  and  Fig.  24o5  when 
valgus  has  taken  the  place  of  varus.  The  foot,  in  this 
latter  stage,  maj-  not  hold  itself  valgus,  when  left  to 
itself,  but  with  almost  no  force  and  with  one  finger 
it  may  be  pushed  into  valgus." 

When  the  varus  deformity  is  reduced,  the  equinus  is 
gradually  corrected  by  carrying  the  splint  behind  the 
internal  malleolus,  and  finally,  if  necessary,  direct  up- 
ward pressure  may  be  obtained  by  lengthening  the 
brace  and  applying  it  to  the  posterior  aspect  of  the 
foot  and  leg.  It  may  be  noted  that  manipulation  and 
stretching  of  the  contracted  parts  when  the  brace  is 
removed  are  of  much  importance  in  the  correction  of 
deformity  by  this  or  other  means.  Splints  of  wood, 
tin,  felt,  and  the  like  may  be  employed,  but  thev  pre- 
sent no  particular  advantage  over  tliat  which  has  been 
described. 

Tenotomy. — The  equinus  has  been  spoken  of  as  the 
secondary  deformity,  but  its  complete  correction  is 
sometimes  more  difficult  than  that  of  varus.  The 
mechanical  stretching  of  the  contracted  parts  by  means 
of  the  plaster-of-Paris  bandage  or  the  brace,  is  often 
accomplished  with  ease,  but  in  more  resistant  cases 
time  will  be  gained  after  the  foot  has  been  forced  into 
the  position  of  equinovalgus,  by  the  division  of  the 
tendo  Achillis,  which  is  the  most  resistant  of  the  short- 
ened tissues.  After  division  of  the  tendon  it  may  be 
necessary  to  use  considerable  force  to  stretch  the  other 
contracted  parts,  and  to  push  the  foot  up  to  the  limit 
of  normal  dorsal  flexion,  which  is  the  object  of  the 
operation.  Occasionally  the  obstacle  seems  to  be  in 
the  posterior  ligament  of  the  ankle,  and  it  is  some- 
times of  service  to  reinsert  the  knife  and  to  divide 
this  structure,  in  part  at  least,  so  that  it  will  give 
way  under  manipulation.  When  the  foot  has  been 
forced  into  the  position  of  overcorrection,  it  is  fixed 
in  a  plaster  bandage  which  is  allowed  to  remain  for 
several  weeks,  until  the  interval  between  the  separated 
ends  of  the  tendon  is  filled  in  with  the  new  tissue. 

In  many  instances  the  leg  is  rotated  inward  upon  the 
thigh,  an  attitude  that  is  accompanied  by  accommoda- 
tive changes  in  the  ligaments  of  the  knee-joint.  Dur- 
ing the  rectification  of  the  club  foot,  this  secondary 
distortion  may  be  corrected,  in  part  at  least,  by  for- 
cible manual  rotation  of  the  leg  outward  on  the  thigh, 
several  times  daily. 

The  management  of  the  first  stage  of  the  treatment 
of  infantile  club  foot  is  then — manipulation  by  the 
nurse  or  parents  from  birth  until  systematic  rectifica- 
tion can  be  begun,  mechanical  correction,  first  of  the 
varus  and  then  of  the  equinus  deformity,  terminating 
with  a  period  of  retention  in  the  over-corrected  posi- 
tion (calcaneovalgus).  Division  of  tendons,  other  than 
the  tendo  AchUlis,  is  not  often  necessary.  The  time 
required  for  the  first  stage  of  treatment,  or  overcor- 
rection of  deformity,  should  not  under  favorable  con- 
ditions exceed  three  months. 

The  rapid  and  complete  correction  of  deformity  in 
the  manner  described,  begun  as  early  as  possible  and 
accomplished  as  quickly  as  possible,  cannot  be  too 
strongly  urged.  In  the  first  months  of  life  the  tissues 
are  not  resistant,  the  bones  are  in  large  part  cartilagi- 
nous, and  when  the  foot  in  its  external  appearance  is 
rectified,  the  rapid  growth  in  the  first  months  of  life 
will  change  the  internal  structure  to  conform  to  the 
normal  conditions.  The  fear  of  atrophy,  compres- 
sion, or  other  harm  from  the  temporary  fixation  neces- 
sary during  rectification  is  groundless,  and  in  fact  ex- 
ercise, so-called,  except  in  the  direction  opposed  to 
deformity,  is  harmful  rather  than  beneficial. 

The  Second  Stage  of  Treatment: Support  and  Reslora- 
tion  of  Function. — When  the  deformed  foot  has  been 
corrected,  in  the  sense  that  all  normal  motions  are  un- 
hampered, the  first  and  most  difficult  part  of  the  treat- 
ment will  have  been  completed,  and  in  some  instances 
a  practical  cure  is  assured.  Such  a  result  is  unusual, 
however,  for  although  the  foot  may  be  normal  in 
appearance,  its  muscular   balance  has  not   been  re- 


stored. This  is  shown  by  the  fact  that  there  ia 
little  power  in  the  dorsal  flexors  and  abductors  to 
draw  the  foot  upward  and  outward.  For  this  reason, 
the  foot  must  be  supported  in  proper  position  until  the 
slack  of  the  lengthened  tissues  has  been  taken  up  by 
development  in  the  normal  attitude,  otherwise  the 
deformity  must  recur.  Practically,  support  Ls  always 
necessary  until  the  child  has  begun  to  walk. 

The  Retention  Brace.— The  form  of  retention  brace  will 
vary  .somewhat  according  to  the  indications  of  the 


Fig.  2463. — The  Adhesive  Plaster  Support  as  used  after  Correc- 
tion of  the  Deformity.     (From  Whitman's  Orthopedic  Surgery.) 

individual  case,  the  one  essential  being  that  the  foot 
shall  be  supported  in  an  attitude  of  dorsal  flexion  and 
abduction  until  the  transformation  of  deformity  is 
completed.  In  the  treatment  of  infants  a  light  brace 
of  tin  or  aluminum  may  be  held  in  position  by  adhesive 
plaster.  One  of  the  best  supports  is  the  Taylor  brace, 
the  invention  of  Dr.  C.  F.  Taylor  of  New  York.  Thl.s 
consists  essentially  of  a  light  upright  that  ex-tends  along 
the  inner  side  of  the  leg  to  the  knee,  and  a  thin  steel 
foot-plate  of  the  exact  size  of  the  sole,  with  an  upright 
flange  on  the  inner  side  rising  to  a  point  just  above 
the  dorsal  surface  of  the 
foot,  against  which  the 
foot  is  closely  pressed  so 
that  recurrence  of  the 
varus  deformity  is  pre- 
vented. The  joint  at  the 
ankle  is  provided  with  a 
catch  that  prevents  plan- 
tar flexion,  but  allows 
dorsal  flexion  (Figs.  24.59, 
2460,  2461,  and  2402). 
By  bending  the  upright 
and  the  sole  plate  the 
foot  may  be  held  in  slight 
abduction.  The  appara- 
tus is  applied  with  straps 
as  illustrated,  and  if 
necessary  its  position  i's 
further  fixed  by  a  band 
of  adhesive  piaster  ai>- 
plied  on  the  inner  side  of 
the  leg  to  hold  the  heel 
firmlj-   against   the    foot- 

pl.ate.  The  foot  is  thus  held  constantly  at  a  right  angle 
to  the  leg,  or  better,  in  the  early  stage  of  treatment,  in 
an  attitude  of  dorsal  flexion  and  valgus.  Occasionally, 
after  complete  rectification  of  the  deformity,  the  foot 
still  turns  in.  In  most  instances  this  is  due  to  an 
inward  rotation  of  the  tibia  on  the  femur  at  the  knee- 
joint,  but  in  some  cases  it  is  caused  bj-  a  spiral  twist 
of  the  tibia  itself.    In  order  to  correct  this  secondarv 


FiQ.  2464.— .\  Retention 
Brace  used  in  Infancy.  (From 
W  hit  man's  Orthopedic  Surge r>-.) 
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deformity  the  upright  of  the  brace  is  carried  beneath 
the  leg,  provided  with  a  joint  at  the  knee,  and 
extended  up  the  outer  side  of  the  thigh.  At  the  hip 
it  is  attached  by  a  free  joint  to  a  padded  pelvic  band 
of  liglit  steel.  The  band  holds  the  upright  in  the 
proper  relation  to  the  thigh ;  thus,  by  twisting  the  part 
below  the  knee  the  foot  can  be  rotated  outward  to  the 
desired  degree.  In  less  marked  cases,  the  retention 
bands  used  for  pigeon  toe  may  be  employed.  (See 
Pigeon  Toe  in  article  on  Foot,  Disabilities  of  the.) 


Fic.  2465. — Club-foot  Braces,  to  Correct  Inward  Rotation. 

Methodical  Ma?mal  Correction . — Several  times  during 
the  day  the  brace  should  be  removed  in  order  that  the 
foot  may  be  thoroughly  massaged  and  forcibly  ab- 
ducted, that  is,  twisted  outward  at  the  mediotarsal 
joint  so  that  the  inner  border  is  made  convex,  and  then 
to  the  extreme  limit  of  dorsal  flexion  and  abduction. 
If  the  leg  is  rotated  inward,  it  is  forcibly  turned  out- 
ward on  the  femur.  Even  if  the  tibia  is  actually 
twisted  on  its  long  axis,  the  influence  of  the  brace  and 
forcible  manipulation  will  usually  correct  the  deform- 
ity. If  not,  an  osteotomy  of  the  tibia  may  be  required 
at  a  later  period;  this,  however,  is  not  often  necessary. 
Active  contraction  of  the  weak  muscles  may  be  in- 
duced by  tickling  the  sole  of  the  foot  or  by  the  use  of 
electricity;  and  finally,  the  entire  limb  should  be 
thoroughly  ma.ssaged  before  the  brace   is   reapplied. 

When  the  ability  to  dorsiflex  and  abduct  the  foot  has 
been  regained,  the  brace  may  be  removed  for  a  part  of 
the  day;  later  it  is  used  only  at  night,  and  finally  it 
may  be  discarded  if  the  child  walks  normally.  But  it 
is  best  to  continue  the  daily  manipulation,  more  par- 
ticularly the  systematic  stretching  or  overcorrection 
of  the  foot,  for  a  long  time.  Thus  one  may  check  the 
tendency  toward  deformity  of  which  the  first  sign  in 
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always  a  slight  limitation  of  the  range  of  dorsal  flexion 
and  abduction. 

In  many  instances  the  deformity  may  have  been  so 
thoroughly  overcorrected  by  the  plaster-of-Paris 
bandage  or  by  the  brace,  and  the  after-treatment  of 
massage  and  stretching  may  have  been  so  efficiently 
applied  by  the  nur.se  or  parent  that  no  support  is 
required  after  the  child  begins  to  walk.  On  the  other 
hand,  the  inclination  toward  deformity  may  be  so 
marked  that  it  may  be  necessary  to  hold  the  foot  in 
slight  abduction  and  valgus  for  a  year  or  longer. 

In  other  cases,  the  use  of  a  light  brace  to  hold  the 
foot  in  the  overcorrected  position  during  the  night  is 
alone  required.  These  are  points  to  be  decided  by  the 
circumstances  of  each  case.  The  period  of  observa- 
tion and  supervision  is  included  in  the  final  stage  of 
the  treatment. 

Third  Stage  of  Treatment:  Supervision. — During  this 
period  the  attitudes  of  the  limb  and  foot  of  the  child 
in  walking  must  be  carefully  watched  and  one  should 
observe  the  signs  of  wear  on  the  sole  of  the  shoe.  K  it 
shows  greater  wear  on  the  outer  side  than  is  usual, 
it  is  an  indication  that  the  weight  does  not  fall  on  the 
center  of  the  foot  and  that  there  is  therefore  a  tend- 
ency toward  deformity.  This  must  be  counteracted 
by  making  the  sole  thicker  on  the  outer  border,  or 
somewhat  wedge-shaped,  so  that  the  weight  may  be 
deflected  toward  the  inner  side. 

This  third  period  of  treatment,  or  rather  of  over- 
sight of  the  functional  use  of  the  foot,  must  be  con- 
tinued indefinitely.  In  fact,  it  is  the  quality  of  this 
final  supervision  that  decides  in  most  instances 
whether  the  ultimate  outcome  is  to  be  what  is  called 
a  satisfactorv  result,  or  a  perfect  cure. 

The  Treatment  of  Neglected  Club  Foot.— The  treat- 
ment of  club  foot,  under  what  may  be  called  the  proper 
conditions,  as  outlined  in  the  preceding  pages,  applies 
practicalh'  ta  all  cases  before  the  completion  of  the 
first  year  of  life,  and  mechanical  rectification  may  be 
successfully  employed  in  cases  far  beyond  this  limit 
of  age.  As  a  rule,  however,  when  the  patient  has 
walked  for  any  length  of  time,  the  resistance  of  the 
tissues  has  increased  to  such  an  extent  that  more 
rapid  and  effective  treatment  is  indicated.  The 
investigations  of  Wolff  have  shown  that  the  internal 
structure  of  the  bones  corresponds  to  their  external 
contour,  and  that  the  structure  and  contour  are 
adaptations  to  functional  use.  This  internal  structure 
is  not,  however,  permanent,  but  is  readily  transformed 
to  conform  to  changes  in  form  or  function.  If  then 
the  external  contour  of  the  club  foot  were  suddenly 
reversed,  and  if  use  of  the  foot  were  permitted  in  this 
new  attitude,  a  transformation  of  the  internal  struc- 
ture of  the  bones  and  at  the  same  time  of  their  shape 
would  begin  at  once.  This  would  continue  until  both 
structure  and  shape  had  become  adapted  to  habitual 
function.  It  is  upon  this  natural  power  of  transfor- 
mation that  one  depends  for  the  final  and  conii)lete 
change  of  the  distorted  bones  to  the  normal;  and  what 
is  true  of  a  resistant  structure  like  bone  is  equally  true 
of  the  other  constituents  of  the  deformed  foot. 

Age  as  Influencing  Treatment. — There  is  then  this 
very  essential  difference  between  the  indications  for 
treatment  in  infancy  and  in  childhood.  In  the  first 
instance  the  foot  has  no  essential  function.  In  the 
walking  child,  however,  the  weight  of  the  body  and 
habitual  use  tend  to  confirm  and  to  increase  the 
deformity.  As  a  general  principle  of  treatment, 
therefore,  walking  should  not  be  permitted  until  the 
weight  of  the  body  may  aid  rather  than  retard  the 
correction  of  deformity.  This  is  another  point  in 
favor  of  rapid,  as  opposed  to  gradual,  correction  of 
deformity. 

The  Rapid  Correction  of  Deformity. — The  principles 
on  which  operative  treatment  is  conducted  are  the 
same  as  those  which  govern  mechanical  treatment. 
Thus  the  deformed  foot  must  be  overcorrected,  and 
it  must  be  held  in  the  overcorrected  position,  until  the 
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immediate  tendency  toward  deformity  has  been  over- 
come. It  must  then  be  supported  until  the  foot  has 
become  adapted  to  its  new  position  and  until  the  bal- 
ance of  muscular  power  has  been  regained.  No  sur- 
gical operation,  however  radical,  can  be,  in  childhood 
at  least,  curative  by  itself  alone.  Operative  proced- 
ures are  undertaken  simply  for  the  purpose  of  making 
the  primary  overcorrection  possible,  and  that  opera- 
tion by  which  this  object  can  be  accomplished,  with 
the  least  interference  with  the  structure  of  the  foot, 
should  be  selected.  Such  an  operation  is  what  may 
be  called  forcible  manual  correction,  first  described 
by  Delore  of  Lyons. 

Forcible  Manual  Correction. — The  patient  having 
been  anesthetized,  one  first  attempts  to  correct  the 
sharp  inward  twist  at  the  mediotarsal  joint.  Suppos- 
ing the  right  foot  to  be  deformed,  one  grasps  the  heel 
with  the  right  hand  in  such  a  manner  that  the  projec- 
tion or  muscular  part  of  the  palm  lies  on  the  outer 
aspect  of  the  foot,  against  the  most  prominent  part  of 
its  outer  border,  which  is  at  the  junction  of  the  os 
ealcis  and  cuboid  bones.  This  hand  serves  as  a  ful- 
crum, over  which  the  inverted  foot  mav  be  bent.     The 
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Fig.  2466. — Reduction  of  Varus.      (,\fter  Lorenz.) 

forefoot  is  then  grasped  firmly  by  the  left  hand  and 
one  begins  a  series  of  outward  twists  over  the  fulcrum 
of  the  opposing  palm,  gently  at  first  with  alternate 
relaxation  of  pressure,  but  with  gradually  increasing 
force  as  the  resistant  tissues  stretch  under  the  tension. 

If  greater  force  is  required,  a  triangular  block  of 
wood,  well  padded,  may  be  used  as  the  fulcrum  (Fig. 
246t)),  one  hand  pressing  on  the  heel  and  the  other  on 
the  forefoot;  but  there  is  a  great  advantage  in  using 
nothing  but  the  hands,  because  one  feels  sure  that  no 
injurious  force  is  likely  to  be  exerted.  Under  this 
steady  manipulation,  the  foot  soon  loses  its  rigidity 
and  its  elastic  recoil  toward  deformity;  it  becomes  so 
limp  that  with  two  fingers  one  can  not  only  hold  the 
sole  straight,  but  can  push  it  or  bend  it  outward. 
Thus  the  first  stage  of  the  methodical  correction  has 
been  accomplished. 

One  then  turns  his  attention  to  the  inversion  which 
makes  the  outer  border  of  the  foot  lower  than  the 
inner  border.  The  leg  is  grasped  firmly  near  the  ankle 
with  the  left  hand,  and  with  the  right  the  foot  is 
forcibl.v  twisted  in  a  direction  downward,  outward,  and 
upward,  over  and  over  again,  with  steadily  increasing 
force  as  the  tissues  slowly  yield,  until  it  may  be  forced 
into  a  position  of  extreme  abduction,  so  that  the  sole 
may  be  made  to  look  outward  and  downward — ;the 
reverse  of  the  former  attitude. 

One  next  stretches  the  contracted  plantar  fascia  and 
reduces  the  cavus,  which  is  usually  present,  by  forcing 


the  forefoot  toward  dorsifiexion,  again.st  the  resintance 
of  the  contracted  tendo  Achillls,  until  the  sole  is  made 
perfectly  flat  (Fig.  2407).  Finally,  the  fourth,  and 
often  the  most  difficult  part  of  the  rectification,  that  of 
forcing  the  displaced  astragalus  into  its  proper  posi- 


FiQ.  2467. — Reduction  of  Cavus.     (.\fter  Lorenz.) 

tion  between  the  malleoli,  is  attempted.  To  accom- 
plish this,  the  tendo  Achillis  is  first  divided  subcu- 
taneously,  and  if  necessary  the  posterior  ligament  of 
the  ankle  is  also  divided  at  the  same  time.  The 
patient  is  then  turned  upon  his  face  so  that  with  the 
knee  resting  on  the  table  the  leg  is  held  upright.  This 
allows  one  to  hook  the  fingers  about  the  extremity  of 
the  OS  ealcis  while  the  hand  and  arm,  lying  along  the 
sole  of  the  foot,  may  be  \iscd  as  a  lever  to  force  it 
toward  dorsal  flexion  as  the  os  ealcis  is  drawn  down- 
ward. In  this  manner  forcible  stretching  is  continued 
until  the  dorsum  of  the  foot  can  be  brought  almost  into 
apposition  with  the  crest  of  the  tibia.  When  the  oper- 
ation has  been  completed,  the  foot  should  be  perfectly 
limp.     It   is  usually  somewhat  congested   from   the 

pressure  of  the 
fingers,  but  it  is 
warm  and  the 
circulation  is 
unimpaired. 

One  may  as- 
sume that  in 
the  change  that 
has  taken  place 
from  rigid  de- 
formity to  a 
limp  foot  that 
can  be  moulded 
into  any  position,  the  com- 
ponent parts  of  the  de- 
formed foot  must  have  been 
subjected  to  considerable 
violence;  that  ligaments  and 
muscles  must  have  been 
stretched  and,  it  may  be, 
ruptured;  that  new  surfaces 
are  now  opposed  to  one 
ani>ther  in  the  articulations, 
and  that  the  bones  have 
been  forced  into  approx- 
imately normal  position. 
This  method  of  treatment 
has  a  great  advantage  over  the  ordinary  operative 
treatment,  in  that  the  entire  foot  has  p.articipated  in 
the  correction,  instead  of  a  limited  portion,  as  when, 
for  example,  bone  is  removed  by  cuneiform  osteot- 
omy; and  it  has  a  second  and  almost  equally  im- 
portant advantage,  in  that  the  immediate  use  of 
the    corrected    and  yielding  foot  is  possible   in  the 
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Fio.    2468. — Reduction     of 
Equinus.     (.\fter  Lorenz.) 
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place  of  the  necessary  rest  that  must  follow  cutting 
operations.  For  these  reasons  forcible  massage 
should  be  the  operation  of  choice,  and  preliminary,  at 
least,  to  more  severe  procedures  in  the  treatment  of 
resistant  club  foot  in  childhood.  The  only  disad- 
vantage of  the  operation  is  the  actual  labor  which  it 
necessitates  on  the  part  of  the  surgeon,  usually  twenty 
minutes  or  more  of  rather  exhausting  work. 

The  foot  must  now  be  fixed  by  a  plaster  bandage  in 
an  overcorrected  position.  It  is  first  evenly  covered 
with  a  layer  of  cotton  and  a  bandage  of  canton  flannel, 
and  while  it  is  held  by  the  a.ssistant,  the  plaster  band- 
ages are  applied  from  the  tips  of  the  toes  to  the  upper 
part  of  the  thigh.  It  is  important  that  the  toes  should 
not  project  beyond  the  bandage,  because  of  the  swell- 
ing that  sometimes  follows.  It  is  important,  also-, 
that  the  foot  should  be  held  in  the  proper  position 
while  the  bandage  is  hardening,  and  that  it  should  not 
be  manipulated  to  any  extent  after  the  bandage  is 
applied,  in  order  that  no  rigid  wrinkle  may  press 
against  the  skin.  The  bandage  is  applied  to  the  thigh 
in  most  instances  in  order  that  the  tibia  may  be  ro- 
tated outward  to  its  normal  position  and  held  there, 
and  because  more  effective  fixation  may  be  assured 
and  greater  pressure  exerted  on  the  foot  in  walking. 
To  utilize  this  pressure  to  better  advantage  the  band- 
age is  made  very  thick  beneath  the  sole,  or  a  thin  foot 
plate  of  wood  may  be  incorporated  in  the  plaster. 


Fig.  2469. — The  Feet  Fixed  in  an  .\tlitude  of  Overcorrection. 

When  the  bandage  is  applied  the  position  of  the  foot 
should  be  that  of  overcorrection  of  deformity,  flexed 
beyond  the  right  angle,  twisted  far  outward,  and  the 
outer  border  should  be  elevated  considerably  beyond 
the  level  of  the  inner  border  (Fig.  2469). 

One  would  suppose,  after  using  the  force  that  has 
been  necessarily  applied,  that  much  pain  and  swelling 
would  follow.  This  is,  however,  not  the  case.  Often, 
on  the  following  day,  the  patients  are  able  to  stand 
upon  the  foot,  and  always  within  the  first  week  if  the 
bandage  has  been  properly  applied.  The  pain  follow- 
ing this  operation  is  far  more  often  caused  by  pressure 
of  an  ill-fitting  bandage  than  by  the  violence  that  has 
been  used.  Thus  one  should  be  careful  to  remove 
sections  of  the  bandage  if  it  appears  to  cause  undue 
discomfort.     These   pionts    where   pain    is   felt   are 
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usually  the  front  of  the  ankle,  the  back  of  the  heel, 
and  tfie  inner  border  of  the  great  toe. 

The  immediate  use  of  the  foot  is  encouraged,  and  al- 
though only  the  heel  and  inner  border  bear  weight 
directly,  yet  the  pressure  of  the  foot  plate  on  the  parts 
that  do  not  come  in  contact  with  the  floor  is  usually 
sufficient  to  mould  the  foot  into  its  proper  shape.  If 
greater  pressure  is  thought  necessary,  wedges  of  wood 
or  cork  may  be  attached  to  the  sole  of  the  plaster  band- 
age so  that  all  parts  may  bear  weight  equally.  The 
bandage  is  covered  by  a  stocking,  a  slipper  may  be 
worn  indoors,  and  an  ordinary  overshoe  for  street 
wear. 

The  first  bandage  should  be  removed  at  the  end  of 
about  three  weeks,  as  by  that  time  it  will  have  become 
loose.  The  foot  will  then  be  found  to  be  extremely 
flexible,  and  by  an  enthusiast  it  might  be  considered 
cured.  But  knowledge  of  its  previous  condition 
should  make  it  evident  that  a  much  longer  time  is 
necessary  to  allow  for  its  consolidation  in  the  new  posi- 
tion. At  this  time  almost  no  evidence  of  the  operation 
remains,  except,  it  may  be,  slight  discoloration  of  the 
skin.  The  foot  is  again  held  as  far  as  possible  in  the 
overcorrected  position  and  another  plaster  bandage  is 
applied,  usually  as  far  as  the  knee  only.  This  should 
remain  for  eight  weeks,  or  longer  if  it  is  still  unbroken. 
The  patient  u.ses  the  foot  constantly,  and  is  drilled  in 
the  proper  method  of  walking,  so  that  the  muscles  of 
the  leg  may  become  accustomed  to  the  new  and  nor- 
mal attitudes. 

At  the  end  of  another  month  or  more,  the  plaster  is 
replaced  by  a  brace  to  be  worn  inside  the  shoe,  usually 
of  the  simplest  description,  consisting  of  an  upright 
bar  with  a  calf-band,  attached  to  a  steel  sole  plate  by  a 
joint  that  will  allow  dorsal  flexion  but  checks  extension 
at  a  right  angle.  This  is  applied  because  the  dorsal 
flexors,  after  years  of  disuse,  only  slowly  recover 
sufficient  power  to  resist  the  action  of  the  opposing 
group  and  the  force  of  gravity. 

The  second  stage  of  the  treatment  is  now  begun. 
This  may  be  divided  into  a  period  of  active  treatment 
and  one  of  supervision.  The  first  or  treatment  stage 
consists  in  massage  of  the  entire  leg  and  of  the  foot  to 
stimulate  the  growth  of  the  atrophied  muscles,  and 
methodical  manipulation  of  the  foot  several  times  a 
day  by  pushing  it  with  the  hand  to  the  extreme  of  the 
range  of  motions  possible  immediately  after  the  opera- 
tion, viz.,  eversion,  abduction,  and  dorsal  flexion,  in 
the  same  order  as  at  the  time  of  operation.  At  the 
same  time  the  patient  attempts  voluntarily  to  carry 
out  these  motions  by  his  own  muscles,  the  power  be- 
ing su))plied  bj'  the  hand  of  the  ma.sseur.  Slowly  the 
muscles  gain  in  strength  and  ability  and  when  normal 
muscular  power  and  balance  have  been  regained  the 
patient  is  practically  cured;  but  for  long  afterward 
supervision  is  kept  up  of  the  patient 's  attitude,  of  the 
manner  of  using  the  foot,  of  the  wear  of  the  sole  of  the 
shoe,  and  the  like,  and  by  constant  drilling  and  stimu- 
lation the  attempt  is  made  to  restore  the  normal 
appearance  and  function. 

One  cannot  exaggerate  the  importance  of  this  after- 
treatment,  and  of  supervision  at  least  on  the  part  of  the 
surgeon.  The  active  treatment  may  often  be  left  to 
the  parents.  But  constant  supervision  is  necessary  to 
keep  this  after-treatment,  which  seems  so  common- 
place and  simple,  up  to  the  proper  pitch;  and  to  assure 
one's  self  that  the  range  of  motion  regained  by  the 
operation  does  not  gradually  become  more  and  more 
restricted,  even  though  the  contour  of  the  foot  appears 
to  be  normal. 

Forcible  manual  correction  may  be  employed  with 
advantage  from  the  second  to  the  tenth  year,  although 
the  limits  may  be  extended  in  either  direction  in 
special  cases.  In  this  operation,  as  described,  the 
tendo  Achillis  is  the  only  structure  divided.  There  is 
no  particular  objection  to  subcutaneous  division  of 
other  tendons  or  ligaments  in  connection  with  forcible 
manual  correction;  but  in  such  prolonged  manipula- 
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tion  it  is  much  better  if  the  skin,  which  itself  must 
be  stretched,  is  unbroken  and  dry,  rather  tlian  moist 
from  the  lileeding  from  punctured  wounds.  For  this 
reason  it  is  well  to  correct  the  deformity  without  ex- 
tensive tenotomy  if  possible. 

Treatment  of  Secmidnry  Deformitie.i . — In  cases  such 
as  have  been  described  a  certain  amount  of  secondary 
deformity  of  the  leg  is  often  present.  Knock-knee 
rarely  recjuires  other  treatment  than  daily  manual 
correction  in  connection  with  the  massage  of  the  foot 
and  leg. 

Hyperextension  at  the  knee  will  correct  itself  during 
the  treatment  of  the  foot,  which,  being  fixed  in  an 
attitude  of  dorsal  flexion,  obliges  the  patient  to  walk 
with  the  knees  slightly  flexed.  Inward  rotation  of 
the  leg  upon  the  thigh  may  be  sufficient  to  require  a 
brace,  but,  as  a  rule  in  chiklhood  and  adolescence,  the 
patient  has  so  long  walked  with  exaggerated  outward 
rotation  of  the  femur  that  after  correction  of  the  de- 
formity no  inward  rotation  of  the  foot  appears,  even 
though  inward  rotation  of  the  tibia  be  present. 
Osteotomy  of  the  tibia,  to  correct  the  inward  twist,  is 
rarely  necessary. 

Mallentomy. — In  confirmed  club  foot  of  the  type 
under  consideration,  the  chief  obstacle  to  perfect 
correction  may  be  the  astragalus.  This  is  often 
displaced  forward,  downward,  and  inward,  so  that 
only  the  posterior  portion  of  its  articulating  surface  is 
contained  within  the  malleoli.  In  the  cases  of  long 
standing  the  space  bet%veen  the  bones  may  have 
become  insufficient  for  the  anterior  and  wider  part  of 
the  body  of  the  astragalus.  In  such  instances,  even 
after  division  of  the  tendo  Achillis  and  the  posterior 
ligament  of  the  ankle,  dorsal  flexion  still  remains 
restricted,  and  examination  shows  that  the  astragalus 
still  projects  as  before,  although  the  foot  has  been 
forced  into  a  position  of  apparent  dorsiflexion  and 
abduction.  This  apparent  correction  is  the  result  of 
overcorrection  at  the  mediotarsal  joint,  of  outward 
rotation  of  the  tibia  upim  the  femur,  and  of  backward 
displacement  of  the  fibula.  In  such  cases  the  malleoli 
may  be  separated  from  one  another  by  dividing  the 
ligaments  that  hold  them  in  apposition. 

A  straight  incision,  about  two  inches  long,  is  made 
on  the  outer  side  of  the  ankle  directly  over  the  anterior 
aspect  of  the  articulation,  the  ligaments  are  divided 
and  by  inserting  a  thin  chisel  the  bones  are  pried  apart, 
and  tile  astragalus  is  replaced  in  the  proper  position. 
This  is  usuall.v  easy  if  the  restraining  tissues  on  the 
posterior  part  of  tlie  ankle  have  been  divided.  The 
wound  is  then  closed  and  the  foot  held  in  the  over- 
corrected  position  by  a  plaster  bandage.  Complete 
correction  of  the  varus  deformity  should,  of  course, 
precede  this  operation. 

It  would  seem  on  first  consideration  that  if  imme- 
diate correction  of  deformity  could  be  so  easily  accom- 
plished in  the  confirmed  case,  it  should  be  employed 
even  in  infancy.  There  are,  however,  practical 
reasons  against  it ;  first,  because  the  foot  is  so  small  that 
it  cannot  be  easily  manipulated;  second,  because  even 
after  it  is  corrected  it  must  be  supported  until  the 
child  begins  to  walk;  and  third,  because  the  foot  can 
be  so  easily  straightened  without  an  operation,  which, 
even  of  so  slight  a  character,  is  sometimes  cause  of 
much  anxiety  to  the  parents.  For  these  reasons, 
although  immediate  reduction  of  deformity  is  a 
thoroughly  practical  and  safe  operation,  it  is  rarely 
advised  until  a  later  time. 

Subcutaneous  Tenotomij. — The  division  of  tendons 
and  other  tissues  by  the  subcutaneous  method  has 
been  mentioned  incidentally,  but  as  it  has  so  long 
occupied  an  important,  and  even  at  one  time  the  most 
important,  place  in  the  treatment  of  club  foot,  the 
operation  and  its  effects  may  be  described  somewhat 
in  detail. 

Tenotomy,  as  has  been  stated,  is  performed  for  the 
purpose  of  removing  an  obstacle  to  the  correction 
and  overcorrection  of  deformity.     In  the  acquired  or 


paralytic  form  of  club  foot,  one  or  more  shortened 
tendons  may  be  the  chief  obstacles  to  reposition,  but 
in  the  congenital  form,  in  which  all  the  tissues  have 
grown  into  deformity,  the  shortened  tendons  are  by 
no  means  the  only  resistant  parts,  and  tenotomy 
should  be  considerefl,  therefore,  merely  a.s  an  incident 
in  correctioti.  In  the  ordinary  treatment  of  infantile 
club  foot,  tenotomy  may  often  be  dispen.sed  with,  and 
in  the  great  majority  of  cases  division  of  the  tendo 
Achillis  is  alone  rcquirefi.  . 

When  the  tendon  has  been  divided,  the  deformity 
is  immediately  overcorrected;  thus  the  two  extrem- 
ities are  separated  to  the  extent  necessary  to  allow  the 
improved  position.  At  the  end  of  three  weeks  or 
more,  when  th(^  first  flressing  is  removed,  the  space 
will  be  filled  with  new  material,  and  in  another  month 
the  splice,  which  will  be  somewhat  larger  and  thicker 
than  the  normal,  should  be  strong  enough  for  use. 
The  slight  thickening  at  the  site  of  the  operation  may 
be  felt  for  a  year  or  more,  but  for  all  intents  and  pur- 
poses the  new  anrl  lengthened  tenrlon  is  perfectly 
normal,  as  is  the  function  of  the  muscle  of  which  it 
is  a  part. 

The  [jrocess  of  repair  is  somewhat  as  follows: 
Immediately  after  the  operation  the  space  between  the 
divided  ends  of  the  tendon  is  filled  or  partially  filled 
with  blood;  then  leucocytes  appear,  which  with  those 
in  the  blood  clot  serve  as  pabulum  for  the  plasma  cells 
which  migrate  from  between  the  fasciculi  of  the  ten- 
don and  from  the  tendon  sheath.  The  fibrin  and 
red  corpuscles  of  the  clot  are  absorbed,  the  extremities 
of  the  divided  tendon  soften  and  become  fused  with 
the  new  material,  which  begins  to  take  on  the  form  and 
consistence  of  true  tendon,  and  to  separate  itself  from 
the  adherent  sheath.  This  new  tendon  differs  from 
the  normal  structure  in  that  the  fibrous  fasciculi  are 
more  irregular  and  its  substance  is  more  like  scar 
tissue,  but  practically  it  is  perfectly  normal  in  its 
appearance  and  function. 

Since  the  tendon  sheath  serves  an  important  purpose 
in  repair,  it  should  be  disturbed  as  little  as  possible, 
and  for  this  as  well  as  for  other  obvious  reasons,  sub- 
cutaneous tenotomy  of  the  tendo  .Achillis,  which  is  so 
prominent  and  so  distinct  from  other  important  parts, 
is  to  be  preferred;  but  if  more  extensive  division  of 
other  tendons  is  required,  the  open  operation  is  often 
indicated. 

Diriaion  of  the  Tendn  Arhilli.f. — For  this  operation 
anesthesia  is  usually  reciuired,  preferably  by  means  of 
nitrous  oxide  gas,  and  it  is  hardly  necessary  to  state 
that  surgical  cleanliness,  even  in  so  slight  a  procedure, 
is  essential. 

The  instrument  should  be  small  and  very  sharp  so 
that  no  force  is  required  in  the  operation;  the  blade 
should  be  as  long  as  the  tendon  is  wide.  The  patient 
is  turned  upon  the  side  or  to  the  prone  position,  so 
that  the  foot  may  be  held  with  the  heel  upward  by 
the  left  hand.  The  position  and  size  of  the  tendon 
are  ascertained  by  careful  palpation,  and  the  knife  is 
then  in.serted  to  its  inner  side,  at  about  the  level  of 
the  extremity  of  the  internal  malleolus.  The  flat 
surface  of  the  blade  is  held  parallel  to  the  tendon,  and 
it  is  passed  beneath  it  until  its  point  can  be  felt 
beneath  the  skin  on  the  op))osite  side.  The  edge  is 
then  turned  upward,  and  the  tendon,  being  made 
tense,  is  divided  by  a  sawing  motion  of  the  knife. 
When  the  division  is  com])lcte,  as  indicated  by  the 
separation  of  the  divided  ends,  the  knife  is  withdrawn, 
and  the  minute  opening  in  the  skin,  from  which  there 
is  usually  slight  bleeding,  is  covered  with  a  pledget  of 
aseptic  cotton.  The  foot  is  forced  into  dorsal  fiexion 
and  is  securely  fixed  by  a  plaster  bandage.  In  apply- 
ing the  dressing  one  sho\ild  take  care  that  no  pressure 
is  brought  upon  the  seat  of  operation,  as  this  might 
interfere  with  the  effusion  of  plastic  material.  As  soon 
as  the  discomfort  attending  the  operation  has  sub- 
sided the  patient  is  encouraged  to  stand  and  to  walk. 
Functional   use,    far   from    retarding   repair,    is,    by 

491 


Foot,  Distortions  of 


REFERENCE  HANDBOOK   OF  THE   MEDICAL  SCIENCES 


stimulating  the  circulation,  an  important  agent  in 
assuring  firm  and  rapid  union. 

Division  of  the  plantar  fascia  Is  not  infrequent!}' 
necessary  and  should  be  performed  subcutaneousl}'. 
The  tenotome  is  inserted  beneath  the  skin  at  about  the 
center  of  the  copcavity  to  one  or  the  other  side  of  the 
central  band  of  the  fascia,  which  is  divided  by  a  sawing 
motion  of  the  knife.  The  part  is  put  upon  the  stretch, 
and  other  resisting  bands  to  the  outer  and  inner  side 
are  divided  in  the  same  manner;  the  cavus  is  then 
corrected  by  manual  or  instrumental  force.  The 
operation,  like  that  upon  the  tendo  Achillis,  is  prac- 
tically free  from  danger. 

Division  of  the  libialis  ayilicus  is  not  often  necessary, 
as  this  tendon  offers  little  resistance  to  the  rectifica- 
tion of  deformity. 

The  tendon  of  the  tibialis  posticus  may  be  divided 
together  with  that  of  the  tibialis  anticus  near  the 
points  of  attachment.  If  the  operation  is  recjuir- 
ed,  it  may  be  combined  with  simultaneous  section 
of  the  calcaneoscaphoid  ligament,  with  which  are 
blended  the  anterior  part  of  the  deltoid  and  fibers 
of  the  anterior  ligament  of  the  ankle.  (Parker:  "The 
Astragaloscaphoid  Angle.")     According  to  Parker's 


Fig.  2-170. — Resistant  Club  Foot  in  Adolescence. 

directions,  the  foot  should  be  strongly  abducted  to 
make  the  parts  tense.  The  tenotome  is  entered 
directly  in  front  of  the  anterior  border  of  the  internal 
malleolus,  its  cutting  edge  being  turned  forward 
between  the  skin  and  the  ligament.  It  is  then  turned 
toward  the  ligament,  and  the  tissues  are  divided  to 
the  bone.  The  blade  is  then  made  to  enter  the  inter- 
val between  the  astragalus  and  the  scaphoid,  and  is 
carried  downward  and  forward  to  divide  the  inferior 
part  of  the  ligament  and  at  the  same  time  the  tendons 
of  the  tibialis  anticus  and  posticus. 

The  posterior  ligament  of  the  ankle-joint  may  be  di- 
vided or  sufficientlv  weakened,  so  that  it  may  be  rup- 


tured after  section  of  the  tendo  Achillis  by  passing  the 
knife  directly  downward  in  the  middle  line  upon  the 
upper  border  of  the  astragalus. 

Forcible  Correction  of  Deformity  by  Means  of  Osteo- 
clasts and  Wrenches. — In  place  of  manual  correction  of 
deformity  greater  force  may  be  employed  by  means  of 
osteoclasts   or   wrenches.     There    is   this   important 


The  Thomas  Wrench. 


difference  between  the  two  procedures:  force  may  be 
applied  by  the  hands  for  as  long  a  time  as  is  necessary 
with  but  little  danger  of  injury,  while  force  applied  by 
a  machine  must  be  momentary  because  of  the  pressure 
and  strain  on  the  parts  where  the  leverage  is  exerted. 
Manual  force,  continuously  applied,  may  be  supposed 
to  stretch  the  resistant  parts,  and  although  much  less 
power  is  exerted  it  is  of  ten  more  effective  than  the  sud- 
den and  momentarj'  force  of  the  wrench  or  osteoclast. 
Correction  by  means  of  the  Thomas  wrench  is  one  of 
the  simplest  and  most  efficient  of  these  procedures. 
The  wrenching  may  or  may  not  be  preceded  by  ten- 
otomy, a  point  to  be  decided  by  the  resistance  of  the 
parts.  As  a  rule  division  of  the  tendo  Achillis  is  alone 
necessary.  The  instrument  is  a  simple  heavy  monkey 
wrench,  of  which  the  jaws  have  been  replaced  by  two 
strong  pins, slightly  bulbous  at  the  ends  to  keep  the 
covers  of  rubber  tubing  from  slipping  off  (Figs.  2471- 
4474). 

The  wrench  is  applied  to  the  inner  side  of  the  foot 
and  screwed  down,  so  that  it  may  "bite"  and  hold  its 
place  firmly,  for  if  it  slips  it  is  likely  to  abrade  or  tear 
the  skin;  then  with  considerable  force  the  foot  is 
twisted  outward  and  upward.  The  "keynote"  of  the 
operation  is  so  to  wrench  the  foot  that  it  loses  its 
elasticity,  and  shows  no  tendency  to  recoil  toward  de- 
formity. The  foot  is  then  placed  in  the  best  possible 
position  and  retained  there  by  the  Thomas  foot  splint 
or  by  a  plaster  bandage.  In  certain  instances  one  may 
complete  the  rectification  at  one  operation,  but  this  is 
not  usually  attempted,  the  procedure  being  repeated 
at  intervals  of  a  few  days  until  the  deformity  has  been 
overcorrected.  In  very  resistant 
cases  eight  or  ten  applications  of 
force  may  be  necessary.  When 
the  deformity  has  been  rectified, 
the  foot  is  held  in  the  overcor- 
rected position  for  several  weeks 
by  the  splint  or  plaster  bandage. 
As  a  walking  appliance,  a  sim- 
])le  ujjright  of  iron  with  a  calf- 
band  is  applied  to  the  inner  side 
of  the  leg  from  a  point  just  below 


Fig.  2472. — The  Thomas  Wrench  .\pplied  to  a  Case  of  Talipes 
Equinovarua. 

the  knee  to  the  heel  of  the  shoe,  into  which  it  is  inserted, 
as  is  the  Thomas  knock-knee  brace.  By  bending  the 
upright  the  foot  may  be  kept  in  slight  valgus,  and  this 
position  is  still  further  assured  by  making  the  outer 
side  of  the  sole  of  the  shoe  thicker  than  the  inner,  so 
that  the  weight  falls  upon  the  inner  border  of  the  foot. 


492 


REFERENCE   HAXDBOOK  OF  THE   MEDICAL  SCIENCES 


Foot,  Dlstortlona  of 


In  many  instances  the  walking  brace  may  be  dis- 
pensed with  in  the  after-treatment,  but  a  light  brace  is 
usually  worn  to  hold  the  foot  in  the  corrected  position 
during  the  night,  until  the  power  of  the  abductors  and 
dorsal  flexors  has  been  regained.  Massage  and  manip- 
ulation are  used  in  the  after-treatment  in  the  manner 
already  described. 

Properly  applied  the  treatment  is  satisfactory  and 
free  from  danger.  Sloughing  of  the  tissues  caused  bv 
the  pressure  of  the  instrument  or  by  the  plaster  band- 
ages has  been  reported,  but  such  accidents  have  not 
occurred  in  the  extensive  practice  of  Thomas  and  Jones . 


Fig.  2473 —The    Deformity    Par- 
tially Corrected  by  the  Wrench. 


Fia.  2474.— The  De- 
formity Fully  Corrected 
by  the  Wrench. 


CoTTection  by  Means  of  the  Osteoclast. — The  late  Mr. 
Grattan,  of  Cork,  used  the  osteoclast  that  goes  by  his 
name  to  crush  and  to  overcorrect  resistant  club  foot. 
The  operation  may  include,  besides  the  correction  of 
deformity  of  the  foot  itself,  fracture  of  the  leg  above 
the  malleolus  to  turn  the  foot  toward  valgus,  and  a 
second  fracture  half-way  up  the  limb,  to  overcome  the 
twist  of  the  tibia. 

Other  appliances  constructed  on  somewhat  similar 
principles  may  be  employed.  Of  these  the  Lorenz 
osteoclast  and  the  Bradford  lever  apparatus  are  the 
most  effective. 

The  Open  Incision  Combined  with  Forcible  Rectifica- 
tion of  Deformity — Phelps'  Operation. — When  exten- 
sive division  of  soft  parts  is  indicated,  as  in  resistant 
cases,  the  open  incision  is  to  be  preferred  because  of  the 
opportunity  thus  offered  for  the  recognition  and  for 
intelligent  selection  of  structures  that  require  division 
in  the  final  correction  of  the  deformity. 

Phelps'  operation  is  in  all  essential  respects  simply 
the  division  of  the  contracted  parts  through  an  inci- 
sion on  the  inner  border  of  the  foot,  combined  with  the 
manual  or  instrumental  force  sufficient  to  overcorrect 
the  deformity.  It  is  the  most  conservative  of  the 
more  radical  procedures,  and  by  it  even  the  most 
severe  type  of  deformity  in  the  adult  can  be  corrected; 
that  is  to  say,  the  deformity  may  be  overcome  and  a 
serviceable  foot  may  be  assured  to  the  patient.  Per- 
fect functional  cure  is  not  possible  when  deformitj-  has 
become  habitual  after  many  years  of  neglect. 

The  steps  of  the  Phelps  operation  are  as  follows; 


After  proper  surgical  preparation  the  Ksmarch  band- 
age is  applied.  The  t<,'ndo  .\chUlis,  and  usually  the 
posterior  ligament  of  the  ankle,  are  divided  subcu- 
tanoously,  and  by  manual  or  instrumental  force  the 
equinus  is  corrected  as  far  as  possible.  An  incision 
is  then  made  on  the  inner  border  of  the  foot,  just  be- 
low and  in  front  of  the  internal  malleolus  which  is 
extended  riirectly  downward  over  the  head  of  the 
astragalus  to  include  the  inner  quarter  of  the  sole. 
Through  th(>  incision  all  resistant  parts  are  divided, 
according  to  Phelps,  .somewhat  in  the  following  order: 

1.  The  tibialis  posticus,  and  the  anticus  if  it  offers 
resistance. 

2.  The  abductor  poUicis. 

3.  The  plantar  fascia. 

4.  The  flexor  brevis  digitorum. 

5.  The  long  flexor  of  the  toes. 

6.  The  deltoid  ligament  in  all  its  branches. 

During  the  successive  division  of  the  tissues  re- 
peated attempts  are  made  to  correct  the  foot,  and 
only  those  structures  are  divided  that  present  them- 
selves as  tense  and  resistant  tissues  when  the  foot  is 
forcibly  abducted. 

In  the  adult  type  of  club  foot  no  attempt  is  made  to 
recognize  the  different  structures,  but  all  the  tissues 
on  the  inner  side  of  the  foot  including  blood-vessels 
and  nerves,  the  deep  ligaments,  and  occasionally  the 
tendon  of  the  peroneus  longus  muscle,  are  divided. 
Even  then  it  is  necessary  to  apply  considerable  force 
to  correct  the  deformity.  In  rare  instances  the  recti- 
fication of  deformity  necessitates  osteotomy  of  the  neck 
of  the  astragalus,  or  the  removal  of  a  cuneiform  sec- 
tion from  the  os  calcis.  The  object  of  the  Phelps 
operation  is,  by  the  use  of  force  and  by  division  of 
resistant  tissues,  to  overcorrect  the  deformed  foot  at 
one  sitting,  and  as  much  force  and  as  extensive  divi- 
sion as  are  required  should  be  employed  bj-  the 
operator. 

When  the  foot  can  be  held  in  the  desired  position 
without  resistance,  the  wound  is  covered  with  Lister 
protective,  the  foot  and  leg  are  thickly  covered  with 
gauze  and  cotton,  a  plaster  bandage  is  applied,  and 
the  limb  is  elevated.  In  younger  subjects  the  patient 
may  walk  upon  the  corrected  foot  in  a  few  days.  The 
large  gaping  wound  closes  by  granulation  in  from  one 
to  three  months;  in  many  instances  healing  is  practi- 
cally completed  under  the  first  dressing. 

By  this  operation  the  foot,  even  in  severe  cases  in 
adult  life,  may  be  made  straight  in  appearance.  It  is 
evident,  however,  that  in  such  cases  the  correction  of 
the  deformity  of  the  bones  is  by  no  means  always  per- 
fect, for  the  fore  foot  may  be  simply  twisted  outward 
and  upward  while  the  astragalus  and  os  calcis  may 
remain  in  an  approximation  to  their  original  deform- 
ity. After  thorough  over  correction  by  the  Phelp 
method  the  danger  of  recurrence  of  deformity  in  the 
adult  and  adolescent  type  of  club  foot  is  not  great, 
and  in  many  instances  support  other  than  that  of  the 
plaster  bandage  for  several  months  after  the  operation 
may  be  unnecessary;  but  in  childhood  the  ordinary 
precautions  in  after-treatment  to  prevent  relapse 
will  be  necessary. 

Operalio)is  on  the  Bones. — Osteotomy  of  the  neck  of 
the  astragalus,  as  a  supplementary  part  of  the  opera- 
tion of  forcible  correction,  has  been  mentioned.  In 
certain  instances,  particularly  in  the  adolescent  or 
adult  tjpe  of  deformity,  the  displaced  .astragalus  may 
offer  such  an  obstacle  to  correction  that  its  removal  is 
indicated. 

Aslragalcclomy. — The  astragalus  is  usually  removed 
by  means  of  an  incision  passing  over  its  most  promi- 
nent part,  in  a  direction  forwarii  and  downward  from 
the  tip  of  the  external  malleolus,  between  the  tendons 
of  the  peroneus  brevis  and  peroneus  tertius.  The 
soft  i)arts  are  drawn  aside,  the  ankle  and  astragalo- 
scaphoid  joints  are  opened,  and  the  attachments  to 
the  scaphoid,  and,  as  far  as  possible,  those  at  the  inner 
and   outer   border,   are   divided.     The   foot   is   next 
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addueted  so  that  the  head  of  the  bone  may  be  seized 
with  forceps  and  drawn  upward;  the  interosseous 
ligament  and  the  internal  lateral  ligament  may  then 
be  divided  with  curved  scissors.  If  the  varus  has  been 
entirely  overcome  by  preliminary  stretching  the  foot 
may  be  easily  fixed  in  the  overcorrected  position  but 
in  most  instances  a  wedge  must  be  taken  from  the 
neighborhood  of  the  calcaneocuboid  articulation  in 
order  to  overcome  completely  the  residual  varus. 

Cuneiform  Oslcotoniy. — The  removal  of  cuneiform 
sections  of  bone  from  the  outer  border  of  the  foot  is 
sometimes  necessary,  but  the  operation  should  be 
secondary  to  other  methods  of  correction.  The  aim 
should  be  to  lengthen  contracted  and  shortened 
tissues  on  the  inner  border  of  the  foot,  to  the  extent 
required  for  reposition;  not  to  remove  bone  to 
accommodate  these  shortened  tissues.  If  this  has 
been  shown  to  be  impossible  by  ordinary  means,  then 
removal  of  bone  may  be  indicated,  but  this  is  rarely 
necessary  in  childhood.  If  sufficient  bone  is  removed 
from  the  adult  foot  to  allow  of  perfect  correction  of 
the  deformity,  relapse  is  not  usual;  but  in  childhood, 
as  has  been  stated,  no  operation  will  enable  one  to 
dispense  with  after-treatment  and  supervision. 

The  treatment  by  cuneiform  osteotomy  is  suffi- 
ciently simple.  A  wedge  of  bone,  usually  part  of  the 
projecting  body  of  the  astragalus  and  of  the  os  calcis, 
of  sufficient  size  to  permit  complete  overcorrection 
of  its  deformity,  is  removed.  The  siu-faces  are  apposed 
by  the  correction  and  the  foot  is  fixed  in  a  plaster 
bandage.  In  the  treatment  of  severe  cases  in  the 
adolescent  and  adult,  it  is  well  to  divide  correction 
procedures  into  stages  in  order  to  permit  the  accom- 
modation of  the  circulation  to  the  new  attitude. 
Thus  partial  correction  by  force  and  tenotomy 
should  precede  by  a  week  or  more  the  final  over- 
correction by  astragalectomy,  osteotomy,  and  the  like. 

Simple  Mechanical  Rectification  of  Deformity  in 
Walking  Children  and  in  those  of  Older  Growth. — It  has 
been  stated  that  simple  mechanical  rectification  of 
deformity  was  possible  even  up  to  adolescence,  but 
that  the  time  recjuired  for  such  treatment,  usually 
extending  over  several  years,  as  a  rule  excluded  it 
from  consideration. 

The  simplest  mechanical  treatment  is  that  by  which 
the  foot  is  slowly  forced  from  equinovarus  into  cquino- 
valgus  by  a  brace  on  the  lever  principle,  which  is  at 
first  shaped  to  the  deformity,  and  is  then  gradually 
straightened  as  the  resistance  diminishes.  When  the 
midpoint  has  been  passed  between  varus  and  valgus 
the  weight  of  the  body  aids  in  the  correction  of  the 
remaining  varus  and  equinus.  The  modification  of 
the  Taylor  brace  used  by  Judson,  an  advocate  of  pure 
mechanics  in  the  treatment  of  club  foot,  will  serve  to 
illustrate  the  type  of  apparatus  which,  with  slight 
change,  may  be  employed  to  correct  or  to  support 
the  weakened  or  deformed  foot. 

The  brace  consists  of  an  upright,  a  flat  tapering  bar 
of  mild  steel,  a  foot-plate  of  steel  from  18  to  16  gauge 
and  a  .strong  calf-band.  The  shape  of  the  brace,  the 
method  of  its  attachment  to  the  legs  by  straps  of 
webbing,  and  its  effect  in  gradually  changing  the  atti- 
tude of  the  foot  from  varus  to  valgus  are  shown  in  the 
accompanying  figures  (Figs.  2475-2482). 

The  upright  is  firmly  riveted  to  the  foot  plate  in  the 
angle  of  deformity,  so  that  the  patient  walks  upon  his 
toes;  as  the  equinus  is  decreased  by  the  influence  of  the 
weight  of  the  body,  this  angle  is  lessened. 

The  important  points  are,  that  the  brace  should  be 
strong  enough  to  hold  its  place  under  the  strain  of  use, 
and  that  the  foot  shall  be  firmly  secured  to  it,  whether 
one  or  many  straps  of  webbing  are  required,  as  may  be 
seen  in  the  figures.  The  use  of  massage  and  manipu- 
lation is  of  course  combined  with  the  mechanical 
treatment. 

By  persistent  attention  to  the  details  of  treatment 
satisfactory  results  can  be  obtained  by  this  method  in 
the  less  resistant  cases,  even  in  adolescence. 


Recapitulation  of  the  Principles  of  Treatment  of  Con- 
genital Talipes  Equinopar us. — The  object  of  treatment 
is  to  overcome  and  to  overcorrect  the  deformity  at  as 
early  a  period  of  life  as  is  possible,  and  as  quickly  as 
possible.     The  object    of   overcorrection  is  to  over- 
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Flu.  247G.  Fig.  2477. 


Fia.  2478. 


2479. 


Fio    2480. 


Fig.  2481.  Fig.  2482. 

come  all  the  resistance  of  the  tissues  that  may  even 
in  the  slightest  degree  limit  the  normal  range  of  motion 
in  any  direction.  The  foot  must  be  supported  in  the 
overcorrected  position  until  the  recoil  of  the  tissues 
toward  deformity  is  no  longer  present. 

It  must  be  supported  in  the  proper  relation  to  the 
leg,  and  at  a  right  angle  with  it,  until  the  muscular 
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balance  has  been  reestablished  by  stimulation  of  the 
weaker,  and  by  limitation  of  the  activity  of  the  strong- 
er, muscles,  and  until  transformation  of  the  internal 
structure  has  been  completed. 

If  efficient  mechanical  treatment  is  applied  at  the 
proper  time,  that,  is  to  say,  in  earliest  infancy,  no 
operation,  other  than  division  of  the  tendo  Achillis, 
will  be  required. 

If  the  deformity  is  not  corrected  or  is  but  partially 
corrected,  when  the  child  has  begun  to  walk,  some  form 
of  operation  is  as  a  rule  indicated;  but  division  of  the 
resistant  tissues  must  always  be  combined  with  the 
employment  of  sufficient  force  to  accomplish  the 
desired  result,  viz.,  overcorrection  of  the  deformity. 
Manual  correction,  applied  in  the  manner  described, 
is  the  most  efficient  means  of  attaining  this  object. 
No  instrument  can  equal  the  hand,  and  the  force  that 
can  be  applied  by  the  hand  is  sufficient  in  all  the 
ordinary  cases  in  early  childhood,  and  in  combination 
with  subcutaneous  division  of  the  more  resistant 
tendons  and  ligaments,  even  in  later  childhood  and 
adolescence. 

Forcible  correction  by  the  Thomas  wrench  under 
the  same  conditions  is  an  efficient  treatment,  but  tJierc 
is  a  manifest  disadvantage  in  submitting  a  patient  to 
a  succession  of  operations,  even  of  so  slight  a  char- 
acter, if  immediate  overcorrection  can  be  attained 
by  other  means. 

The  Phelps'  operation,  which  combines  thorough 
division  of  the  resistant  parts  with  the  application  of 
proper  force  to  overcorrect  the  foot,  is  the  operation 
of  selection  for  the  more  resistant  cases  in  adoles- 
cence, in  adult  life,  and  in  extremely  resistant  cases 
in  childhood.  It  is  indicated  particularly  in  cases  of 
resistant  varus. 

Astragalectomy  and  cuneiform  resection  are  never 
indicated  as  primary  operations,  but  one  or  the  other 
or  both  in  combination  may  be  necessary  in  the 
rectification  of  the  deformity  when  other  means  have 
failed. 

Complete  cure  of  deformity,  even  in  the  later  years 
of  childhood,  is  possible  by  means  of  braces  alone,  but 
such  treatment  is  very  tedious.  It  requires  not  only 
the  continuous  supervision  of  the  skilled  surgeon,  but 
the  intelligent  and  persistent  cooperation  of  the  par- 
ents. The  results  are  in  no  way  superior  to  those 
attained  by  more  rapid  methods,  while  the  disad- 
vantages of  long-continued  use  of  braces  are  suffi- 
ciently obvious.  To  the  popular  faith  in  braces  as  a 
cure-all  of  deformity,  and  to  the  unintelligent  use  of 
braces,  may  be  ascribed,  now  as  in  former  times,  the 
failure  of  treatment  of  this  eminently  curable  deform- 
ity. This  statement  seems  justified,  even  when 
balanced  by  the  equally  fallacious  belief,  so  prevalent 
among  physicians,  that  an  oijeration,  if  not  synony- 
mous with  cure,  is,  at  least,  the  essential  part  of  the 
treatment. 

Rectification  of  deformity,  by  whatever  means, 
simply  completes  the  first  stage  of  treatment.  Perfect 
cure  can  be  assured  only  by  attention  to  the  small 
details  of  after-treatment,  by  checking  the  slightest 
impulse  toward  deformity,  and  by  guiding  the  unbal- 
anced foot  toward  perfect  functional  use. 

Other  V.\RrETiES  of  Congenital  Talipes. — Forms 
of  congenital  distortion  of  the  foot  other  than  equino- 
varus  are  not  uncommon,  but  as  a  rule  these  deform- 
ities are  so  slight,  and,  as  coriipared  to  equinovarus, 
so  easily  remedied  that  they  are  relatively  of  little 
importance  (Fig.  2483).  This  distinction  does  not 
apply,  however,  to  acquired  talipes,  of  which  the  vari- 
ous forms  will  be  considered  in  other  sections. 

Congenital  Talipes  Varus. — This  deformity  often 
appears  to  be  an  incomplete  form  of  equinovarus,  but  in 
some  instances  there  is  simply  a  slight  inward  twist  of 
the  foot  without  supination;  in  fact,  the  fore  foot  seems 
to  be  drawn  inward  by  the  active  movement  of  the 
great  toe,  which  in  such  cases  seems  almost  prehensile 


(see  Pigeon  Toe,  in  article  Foo^,  iJiialjililieis  of  the).  In 
the  more  marked  form  the  foot  is  adducted  and  in- 
verted, and  the  tissue.s  are  very  resistant. 

The  slight  grades  of  deformity  may  be  treated  by 
simjjie  manipulation,  and  if  deformity  rcmainti  after 
the  first  year,  the  shoe  will,  as  a  rule,  correct  it.  The 
more  marked  varieties  miLSt  be  treated  like  the  varus 
deformity  of  club  foot,  until  the  varus  ha-s  been  trans- 
formed into  valgus.  The  after-treatment  is  the  same 
as  that  for  ordinary  club  foot. 


Fig.  24^3. — Cungeiiilal  Tiiiipcs  \  arus. 

Congenital  Talipes  Equinus. — This  is  a  rare  congen- 
ital deformity,  about  half  as  common,  according  to 
the  statistics,  as  varus.  The  term  equinus  implies 
that  dorsiflexion  is  limited,  but  that  the  foot  is  not 
deviated  to  one  or  the  other  side  (toward  valgus  or 
varus).  In  congenital  equinus  the  deformity  is  as  a 
rule  slight,  and  it  may  be  overcome  usually  by  simple 
manual  force  applied  frequently.  In  the  more  resis- 
tant type,  mechanical  correction,  or  tenotomy,  fol- 
lowed by  overcorrection  and  support ,  may  be  necessary 

Congenital  Talipes  Calcaneus. — Congenital  calcan- 
eus is  comparatively  rare.  As  a  rule  the  heel  is  prom- 
inent, the  foot  is  habitually  dorsiflexed,  and  the 
dorsum  can  be  brought  into  contact  easily  with  the 
crest  of  the  tibia  (Fig.  24S4).  The  exaggerated  cavus 
that  is  usually  present  in  acquired  calcaneus  is 
absent.  Occasionally  the  deformity  is  accompanied 
by  hyperextension  of  the  knee,  and  if,  as  in  many 
instances,  there  is  a  history  of  breech  presentation, 
it  may  be  inferred  that  the  attitude  before  birth  was 
one  of  extreme  flexion  of  the  thighs  upon  the  abdomen, 
while  the  anterior  surfaces  of  the  extended  legs  were 
pressed  closely  to  the  ventral  surface  of  the  body,  the 
feet  being  fixed  in  an  attitude  of  dorsiflexion.  And  in 
other  instances  it  is  accounted  for  in  great  part  by 
backward  bowing  of  the  tibia.  As  a  rule  the  deform- 
ity is  slight,  and  the  resistance  of  the  tissues  on  the 
anterior  aspect  of  the  leg  can  be  overcome  easily  by 
massage  and  manipulation.  The  foot  should  be 
gently  forced  toward  plantar  flexion  several  times  in 
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the  day,  and  the  weak  muscles  of  the  calf  should  be 
stimulated  by  massage. 

Cure  may  be  hastened  by  the  use  of  some  simple 
form  of  retention  splint  to  hold  the  foot  in  plantar 
flexion  until  the  posterior  group  of  muscles  has  recov- 


FiG.  248'j. — Congenital  Talipes  Calcaneus. 

ered  its  power.  Tenotomy  or  other  operative  treat- 
ment is  not  often  necessary.  The  backward  bowing 
of  the  tibia  may  be  overcome  by  manipulation  and 
apparatus  or  by  immediate  forcible  correction. 

Congenital  Talipes  Valgus. — Congenital  valgus  is 
somewhat  more  common  than  the  preceding  varieties. 
Not  infrequently  it  is  combined  with  a  slight  degree  of 
calcaneus  or  equinus.  The  resistance  of  the  con- 
tracted tissues  is  not  great  and  the  deformity  may  be 
overcome,  in  most  cases,  by  persistent  manipulation. 
If  the  muscular  power  is  sufficiently  unbalanced  to 
warrant  it,  the  foot  should  be  held  in  the  over-cor- 
rected position  (varus)  for  some  time. 

Congenital  valgus  is  one  form  of  what  is  known  as 
weak  ankle,  and  it  frequently  passes  unnoticed  until 
the  child  begins  to  walk.  If  at  that  time,  in  spite  of 
massage,  the  muscles  appear  weak  or  the  foot  inclines 
outward  when  weight  is  borne,  it  is  well  to  make  the 
sole  of  the  shoe  wedge-shaped,  the  thicker  part  (one- 
quarter  of  an  inch)  on  the  inner  side.  In  more  per- 
sistent cases,  a  brace  may  be  necessary,  as  described 
in  the  treatment  of  the  acquired  variety  (see  the  Weak 
Foot). 

Talipes  equinovalgus  is  less  common.  This  must 
be  treated  as  the  other  varieties  by  complete  over- 
correction of  deformity,  manual  or  otherwise,  by 
massage,  and  subsequently  by  support  if  necessary. 

Calcaneovalgus,  calcaneovarus,  equinocavus,  valgo- 
cavus,  valgocavus  and  cavus  are  extremely  uncom- 
mon. If  treated  early  by  persistent  forcible  massage, 
these,  as  well  as  nearly  all  slighter  grades  of  congenital 
deformity,  may  be  corrected  or  cured  even,  before 
the  child  begins  to  walk. 

Congenital  Deformities  of  the  Foot  Associated 
WITH  Defecti\'E  Development. — Talipes  Equino- 
valgus Associated  with  Congenital  Absence  of  Fibula. — 
This  is  a  rare  deformity,  but  the  most  common  of  this 
class.  The  foot  at  birth  is  usually  in  an  attitude  of 
well-marked  and  resistant  equinovalgus.  The  limb 
is  somewhat  shorter  than  its  fellow,  the  femur  too  in 
slight  degree  contributing  to  the  deficiency,  and  the 


tibia  is  often  bent  sharply  forward,  sometimes  to  an 
acute  angle,  at  a  point  somewhat  below  the  center,  as 
if  it  had  been  broken  in  utero.  At  the  most  prominent 
point  the  skin  may  be  adherent  or  it  may  present  a 
dimpled  appearance.  In  some  instances  the  formation 
of  the  foot  is  perfect,  but  more  often  one  or  more  of  the 
outer  toes,  with  the  corresponding  metatarsal  bones, 
are  absent. 

The  cause  of  deformity  associated  with  absence  of 
bone  must  be  either  an  original  defect  in  the  germ  or  it 
may  be  due  to  interference  with  its  development.  In 
some  instances  amniotic  adhesions  may  be  one  of  the 
[iredisposing  causes;  the  sharp  bend  in  the  tibia,  so 
often  present,  may  be  due  to  lessened  resistance  of  the 
defective  part. 

Treatment. — The  indications  for  treatment  are  to 
correct  the  deformity  of  the  foot  in  the  usual  manner. 
The  bend  in  the  tibia  may  be  straightened  by  manipu- 
lation and  splinting,  or  by  osteotomy  if  necessary. 
When  the  patient  begins  to  walk  the  foot  must  be 
supported.  A  light  steel  upright  on  the  outer  side  of 
the  leg,  provided  with  a  T  strap  to  hold  the  ankle 
against  it,  may  be  used  to  supply  the  place  of  the 
missing  fibula.  The  growth  of  the  tibia  and  to 
some  degree  of  the  femur  j  is  interfered  with  and  a 
final  shortening  of  three  or  more  inches  may  be 
expected. 

Talipes  Varus  or  Equinovarus  Associated  with  Con- 
genital Deficit  of  the  Tibia. — Defective  formation  of  the 
tibia  is  much  less  common  than  that  of  the  fibula.  In 
most  cases  the  femur  is  somewhat  shortened  and  its 
lower  extremity  is  imperfectly  developed.  The  foot 
is  practically  always  in  an  attitude  of  varus.  The 
toes  may  be  normal  but  in  a  number  of  instances  one 
is  found  to  be  lacking. 

The  prognosis,  as  regards  a  useful  limb,  is  extremely 
bad.  The  growth  of  both  the  thigh  and  the  lower  leg 
i.s  much  retarded,  and  it  is  almost  impossible  to  balance 
the  foot  upon  the  fibula  by  any  form  of  brace. 

The  ordinary  treatment,  after  the  correction  of  the 
deformity  of  the  foot,  has  been  to  resect  the  extremi- 
ties of  the  femur  and  the  fibula  to  produce  ankylosis 
between  the  bones,  but  in  the  cases  in  which  the  thigh 
s  approximately  normal  an  artificial  limb  may  be 
adjusted  to  cover  and  lengthen  the  deformity. 

Deformity  of  the  Foot  Associated  with  Absence  of 
Bones. — ^The  leg  bones  may  be  perfectly  formed,  but 
one  or  more  bones  of  the  foot  itself  may  be  absent. 


Fig.  2483. — Congenital  Talipes  Valgus — "Flat-foot." 

In  these  cases,  after  the  reduction  of  the  deformity,  a 
support  to  hold  the  defective  foot  in  its  proper 
relation  to  the  leg  mu.st  be  used. 

The  foot  may  be  divided  into  two  parts  so  that  it  re- 
sembles a  lobster  claw.  Supernumerary  toes,  or 
deficiency  of  toes,  or  hypertrophy  of  one  or  more  of 
the  toes,"  with  or  without   corresponding   overgrowth 
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of  the  foot  or  leg,  are  not  extremely  uncommon. 
These  deformities  must  be  treated  on  ordinary  sur- 
gical principles. 

Conslricting  Bands. — Tightly  constricting  bands  of 
scar-like  tissue,  which  cause  deep  indentations  in  the 
flesh  of  the  foot  or  leg,  are  sometimes  seen.  These  are 
supposed  to  be  caused  by  amniotic  adhesions.  "  Spon- 
taneous amputations"  of  toes,  or  of  the  foot  itself,  are 
due  to  the  same  cause. 

In  ordinary  cases  the  bands  require  no  treatment, 
but  if  they  interfere  with  the  nutrition  of  the  foot, 
they  may  be  removed. 

Congenilal  Edema  of  the  Feet. — In  rare  instances, 
sometimes  in  combination  with  deformity,  the  tissues 
of  the  feet  appear  to  be  edematous,  although  the 
circulation  seems  to  be  perfect.  The  condition  is 
apparently  due  to  obstruction  of  the  lymphatic  cir- 
culation. It  should  be  treated  by  massage  and 
compression. 

Spina  Bifida  and  Talipes. — Talipes  coexisting  with 
spina  bifida  should  be  treated  as  are  other  forms  of 
club  foot.  If  paralysis  of  the  lower  extremities  be 
present,  as  is  often  the  case,  the  corrected  feet  must 
be  supported  as  in  the  ordinary  forms  of  paralytic 
deformity. 

Acquired  Talipes. — It  has  been  stated  that  equin- 
ovarus  is  b}*  far  the  most  common  of  the  congenital 
deformities  of  the  foot  and  that  as  compared  with  it 
the  other  forms  of  talipes  are  of  slight  importance. 

In  the  acquired  varieties  of  talipes,  equinovarus  is 
much  less  common  (30  per  cent,  of  the  total  number 
as  contrasted  with  77  per  cent,  of  the  congenital  de- 
formities). Acquired  equinus  comes  next  in  fre- 
quency (25.9  per  cent,  as  compared  with  2.3  per  cent, 
of  the  congenital  deformities),  and  every  variety  and 
combination  of  distortion  finds  its  representative  in 
acquired  talipes  as  may  be  seen  in  the  table  of  statistics. 

Etiology. — The  cause  of  acquired  talipes  is  almost 
always  paralysis.  In  the  table  of  statistics  it  may  be 
noted  that  in  82.8  per  cent,  the  paralysis  was  of  spinal 
origin  (anterior  poliomyelitis);  in  11.3  per  cent,  the 
lesion  was  of  the  brain,  the  talipes  being  a  part  of  the 
deformity  of  hemiplegia  or  paraplegia.  A  few  cases 
were  caused  by  local  disease  of  the  nerves,  and  the 
remainder,  5.4  per  cent.,  were  of  traumatic  origin. 

The  distinction  between  congenital  and  acquired 
talipes  is  important.  In  the  congenital  form  the 
disabUity  is  due  simply  to  local  deformity,  and  when 
this  has  been  overcome  a  perfect  cure  may  be  expected. 
In  paralytic  talipes  the  rectifieation  of  deformity  is 
but  a  part  of  the  treatment,  and  perfect  cure  is  im- 
possible except  in  that  small  proportion  of  cases  in 
which  the  spinal  cord  has  sustained  no  permanent 
injury,  or  in  which  the  deformity  was  the  result  of 
some  slight  or  passing  disabilit\-  or  disease. 

Congenital  deformity  cannot  be  anticipated  or  pre- 
vented; acquired  deformity  is  an  evidence  that  pro- 
tective treatment  has  been  neglected.  It  is  a  result, 
therefore,  that  may  be  foreseen  and  prevented. 

The  characteristics  of  anterior  poliomyelitis  are  de- 
scribed elsewhere.  In  its  eflfect  upon  the  foot  the 
usual  sequence  is  somewhat  as  follows:  Immediately 
after  its  onset  the  paralysis  is  usually  widespread, 
affecting  the  entire  limb,  for  example.  Then  follows 
a  period  of  partial  recovery,  after  which  the  amount  of 
damage  that  the  spinal  cord  has  sustained  may  be 
estimated.  It  is  during  the  period  of  partial  recovery, 
the  six  months  or  more  following  the  attack,  that 
contractions  which  lead  to  deformity  occur.  If,  for 
example,  the  anterior  group  of  leg  muscles  is  para- 
lyzed, the  foot  habitually  hangs  downward,  a  position 
due  to  the  force  of  gravity  and  to  the  contraction  of 
the  unaffected  posterior  group.  If  this  attitude  is 
allowed  to  persist,  the  tissues  accommodate  themselves 
to  the  new  position;  the  muscles  that  are  never  ex- 
tended to  their  normal  limit  become  structurally 
shortened,     while     the     paralyzed     group     becomes 
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correspondingly  longer.  Even  within  a  few  davs 
after  the  onset  of  the  paralj'sis  the  evidences  of  ad- 
vancing deformity  ai>poar.  The  contracted  tissues 
resist  passive  motion  in  the  direction  oppo.sed  to  the 
habitual  attitude,  and  the  child  shows  evidence  of 
IJain  if  force  is  u.sed  to  increa.se  the  limited  range  of 
[notion.  As  has  already  been  stated,  paralytic  talipes 
is  an  unnece-s.sary  deformity.  It  may  be"  prevented 
by  supporting  the  paralyzed  part  in"  a  right-angled 
relation  to  thi^  limb,  and  by  systematic  passive  exer- 
cise throughout  the  entire  range  of  normal  motion. 

Anterior  poliomyelitis  is  most  common  during  and 
after  the  second  year  of  life  or  when  the  child  has 
already  begun  to  walk.  When  the  first  and  more 
general  effect  of  the  disease  has  pas.sed  away,  the 
child  again  uses  the  disabled  limb  as  best  it  may;  thus 
the  distortion  of  the  foot  is  increa.sed  and  confirmed  by 
the  weight  of  the  body  and  by  functional  use  in  the 
abnormal  attitude. 

The  final  deformity  in  a  particular  case  maj'  be  pre- 
dicted from  the  knowledge  of  the  function  of  the 
muscle  or  muscles  which  has  been  lost.  For  example, 
paralysis  of  the  tibialis  anticus,  the  most  powerful 
dorsiflexor  and  adductor  of  the  anterior  group,  must 
result  in  equinovalgus;  i)aralysis  of  the  tibialis  pos- 
ticus induces  valgus.  If  the  peronei  are  affected 
varus  will  follow.  Paralysis  of  the  calf  muscle  will 
cause  calcaneus.  Paresis  or  paralysis  of  the  entire 
anterior  group  will  cause  equinus.  If  all  the  muscles 
are  paralyzed,  what  is  called  a  "dangle  foot"  is  the 
result.  The  foot  hangs  from  the  atrophied  leg  with 
but  little  tendency  to  deformity  unless  the  limb  is 
used,  when  it  is  usually  forced  into  an  attitude  of 
equinovarus  or  valgus. 

A  slight  degree  of  i)aralysis  may  cause  so  little  dis- 
ability that  it  may  be  entirely  overlooked,  and  its 
later  effect  in  causing  disability  or  deformity  may  not 
attract  attention  for  many  years.  This  fact  has  been 
mentioned  in  the  etiology  of  the  contracted  foot. 

Differential  Diagnosis  between  Congenital  and 
Acquired  Deformity. — The  history  itself  is  usually 
sufficient,  for  deformity  of  the  foot  at  birth  is  never 
overlooked  by  the  mother.  Acquired  talipes  is  prac- 
tically always  preceded  by  a  history  of  disease,  or 
weakness,  or  injury  which  was  soon  followed  by  slight 
and  afterward  l3y  increasing  and  confirmed  deformity. 

In  paralytic  talipes  (anterior  poliomyelitis),  there  is 
evidence  of  paralysis  in  loss  of  function  of  certain  mus- 
cles, as  shown  by  electrical  stimulation  or  by  pricking 
the  foot  with  a  pin;  later,  in  the  atrophy  of  the  muscles, 
and  the  evident  change  in  the  nutrition  and  dimin- 
ished growth  of  the  limb. 

Only  in  extreme  and  untreated  cases  of  congenital 
deformity  of  long  standing  could  there  be  difficulty  in 
distinguishing  between  the  actjuired  and  the  congen- 
ital deformity.  In  rare  instances,  it  is  true,  paralysis 
may  be  present  at  birth,  due  to  intrauterine  disease  or 
to  defect  in  the  nervous  apparatus.  In  such  cases  the 
cause  of  the  paralysis  is  usually  apparent  (spina  bifida, 
or  spastic  paralysis  associated  with  defective  cerebral 
development),  and  the  treatment  does  not  differ  from 
that  of  the  acquired  form. 

Acquired  T.\lipes  Equinus. — In  well-marked  ca-ses, 
the  foot  is  plantar-flexed  to  its  full  limit,  and  it  is  held 
in  this  attitude  by  the  shortened  structures  on  the 
posterior  aspect  of  the  leg.  The  patient  walks  upon 
the  heads  of  the  metatarsal  bones,  the  toes  being 
dorsiflexcd  to  accommodate  the  attitude.  The  arch 
of  the  foot  is  increased  and  the  tissues  of  the  sole, 
particularly  the  plantar  fascia,  are  contracted.  The 
entire  foot  is  broadened  and  shortened,  the  breadth 
being  especially  increased  across  the  metatarsal 
region.  On  the  dorsal  surface  the  cuneiform  bones 
are  prominent,  and  the  head  and  body  of  the  project- 
ing astragalus  may  be  felt  beneath  the  skin.  Occasion- 
ally, in  cases  of  extreme  deformity,  in  which  all  the 
anterior  muscles  are  paralyzed,  the  toes  may  be  plan- 
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tar-flexed  so  that  the  patient  walks  upon  their  dorsal 
surface. 

The  cavus  or  exaggerated  arch  is  due  primarily  to 
the  plantar  flexion  of  the  fore  foot  at  the  mediotarsal 
joint,  and  in  many  instances  this  dropping  of  the  fore 
foot  is  largely  responsible  for  the  equinus,  for  the  os 
calcis  is  rarely  plantar-flexed  to  the  degree  commonly 
found  in  the  ordinary  congenital  equinus. 


Fig.  24S6. — .\cquired  Talipes  Equinus. 

In  the  slighter  degrees  of  the  deformity  the  toes  are 
usually  dorsiflexed,  an  attitude  due  to  the  overaction 
of  the  extensor  longus  digitorum  and  proprius  poUicis, 
as  aids  in  dorsiflexion. 

Etiology. — Equinus  in  the  slighter  degrees  is  the 
most  common  of  the  forms  of  acquired  talipes,  and  it 
is  not  at  all  infrequent  as  a  result  of  other  affections 
than  anterior  poliomyelitis,  although  this  is  by  far  the 
most  important  cause.  The  nerve  supply  of  the 
anterior  muscles  of  the  foot  seems  especially  suscep- 
tible, and  toe-drop  from  neuritis  of  various  types  is  not 
at  all  uncommon.  As  a  sequel  of  infectious  diseases 
it  has  been  mentioned  as  an  explanation  of  the  slight 
forms  of  equinus  first  noticed  after  recovery  from  such 
affections. 

Equinus  may  be  a  result  of  cerebral  disease  or  even, 
in  rare  instances,  of  progressive  muscular  dystrophy  or 
locomotor  ataxia.  It  is  sometimes  induced  by  habit- 
ual posture,  as  after  long  confinement  to  the  bed  for 
the  treatment  of  fracture,  or  during  the  treatment  of 
hip  disease  by  apparatus.  The  contraction  may  be  an 
effect  also  of  voluntary  posture  as  in  compensation 
for  a  short  limb.  It  is  a  very  common  result  of 
neglected  disease  at  the  ankle  joint,  and  it  may  be  due 
to  direct  injury;  but  as  of  paralysis,  so  of  these  less 
frequent  causes  it  may  be  said  that  equinus  may  be 
prevented  by  protection  of  the  weakened  part 

The  changes  in  the  internal  structure  of  the  foot  are 
secondary  to  the  deformity  and  are  most  marked  in  the 
cases  beginning  in  early  life  and  of  long  standing; 
the  tissues  on  the  long  side  are  lengthened  and  attenu- 
ated while  those  on  the  short  side  become  contracted. 
.The  bones  themselves  are  but  little  changed  in  gross 


appearance,  but  the  articulating  surfaces  are  in 
different  relation  to  one  another;  for  example,  only 
the  posterior  aspect  of  the  astragalus  is  in  relation  to 
the  tibia,  while  only  the  lower  part  of  its  anterior 
surface  articulates  with  the  scaphoid. 

In  all  cases  of  equinus  there  is  a  strong  tendency 
toward  lateral  deviation  to  varus  or  valgus,  particu- 
larly in  those  caused  by  paralysis. 

Symptoms. — If  the  Hmb  is  actually  shorter  than  its 
fellow,  and  if  the  foot  is  firmly  fixed  in  the  deformed 
position,  surprisingly  little  discomfort  or  disability 
may  be  experienced  other  than  from  corns  or  calluses 
beneath  the  heads  of  the  metatarsal  bones.  If  the 
limb  is  not  shorter,  the  additional  length  caused  by  the 
equinus  must  be  compensated  by  an  upward  tilting  of 
the  pelvis,  which  may  cause  discomfort  in  the  lumbar 
region.  The  gait  is  always  awkward,  giving  the  im- 
pression as  of  stepping  over  an  obstacle.  If  the  foot 
is  not  fixed  but  simply  hangs  downward  when  it  is 
lifted,  the  gait  is  very  awkward  because  of  the  inse- 
curity and  because  of  the  exaggerated  flexion  of  the 
knee  at  each  step,  necessary  in  order  that  the  pendent 
foot  may  not  drag  upon  the  ground. 

If  the  equinus  is  extreme,  the  limb  is  usually 
flexed  at  the  knee  when  in  use;  if  the  equinus  is  slight, 
the  strain  resulting  from  the  limitation  of  dorsal 
flexion  is  felt  at  the  knee,  and  in  childhood  at  least 
there  is  often  a  well-marked  tendency  to  overex- 
tension, or  recurvation,  caused  by  the  effort  to  place 
the  sole  flat  on  the  grovmd. 

In  the  slight  forms  of  etiiiinus,  discomfort  about  the 
calf  is  experienced;  the  limitation  of  dorsal   flexion 


FlQ.  2487. — Slight  Equinus  Caused  by  Paralysis  of  the  Tibialis 
Anticua  Muscle.  The  distortion  of  the  toe  due  to  the  overuse  of 
the  extensor  proprius  hallueis  is  characteristic. 

causes  a  rather  shortened  stride  and  awkward  gait, 
while  an  unguarded  step  throws  a  sudden  strain  upon 
the  rigid  heel  cord  which  is  felt  as  a  shock  and  strain 
through  the  leg  and  body.  Very  often  the  patient 
complains  of  pain  at  the  metatarso-phalangeal  joints 
(anterior  metatarsalgia),  and  if  the  equinus  is  accom- 
panied by  a  slight  degree  of  valgus,  symptoms  of  the 
weak  foot  may  be  present. 

The  Prognosis  depends  of  course  upon  the  cause  of 
the  deformity.     If  it  is  simply  the  result  of  posture,  or 
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if  it  is  secondary  to  neuritis,  permanent  cure  may  be 
expected.  In  many  cases  caused  by  anterior  polio- 
myelitis recovery,  complete  or  partial,  has  taken  place; 
yet  although 'voluntary  control  of  the  muscles  has 
been  regained  it  cannot  be  exercised  because  the  foot  is 
held  in  the  distorted  position  by  the  contracted 
tissues. 

In  such  instances  practical  cure  may  be  predicted  if, 
after  the  overcorrection  of  deformity,  sufficient  time 
is  allowed  for  the  lengthened  and  atrophied  muscles  to 
regain  their  proper  length  and  volume. 

Treatment. — In  the  somewhat  uncommon  cases  of 
fixed  equinus  combined  with  a  short  log  and  not 
attended  by  discomfort,  no  treatment  is  required 
other  than  a  shoe  so  built  that  the  heel  may  support  a 
part  of  the  weight.  In  the  more  extreme  cases  in 
which  the  leg  is  short  and  the  foot  is  atrophied,  an 
extension  foot  attached  after  the  manner  of  an  artifi- 
cial leg  may  be  worn  with  comfort  and  with  but  little 
evidence  of  deformity. 

In  the  ordinary  cases,  whether  permanent  cure  is  ex- 
pected or  not,  the  rule  holds  good  that  the  heel  should 
bear  the  weight  of  the  body  and  that  the  range  of 
dorsal  flexion  should  not  be  limited  when  the  calf 
muscle  retains  its  power.  If  the  nervous  apparatus 
has  received  permanent  injury,  the  foot  must  be 
supported  after  the  deformity  has  been  rectified;  but 
even  in  this  class  the  gait  may  be  improved  and  the 
discomfort  relieved  by  removing  the  restrictions  to 
normal  motion.  The  slighter  degrees  of  equinus, 
such  as  those  that  are  seen  soon  after  the  onset  of 
anterior  poliomyelitis,  may  be  rectified  by  simple 
manipulation  and  retention  in  a  spHnt  or  in  plaster  of 
Paris. 

The  weight  of  the  body  may  be  utilized  as  a  means  of 
overcoming  slight  equinus,  when  the  foot  is  held  in  its 
proper  relation  to  the  leg  by  a  brace  which  extends 
above  the  knee;  but  this  tedious  method  has  but  little 
to  recommend  it  in  ordinary  cases.  The  elastic 
tension  of  straps  and  bands  attached  to  a  brace  or  to 
the  foot  itself  by  means  of  adhesive  plaster  is  of  some 
service  in  slight  cases,  but  by  far  the  most  effective 
method  is  the  immediate  reduction  of  the  deformity 
by  a  simple  forcible  manipulation  under  anesthesia,  or 
by  tenotomy  combined  with  forcible  manipulation,  or 
by  wrenching. 

Immediate  Correction  of  Deformity. — Attention  has 
been  called  to  the  cavus  as  an  accompaniment  of  con- 
firmed equinus,  and  whenever  one  attempts  to  correct 
the  deformity  by  force,  the  exaggerated  arch  should 
be  reduced  to  its  normal  depth,  otherwise  the  foot  wUl 
appear  stunted  and  deformed. 

One  of  the  most  effective  means  for  overcoming  the 
cavus  is  the  Thomas  wrench.  The  contracted  bands 
of  the  plantar  fascia  are  first  divided  subcutaneously, 
the  wrench  is  then  fixed  to  the  foot,  and,  with  sudden 
force  e.xerted  against  the  resistant  tendo  Achillis, 
the  foot  may  be  straightened,  the  deep  ligaments  being 
ruptured  or  stretched  to  the  proper  degree.  The 
tendo  Achillis  is  then  divided,  and  the  foot  having  been 
dorsiflexed  is  fixed  by  a  plaster-of-Paris  bandage.  As 
the  patient  is  encouraged  to  walk  upon  the  foot  as  soon 
as  possible,  the  weight  of  the  body  forcing  the  relaxed 
tissues  against  the  unyielding  sole,  completes  the  flat- 
tening of  the  arch.  In  many  of  these  cases  the  knee 
has  been  overextended  by  use  in  the  deformed  stti- 
tude,  so  that  the  habitual  flexion  necessary  to  l)ring 
the  dorsiflexed  foot  upon  the  ground  during  the  two 
months  allowed  for  the  complete  union  of  the  fiividcd 
tendon  is  of  benefit  as  it  serves  to  correct  this  second- 
ary weakness  and  deformity. 

If  the  toes  are  contracted  the  shortened  tendons  on 
the  dorsal  surface  should  be  divided.  They  should 
then  be  forcibly  straightened,  flexed  to  the  full  limit, 
and  fixed  in  this  attitude  by  the  plaster  support. 

The  importance  of  the  immediate  relief  of  the  str.iin 
of  the  deformed  position  upon  the  weak  anterior 
group  of  muscles,  together  with  the  complete  relaxa- 


tion of  the  overstretched  tissues  which  allows  the 
"slack  to  be  taken  in  "  during  the  long  rest  in  the  over- 
corrected  position,  is  not  generally  appreciated. 
Whenever  the  weakened  muscles  after  paralysis  show 
by  tests,  electrical  or  otherwise,  that  they  have  re- 
covered their  power  in  part,  this  treatment  should 
be  that  of  selection.  The  ajiplication  of  electricity 
or  othen  form  of  stimulation  to  muscles  that  are 
unable  to  exercise  their  function  because  of  con- 
traction of  opposing  tissues  is  useless.  Nor  is  any 
form  of  artificial  stimulation  equal  to  that  of  the 
functional  use,  which  is  made  po.sslble  by  the  removal 
of  the  deformity  and  by  the  employment  of  proper 
sujjport. 

In  many  instances  after  the  equinus,  which  more 
often  than  any  other  deformity  is  the  result  of  slight 
or  temporary  disability  of  the  anterior  group  of  mus- 
cles, has  been  corrected  in  the  manner  described  per- 
fect cure  seems  to  have  been  attained  when  the  plaster 
bandage  is  finally  removed.  But  even  In  such  cases 
the  application  of  a  simple  support  to  hold  the  foot  at 
a  right  angle  with  the  leg  for  several  months  is  an 
advantage.  The  after-treatment  by  massage,  mus- 
cle-beating, electricity,  and  the  like,  combined  with 
methodical  passive  movements  to  the  limit  of  dorsal 
flexion  to  guard  against  recontractlon  of  the  calf 
muscle,  should  be  continued  for  a  long  time,  or  until 
the  muscular  balance  has  been  regained. 

The  same  form  of  support  Is  necessary  In  cases  of 
hopeless  paralysis,  to  hold  the  foot  at  a  right  angle 
with  the  leg.  The  common  form  Is  a  simple  steel  sole 
plate  of  sufficient  size  to  sujjport  the  foot  and  the  toes, 
if  their  muscles  are  paralyzed,  attached  to  a  light 
upright  provided  with  a  calf  band.  The  upright  Is 
usually  applied  on  the  inner  side  of  the  leg  where  it 
is  least  noticeable.  .W  the  ankle  there  is  a  "stop 
joint,"  which  allows  dorsiflexion  but  prevents  the  toe- 
drop.  This,  when  properly  fitted,  can  be  placed  in- 
side the  ordinary  shoe,  as  the  paralyzed  foot  Is  usually 
somewhat  smaller  than  its  fellow.  If  the  toes  do  not 
need  support,  the  upright  can  be  attached  to  the  out- 
side of  the  shoe  and  the  foot  plate  may  be  dispensed 
with;  or  the  upright  may  be  concealed  by  introducing 
it  inside  the  shoe  to  a  joint  .sunk  in  the  heel;  the  toe- 
drop  being  prevented  by  straps  passing  from  the  front 
of  the  upper  leather  of  the  shoe  to  the  calf  band. 

Equinus  due  to  posture  or  disease  may  be  cured  by 
simple  correction  of  the  deformity.  That  due  to  frac- 
ture, when  the  deformity  is  caused  by  displacement  of 
the  bones,  may  be  treated  by  direct  operation,  re- 
moval of  the  astragalus  being  In  such  Instances  the 
most  efficacious  remedy. 

Acquired  Talipes  C.\LiA.\Ers. — .Acquired  talipes 
calcaneus  is  much  less  fre(|uent  than  equinus  and 
it  is  almost  alwajs  of  paralytic  origin  (anterior 
poliomyelitis). 

There  are  several  varieties  or  grades  of  the  deform- 
ity. In  the  early  stage,  and  especially  if  all  the  mus- 
cles of  the  posterior  group  have  been  paralyzed,  the 
foot  assumes  an  attitude  of  slight  dorsiflexion  and  the 
range  of  plantar  flexion  is  gradually  lessened  by  scc- 
ondar.v  contractions.  This  variety  resembles  closely 
the  congenital  form.  In  the  ordinary  and  typical 
form  of  calcaneus,  when  fully  developed  the  patient 
walks,  as  the  name  implies,  on  an  hypertrophied 
heel.  The  arch  is  much  Increased  In  depth,  and  the 
fore  foot  is  atrophied  and  useless. 

The  development  of  the  deformity  is  somewhat  as 
follows:  The  support  of  the  calf  muscle  having  been 
lost,  the  OS  calcis,  gradually  changes  from  a  somewhat 
horizontal  to  a  perpendicular  position.  It  st.ands  on 
end  so  that  its  posterior  surface  becomes  inferior. 
The  projection  of  the  heel  is  lost  and  It  lies  in  the 
plane  of  the  atrophied  calf.  The  change  in  the  posi- 
tion of  the  OS  calcis  increases  the  distance  from  the 
malleoli  to  the  base;  thus  calcaneus,  though  in  less  de- 
gree than  equinus,  makes  the  limb  longer.     The  turn- 
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ing  of  the  OS  calcis  on  end  shortens  the  foot  and  in- 
creases the  arch.  In  many  instances  there  is  no  per- 
manent dorsiflexion  or  elevation  of  the  fore  foot,  al- 
though in  all  the  range  of  plantar  flexion  is  limited. 
In  this  class  the  power  in  the  remaining  muscles  of  the 
posterior  group  is  probably  sufficient  to  counteract 
the  contraction  of  the  dorsiflexors.  Cavus  is  thus  a 
direct  effect  of  the  displacement  of  the  os  calcis. 
If  the  entire  posterior  group  of  muscles  is  paralyzed, 
while  the  anterior  muscles  are  unaffected,  the  foot  will 
be  somewhat  dorsiflexed  and  the  cavus  will  be  less 
marked.  If  the  calf  muscle  only  (gastrocnemius  and 
soleus)  is  paralyzed,  the  remaining  muscles  of  the  pos- 
terior group  will  counterbalance  the  dorsiflexors  and  at 
the  same  time  increase  the  cavus.  In  some  instances 
the  calf  muscle  is  alone  affected,  in  others  one  or  more 
of  the  anterior  muscles  may  be  paralyzed  also,  in 
which  case  the  foot  is  usually  turned  toward  varus  or 
valgus.  The  changes  primarily  caused  by  the  paral- 
ysis and  by  unopposed  muscular  action  become  fixed 
by  habitual  use  and  by  secondary  adaptation  of  the 
tissues.  The  heel  only  is  used  in  walking,  and  the  area 
of  callus  which  marks  the  weight-bearing  surface  be- 
comes much  enlarged,  while  the  fore  foot  and  toes, 


Fig.  24SS. — Acquired  Talipes  Calcaneus. 

which  have  but  little  functional  use,  become  atrophied, 
a  mere  appendage  to  the  enlarged  heel. 

Symploms. — The  gait  isowkaard  and  inela.stic;  the 
patient,  who  is,  as  it  were,  "ham-strung,"  stamps 
along  upon  the  insecure  support  of  the  heel  in  a  man- 
ner which  is  easiyy  recognizable  by  one  familiar  with 
the  disability.  The  changes  in  the  internal  structur 
of  the  foot,  the  inevitable  adaptations  to  the  deformity 
do  not  call  for  special  description;  the  disused  bones 
atrophy  together  with  the  other  tissues  and  new 
articulating  surface  from  to  accommodate  the  ne- 
cessities of  functional  use. 

Treatment. — When  the  diagnosis  of  paralysis  of  the 
calf  muscle  is  made  one  may  predict,  unless  recovery 
takes  place,  a  deformity  such  as  has  been  described. 
This  deformity  may  be  prevented  by  proper  support. 
by  massage,  and  by  methodical  stretching  of  the  tissue.^ 
that  have  a  tendency  to  contract.  The  form  of  brace 
used  for  walking  and  for  support  should  be  provided 
with  a  sole  plate,  upright,  and  calf  band,  as  already 
described  in  the  treatment  of  paralytic  equinus.  If 
motion  is  allowed  at  the  ankle  it  should  be  in  plantar 
flexion  only,  the  stop  being  the  reverse  of  that  used  in 
equinus,  or  as  this  form  of  check  entails  much  strain 


upon  the  brace,  the  joint  may  be  omitted  as  in  that 
form  use  by  Judson.  Thus  the  strain  removed  from 
the  weakened  tissues  is  borne  by  the  anterior  surface 


Fig.  2489. — Whitman's  Brace  for  Talipes  Calcaneus.  Two 
lateral  bars  of  thin  steel  connected  by  a  foot  plate  and  anterior  leg 
band.  The  brace  is  supported  by  the  shoe  which  should  be  ele- 
vated sufEciently  at  the  heel  to  hold  the  foot  in  slight  equinus. 

of  the  leg.  Other  forms  of  braces  provided  with 
elastic  bands  to  supply  the  place  of  the  calf  muscle 
are  sometimes  used,  but  as  a  rule  the  improvement 
in  gait  hardly  compensates  for  the  trouble  in  adjust- 
ment or  the  conspicuousness  of  the  appliance. 


Fig.  2490. — The  Normal  Foot. 

Operative  Treatment. — When  it  has  become  evident 
that  there  is  possibility  of  recovery  from  the  paralysis, 
particularly    if    deformity    is    increasing,    and    as    a 
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primary  measure  in  all  cases  of  advanced  deformity 
operative  treatment  is  indicated. 

The  analysis  of  talipes  calcaneus  indicates  that  the 
astragalus,  the  center  of  uncontrolled  motion,  or  in- 
security, forms  also  the  salient  part  of  the  deformity. 
Its  removal  is  indicated,  therefore,  as  the  essential 
preliminary  to  permanent  relief.  The  laxity  of  li.ssue 
thus  obtained  enables  one  to  displace  the  foot  back- 
ward, and  to  implant  the  malleoli  on  its  basic  struc- 


All  operations  for  the  correction  of  deformity  are 
palliative  in  the  sense  that  support  in  required  to 
prevent  relapse  and  to  aid  functicjn.  The  same  is 
true  of  tendon  transplantation,  a.s  is  inrlieated  by 
comparison  of  the  power  of  the  calf  muscle  with 
that  of  the  fec-ble  hitcral  Kroup  that  can  be  utilized 
to  replace  it.  Hut  one  oijeration  need  be  seriously 
considered  in  comparison.  This  is  arthrodesLs,  by 
which  security  is  obtained  at  the  expen.se  of  motion, 
with  consecpient  muscidar  atrophy.  At  best  its 
range  is  far  more  limiterl,  since  o|)erative  ankylosis 
is  iiMitracticable  until  late  childhood.  Nor  is  it 
■idapted  for  the  more  extreme  type  of  calcaneus  with 
lateral  distortion.  lOven  reduction  of  the  cavus  may 
rcipiire  cuneiform  resection  of  the  tarsus  as  in  Jones' 
operation.  In  successful  cases,  the  foot  is  fixed 
at  a  right  angle  to  the  leg,  or  oftener  in  slight  dorsal 
llexion,  so  that  the  weight,  as  before,  is  supi)orted 
in  great  part  on  the  heel.      If,  therefore,  as  in  many 


Fig.  2491. — Talipes  Galcaneua. 

ture  near  the  center.  This  equalizes  the  leverage 
and  checks  dorsal  flexion  by  direct  impact  of  the  tibia 
,  with  the  scaphoid.  Tendon  transplantation,  usually 
of  the  peronei,  is  a  useful  supplement  to  restore  in 
some  degree  the  power  of  plantar  flexion. 

By  this  procedure  a  range  of  serviceable  move- 
ment is  restored  and  deformity  is  reduced  without 
violence.  In  fact,  a  moderate  degree  of  cavus  is  of 
advantage  in  preserving  symmetry  and  the  excess 
is  reduced  by  the  transference   of   the  pressure  on 


Fig.  2192 


-Illustrating     the   Immediate  Effect  of  the  Wihtman 
Operation.  See  Fig.  2941. 


the  foot,  whose  weight-bearing  capacity  has  been 
restored.  The  operation,  although  most  successful 
in  cases  of  extreme  distortion,  is  also  effective  as 
a  preventive  of  progressive  atrophy  and  deformity, 
and  if  it  is  properly  performed,  the  results,  both  as 
to  appearance  and  function,  improve  with  the  lapse 
of  time. 

In  all  these  particulars  it  presents  a  striking  con- 
trast to  other  methods  of  treatment.     For  example: 


Fig.  2493. — Showing  a  Later  Result  of  the  Operation  Illu.strat- 
ing  the  Imitations  of  Dorsal  Flexion  by  Contact  of  the  Tarsus 
with  the  Tibia 

instances,  shortening  of  the  limb  is  sufficient  to  re- 
ipiire  compensation,  an  unsightly  cork  -sole  must  be 
worn,  as  contrasted  with  a  higher  heel,  or  in  more 
extreme  cases,  an  extension  shoe,  which  may  be  ap- 
plied when  plantar  flexion  is  retained. 

The  details  of  the  treatment  as  applied  to  a  typ- 
ical case  of  calcaneovalgus  are  as  follows: 

The  line  of  incision  begins  at  a  point  about  an 
inch  above  the  extremity  of  the  external  malleolus 
midway  between  it  and  the  tendo  .\chillis,  and  is 
continued  downward  and  forward  about  three-quar- 
ters of  an  inch  below  the  malleolus  over  the  dorsum 
of  the  foot  to  the  external  surface  of  the  head  of  the 
astragalus. 

The  sheaths  of  the  peronei  tendons  are  opened 
and  the  tendons  are  cut  below  the  malleolus  and 
drawn  backward.  The  bands  of  the  external  lateral 
and  interosseous  ligaments  are  divided  and  the  head 
of  the  astragalus  is  freetl  from  its  attachments  to 
the  tibia  and  scaphoid.     An  elevator  is  then  inserted 
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between  it  and  the  os  calcis,  and  the  foot  being 
forcibly  inverted,  the  head  of  the  astragalus  is 
drawn  from  the  wound,  and,  the  attachments  on  its 
inner  and  posterior  borders  having  been  cut  or 
broken,  it  is  removed. 

One,  then,  prepares  the  now  articulations.  A 
thin  section  of  bone  is  cut  from  the  adjoining  sur- 
faces of  the  cuboid  and  os  calcis.  On  its  inner  side 
a  knife  is  passed  about  the  internal  border  of  the 
scaphoid  and  the  ligament  is  separated  by  an  eleva- 
tor. The  foot  is  then  displaced  outward  and  the  mal- 
leoli are  laid  bare  by  dissection  from  their  ligament- 
ous attachments  and  are  reshaped  somewhat  on 
their  internal  surfaces  to  fit  the  new  articulations. 
The  peronei  tendons,  freed  from  the  lower  extrem- 
ity of  the  fibula,  are  passed  through  a  slit  at  the 
base  of  the  tendo  Achillis,  sewn  firmly  to  it,  and  then 
drawn  forward  and  reunited  to  their  distal  extremities. 

The  foot  is  now  displaced  backward,  the  external 
malleolus  overlapping  the  calcaneocuboid  articula- 
tion, the  internal  the  navicular.  The  wound  is  then 
closed  with  catgut  sutures  and  the  foot  is  fixed  by 
a  plaster  splint  in  an  attitude  of  moderate  plantar 
flexion  and  abduction. 

In  the  routine  of  hospital  practice  the  operation 
is  performed  under  the  Esmarch  bandage.  The 
tendons  are  sutured  with  Lange  silk.  The  wound, 
having  been  cleansed  with  warm  saline  solution,  is 
closed  without  drainage.  The  foot  and  limb  are 
bandaged  with  sterilized  sheet  wadding,  over  which 
a  light  plaster  is  applied,  holding  the  foot  in  the 
attitude  described,  and  the  leg  at  a  right  angle  to 
the  thigh.  The  limb  is  afterward  suspended  be- 
tween tapes  running  from  the  head  to  the  foot  of 
the  bed.  Great  care  is  taken  to  avoid  constriction. 
To  this,  and  to  the  rest  assured  by  the  plaster  splint, 
and  to  suspension,  is  ascribed  the  very  slight  dis- 
comfort following  the  operation,  and  the  absence  of 
complications. 

At  the  end  of  about  three  weeks  the  first  sup- 
port is  removed,  and  the  walking  plaster  splint  is 
substituted,  extending  to  the  knee,  and  fixing  the 
foot  in  the  same  attitude  of  moderate  equinovalgus, 
the  sole  being  equalized  by  the  incorporation  of  a 
wedge  of  cork.  The  patient  is  encouraged  to  walk 
with  equal  steps,  and  to  bear  weight  on  the  forward 
part  of  the  foot.  At  the  end  of  from  four  to  six 
months  the  new  joint  will  have  become  stable,  and 
the  fixed  support  may  be  discarded  for  a  shoe  ar- 
ranged with  a  cork  wedge  beneath  the  heel,  of  suf- 
ficient thickness;  it  is  compensated  for  slight  equinus, 
and  if  necessary  the  outer  border  of  the  sole  is  thick- 
ened somewhat  to  prevent  a  tendency  to  inversion. 

Even  in  the  cases  in  which  after-treatment  has 
been  neglected,  the  nutrition  of  the  limb  and  the 
appearance  of  the  foot  improve  with  the  gain  in 
functional  ability,  and  some  of  the  patients  walk 
so  well  as  almost  to  merit  the  term  "cure,"  as  applied 
to  cases  of  this  class. 

Acquired  C.\lc.\xeov.\lgus  and  CALCA^•EOVAKUs. — 
In  many  cases  the  foot  deformed  as  a  result  of  para- 
lysis of  the  calf  muscle  is  in  addition  turned  in  a  lat- 
eral direction,  so  that  the  weight  of  the  body  falls  to 
the  inner  or  outer  side  of  its  center. 

Calcaneovalgus,  in  which  the  foot  is  turned  out- 
ward and  upward  so  that  the  patient  walks  on  the 
inner  side  of  the  heel,  or  even  on  the  inner  ankle, 
is  not  uncommon;  the  opposite  deformity  is  far  less  so. 
Calcaneovalgus  is  usually  a  result  of  more  extensive 
paralysis  than  simple  calcaneus.  For  example,  all 
the  muscles  about  the  foot  may  be  disabled  except  the 
peronei,  or  in  cases  of  a  milder  type  the  tibialis 
anticus  may  be  the  only  muscle  of  the  front  of  the  foot 
that  is  paralyzed. 

Calcaneovarus  is  a  much  less  serious  affection,  since 
the  foot  may  be  more  easily  supported.  A  brace  such 
as  is  used  in  the  treatment  of  ordinary  varus,  without 
motion  at  the  ankle  or  provided  with  a  reverse  stop. 


is  ordinarily  employed.  The  principles  of  treatment 
have  been  described  already.  The  brace  should  be  em- 
ployed until  it  is  evident  that  there  is  no  further 
tendency  toward  recovery,  when  the  operative  treat- 
ment already  described  is  indicated. 

Acquired  Talipes  Equinovarus. — Talipes  equino- 
varus  is  the  most  common  of  the  paralytic  deformities 
of  the  foot.  The  tendency  of  simple  equinus  is 
usually  toward  varus,  because  in  plantar  flexion  the 
foot  is  slightly  adducted,  and  because  the  outer  side 
of  the  foot  is  shorter  than  the  inner  side,  so  that  in 
walking  with  the  foot  extended  the  tendency  of  the 
foot  is  to  turn  .somewhat  inward.  Equinovarus  is  | 
usually  preceded  by  equinus  and  the  etiology  of  the 
one  will  serve  for  the  other. 


Fig.  2494. — Paralytic  Deformity  of  the  Foot,  of  the  Varus  Type. 
The  atrophy  and  shortening  of  the  limb  are  evident. 


In  certain  cases  the  varus  is  more  marked  than  the 
equinus,  as,  for  example,  when  the  abductors  of  the 
foot  are  paralyzed  while  the  adductors  retain  their 
power;  or  in  cases  of  direct  injury  as  in  fracture  at  the 
ankle;  or  when  the  growth  of  the  tibia  has  been  ar- 
rested as  the  result  of  injury  or  disease. 

The  appearance  and  effect  of  the  deformity  are  suffi- 
cienth'  indicated  in  the  description  of  the  congenital 
form. 

Treatment. — If  the  distortion  is  recent  and  therefore 
non-resistant,  the  treatment  consists  in  supporting  the 
part  in  proper  position  by  a  brace,  of  which  the  Taylor 
club-foot  apparatus  is  the  t\-pe.  During  the  night 
the  overcorrected  attitude  may  be  assured  by  a  strap 
running  from  the  upright  to  the  sole  plate.  Massage, 
electrical  stimulation,  and  the  like  may  be  applied  as 
in  the  routine  treatment  of  anterior  poliomyelitis. 

If  the  deformity  is  fixed  it  should  be  reduced  and 
overcorrected  by  forcible  manipulation  under  anes- 
thesia. Division  of  the  resistant  parts  is  less  often 
necessary  than  in  the  congenital  form,  but  should  be 
performed  in  suitable  cases.  The  overcorrected 
position  should  be  retained  until  time  has  been  al- 
lowed for  the  recontraction  of  the  lengthened  tissues, 
preferably  for  several  months;  such  rest  in  the  over- 
corrected  position  is  by  far  the  most  effective  treat- 
ment that  can  be  applied  to  a  weak  or  paralyzed  part. 

Astragalectomy  and  cuneiform  osteotomy  are  rarely 
indicated,  but  the  latter  operation  is  sometimes  of 
service  in  checking  the  tendency  toward  recurrence 
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of  deformity  which  is  more  marked  after  overcorrec- 
tion in  the  paralytic  than  in  the  congenital  talipes. 

AcQriRED  Talipes  Eqcinovalgds. — Simple  equino- 
valgus  is  usually  the  result  of  primary  paralysis  of 
the  tibialis  anticus,  the  most  powerful  of  the  dorsal 
flexors;  thus  the  foot  is  drawn  somewhat  outward  in 
dorsal  flexion,  while  the  metatarsal  bone  of  the  great 
toe,  having  lost  the  support  of  the  tibialis  anticus 
muscles,  falls  downward  and  is  drawn  outward  by 
the  peroneus  longus.  In  this  type  one's  attention 
is  often  attracted  by  the  peculiar  appearance  of 
the  great  toe  which  is  deformed  somewhat  like  a 
hammer  toe  by  the  overaction  of  the  flexor  lon- 
gus poUicis  in  its  attempt  to  take  the  place  of  the 
tibialis  anticus.  The  equinus  is  usually  slight  and  is 
secondary  to  the  valgus.  If  the  tibialis  posticus  is 
paralyzed  in  addition,  the  lateral  displacement  of  the 
foot  is  more  marked. 

Treatment  may  be  begun  by  placing  the  foot  in  a 
plaster  bandage  in  an  attitude  of  varus  and  allowing 
the  patient  to  walk  upon  it  until  the  tendency  toward 
deformity  has  been  overcome.  A  support  with  the 
catch,  as  for  toe-drop,  is  applied  to  the  shoe  while  the 
tendency  toward  valgus  is  checked  by  raising  the 
inner  border  of  the  sole  or  by  the  use  of  a  sole  plate,  as 
in  the  treatment  of  the  simple  weak  foot. 

Acquired  simple  talipes  valgus,  from  paralysis  of  the 
tibialis  anticus  and  posticus,  is  rare.  Talipes  valgus, 
when  the  foot  is  dislocated  outward  in  cases  of  com- 
plete paralysis  of  all  its  muscles,  may  be  regarded 
as  a  variety  of  dangle  foot. 

Talipes  valgus,  sometimes  called  spurious  valgus, 
the  simple  weak  or  flat  foot,  has  been  described  in  the 
preceding  article. 

Traumatic  valgus  and  equinovalgus,  due  to  fracture 
at  the  ankle  (Pott's  fracture),  may  be  treated  by 
osteotomy  of  the  tibia  above  the  ankle  in  order  that 
the  proper  relation  of  the  leg  to  the  foot  may  be  re- 
stored. Equinovalgus  of  .slight  degree  is  not  uncom- 
mon after  tuberculous  or  rheumatic  disease  at  the 
ankle  or  at  the  astragaloscaphoid  joints.  This  is 
practically  one  variety  of  the  weak  foot. 

Talipes  from  Other  Causes. — Talipes  caused  by 
cerebral  disease  or  injury,  whether  of  the  paraplegic  or 
hemiplegic  type,  is  almost  always  in  the  form  of 
equinovarus.  "The  hemiplegic  form  of  talipes  is 
usually  more  unyielding  and  rigid  than  the  paraplegic 
tvpe. 

"  The  deformity  must  be  corrected  by  the  ordinary 
methods.  In  many  instances,  when  the  contractions 
are  not  marked,  the  after-treatment  by  a  brace  is  not 
necessary. 

Hysterical  equinovarus  or  other  forms  of  deformity 
are  not  especially  uncommon.  The  diagnosis  can  be 
made  by  the  other  symptoms  of  hysteria,  from  the  his- 
tory of  the  onset  and  duration  of  the  distortion,  and 
from  the  appearance  of  the  deformity  which  is  evi- 
dently merely  an  assumed  posture. 

Tendon  Transplantation  for  the  Relief  of  Par- 
alytic "Talipes. — When  one  or  more  of  the  muscles 
are  paralyzed  the  unbalanced  action  of  those  that  re- 
main tends  to  distort  the  foot.  The  object  of  tendon 
grafting  or  muscle  transplantation  is  to  utilize  the 
power  that  remains  by  giving  an  active  muscle  a  new 
point  of  attachment  where  it  may  be  of  service  instead 
of  an  agent  of  deformity. 

Tendon  grafting  is,  as  the  name  implies,  the  opera- 
tion of  attaching  the  tendon  of  a  living  to  that  of  a 
paralvzed  muscle.  The  first  operation  was  per- 
formed by  Nicoladoni  in  1882  for  the  relief  of  para- 
lytic calcaneus  {Archivf.  kiin.Chir.,  3,  27,  S.  BfiO,  1882). 
"The  tendons  of  the  peroneus  longus  and  brevis  were 
divided  behind  the  external  malleolus,  and  the  proxi- 
mal ends  united  to  the  di.stal  extremity  of  the  divided 
tendo  Achillis. 

The  first  operation  on  the  front  of  the  foot  was  per- 


formed by  Pari.sh  of  New  York  {Xew  York  Med.  Jour., 
October  8,  1892)  for  the  relief  of  paralytic  valgu.s,  by 
attaching  the  tendon  of  the  extensor  propriu.s  hallucis 
to  that  of  the  paralyzed  tibialLs  anticus,  without 
division  of  either  tendon. 

Lange  has  modified  the  original  procedure  by  attach- 
ing the  tendon  of  the  transjjlanted  muscle  directly  to 
the  ijcriosteum  at  the  point  of  greatest  mechanical 
advantage  {Miinch.  med.  Wochen.,  No.  1.5,  1900).  In 
order  to  carry  out  this  principle,  the  muscle  itself  may 
be  partly  detaclKMl  from  its  origin  and  its  tendon  may 
be  supplemented  with  thick  strands  of  silk  in  order 
to  assure  the  attachment  at  the  proper  point. 

Tendon  transijlantation  is  a  palliative  rather  than  a 
curative  operation.  Its  object  is  to  prevent  deformity 
rather  than  to  restore  the  lost  function.  It  may  be 
combined  with  other  operations  that  assure  security, 
as  with  astragalectomy  and  backward  displacement  of 
the  foot,  a  procedure  ])rimarily  indicated  for  calcaneus 
but  often  of  value  for  other  distortions;  or  with  ar- 
tlirode.sis  at  minor  articulations  or  with  cuneiform 
resections  for  the  pur])ose  of  restoring  symmetry. 

.\s  an  independent  operation  the  range  is  limited  as 
regards  the  foot.  Its  chief  value  being  to  restore 
balance  disturbed  by  paralysis  of  one  of  the  minor 
muscles. 

The  operation  is  not  indicated  until  sufficient  time 
has  elapsed  to  assure  the  permanence  of  the  disability, 
and  complete  overcorrection  of  existing  deformity 
should  if  practicable  precede  the  operation  by  several 
weeks,  in  order  that  the  character  of  the  operation 
may  be  more  accurately  determined. 

"The  relative  strength  of  the  muscles  should  be  con- 
sidered in  selecting  grafts,  as  well  as  in  making  a  prog- 
nosis. -•According  to  Fick  it  is  as  follows  in  kilo- 
grammeters: 

Back  of  the  Leg. 

The  calf  muscle — gaetrocnernius  and  soleus. .  .  .  8.21 

Tibiali-s  posticus 0.40 

Peroneus  longus 0.44 

Flexor  com.  digitorum 0.38 

Flexor  longus  haUueis 0.82 

Total 10.24 

Fko.nt  of  the  Leo. 

Tibialis  anticus 1 .  61 

Extensor  proprius  hallucis 0.39 

Extensor  longus  digitortim 0.72 

Peroneus  brevis 0.31 

Peroneus  tertius 0. 20 

Total 3.23 

The  importance  of  the  calf  muscle  on  the  back,  and 
of  the  tibialis  anticus  on  the  front  of  the  leg,  is  appar- 
ent. The  former  is  nearly  four  times  as  strong  as  the 
other  muscles  of  the  combined  posterior  group,  the 
latter  being  equal  to  all  the  others  on  the  front  of  the 
leg. 

It  is  evident  therefore  that  one  cannot  supply  the 
function  of  a  powerful  muscle  by  a  weak  one  !is,  for 
example,  in  the  original  operation  of  Nicoladoni. 
One  muscle  cannot  perform  two  opposed  functions 
at  the  same  time,  nor  can  a  muscle  be  transformed 
from  a  plantar  to  a  dorsal  flexor  with  any  reasonable 
prospect  of  success.  On  the  other  hand,  abductors 
may  be  transformed  to  adductors  or  rice  versa  and  the 
direction  of  the  plantar  and  dorsal  flexors  may  be 
changed  with  advantage. 

The  most  common  form  of  paralytic  talipes  19 
equinovalgus  due  to  ])aralysis  of  the  tibialis  anticus. 
The  most  direct  transjilantation  is  that  of  the 
proprius  hallucis.  This  is  divided  and  the  proximal 
end  is  sewed  to  the  periosteum  of  the  scaphoid.  In 
most  instances  the  tendon  of  the  paralyzed  tibi.^lis 
anticus  is  overlapped  and  shortened  to  aid  in  holding 
the  foot  in  the  desired  position. 

A  more  effective  procedure  is  to  turn  back  a  flap, 

503 


Foot,  Distortions  of 


REFERENCE   HANDBOOK   OF   THE    MEDICAL  SCIENCES 


from  the  thick  ligament  covering  the  astragalos  caphoid 
articulation  and  to  remove  the  cartilage  from  the 
adjoining  bones  with  the  aim  of  checking  the  tendency 
to  valgus.  The  tendon  of  the  proprius  hallucis  is  sewed 
directly  to  this  flap  which  is  then  replaced. 

The  tendon  of  the  peroneus  longus  maybe  utilized 
also  for  the  same  purpose.  It  is  divided  through  an 
incision  over  the  cuboid  bone.  _  The  belly  of  the 
muscle  is  then  exposed  by  an  incision  on  the  middle  of 
the  fibula.  The  tendon  is  then  drawn  upward  and, 
the  muscular  attachment  having  been  separated  from 
the  lower  third  of  the  fibula,  the  tendon  and  part  of 
the  muscular  belly  are  drawn  directly  across  the  leg 
through  an  incision  over  the  crest  of  the  tibia  and, 
a  channel  having  been  made  beneath  the  skin,  the 
tendon  is  carried  downward  to  the  attachment  already 
described.  The  peroneus  brevis  may  be  transplanted 
for  the  same  purpose  but  its  action  is  less  effective. 

If  the  peronei  muscles  are  paralyzed  the  foot  turns 
inward  into  varus.  The  proprius  hallucis  may  be 
utilized  as  an  abductor  or  the  tendon  of  the_  tibialis 
anticus  may  be  split,  the  outer  half  being  inserted 
in  the  neighborhood  of  the  attachment  of  the  peroneus 
brevis.  As  aids  in  holding  the  foot  in  position  the 
tendons  of  the  jjaralyzed  peronei  tendons  may  be  used 
as  stays;  the  cut  tendons  being  drawn  upward  suffi- 
ciently to  hold  the  foot  in  abduction  are  then  embed- 
ded in  grooves  cut  in  the  fibula  and  covered  with  peri- 
osteum to  which  they  are  firmly  attached  with  silk, 
as  suggested  by  Gallie. 

If  the  varus  deformity  is  well  marked  a  wedge  of 
bone  may  be  removed  from  the  outer  and  upper  part 
of  the  foot  sufficient  to  permit  overcorrection  as  an 
aid  to  tendon  transplantation. 

Other  operations  may  suggest  themselves  in  special 
cases.  Oper.ations  of  the  same  type  are  indicated  in 
paralysis  of  muscles  of  tlie  posterior  group,  for  the 
correction  of  valgus  or  varus.  If  the  calf  muscle  is 
paralyzed  the  only  effective  operation  is  removal  of  the 
astragalus  and  backward  displacement  in  the  manner 
already  described  under  calcaneus. 

The  operation  of  tendon  transplantation  is  usually 
performed  under  the  Esmarch  bandages.  The  attach- 
ments are  made  with  strong  silk.  The  foot  is  then 
overcorrected  and  fixed  in  plaster  and  it  should  be  used 
in  this  overcorrected  attitude  for  many  weeks  to  im- 
press the  new  position  and  function  upon  the  patient. 
Afterward  the  part  shoulfl  be  jjrotected  from  deform- 
ity until  it  is  assured  that  stability  is  assured.  In  other 
words  the  operation  should  be  looked  on  rather  as  an 
accessory  than  as  a  treatment  complete  in  itself. 

Arthrodesis. — ^Arthrodesis  for  the  purpose  of  pro- 
ducing ankylosis  was  introduced  by  Albert  of  Vienna 
in  1S78. 

Its  field  is  limited  in  cases  of  partial  paralysis  to 
special  joints,  in  which  one  aims  to  check  lateral 
mobility  as  an  aid  to  tendon  transplantation  as  al- 
ready described.  If  all  the  muscles  are  paratyzed  the 
aim  is  to  fix  the  foot  at  a  right  angle  with  the  leg  and 
thus  to  enable  the  patient  to  dispense  with  a  brace. 
For  this  purpose  the  ankle,  mediotarsal,  and  subastrag- 
aloid  joints  must  be  included  in  the  operation.  It 
consists  essentially  in  removing  the  cartilage  from 
the  adjoining  bones  and  nailing  or  sewing  them  to  one 
anotjier  or  assuring  contact  by  a  plaster  bandage.  The 
operation  is  not  successful  unless  ossification  is  well 
advanced,  as  in  later  childhood,  which  still  further 
limits  its  field  of  usefulness. 

Royal  Whitman. 


Foot=and=Mouth  Disease. — This  disease  is  also 
known  as  epizootic  aphtha,  aphthous  fever,  infectiovis 
aphtha,  aphtha?  epizootics';  Maul-und-Klauenseuche, 
Aphthenseuche,  Maulfaule,  by  the  Germans;  as 
Fievre  aphtheuse,  Cocotte,  by  tlie  French;  and  as  afta 
epizootica,  febbre  aftosa,  by  the  Italians. 


Foot-and-mouth  disease  is  an  acute,  highly  infec- 
tious, febrile  disease  characterized  by  a  vesicular 
eruption  on  the  skin  and  mucous  membranes,  especi- 
ally  in   the   mouth   and   in   the   interdigital    spaces. 

Similar  to  other  animal  plagues,  this  di.sease  invaded 
Europe  in  the  east  and  with  every  war  involving  west- 
ern and  central  Europe.  Its  contagious  nature  was 
recognized  as  early  as  1764,  but  until  the  middle  of 
the  last  century  was  usually  associated  with  various 
atmospheric  and  climatic  influences  or  attributed  to 
spoiled  feed.  The  infectious  character  of  this  disease 
was  recognized  by  Bollinger  and  since  that  time  it  has 
been  generally  supposed  to  be  caused  by  specific  in- 
fection, although  the  etiology  is  not  yet  definitely 
established.  Various  investigators  attributed  the 
disease  to  bacteria  or  protozoa,  but  Loffler  and  Frosch 
(1897-1900)  succeeded  in  definitely  proving  that  the 
contagion  passes  through  porcelain  filters  and  that  it 
should  therefore  be  classed  among  the  filterable 
microorganisms.  , 

Klein,  Schottelius,  and  Kurth  have  described 
coccus-like  bodies  as  the  causative  agent  of  the  dis- 
ease, while  Terni  attributes  the  disease  to  protozoa 
{Cytorydes  jenneri).  More  recently  Siegel  connects 
with  the  etiology  of  the  disease  cocci  of  0.1  to  0.2 
microns  in  size  (Cytorydes  cocci),  whicli  he  found  in 
the  blood  of  affected  animals,  also  in  the  vesicles,  in 
the  plasma  of  the  cells  and  in  the  heart  muscle  of  the 
affected  cattle.  These  findings  have  been  substan- 
tiated by  Nicolaus  and  Betegh,  and  others. 

The  contents  of  the  vesicles  is  most  contagious, 
while  the  blood  contains  the  infection  in  a  diluted 
condition  and  only  at  the  beginning  of  the  fever. 

The  saliva,  nasal  discharge  and  other  .secretions 
become  infectious  only  after  contamination  from  the 
contents  of  the  vesicles.  At  the  onset  of  the  healing 
jjrocess  the  infection  disappears,  and  animals  after  a 
sickness  of  ten  days  can  no  longer  infect. 

The  disease  has  occurred  in  Eurojie  at  periodic  in- 
tervals when  it  usually  spreads  through  the  entire 
continent  not  sparing  any  of  the  countries  and  after 
raging  from  two  to  four  years  it  usually  subsides,  being 
followed  by  a  period  of  ab.sence  of  the  disease  for 
several  years,  after  which  time  it  again  commences  to 
spread.  During  the  outbreaks  in  the  various  countries 
of  Europe  the  larger  proportion  of  the  cloven-footed 
animals  usually  became  affected,  and  the  measures 
which  were  adopted  for  its  suppression  or  control  were 
found  unsatisfactory  in  checking  its  .spread,  thus 
Germany,  France,  Great  Britain,  The  Netherlands, 
Austro-Hungary,  Russia,  and  other  covmtries  suffered 
great  losses  from  the  appearance  of  the  disease  at 
different  times. 

According  to  statistics  collected  bv  the  German  Em- 
pire in  1890,  4.31,235  head  of  cattle,  230,868  sheep, 
and  1.53,808  swine  were  affected  with  the  disease. 
It  is  claimed  that  the  losses  from  this  disease  in  Eng- 
land in  1883  were  $5,000,000. 

The  di.sease  reached  America  through  an  im- 
portation of  cattle  from  England  through  Montreal  in 
1870,  when  it  spread  over  the  various  provinces  in 
Canada,  the  New  England  states,  New  York,  and 
New  Jersey.  This  outbreak  was  effectively  controlled 
and  the  spreading  of  the  disease  prevented.  Except- 
ing other  minor  outbreaks  which  occurred  in  this 
country  from  other  importations  of  stock,  the  out- 
break of  1902  threatened  the  greatest  danger,  but 
with  proper  quarantine  measures  and  destruction  of  all 
infected  and  exposed  herds,  the  disease  was  controlled 
and  limited  to  four  of  the  New  England  states. 

The  last  outbreak  which  occurred  in  the  United 
States  and  which  was  traced  to  contaminated  vaccine 
lymph  from  Japan  occurred  in  1908.  This  outbreak 
was  also  checked  with  proper  measures,  and  as  the 
disease  was  found  to  have  spread  over  a  considerably 
wide  area  (Michigan,  Pennsylvania,  New  York,  and 
Mar3'land)  before  cognizance  was  taken  of  its  exist- 
ence,  it   required   heroic   work   on   the   part   of   the 
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officers  of  the  Bureau  of  Animal  Inciustry  in  con- 
trolling and  eradicating  this  outbreak.  Since  that 
time  this  country  has  been  free  from  the  flisease  and 
with  the  quarantine  prescribed  by  law  for  imported 
animals  and  the  present  requirements  of  testing  all 
importations  of  vaccine  lymph  for  possible  con- 
taminations of  foot-and-mouth  disease  there  appears 
to  be  little  danger  of  the  introduction  of  the  disease  into 
this  country. 

The  losses  sustained  from  foot-and-mouth  disease 
were  in  most  outbreaks  only  small,  from  one  to  two  per 
cent,  of  the  affected  animals  dying  as  a  result  of  the 
disease,  although  there  have  been  outbreaks  at  times 
known  as  the  malignant  form  of  the  disease  when 
the  mortality  was  much  greater  and  it  has  not  been 
uncommon  to  observe  losses  up  to  thirty  per  cent,  and 
higher.  The  losses  which  were  sustained  in  out- 
breaks of  foot-and-mouth  disease  were  not  the  direct 
result  of  fatalities,  but  due  to  the  fact  that  all  classes 
of  animals  on  the  farm  are  susceptible  and  therefore 
the  indirect  losses  are  much  greater  than  in  other 
infectious  diseases.  Cattle  are  most  susceptible, 
next  in  order  are  hogs  and  sheep.  Dogs,  cats,  goats 
are  only  occasionally  attacked.  Reindeer,  deer, 
buffaloes,  yaks,  camels,  antelopes  are  also  said  to  be 
susceptible. 

The  infection  is  not  air-borne  and  the  transmission 
takes  place  from  animal  to  animal,  either  by  licking  or 
from  contact  with  contagion  through  carriers.  These 
of  course  may  be  of  the  most  varied  kind,  attendants, 
stable  utensils,  contaminated  feed,  roads  over  wliich 
diseased  cattle  have  been  driven,  dogs,  birds,  and  all 
other  means  by  which  the  contagion  is  carried  from 
place  to  place.  Sucking  calves  are  usually  infected 
from  the  udder  or  milk  from  cows  suffering  from  the 
disease. 

An  attack  of  the  disease  does  not  confer  permanent 
immunity.  Observations  seem  to  indicate  that  the 
Immunity  afforded  the  animals  varies  between  six 
months  and  one  or  two  years.  Not  infrequently, 
however,  cases  have  been  observed  in  which  the  rein- 
fection of  the  same  animal  has  occurred  within  three 
months.  It  is  claimed  that  the  appreciable  diminishing 
of  the  disease  after  widespread  outbreaks  is  due  to  the 
fact  that  the  cattle  have  in  many  instances  acquired 
immunity  for  a  more  or  less  protracted  period. 

Symptoms. — The  time  of  incubation  in  the  natural 
form  of  the  infection  is  usually  from  three  to  seven  days. 
At  the  onset  of  the  disease  there  is  usually  a  high  fever, 
which  may  reach  106°;  this,  however,  subsides  after 
one  or  two  days,  as  soon  as  the  vesicles  develop.  The 
lesions  in  the  mouth  are  most  frequent  in  cattle,  and 
in  other  susceptible  animals  as  sheep,  goats,  and  hogs 
they  are  less  frequent.  At  the  onset  of  the  disease 
there  is  a  diminished  appetite,  the  animals  chewing 
their  food  very  cautiously  on  account  of  the  pain  in 
the  buccal  mucous  membrane.  The  mouth  is  usually 
kept  closed  and  from  time  to  time  they  open  it  with  a 
smacking  sound,  laterthe  taking  of  food  entirely  ceases. 
The  salivadrops  instringsfromthecommissuresof  the 
lips,  and  the  animals  enjoy  keeping  their  heads  in  a 
pail  of  water  placed  before  them. 

From  the  second  and  third  days  on  the  inner  sur- 
face of  the  lips,  on  the  tongue,  and  other  parts  of  the 
mucous  membrane  of  the  mouth  vesicles  appear 
which  may  vary  in  size  from  a  pea  to  that  of  a  walnut. 
The  vesicles  may  extend  to  the  muzzle  and  backward 
into  the  pharynx  and  .soon  burst  leaving  an  exposed 
red  surface.  The  salivation  becomes  more  profuse, 
and  there  is  very  active  movement  of  the  tongue.  The 
denuded  area  following  the  bursting  of  the  vesicles 
soon  becomes  covered  with  new  epithelia  and  the 
healing  process  is  ordinarily  concluded  in  five  to 
seven  days. 

The  lesions  on  the  feet  are  first  indicated  by  lame- 
ness. Examination  in  such  cases  reveals  a  redden- 
ing and  heat  of  the  skin  above  the  horny  part.     In 


from  on(!  to  two  days  vesicles  appear  which  rapidly 
increase  in  size,  and  at  first  are  filled  with  a  clear,  later 
with  cloudy  fluid.  They  burst  and  the  healine  proc- 
ess is  mucii  slower  in  this  part  than  in  the  lesions 
of  the  mouth.  The  lesions  of  the  udder  occur  usually 
simultaiK'ously  with  those  of  the  mouth,  tht  vesicles 
appearing  ui)on  the  teats  at  times  reaching  the  size 
of- a  hazelnut.  The  udder  in  more  severe  ea.ses  is 
swollen,  and  immediately  surrounding  the  vesicles 
it  is  reddened  and  painful.  The  vesicles  are  usually 
ruptured  in  the  course  of  milking,  and  provided  the 
healing  jjrocess  is  not  delayed  by  the  mechanical  irri- 
tation of  milking  the  healing  takes  place  in  from  five 
to  six  days. 

Complications. — The  course  of  the  di.sca.se  des- 
cribed above  is  that  of  normal  cases;  frequently,  how- 
ever, complications  set  in.  The  lesions  in  the  mouth 
may  extend  into  the  gastrointestinal  tract,  involving 
these  parts  and  causing  a  severe  disturbance  in  the 
digestive  process,  whicli  frequently  results  in  a  fatal 
termination.  Such  conditions  occur  (|uite  fre(|uently 
in  young  animals.  The  lesions  in  the  mouth  may  also 
lead  to  a  more  inten.se  pathological  process,  infec- 
tions with  secondary  organisms  may  bring  about  deep 
necrotic  ulcerations  and  consequent  conditions  which 
require  a  longer  time  for  repair.  The  affected  digits 
are  especially  liable  to  secondary  infections,  and  due 
to  this  fact  it  is  not  at  all  infrequent  to  observe  sup- 
purations resulting  from  outside  infections  which 
may  infect  the  deeper  structures  resulting  in  losing 
of  the  hoofs. 

The  extension  of  the  lesions  in  the  udder  may  cause 
severe  inflammatory  conditions  of  that  gland  with 
known  serious  consequences  such  as  the  various  forms 
of  mastitis. 

Diagnosis. — The  diagnosis  of  the  di.sea.se  is  not 
difficult,  especially  since  the  highly  infectious  char- 
acter of  the  disease  with  the  nu-ntioned  lesions  is 
typical  only  with  foot-and-mouth  disea.se.  The 
occurrence  of  sporadic  cases,  however,  may  cause 
difficulty.  Of  the  conditions  which  may  be  mistaken 
for  foot-and-mouth  disease,  traumatic  injuries  of  the 
mucous  membrane  may  be  mentioned.  Stomatitis 
vesiculosa  of  cattle,  Stomatitis  ulcerosa  of  hogs, 
Stomatitis  aphthosa  of  calves  and  lainljs,  and  actino- 
mycotic affections  of  the  dorsum  of  the  tongue, 
besides  the  various  forms  of  mycotic  stomatitis.  The 
differentiation  of  these  conditions  from  foot-and- 
mouth  disease  may  be  readily  made  when  the  symp- 
toms, course,  and  the  infectious  character  of  the 
disease  are  considered. 

Tre.\tment. — In  the  early  stages  of  the  disease  on 
account  of  the  pain  in  the  mouth  the  animals  are 
unable  to  take  up  rough  food,  and  they  should  be 
given  gruel  and  mashes.  The  buccal  cavity  should 
be  kei)t  clean  by  fre(|uent  washing  with  either  ordi- 
nary salt  solution,  or  astrigents  containing  antiseptics, 
as  alum,  copper  sulphate,  potassium  chlorate,  boracic 
acid,  lysol,  etc.  The  lesions  should  likewise  be 
treated  with  antiseptic  washes,  or  astringent  antisep- 
tic powders  may  be  used  for  covering  the  affected 
parts. 

In  the  presence  of  an  affection  in  the  udder  the 
milk  should  be  regularly  taken,  if  necessary  by  the 
introduction  of  milk  tulies.  The  udder  should  be 
washed  with  a  mild  antiseptic  solution.  In  the  pres- 
ence of  intense  inflammation  and  loss  of  substance 
of  the  udder,  it  should  be  washed  carefully  and  treated 
with  antiseptic  oii\tments.  In  a  severe  parenchy- 
matous inflammation  of  the  udder,  the  rubbing  of 
the  organ  with  a  ten  per  cent,  ointment  of  iodine  or 
camphor  ointment  (1  to  4)  is  beneficial.  Complica- 
tions which  may  result  from  the  affections,  such  as 
deep-seated  abscess  formations,  etc.,  should  be  treated 
in  accordance  with  the  principles  of  surgery. 

In  the  control  of  the  disease  where  it  was  impossible 
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to  check  its  spread,  artificial  infections  were  often 
resorted  to  by  which  the  infection  of  all  animals  in 
the  stable  was  hastened  and  all  animals  recovered 
within  a  short  time.  This  method  is  still  in  practice 
in  most  of  the  European  countries,  but  in  more  recent 
times  it  proved  of  an  advantage  in  the  early  outbreaks 
to  adopt  more  stringent  measures  in  destroying  all 
animals  of  the  affected  herd  and  often  those  which 
had  been  exposed  to  the  infection.  With  this  prac- 
tice, the  two  last  outbreaks  of  the  disease  in  the 
United  States  have  been  successfully  combated.  It 
consists  in  the  rigid  quarantine  of  infected  premises 
and  in  slaughtering  the  diseased  and  exposed  animals 
at  the  earliest  possible  moment,  and  in  thoroughly 
disinfecting  the  stables  and  the  contents  of  the 
buildings  in  which  they  have  been  sheltered. 

The  disease  is  transmitted  to  man  principally  by 
the  drinking  of  milk  of  affected  animals,  and  through 
the  act  of  milking,  directly  to  the  attendants  whose 
hands  become  infected.  In  such  instances  it  occurs 
through  the  virus  coming  in  contact  with  wounds  and 
other  abrasions.  In  human  beings  the  manifesta- 
tions of  the  disease  are  also  most  frecjuent  on  the 
fingers,  the  arches  of  the  nails,  in  the  mouth  and 
throat;  constitutional  symptoms,  fever,  gastric  dis- 
turbances, diarrhea  are  frequently  associated  with 
the  disease. 

The  disease  in  man  usually  runs  a  favorable  course, 
although  in  many  instances  where  it  effects  children 
it  may  result  fatally,  either  directly  from  the  affec- 
tion or  as  the  result  of  other  complications. 

The  milk  from  affected  animals  should  not  be  used 
for  human  consumption  unless  it  is  boiled,  which  pro- 
cedure destroys  the  virus.  Attendants  should  be 
careful  in  the  handling  of  affected  animals  in  order 
to  avoid  an  infection.  Adolph  Eichhorn. 


Forceps,  Obstetrical. — It  is  probable  that  no 
mechanical  apparatus  which  was  ever  constructed 
has  rendered  half  the  service  and  benefits  to  the  human 
race  which  has  been  rendered  by  the  obstetrical  for- 
ceps. We  all  come  into  the  world  practically  in  the 
same  way,  through  the  passage  in  the  maternal  gen- 
erative organs  which  are  enclosed  within  the  maternal 
pelvis. 

Parturition  is  the  most  natural  thing  in  the  world 
and  when  the  conditions  which  surround  it  are  natural, 
midwives  and  obstetricians  are  superfluous  and  may 
be  regarded  in  the  light  of  luxuries.  But  there  is  no 
physiological  function  of  which  there  are  no  deviations 
from  the  normal.  Man  and  animal  are  occasionally 
in  a  hopeless  situation  with  regard  to  the  function  of 
parturition,  and  it  then  becomes  simply  impossible 
of  accomplishment  without  the  assistance  of  art  and 
human  intelligence.  Hence  arose  the  necessity  for 
some  sort  of  a  contrivance  which  should  serve  as  an 
extension  of  the  hands  of  the  midwife,  which  should 
grasp  and  extract  the  living  being  which  was  strug- 
gling to  get  into  the  world,  and  which  would  do  it 
without  killing  or  maiming  it. 

Midwifery  is  an  art  which  is  so  ancient  that  it 
seems  incredible  that  those  who  devoted  their  time, 
their  thought,  and  their  observation  to  it  in  the  ages 
before  the  dawn  of  history  should  not  have  found 
some  expedient  of  a  mechanical  character  to  help 
women  who  were  unable  to  deliver  themselves. 
People  were  not  all  fools  in  prehistoric  times  and  the 
logical  process  of  reasoning,  of  deduction  from  observa- 
tion, and  of  drawing  valid  conclusions  must  have 
resided  with  some  of  those  who  practised  midwifery. 
But  if  they  made  use  of  any  mechanical  apparatus 
tradition  did  not  hand  down  any  account  of  it  to 
those  who  began  to  write  history,  and  so  we  have 
nothing  but  our  imagination  to  fall  Back  upon  in 
regard  to  their  operative  obstetrics. 

The  book  of  Genesis  antedates  the  father  of  medical 
history  by  many  centuries.     From  this  book  we  learn 


of  the  death  of  Rachel  "in  hard  labor."  "And 
Rachel  travailed  and  she  had  hard  labor.  And  it 
came  to  pass  that  when  she  was  in  hard  labor  the 
midwife  said  unto  her,  Fear  not,  thou  shalt  have  this 
son  also.  And  it  came  to  pass  as  her  soul  was  depart- 
ing (for  she  died)  that  she  called  his  name  Ben-oni, 
but  his  father  called  him  Benjamin."  (Gen.  xxxv., 
16    17,  18.) 

In  the  book  of  Exodus  we  also  have  a  picture  of 
midwifery  practice  in  Egypt  and  a  statement  that 
Hebrew  women  were  delivered  more  readily  by  the 
midwives  than  Egyptian  women.  "  .\nd  the  King 
of  Egypt  called  for  the  midwives  and  said  unto  them, 
Why  have  ye  done  this  thing,  and  have  saved  the  men 
children  alive?  And  the  midwives  said  unto  Pharaoh, 
Because  the  Hebrew  women  are  not  as  the  Egi.-ptian 
women,  for  they  are  lively  and  are  delivered  ere  the 
midwives  come  in  unto  them."  (Ex.  i.  18,  19.) 
Again  the  imagination  fills  in  the  gap  and  pictures 
the  hard  labors  which  fell  to  the  lot  of  some  of  the 
Egyptians,  with  no  record  as  to  the  means  by  which 
they  were  delivered. 

Hippocrates,  who  is  usually  regarded  as  the  father 
of  scientific  medicine,  using  the  term  in  its  broadest 
sense  and  differentiating  it  particularly  from  the  so- 
called  medical  practice  of  priests  and  conjurers,  was  a 
keen  observer,  a  philosophic  thinker,  and  a  very 
voluminous  writer.  Among  his  many  contributions 
to  theoretical  and  practical  medicine  there  were 
observations  relating  to  obstetrics,  but  in  none  of 
them  do  we  find  any  intimation  that  he  was  in  the 
habit  of  using  any  other  instrument  than  his  hands 
for  the  assistance  of  parturient  women,  and  these  he 
used  in  prolonged  labors,  for  traction,  when  the  head 
of  the  fetus  was  small.  (.\n  exception  should  be 
made  in  regard  to  the  crotchet  which  was  described 
by  Hippocrates,  by  Aetius,  and  by  all  other  ancient 
writers  on  midwifery,  but  was  used  only  when  the 
child  was  dead  or  its  life  was  despaired  of.) 

The  Arabians  in  the  tenth  and  eleventh  centuries 
kept  the  lamp  of  medicine  burning  when  it  was  dim 
or  had  gone  out  among  other  nations,  and  we  find  in 
their  writings  the  record  of  the  use  of  forceps  in  labors 
which  were  difficult.  But  the  forceps  of  ,\lbucasis 
and  Avicenna  were  properly  cranioclasts  with  three 
or  four  blades  and  teeth,  for  grasping  the  fetal  head, 
on  the  inner  surface  of  the  blades.  They  were  de- 
structive instruments  and  were  evidently  employed 
only  when  the  fetus  was  dead  or  when  it  could  not  be 
delivered  alive. 

Rueff  (1554)  used  a  long  smooth-jointed  lithotomy 
forceps  for  the  extraction  of  dead  fetuses.  He  also 
used  a  duck-bill  forceps  and  a  toothed  forceps.  A 
three-bladed  duck-bill  lithotomy  forceps  was  employed 
about  the  same  time  by  Pierre  Franco  and  by  Heister 
imder  similar  indications,  in  preference  to  hooks 
which  had  previously  been  used.  In  other  words, 
the  principle  of  traction  for  the  delivery  of  the  fetus 
had  probably  been  recognized  for  many  centuries. 


Fig.  2493. — Whalebone  Fillet. 

Even  more  ancient  than  these  destructive  in.stru- 
ments  is  the  fillet  which  according  to  Leishman  is  the 
most  ancient  of  all  obstetrical  instruments  which 
have  been  used  to  extract  a  living  child.  In  its 
simplest  form  it  was  a  loop  of  whalebone  which  was 
to  be  adju.sted  over  the  head  of  the  fetus  and  used  as 
an  instrument  of  traction.     Of  course  its  adjustment 
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Forceps.  Ob§tetrlrsI 


was  freciuently  difficult  or  impossible,  and  it  could  be 
applied  only  when  the  head  was  low  in  the  pelvis. 
It  was  extensively  used  by  the  Japanese,  who  added 
to  it  a  silk  net  which  was  drawn  over  the  fetal  head, 
probably  as  a  means  of  protection,  before  traction 
was  begun.  Ramsbotham  describes  it  as  being  made 
of  a  strip  of  strong  cloth,  silk,  or  leather  in  the  form 
of  a  noose,  sewed  at  the  side  and  opened  at  the  ends  to 
admit  a  piece  of  whalebone,  cane,  or  wire  throughout 
its  entire  length.  After  it  had  been  adjusted  over  the 
head  the  whalebone  was  withdrawn,  the  loop  tight- 
ened and  extraction  performed  by  main  force.  The 
use  of  such  an  instrument  upon  the  cranium  was  of 
course  very  ineffective,  though  it  might  have  been 
serviceable  in  breech  presentations.  At  any  rate  it 
has  fallen  into  disuse,  in  this  country  at  least,  and  in  a 
practice  extending  over  thirty  years  the  writer  has 
never  had  occasion  to  use  it,  nor  has  he  known  of  its 
use  by  others.  It  was  advocated  in  England  by  no 
less  an  authority  than  Smellie  (1779)  who  engaged  it 
between  the  occiput  and  the  chin,  though  we  fail  to 
see  how  it  could  be  thus  used  with  efficiency  or  mechan- 
ical advantage.  The  vectis  or  lever  is  the  offsjjring 
of  the  forceps.  It  is  said  that  Roonhuysen  of  Amster- 
dam purchased  the  secret  of  the  forceps  from  Hugh 
Chamberlen  at  the  end  of  the  seventeenth  century 
and  that  when  he  in  turn  was  supposed  to  have  sold 
the  secret  to  others  he  deceitfully  sold  the  vectis  and 
not  the  Chamberlen  forceps. 

Leishman  states  that  many  successful  deliveries 
were  accomplished  with  the  vectis  b}-  Roonhuysen, 
by  his  son,  by  Ruysch,  by  \'isscher,  by  Van  den  Poll 
and  by  others  who  obtained  the  secret.  Visscher 
and  Van  den  Poll  are  said  to  have  paid  5,000  pounds 
for  the  secret  in  1753  in  order  to  give  it  freely  to  the 
world. 

The  original  vectis  was  merely  a  flat  piece  of  iron 
curved  at  either  end  and  covered  with  leather  tu 


Fig.  2496.— The  Vectis. 

protect  the  tissues  of  the  patient.  As  it  is  now  used, 
though  it  is  used  but  seldom  since  it  will  do  nothing 
which  cannot  be  done  better  with  the  forceps,  it  is 
merely  a  single  blade  of  a  straight  forceps.  The 
lever  action  is  sometimes  useful,  especially  when  the 
head  is  low  in  the  pelvis,  and  it  may  be  used  to  com- 
plete the  rotation  of  the  head,  but  it  can  have  little 
value  for  traction  purposes,  however  much  the  blade 
may  be  curved;  so  that  it  is  in  every  way  inferior  to 
the  forceps.  Besides,  no  matter  how  carefully  it 
may  be  used  it  is  a  greater  menace  to  the  soft  parts 
of  the  mother  than  the  forceps. 

It  is  hardly  necessary  to  say  much  about  the  blunt 
hook  and  the  crotchet,  both  of  them  very  ancient 
but  destructive  instruments,  and  the  precursors  of 
the  forceps. 


Fig.  2497.— The  Blunt  Hook. 

The  blunt  hook  is,  of  course,  useful  almost  solelv  in 
breech  presentations  and  when  the  child  is  alreadv 
dead.  It  is  not  impossible  to  extract  a  living  child 
presenting  at  the  breech  by  applying  the  blunt  hook 
over  the  groin  and  even  the  fillet  may  be  used  for  that 
purpose,  especially  when  two  fingers  of  one  hand  are 
also  placed  in  the  groin  as  a  guide  and  a  protection. 


But  the  procedure  Ls  not  a  desirable  one,  it  Is  danger- 
ous alike  to  mother  and  child,  and  fortunately  is 
seldom  resorted  to.  In  the  extraction  of  a  dead  child 
after  craniotomy  or  embryulcia  the  blunt  hook  may 
.serve  as  an  efficient  tractor  by  in.serting  it  into  the 
flexure  of  a  presenting  joint,  due  care  being  always 
exercised  to  protect  the  maternal  tissues. 

The  crotchet  is  a  sharpened  hook  which  Ls  designed 
for  fi.xation  into  the  tissues.     It   is  practically  of  no 


Fio.  2498.— The  Crotchet. 

use  when  fixed  in  soft  tissues  and  must  have  the  re- 
sistance of  a  joint  or  a  bone  to  make  it  of  any  value  as 
an  instrument  of  traction.  It  is  a  barbarous  instru- 
ment, even  in  its  guarded  form,  and  happily  it  Ls 
obsolete.  If  destructive  midwifery  becomes  neces- 
sary, especially  at  the  cranial  end,  the  craiiioelast  or 
basiotribe  will  sufficiently  reduce  the  size  of  the  head 
to  permit  of  its  extraction  without  resort  to  these 
ancient  and  clumsy  devices. 

It  is  a  relief  to  turn  from  destructive  instruments 
and  processes  to  the  mild  and  humane  and  conserva- 
tive measures  which  are  associated  with  the  notion  of 
the  obstetric  forceps. 

Schroeder  is  quoted  by  De  Lee  (Principles  and 
Practice  of  Obstetrics)  as  saying  that  the  coming  of 


Fig.  2499. — The  Guarded  Crotchet. 

the  forceps  was  delayed  because  in  past  ages  men  were 
not  allowed  to  attend  confinements  except  in  ca-ses  of 
great  difficulty,  their  presence  meaning  the  death  of 
the  child  and  the  possible  mutilation  of  the  mother. 
The  appearance  of  a  man-midwife  in  the  lying-in 
chamber  was  therefore  always  a  source  of  dread  to 
the  woman  and  often  her  death-knell. 

Midwifery  was  also  regarded  as  a  woman's  business 
rather  than  a  man's,  and  hence  it  was  long  before  it 
assumed  the  dignity  which  properly  belongs  to  it  as, 
in  many  respects,  the  most  important  art  in  which  a 
human  being  can  be  engaged.  We  who  are  partici- 
pating in  its  latter-day  glories  and  perfections  can 
realize  but  imperfectly  the  vicissitudes  through  which 
it  has  passed  in  reaching  its  present  honorable  estate. 

The  discovery  of  the  obstetric  forceps  is  now  uni- 
versally attributed  to  the  Chamberlen  family  and 
probably  to  Peter  Chamberlen  the  elder,  at  the  very 
beginning  of  the  seventeenth  century.  Aveling's 
monograph,  "The  Chamberlens."  published  in  1SS2, 
has  given  a  detailed  account  of  the  history  of  the  five 
generations  of  this  remarkable  family,  "and  all  the 
salient  facts  which  have  been  discovered  in  connection 
with  their  relation  to  their  forceps.  The  discoverj- 
was  such  a  momentous  one  that  a  few  statements 
concerning  the  family  should  not  be  inappropriate. 

William  Chamberlen,  a  Huguenot  refugee,  left  Paris 
and  came  to  Southampton  in  England  in  1572  with 
his  family.  He  afterward  went  to  London  and  died 
previous  to  1596.  He  was  Ln  no  way  connected  with 
the  discovery  of  the  forceps.  His  son,  Peter  Cham- 
berlen the  elder,  was  licensed  by  the  Barber  Surgeons 
Company  prior  to  159S  and  was  apparently  in  good 
practice  in  1607.  Between  159S  and  1607  he  prob- 
ably invented  the  forceps.  In  1612  he  was  jailed  at 
Newgate  for  practising  physick,  but  was  relea.sed  at 
the  mandate  of  .\nne,  the  Queen  of  James  1.,  and  the 
Archbishop   of   Canterbury.     He   had   probably   at- 
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tended  the  Queen  in  her  confinements  and  in  1614 
she  gave  him  forty  pounds  and  a  diamond  ring.  He 
was  also  surgeon  to  Henrietta,  Queen  of  Charles  I., 
and  attended  her  in  a  miscarriage  in  1628. 

Peter  Chaniberlen  the  second  was  born  February 
18,  1572,  was  licensed  by  the  Barber  Surgeons 
Company  in  1,596  and  was  frequently  fined  by  the  Col- 
lege of  Physicians  for  working  outside  the  province 
of  surgery.  In  an  ineffectual  effort  to  have  the  mid- 
wives  incorporated  in  1616,  in  order  to  secure  their 
patronage,  he  is  reported  to  have  said  that  he  and 
his  brothers  knew  more  about  obstetrics  and  obstet- 
rical operations  than  anybody  else.  Natiirally  he 
was  not  popular,  and  his  secret  method  of  treatment 
was  not  approved. 

Peter  Chamberlen  the  third  was  born  in  1601, 
received  his  doctor's  degree  at  Padua  in  1619,  at 
Oxford  in  1620,  and  at  Cambridge  in  1621.  He  be- 
came a  fellow  of  the  College  of  Physicians  in  1628, 
and  tried,  ineffectually,  like  his  father,  to  have  the 
midwives  incorporated  in  16.34.  Subsequently  he  be- 
came very  eccentric  and  erratic  like  so  many  others 
at  the  time  of  the  English  Revolution. 


Fig.  2500, — p'our  Varieties  of  the  Chamberlen  Forceps, 

Hugh  Chamberlen  was  born  in  1630  and  became 
learned  and  distinguished.  He  translated  Mauri- 
ceau's  French  work  on  obstetrics  into  English  in 
1672  and  was  on  very  friendly  terms  with  that  great 
French  obstetrician.  He  declared  in  this  translation 
that  he  and  his  brothers  delivered  women  who  could 
not  be  delivered  by  others.  He  was  not  infallible, 
however,  and  on  August  19,  1670,  was  asked  by 
Mauriceau  to  deliver  a  woman  with  a  greatly  de- 
formed pelvis.  After  trying  for  three  hours  he  gave 
it  up  in  despair,  having  so  injured  the  woman  in  his 
efforts  that  she  died  the  following  day.  He  was  the 
royal  physician  in  1673,  but  this  did  not  prevent  his 
being  fined  by  the  College  of  Physicians  in  16S5. 
The  secret  of  the  forceps  was  sold  by  him  to  Roon- 
huysen  of  Amsterdam,  and  during  the  life  of  his  son 
Hugh,  Jr.,  who  was  the  last  of  the  line,  the  secret  be- 
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came  generally  known.  In  1733  Giffard  and  Chap- 
man, who  had  made  improvements  upon  the  Cham- 
berlen forceps,  stated  that  it  was  a  noble  instrument 
and  was  then  well  known  by  all  the  principal  men  of 
the  profession  both  in  town  and  country.  Chapman 
declared  further  that  many  women,  then  living,  owed 
their  lives  to  its  use. 

In  1813  in  a  secret  closet  at  Woodham,  an  estate 
which  had  belonged  to  the  Chamberlens  prior  to  1715, 
and  in  connection  with  coins,  medals,  etc,  four  pairs 
of  forceps  were  found  which  represented  the  different 
stages  of  the  instrument  at  the  time  of  the  death  of 
one  of  the  Peter  Chamberlens  in  1684.  These  four 
forceps  are  described  by  Ingraham  {Am.  Jour,  of 
Obstetrics,  1911,  p,  846)  as  follows: 

1.  One  blade  12^  inches  long,  the  other  13.  Length 
of  each  blade  to  joint  8  inches.  One  handle  4  inches 
long,  the  other  4?,  each  ending  in  a  blunt  hook. 
The  two  portions  are  united  by  a  nut  which  can  be 
unscrewed.     This  is  the  original  type. 

2.  Length  12  inches,  length  of  blade  to  joint  9| 
inches.  P^enestnun  85  inches  long  in  one,  5J-  inches 
in  the  other.  Width  of  fenestrum  in  one  J-  inch,  in 
the  other  IJ  inches.  Handles  3j  inches  long,  looped 
for  two  fingers  on  one  side  and  the  thumb  on  the  other. 
I'nited  by  a  braided  cord  through  an  aperture  for  a 
rivet.     The  two  portions  can  be  united  or  disjointed. 

3.  Length  12  inches,  smiilar  to  No,  2  except  that 
the  fenestra  are  equal  in  dimensions,  being  6  inches 
long  and  1  inch  wide. 

4.  Length  13  inches,  length  of  blades  to  joint  8 
inches,  length  of  fenestra  5  inches,  breadth  1  inch. 
Handles  5  inches  long,  looped,  but  they  may  be  united 
by  a  rivet  fixed  in  one  half  and  fitting  loosely  in  the 
other.  Divergence  of  apices  when  the  instrument  is 
closed  \\  inches. 

Tlius  it  will  be  seen  that  the  obstetric  forceps  of 
1684  contained  most  of  the  essential  features  of  the 
forceps  of  the  present  day.  Its  length  was  sufficient 
for  cases  in  which  the  head  had  engaged,  it  had  the 
cephalic  curve  with  sufficient  interval  at  the  apex  to 
prevent  undue  pressure,  the  blades  were  crossed  and 
could  be  effectively  locked,  and  the  fenestra  were 
sufficiently  large.  It  lacked  the  pelvic  and  perineal 
curves,  the  shoulders  upon  the  blades  and  other 
minor  and  relatively  unimportant  features. 

In  spite  of  the  facts,  therefore,  that  it  was  retained 
as  a  family  secret  for  a  hundred  years,  and  was 
slightingly  referred  to  by  such  eminent  men  as  Smellie 
as  a  "nostrum,"  it  must  be  regarded  as  a  great  con- 
tribution to  human  efficiency  and  one  which  will 
immortalize  its  inventor  as  a  benefactor  of  the  human 


Fig.  2501. — Palfyn's  Forceps. 

After  all,  the  policy  of  the  Chamberlens  in  endeav- 
oring to  retain  for  their  own  advantage  the  benefits 
of  their  invention  did  not  differ  from  that  of  inventors 
of  useful  appliances  now-a-days  and  should  not  sub- 
ject them  to  the  obloquy  which  many  writers  have 
been  disposed  to  inflict  upon  them.  Furthermore,  as 
Aveling  justly  remarks,  they  lived  at  a  time  when 
secrecy  and  mystery  in  the  private  affairs  of  men  were 
more  general  and  were  considered  less  reprehensible 
than  is  the  case  at  the  present  time.  When  we  realize 
the  eminence  of  Mauriceau  as  an  obstetrician  in 
France,  and  the  fact  that  he  was  a  friend  of  Hugh 
Chamberlen  and  permitted  him,  if  he  did  not  ask 
him,   to  translate  the  first  volume  of  his  work  on 
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obstetrics  in  1672,  that  he  was  familiar  moreover  with 
the  Chamberlen  forceps  which  was  superior  in  every 
way  to  the  crotchet,  the  instrument  which  was  used 
by  Mauriceau,  it  seems  very  strange  that  I'alfyn  of 
Ghent  should  have  presented  his  forceps  to  tlie  Paris 
Academy  of  Medicine  in  1723  as  an  entirely  new 
invention. 

This  instrument  was  called  by  him  mains  de  fer 
(iron  hands).  It  consisted  of  two  straight  blades 
with  a  cephalic  curve,  the  blades  neither  crossing  nor 
articulating.  It  is  difficult  to  see  how  he  could  have 
effected  delivery  witli  such  an  instrument  in  any  case 
which  would  not  have  ended  just  as  well  without  it. 
De  La  Motte  criticized  it  unfavorably  and  though  the 
Chamberlen  forceps  was  quite  extensively  used  in 
Holland  and  England,  he  seemed  to  be  entirely 
ignorant  of  it.  He  stated  furthermore  that  Palfyn's 
instrument  could  not  be  used  effectively,  which  was 
quite  probable,  and  that  if  an  available  instrument 
for  the  delivery  of  women  should  be  invented  and  kept 
as  a  secret  the  inventor  sho\ild  be  treated  like  Pro- 
metheus. Perhaps  he  was  more  famihar  with  the 
Chamberlen  story  than  those  who  reported  his  state- 
ment were  aware. 

The  Chamberlen  forceps  being  now  before  the  world 
the  era  of  improvements  and  modifications  of  it 
began. 

Freke  published  an  account  of  his  extractor  in  Eng- 
land in  1734.  Clifford  in  the  same  year  in  his  "Cases 
in  Midwifery"  published  the  first  illustrations  of  the 
so-called  English  forceps.  Chapman  in  173.5  gave  a 
description  and  a  cut  of  his  forceps  which  is  practically 


Fig.  2502. — The  Levret  Forcepa. 

identical  with  Chamberlen's.  The  loose  lock  and 
the  blunt  hook  on  each  handle  which  were  described 
as  innovations  had  no  particular  advantages  over 
the  Chamberlen  instruments. 

The  English  lock  with  the  male  and  female  blades 
is  said  to  have  been  invented  by  Walker,  grandson 
of  Peter  Chamberlen  the  third,  and  a  member  of  the 
fifth  and  last  generation  of  the  Chamberlen  obstet- 
ricians. 

The  English  lock,  the  wooden  handles  and  the  pel- 
vic curve  have  also  been  attributed  to  Smellie  (1779) 
and  Leishman  declares  with  great  positiveness  that 


the  credit  for  the  two  former  certainly  belongs  to  him. 
He  thinks  the  claim  of  Smellie  to  the  pelvic  curve  Ls 
doubtful.  The  opinion  at  the  present  time  Ls  general 
that  the  credit  of  the  pelvic  curve  belongs  to  Levret, 
whose  forceps  also  had  the  definite  addition  of  the 
French  lock  which  Ls  a  pin  or  .screw  or  pivot  in  one 
blade  fitting  into  a  notch  or  tenon  in  the  other,  and 
thus  holding  the  blades  finnly  together.  In  the 
English  lock  the  male  blade  at  its  shank  fits  securely 
into  a  slot  or  depression  in  the  shank  of  the  female 
blade.  The  date  of  these  additions  is  1746,  and  about 
the  .same  tune  Du.s.se  cro.s.sed  the  blades  and  length- 
ened them.  We  must  not  forget,  however,  that  in  type 
4  of  the  Chamberlen  forceps  the  blades  were  crossed, 
there  was  a  pin  or  pivot  joint,  and  its  length  was 
thirteen  inches,  .so  that  the  only  actual  addition  of 
importance  thus  far  wa.s  the  pelvic  curve  which  cer- 
tainly was  an  improvement,  as  it  i)ermitted  traction 
in  conformity  with  the  central  axis  of  the  pelvis. 

France  added  another  decided  imjirovement  at  this 
same  period  (1747)  in  the  form  of  shoulders  to  the 
handles  wliich  was  the  contribution  of  Jean  IxjuLs 
Petit.  There  are  many  occasions  when  this  adjunct 
is  not  required  but  in  difficult  extractions  in  which 
there  is  danger  of  too  much  lateral  pres.sure  from  the 
handles  it  is  certainly  a  great  advantage  to  be  able 
to  distribute  the  traction  force  by  jdacing  the  fingers 
of  one  hand  upon  these  shoulders.  Too  often  this 
precaution  is  not  ob.scrved  esiiecially  by  those  who  are 
inexperienced  in  the  \ise  of  the  forceps. 

In  1783  Stein  attached  a  dynamometer  to  the  for- 
ceps so  that  the  exact  amount  of  pressure  could  always 
be  determined. 

The  perineal  curve  was  the  next  addition,  permit- 
ting traction  backward  without  injiiring  the  i)erineum 
as  the  head  was  drawn  backward  through  the  cavity 
of  the  pelvis.  It  was  first  employed  by  Pugh  in 
1754  and  then  in  a  more  pronounced  degree  by  John- 
son in  1769,  Sleurs  in  17S3,  and  Mulder  in  1794.  It 
is  discarded  in  most  of  the  forceps  of  the  present  day 
as  unnecessary  and  superfluous.  It  is  unnecessary 
in  axis  traction  forceps  but  the  principle  must  not  be 
forgotten,  whatever  type  is  used. 

We  have  already  referred  to  Smellie's  contributions 
of  the  English  lock  and  the  wooden  handles,  which 
certainly  furnish  a  much  better  grip  than  the  thin 
steel  handles.     He  also  devised  an  instrument  eleven 


Fig.  2503. — Smellie's  Short  Forceps. 

inches  long,  seven  inches  from  the  lock  to  the  tip  of 
the  blades,  three  inches  at  the  widest  portion  of  the 
curve,  one  inch  between  tlie  tips  and  without  the  pelvic 
curve.  This  in.strument  hjus  been  a  great  favorite  in 
this  country  as  a  short,  straight  forceps,  and  is  particu- 
larly, almost  solely,  api)licable  to  cases  in  which  the 
head  is  detained  at  the  outlet.  It  has  remained 
practically  unchanged  for  nearly  a  hundred  and 
fifty  years. 

In  Germany  Busch  in  1796  modified  the  cephalic 
curve  of  the  Levret  forceps  .so  that  it  would  better 
adapt  itself  to  the  fetal  head;  he  also  shortened  it  to 
thirteen  inches.  Xaegele  added  shoulders  to  the 
handles  and  Briinningliausen  gave  it  a  lock  which 
was  a  combination  of  the  English  and  the  French. 
It  is  the  type  of  the  forceps  which  is  in  common  use 
in  Germany. 
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Aside  from  the  principle  of  axis  traction  in  the 
construction  of  the  forceps,  which  was  first  advocated 
as  a  distinct  principle  by  the  Huberts  of  Brussels, 
but  with  which  the  name  of  Tarnier  is  chiefly  asso- 
ciated, the  modifications  have  been  of  a  minor  char- 
acter adapted  to  the  inclinations  of  an  individual,  a 
school  or  a  particular  section  of  country. 

In  this  countrv  during  the  last  century  the  Phila- 
delphia school  of  obstetricians  was  dominant  and  hence 


Fig.  2504. — The  Naegele  Forceps. 

we  find  preference  for  their  forceps,  especially  those  of 
Hodge,  Wallace,  and  Smith.  They  are  all  provided 
with  pelvic  and  cephalic  curves,  the  latter  being  cjuite 
ample,  metallic  handles,  French  lock  or  some  modifica- 
tion of  it,  and  are  fifteen  or  sLxteen  inches  long.  They 
are  fairlv  light  in  structure,  the  elements  of  the  shank 
are  parallel  and  they  are  well  adapted  for  grasping 
the  head  in  any  portion  of  the  pelvis. 


Fig.  2505. — The  Hodge  Forceps. 

In  New  York  the  preference  among  many  obste- 
tricians for  years  has  been  the  Simpson  forceps  or  the 
Elliot  modification.  For  all  around  purposes  the 
latter  is  as  good  a  forceps  as  was  ever  made.  It  is 
fifteen  and  a  half  inches  long,  two  inches  longer  tlian 
the  Simpson,  nine  and  a  half  from  the  lock  to  the  tip 
of  the  blades,  seven-eighths  of  an  inch  between  the 
tips  of  the  blades,  a  ciuarter  of  an  inch  less  than 
Simpson's  and  two  and  three-quarter  inches  at  the 
widest  part    of  the   cephalic  curve,  half  an  inch  less 


Fig.  2506. — The  Elliot  Forceps. 

than  Simpson's.  It  also  has  a  screw  and  pin  in  the 
end  of  the  handles  which  can  be  drawn  out  as  a  means 
of  regulating  the  lateral  pressure  on  the  handles  when 
the  instrument  is  in  position  for  use. 

At  the  Sloane  Maternity,  the  obstetric  department 
of  the  College  of  Physicians  and  Surgeons  in  New 
York,  the  McLane  forceps  with  solid  blades  has  been 
the  favorite  for  many  years.  So  great  success  has 
attended  its  use  that  it  proves  that  fenestra;  in  the 
blades  are  not  essential  to  successful  delivery. 


A  forceps  with  very  long  and  narrow  blades  was 
devised  by  the  late  Isaac  E.  Taylor  for  introduction 
within  a  cervix  not  more  than  one  and  a  half  inches 
in  diameter.  It  was  most  skillfully  used  by  him 
but  its  field  is  of  course  a  limited  one,  and  it  has 
received  verv  harsh  criticism  especially  by  Breus  and 
other  German  writers  on  the  ground,  too  sweeping  by 
far,  that  the  uterus  never  should  be  entered  with  for- 
ceps when  the  dilatation  of  the 
OS  uteri  is  only  one  and  a  half 
inches. 

The  principle  of  axis  Iraclion 
which  has  been  added  to  many 
recent  models  of  the  obstetric 
forceps  is  a  very  important  one. 
It  is  of  no  particular    service 
when  the  head  is  at  the  outlet, 
but  when  it  is  within  the  cavity 
of  the  pelvis,  and  particularly 
when  it  is  above  the  brim  and 
has  not  yet  engaged,  an  axis-traction 
forceps    or    the   application   of  axis- 
traction      becomes      indispensable. 
Axis  traction  means  pulling  in  the 
central  axis  of  the  pelvis  which  is  a 
curve,  otherwise  known  as  the  curve 
of  Cams. 

Before   the   head   has  engaged  or 
has  reached  the  bottom  of  the  pelvis. ' 
traction  forward  is  exactly  contrar\ 
to  the   direction  of  the  axis  of  the 
Ijrim,  when  it  is  normally  inclined,  in 
which  direction  the  fetus  must  move 
during  delivery  if  it  takes  the  course 
which  is  proper  and  most  effective. 
Consequently  traction  forward  not 
only  means  great  waste  of  power  but 
it  means  unnatural  and  undesirable 
compression  of  the  fetal  head,  which  ' 
no  doubt  freciuently  turns  the  scale 
between  life  and  death. 

The  name  of  Tarnier  is  most  con- 
spicuously associated  with  axis  trac- 
t  ion  and  the  axis-traction  forceps,  for  he  has  elucidated 
tlie  principle  as  no  one  else  has  done  before  or  since 
his  time,  and  in  his  essay  published  in  1875  he  demon- 
strated mathematically  the  soundness  of  his  position, 
upon  which  basis  his  position  is  irrefutable.  His  work 
is  second  in  importance  only  to  the  invention  of  the 
obstetric  forceps  itself  as  an  instrument  of  traction. 

According  to  Von  Siebold  (Essai  d'une  histoire  de 
I'obstetricie,  Paris,  1893),  Brulatour,  in  1817,  made 
the  first  reference  to  the  application  of  axis  traction 
to  the  forceps.  He  suggested  the  passing  of  cords  or 
tapes  through  the  borders  of  the  blades  and  traction 
upon  them  in  connection  with  traction  upon  the 
handles.  His  suggestion  does  not  seem  to  have 
excited  much  attention  and  was  soon  forgotten.  In 
1844  Hermann  of  Berne  constructed  an  odd-looking 


Fio.    2.507— The 
McLane  Forceps. 


Fig.  2508. — Taylor's  Narrow-bladed  Forceps. 

forceps  but  based  apparently  upon  correct  principles, 
except  that  he  tried  to  apply  and  incorporate  in  his 
instrument  too  many  of  them.  His  forceps  had  a 
tremendously  exaggerated  perineal  as  well  as  pelvic 
curve,  it  had  traction  rods  attached  to  the  blades  to 
pull  backward  and  a  traction  handle  at  the  shank  to 
pull  upward  and  forward.  It  was  intended  for  use 
when  the  head  was  at  the  superior  strait  but  how  it 
could  be  adjusted  is  a  mystery.     It  was  sent  to  Stoltz 
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for  his  criticism  and  he  very  properly  remarked  that 
it  would  be  unwise  to  abandon  the  simple  instrument 
of  Levret  for  such  a  complicated  one  as  this.  In 
1860  Hubert  of  Louvain  grasped  the  importance  of 
the  principle  of  axis  traction  and  attached  a  straight 


Fig.  2509. — Tarnier'a  Forceps;  early  model. 

bar  at  the  end  of  the  back  of  the  handles  of  the  Levret 
forceps  and  at  right  angles  to  them.  This  enabled 
him  to  obtain  partial  axis  traction.  Subsequently 
his  son  transferred  the  bar,  curved  instead  of  straight, 
to  the  region  of  the  shank  of  the  forceps  and  this 


gave  some  additional  power  in  axis  traction,  e.specially 
with  the  head  above  the  superior  strait. 

In  1S71  Moral<;s  made  a  forceps  with  a  very  ex- 
aggerated perineal  curve  which  gave  him  greater 
power  in  axis  traction  than  the  Hubert.s  had  with 
their's.  In  1875  Laroyenne  revived  the  project  of 
Brulatour   and   passed   cords   through    holes   in   the 


Fig.  2510. — Tarnier'a  Forceps;  late  model. 

middle  of  the  anterior  and  posterior  borders  of  each 
blade.  This  gave  him  two  ends  or  handles  for  tr£ic- 
tion  in  addition  to  the  handles  ])roper  of  the  instru- 
ment. In  the  same  year  (187."))  Tarnier  published 
his   thesis    in    demonstration  of  his  proposed    axis- 


Sanger.  Leroyenne. 

Fig.  2511. — Development  of  the  .\xi9-tracti0n  Idea,  Irora  Hermann  to  Laroyenne.     (DeLec's  Principles  and  Practice  ol 

Obstetrics.  Saunders,  1913.) 
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traction  forceps.  He  showed  mathematically  the 
defects  in  the  instrument  of  Levret  and  summarized 
the  advantages  of  his  own  in  the  three  following 
statements:  (1)  It  will  pull  in  the  axis  of  the  pelvic 
curve.  (2)  It  will  permit  the  head  to  have  almost  as 
much  mobility  as  in  natural  labor.  (3)  It  indicates 
the  direction  in  which  it  is  proper  that  the  traction 
should  be  made.  The  first  model  (1877)  shows  an 
enormously  exaggerated  perineal  curve  both  in  the 
handles  aiid  in  the  traction  rods  which  are  parallel  to 
each  other.  It  was  unsparingly  criticised  by  the 
obstetric  veterans  Pajot  and  Charpentier  on  account 
of  its  complicated  structure,  its  expense  and  the  ex- 
cessive pressure  to  the  head  which  it  would  cau.se, 
though  Pinard  and  Budin  were  astonished  at  the  in- 
significance of  its  pressure  compared  with  other  instru- 
ments, and  the  slight  exercise  of  strength  which  was 
required  in  using  it.  It  was  at  once  taken  up  by  the 
obstetricians  everywhere  as  a  most  important  in- 
vention and  was  modified  and  simplified  in  various 
countries.  Tarnier  himself  was  reproved  in  the 
Paris  Academy  of  Medicine  on  the  ground  of  its  in- 
completeness and  imperfection,  and  becau.se  he  had 
at  that  time  found  it  necessary  to  make  thirty-four 
successive  models.  The  various  modifications  are  all 
in  the  direction  of  simplicity,  the  traction  bars  and 
handles  being  retained. 

A.  R.  Simpson  of  Edinburgh  was  the  first  to  modify 
the  Tarnier  model,  adapting  the  traction  appliances 
to  the  Simpson  forceps.  Lusk  of  New  York  modified 
it  at  about  the  same  time.  Many  modifications  have 
been  made  in  other  countries.     Breus  in  Germany  has 


Fig.  2512. — The  Breus  Forceps. 

a  model  which  is  much  used  because  of  its  lightness 
and  the  facility  with  which  it  can  be  applied.  PouUet 
in  France  modified  the  method  of  Laroyenne  by  pass- 
ing tapes  through  the  lower  border  of  the  fenestra. 
Traction  rods  and  handles  devised  by  Reynolds  and 
others  are  now  available  in  this  covmtry,  which  can  be 
attached  to  the  fenestra  of  almost  any  forceps  and 
the  axis-traction  principle  thus  be  made  easily  applic- 
able. From  personal  experience  they  seem  to  be  quite 
as  effective  as  those  which  are  attached  to  the  various 
forms  of  axis-traction  forceps  and  the  expense  of  an 
instrument  which  is  thtis  eqviipped  is  very  much  less 
than  that  of  the  more  elaborate  and  cimibrous  models. 

The  Purpose  of  the  Forceps. — The  purpose  or 
object  of  the  forceps  is  to  facilitate  the  delivery  of  the 
child.  This  does  not  mean  that  the  instrument  is 
never  to  be  used  unless,  in  the  judgment  of  the 
accoucheur,  delivery  could  not  be  accomplished  with- 
out its  use.  Such  a  rule  which  has  often  been  followed 
in  the  past  by  timid  or  ultraconservative  obstetri- 
cians has  frequently  led  to  the  death  of  the  child,  and 
not  infrequently  to  the  death  or  .serious  injury  of  the 
mother.  The  words  of  Lusk  in  this  connection  are 
wise  and  sensible,  "The  forceps  is  applicable  (1)  in 
cases  where  the  ordinary  forces  operative  during  labor 
are  insufficient  to  overcome  the  obstacles  to  delivery; 
(2)  in  cases  where  speedy  delivery  is  demanded  in  the 
interest  of  either  mother  or  child."  In  the  majority 
of  cases,  as  Lusk  also  states,  the  interests  of  the 
mother  and  the  child  are  identical. 

The  forceps  is  particularly  designed  for  the  delivery 
of  the  fetal  head,  but  there  are  occasionally  instances 
in  which  it  may  be  used  for  the  extraction  of  the 
breech.     We  desire  to  emphasize  the  fact  that  such 


cases  are  exceedingly-  rare,  and  it  must  not  be  for- 
gotten that  its  use  upon  the  soft  tissues  of  the  breech 
will  almost  inevitably  be  attended  with  more  or  less 
bruising  or  laceration.  One  should  not  yield  to  the 
temptation  to  use  it  for  this  purpose,  for  which  it  is 
not  designed,  except  under  the  most  urgent  indica- 
tions. Of  course,  when  one  is  certain  that  the  chOd 
is  dead  a  greater  degree  of  latitude  is  permissible. 

There  are  various  mechanical  ends  which  may  be 
accomplished  with  the  forceps,  including  traction, 
compression,  rotation,  dilatation,  and  leverage.  It 
is  primarily  and  principally  an  instrument  for  either 
direct  or  axis  traction.  The  time  has  not  yet  come 
when  axis  traction  will  be  used  exclusively  by  all  who 
have  occasion  to  make  use  of  the  forceps.  Jewett 
.states  that  one  who  has  a  good  axis-traction  forceps 
needs  no  other,  but  this  positive  dictum  wiU  not  apply, 
at  least  to  the  present  generation. 

There  are  plenty  of  cases  in  which  the  head  is  low 
in  which  delivery  can  be  much  more  easily  and  com- 
fortably accomplished  with  the  short,  straight 
Smellie  forceps  or  the  almost  universally  applicable 
Elliot  forceps  than  with  the  more  cumbersome  axis- 
traction  instrument.  The  personal  equation  in  such 
matters  is  a  very  important  consideration,  and  it  is 
easy  to  comprehend  that  one  who  is  constantly  using 
the  axis-traction  instrument  will  attain  to  such  a  de- 
gree of  dexterity  that  he  will  prefer  to  use  it  on  all 
occasions.  But  is  that  not  equally  true  of  any  other 
instrument?  The  important  factors  after  all  in  suc- 
cessful midwifery  are  familiarity  with  one's  tools, 
wide  experience  and  serious  attention. 

Many  rules  are  laid  down  by  obstetrical  writers  as 
to  the  degree  of  traction  which  is  proper.  They  are 
all  fallacious  when  stated  without  reserve,  and  every 
person  who  assumes  the  responsibility  of  practismg 
surgical  midwifery  should  be  competent  to  frame  his 
rule  for  action  in  each  particular  case.  Whether  he 
should  brace  himself  firmly  when  pulling,  whether 
he  should  use  one  hand  or  two,  whether  he  should 
maintain  the  forceps  until  the  head  is  completely 
delivered,  etc.,  is  a  matter  for  individual  decision 
based  upon  the  conditions  by  which  one  is  confronted. 

One  golden  rule,  however,  is  universally  applicable 
— that  the  amount  of  mechanical  interference  in  this 
infringement,  this  necessary  infringement,  upon  a 
natural  process  should  be  the  irreducible  minimum, 
and  in  accordance  with  the  mechanical  relations 
between  the  fetal  head  and  the  cavity  through  which 
it  is  to  pass.  The  true  midwife  should  merely  en- 
deavor to  help  nature.  The  forceps  is  an  instrument 
of  compression,  it  must  be  so  or  there  would  be  no 
occasion  for  its  use.  The  head  could  not  pass  through 
the  maternal  passage,  even  when  each  is  of  ordinary 
dimensions,  without  compression,  and  the  resiliency 
of  the  cranial  bones  is  such  that  this  is  not  unantici- 
pated, but  the  degree  of  permissible  compression  is 
another  matter.  The  primary  puqjose  of  the  forceps 
is  not  compression  and  the  resistance  of  the  head, 
of  which  one  is  ever  conscious  while  exerting  traction, 
must  be  the  guide  as  to  the  amount  of  compression 
which  is  exercised.  If  one  does  not  feel  sufficient 
confidence  in  his  abUity  to  properly  gauge  the  com- 
pression upon  the  head  to  prevent  injury  to  it  he 
should  equip  his  forceps  with  a  dynamometer,  such 
as  that  of  Stein  for  example,  which  will  constantly 
indicate  to  him  the  compression  effect  of  the  traction 
which  he  is  exercising.  Or  if  he  is  using  the  Elliot 
forceps  he  should  draw  out  the  screw  pin  in  the  end 
of  the  handles,  after  the  instrument  has  been  adjusted 
to  the  fetal  head.  The  handles  being  thus  brought 
in  contact  with  each  other  no  pressure  upon  them  can 
compress  the  head  imduly. 

Or  a  forceps  may  be  equipped  with  a  safety  lock, 
which  has  recently  been  devised  by  Gallant,  which 
will  prevent  forcing  of  the  blades  together  during 
traction.  When  the  thumb  screw  on  this  lock  is  set, 
the  blades  will  be  securely  fastened,  and  no  pressure 
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upon  thein  will  change  their  relations  to  the  head 
from  those  to  which  they  have  been  conformed. 
If  none  of  these  devices  Is  used  it  should  never  be 
forgotten  that  pressure  upon  the  handles  of  forceps 
which  are  crossed,  and  that  includes  all  forceps  which 
are  servicealjle  to  the  average  obstetrician,  necessarily 
approximates  the  apices  of  the  blades,  as  is  the  case 
in  a  pair  of  scissors.  That  may  mean  injury  to  the 
fetal  structures  which  are  included  between  the  apices. 
The  forceps  of  Palfyn  (1723),  Thenard  (1800),  and 
Chassagny  (1891)  have  parallel  blades.  The  last  of 
these  is  fastened  at  the  shanks  with  a  rivet,  and  at 
the  end  of  the  handles  with  a  bar.  They  are  merely 
mentioned  because  of  their  historical  interest.  They 
are  advocated  by  their  designer  because  of  their 
leverage  value,  which  would  not  appeal  to  most 
obstetricians.  The  forceps  is  often  exceedingly  useful 
as  an  instrument  of  rotation.  If  it  has  been  applied 
before  rotation  has  been  completed  and  traction  is 
intelligent  and  moderate,  the  uterine  contractions 
assisting  in  the  delivery,  the  rotation  of  the  forceps 
readily  follows  the  movement  of  the  head.  If  the 
head  is  somewhat  large,  relative  to  the  pelvis,  this 
movement  of  rotation  should  be  deliberately  effected 
by  the  obstetrician.  If  the  position  has  not  been 
clearly  made  out  before  the  forceps  is  applied,  traction 
and  rotation  should  be  undertaken  cautiously,  lest 
they  be  exerted  in  an  improper  diameter  of  the  pelvis. 
If  great  resistance  is  offered  to  rotation  in  the  right 
oblique  diameter,  the  direction  of  traction  should  be 
changed  to  the  left  oblic|ue.  Of  course  the  better 
way  is  to  examine  the  head  carefully  with  the  hand 
in  the  vagina  before   determining  the  direction   in 


Fig.  2513. — Gallanfa  Safety  Lock. 

which  traction  is  to  be  made.  'UTien  the  head  has 
been  thus  rotated,  it  will  usually  be  necessary  to 
remove  and  readjust  the  forceps  before  completing  the 
delivery.  In  occipito-posterior  positions  rotation 
with  the  forceps  is  of  the  greatest  service.  Such  a 
procedure  was  regarded  by  the  older  obstetricians 
as  undesirable  or  even  improper,  and  it  is  true  that 
with  a  forceps  which  has  an  exaggerated  pelvic  curve, 
the  rotation  of  the  head  with  consequent  reversal 
of  the  position  of  the  blades  may  mean  injury  to  the 
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maternal  .soft  parts.  With  the  Elliot  forceps,  in  an 
experience  covering  many  ca.ses,  the  writer  has  never 
ob.served  any  injury  to  either  mother  or  child  by  thi» 
procedure.  It  is  almost  absolutely  essential  to  re- 
move and  readjust  the  blades  after  rotation  from 
the  occipito-posterior  position,  though  delivery  with- 
out harm  Ls  possible  even  in  this  unusual  and  improper 
mode  of  using  the  forceps. 

The  forceps  may  be  used  for  the  dilatation  of  the 
OS  uteri,  somewhat  as  a  uterine  dilator  is  u.sed  in  an 


Fig.  2514. — Valettc's  Forceps.     Each  branch  bos  a  bayooet  joint, 
and  the  branches  arc  parallel  instead  of  crossed. 

unimpregnated  uterus.  It  is  not  recommended  for 
this  purpo.se,  in  fact  there  is  more  or  less  danger  of 
tearing  the  tissue  in  thus  using  it.  It  has  occasionally 
been  useful  to  the  writer  and  is  only  mentioned  as 
one  of  the  possible  emergent  uses  to  which  the  forceps 
may  be  put  when  the  os  is  not  fully  dilated. 

Finally,  the  use  of  the  forceps  as  a  lever  is  one  about 
which  there  is  great  difference  of  opinion  and  one 
which  is  certainly  debatable.  To  either  one  blade 
or  both  blades  of  the  forceps  may  the  lever  action 
be  given.  The  veetis  is  practically  a  single  blade 
of  a  forceps  and  it  was  used  largely  on  account  of  its 
lever  action;  of  course  it  was  also  used  to  a  moderate 
extent  on  account  of  its  action  as  a  rotator. 

Osiander  in  1821  was  the  first  to  deliberat-ely  advo- 
cate the  lever  action  of  the  forceps  and  he  declared 
that  he  had  delivered  many  living  children  by  this 
means,  when  he  could  not  possibly  have  delivered 
them  in  any  other  way.  The  elements  of  the  lever 
when  the  forceps  is  thus  used  are:  (1)  The  fetal  head 
which  is  the  weight  or  resistance;  (2)  the  point  of 
support  in  the  maternal  ti.ssues  which  is  the  fulcrum, 
and  (3)  the  power  which  is  the  force  applied  to  the 
extremity  of  the  handles  by  the  hands  of  the  ac- 
coucheur, and  transmitted  to  their  shanks  at  the  point 
of  support.  A  force  of  this  kind  may  be  very  mis- 
chievous and  result  in  exaggerated  compression  of 
the  head  and  a  vicious  form  of  traction.  Consequently 
this  teaching  of  Osiander  has  long  been  held  up  as 
faulty  by  obstetrical  writers,  notably  by  such  eminent 
German  writers  as  Winckel  and  Von  Siebold.  The 
danger  of  Osiander's  teaching  is  in  making  leverage  a 
rule  of  practice  and  not  in  its  occasional  employment. 
When  the  head  is  wedged  in  the  pelvis,  and  will  not 
yield  or  will  yield  but  slightly  to  direct  traction,  a 
leverage  action  from  side  to  side  will  frequently  be 
effective  and  will  enable  one  to  bring  it  to  the  pelvic 
outlet  where  direct  traction  can  then  be  employed. 
With  suitable  safeguards  against  compression  and  with 
careful  and  deliberate  action  to  prevent  injury  to  the 
maternal  tissues  this  measure  will  often  prove  very 
helpful.  It  has  served  the  writer  well  on  many  occa- 
sions and  he  has  never  seen  any  harmful  result  from 
its  use  in  his  personal  practice. 

Structure  op  the  Forceps. — The  forceps  consists 
essentially  of  handles,  lock,  sh&nk,  and  blades.  In 
the  axis-traction  forceps  there  are  also  traction  rods 
and  a  cross  bar  with  suitable  attachments  which  are 
connected  with  them.  It  should  be  made  entirely 
of  tempered  steel,  the  blades  being  particularly  well 
tempered  to  prevent  springing  or  yielding.  The 
wooden  handles  have  given  place  to  those  of  solid 
steel  which  can  be  more  readily  in.ide  aseptic  than  the 
wooden  ones.  The  handles  should  have  indenta- 
tions along  their  entire  length  ensuring  a  better  grip 
than  with  those  which  are  smooth. 
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The  lock  which  is  preferred  in  this  country  is  the 
English  lock.  The  French  lock  is  generally  used  in 
France,  and  a  combination  of  the  English  and  French 
lock  in  Germany.  These  various  locks  have  already 
been  described.  The  shank  is  the  narrow  portion 
between  the  handles  and  the  blades.  It  is  unim- 
portant whether  its  two  elements  are  superimposed 
one  upon  the  other,  or  are  side  by  side.  It  should  not 
interfere  with  the  shoulders  at  the  upper  end  of  the 
handles  which  furnish  a  useful  support  for  the  fingers 
of  one  hand  while  traction  is  being  performed  with  the 
other.  The  blades  may  be  fenestrated  or  solid;  the 
latter  have  a  comparatively  limited  use.  The  fen- 
estrse  are  ovoidal  in  shape  and  are  limited  by  a  narrow, 
but  very  strong  border.  The  blades  are  concave 
inwardly,  thus  constituting  the  cephalic  curve  for 
adaptation  to  the  fetal  head.  They  also  have  a  con- 
cavity above  and  a  parallel  convexity  below,  constitut- 
ing the  pelvic  curve  and  adaptable  to  the  curve  of 
the  pelvis.  The  dimensions  of  the  cephalic  curve  are 
variable  in  different  types  of  instruments.  It  should 
be  broad  enough  to  grasp  the  average  fetal  head  firmly 
and  not  broad  enough  to  slip;  three  inches  is  a  good 
average  measurement  for  its  greatest  width,  and  its 
length  should  be  from  six  to  seven  inches.  The 
apices  or  tips  of  the  blades  should  be  from  seven- 
eighths  of  an  inch  to  an  inch  apart.  The  pelvic  curve, 
from  end  to  end,  should  measure  from  three  and  one- 
fifth  to  four  inches,  in  long  forceps,  and  from  two  and  a 
half  to  three  and  a  fifth  in  short  ones.  The  entire 
length  of  the  instrument  should  be  from  fourteen  to 
sixteen  inches,  of  which  the  distance  from  the  lock 
to  the  tips  of  the  blades  should  measure  from  nine  to 
nine  and  a  half  inches.  The  length  of  the  short 
forceps  should  be  three  or  four  inches  less  than  that 
of  the  long  ones,  and  the  length  of  the  blades  pro- 
portionately less.  The  edge  of  the  blades  should  be 
rounded  and  absolutely  smooth  in  all  cases. 

There  should  Yte  no  suspicion  of  nicks  or  dents  in 
them,  for  it  must  be  remembered  that  such  imper- 
fections might  not  only  scratch  or  tear  the  maternal 
tissues  but  might  also  be  the  bearers  of  infectious 
material.  The  entire  instrument  should  be  nickel 
or  silver  plated,  highly  polished,  and  always  immacu- 
lately clean. 

The  number  of  varieties  and  modifications  of  typical 
forceps  is  enormous  and  especially  confusing  to  an 
inexperienced  beginner  in  obstetrical  work.  Siebold 
says  that  in  1838  the  number  of  varieties  which  had 
been  described  was  144.  There  must  be  double  that 
number  at  the  present  time.  Our  advice  to  the  be- 
ginner would  be  either  to  purchase  an  axis-traction 
forceps  and  perfect  himself  in  its  use,  remembering 
as  Jewett,  whom  we  have  already  quoted,  has  said, 
that  it  will  be  sufficient  for  all  conditions  if  well  under- 
stood and  well  handled;  or  to  purchase  a  good  type 
of  long  forceps,  the  Elliot  for  example,  which  may  be 
equipped  with  traction  handles  or  the  tapes  of  Poulet 
whenever  axis  traction  becomes  necessar.v.  An  axis- 
traction  forceps  costs  from  twenty  to  thirty  or  forty 
dollars,  and  the  other  combination  not  more  than  ten 
or  twelve.  To  many  a  young  practitioner  the  differ- 
ence is  well  worth  saving,  and  the  results  are  almost 
equally  good. 

When  Shodld  the  Forceps  be  Used? — Though  the 
general  indications  mentioned  by  Lusk  and  quoted 
in  a  precedent  section  of  this  article  will  answer  for 
general  purposes,  it  is  desirable  to  be  somewhat  more 
specific  if  we  wish  to  get  a  clear  idea  of  the  function 
of  this  invaluable  instrument.  First  of  all  the  patient 
must  be  a  proper  one  for  such  an  operation  from  an 
anatomical  point  of  view.  We  should  not  expect  a 
successful  result  if  an  attempt  were  made  to  extract  a 
fetus  through  a  very  irregtilar  and  greatly  deformed 
pelvis;  the  forceps  presupposes  fairly  good  anatomical 
conditions.  Consequently  in  every  suspicious  case 
careful  examination  of  the  pelvis  and  determination 
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of  the  relative  meas\irements  of  fetal  head  antl  mater- 
nal pelvis  to  each  other  nuist  first  lje  made.  The  corol- 
lary of  this  naturally  is  that  if  a  fetal  head  is  very 
large,  h.vdrocephalic  or  with  an  occipitomental  diame- 
ter greater  than  that  of  the  transverse  diameter  of 
the  brim  of  the  pelvis,  the  case  is  not  one  for  the 
forcejjs.  Again,  the  fetal  head  may  be  so  small  that 
the  cephalic  curve  of  the  forceps  will  not  hold  it  with 
sufficient  firmness  and  the  blades  will  repeatedly 
slip  when  traction  is  made.  The  forceps  should  not 
be  used  if  the  maternal  passage  is  obstructed.  If 
there  are  tmnors  of  any  considerable  size  of  the 
uterus  or  vagina,  they  must  be  removed  before  the 
forceps  can  be  successfully  applied.  The  vagina  and 
vulva  may  also  be  so  small  and  rigid  that  successful 
delivery  through  them  would  be  problematical.  The 
forceps  cannot  be  applied  until  after  the  membranes 
have  been  ruptured  and  retracted  over  the  fetal  head. 
A  child  may  be  born  sjiontaneously  with  unruptured 
membranes,  but  to  deliver  with  forceps  might  detach 
the  placenta  prematurely  and  induce  severe  hemor- 
rhage. As  a  matter  of  fact  the  writer  has  never  seen 
a  case  in  which  the  membranes  were  so  tough  that 
the  forceps  could  be  applied  to  the  underlying  head 
without  rupturing  them.  Equally  the  os  uteri  must 
be  sufficiently  dilated  to  introduce  the  blades  with 
readiness.  Full  dilatation  is  not  always  necessary 
though  it  is  preferable.  It  is  not  usually  desirable  to 
pass  them  through  an  opening  one  and  a  half  inches 
in  diameter  as  did  occasionally  the  late  Dr.  Isaac  E. 
Taylor  with  his  very  narrow  bladed  forceps. 

Application  through  a  partially  dilated  os,  perhaps 
with  an  edematous  anterior  lip,  and  very  slow  traction 
will  sometimes  overcome  the  difficulty  and  in  such  a 
case  the  forceps,  in  conjunction  with  the  fetal  head, 
[ilays  the  role  of  a  dilator.  It  goes  without  saying 
that  the  fetal  head  should  be  in  a  position  in  which 
it  can  be  grasped  by  the  forceps  with  mechanical 
advantage.  It  is  this  fact  that  often  makes  applica- 
tions above  the  brim  so  very  unsatisfactory  and  often 
so  disastrous  to  the  child  if  not  to  the  mother.  Some 
authorities  say  that  a  child  should  be  living  to  indicate 
a  forceps  operation.  It  would  seem  to  the  writer  a 
matter  of  option  or  rather  of  judgment  whether,  if 
the  child  were  known  to  be  dead,  perforation  should 
be  preferred  to.  forceps  for  its  delivery.  Perforation 
is  never  a  nice  operation  for  the  unskilled. 

The  indications  for  the  use  of  the  forceps  may  be 
regarded  from  the  standpoint  of  the  mother  and  also 
of  the  child.  The  indication  which  presents  itself 
most  frequently  on  the  part  of  the  mother  is  a  pro- 
longed labor,  particularly  if  the  patient  is  a  primipara, 
in  which  not  only  the  forces  of  the  uterus  are  exhausted 
but  the  strength  of  the  mother  as  well.  Her  courage 
is  also  exhausted,  she  feels  that  nothing  has  been 
accomplished,  and  slie  looks  to  the  immediate  future 
with  anxious  foreboding.  The  majority  of  forceps 
cases,  especially  in  private  practice,  are  of  this  type. 
If  in  addition  to  the  exhaustion  of  the  patient  the 
temperature  has  become  elevated  to  102°  F.  or  more, 
the  prudent  obstetrician  will  wait  no  longer  for 
spontaneous  delivery  but  will  proceed  to  complete 
it  artificially.  In  the  presence  of  serious  disease  of 
the  mother  the  time  for  assisting  nature  will  come 
more  quickly  than  when  no  such  complication  is 
present.  This  must  especially  be  remembered  in  cases 
of  heart  disease.  Many  a  woman  with  a  serious  heart 
lesion  has  perished  in  labor  because  her  accoucheur 
did  not  use  forceps  or  used  them  too  late. 

Should  labor  come  on  in  connection  with  tuberculo- 
sis, typhoid  fever,  pneumonia,  nephritis,  or  various 
other  acute  or  chronic  diseases  the  moment  for  using 
the  forceps  must  be  carefiiUy  and  promptly  chosen, 
primarily  in  the  interest  of  the  mother.  In  women 
who  are  paralyzed  the  use  of  the  forceps  should  be 
predetermined  and  carefully  carried  out  as  soon  as 
dilatation  is  sufficient  to  permit  its  accomplishment. 
Various  accidents  to  the  mother  furnish  indications 
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for  the  use  of  the  forceps,  the  most  frequent  of  which 
is  convulsions.  Any  obstetrician  who  ha-s  witnesserl 
the  grim  and  terrifying  phenomena  of  tliis  complica- 
tion does  not  need  to  be  reminded  that  the  uterus 
should  be  emptied  as  speedily  as  possible. 

To  be  sure  convulsions  freciuently  occur  after  the 
uterus  has  been  emptied,  but  it  has  "always  seemed  to 
the  writer  that  one  great  evil  the  less  wks  to  be  con- 
tended with  in  these  terrifying  cases  if  the  child  were 
already  in  the  world  and,  for  the  time,  could  be 
dismissed  from  consideration.  The  same  holds  good 
even  to  a  greater  degree  when  hemorrhage,  especially 
internal  hemorrhage,  complicates  the  situation; 
indeed  we  can  seldom  if  ever  look  for  the  continuance 
of  life  in  either  mother  or  child  when  concealed  hemor- 
rhage occurs,  unless  the  uterus  can  be  promptly 
emptied  and  an  attack  made  upon  the  source  of  the 
bleeding.  Hemorrhages  which  are  external  form  a 
less  urgent  indication  for  the  forceps  operation,  but 
the  conditioas  of  the  circulation  during  labor  are  such 
that  the  sooner  the  child  is  removed,  the  more  effec- 
tually can  we  deal  with  this  important  complication. 

Bruises  and  excessive  congestion  of  the  maternal 
tissues  also  furnish  indications  for  the  timely  use  of 
the  forceps.  The  danger  of  hemorrhage  from  greatly 
distended  veins  and  of  infection  in  these  cases  is  very 
pronounced.  It  is  seldom  possible  to  make  them 
worse  by  the  resort  to  instrumental  delivery  and  we 
may  be  able  by  this  means  to  forestall  a  very  undesir- 
able chain  of  events.  Should  the  uterus  have  rup- 
tured or  any  other  serious  accident  have  occurred,  the 
extraction  of  the  child  with  the  forceps  will  be  the 
first  step  in  remedying  a  very  undesirable  situation. 
In  placenta  previa  the  forceps  will  sometimes  be 
required  after  the  placenta,  or  a  sufficient  portion  of  it, 
has  been  liberated. 

The  indications  for  forceps  delivery  on  the  part  of 
the  child  are  fewer  than  from  the  maternal  point  of 
view.  Of  course,  except  when  a  child  is  greatly 
deformed  or  otherwise  seriously  diseased,  the  supreme 
desire  should  be  (the  safety  of  the  mother  always 
being  held  in  view)  to  deliver  him  alive  and  unin- 
jured. Unfortunately  we  have  not  many  data  to 
inform  us  as  to  the  child's  physical  condition  during 
his  voyage  through  the  maternal  canal.  We  can  keep 
ourselves  informed,  however,  in  regard  to  the  fetal 
circulation  and  should  the  pulse  rate,  as  indicated  by 
auscultation,  show  a  very  marked  acceleration,  above 
160  per  minute,  and  be  feeble  in  character,  or  should 
it  become  unduly  slow,  less  than  100  per  minute,  and 
irregular,  or  very  weak,  prompt  interference  will  be 
necessary  to  save  the  child's  life.  The  same  is  true 
should  there  be  prolapse  of  the  cord  with  feeble  or 
intermittent  pulsations.  Unless  it  is  possible  to 
deliver  the  child  very  quickly  it  has  always  seemed 
better  to  the  writer  to  replace  the  cord,  carrying  it 
up  high  enough  by  the  aid  of  suitaljle  forceps,  if  neces- 
sary, to  eliminate  the  pressure  from  the  advancing 
head,  or  the  squeezing  from  the  forceps.  If  the  cord 
is  coiled  around  the  neck  or  body  of  the  child  it  must 
be  slipped  off  if  possible.  The  task  is  a  very  difficult 
one,  often  impossible  of  accomplishment.  But  it 
must  be  remembered  that  under  such  circumstances, 
the  placenta  remaining  undetached,  the  further  the 
extraction  proceeds  the  tighter  the  cord  becomes  and 
the  circulation  may  be  fatally  interfered  with.  The 
writer  can  recall  at  least  two  cases  of  this  character. 

Malpositions  of  the  fetal  head  are  also  an  indica- 
tion for  the  forceps  and  particularly  is  this  true  of 
the  occipitoposterior  positions.  Prolonged  and  in- 
effective pains  with  no  advance  of  the  head  and  no 
marked  tendency  to  rotation  require  the  application 
of  the  forceps,  and  the  wTiter's  experience  has  fjeen 
that  one  is  inclined  to  wait  too  long  before  using  them. 
Having  determined  the  faulty  position  and  also  that 
rotation  is  not  taking  place,  why  wait  until  the 
mother  is  utterly  exhausted  before  giving  her  the 
relief  which  instrumental  deliverv  will  afford. 


DA.VGER.S  WHICH  .\tTE\D  THE  UsE  OF  THE  FoBTEPS. 

The  forceps  Ls  not  an  instrument  of  precision  nor  is 
its  use  unattended  with  danger  both  to  the  mother  and 
the  child.  One  of  the  most  frequent  forms  of  injury 
to  the  mother  is  as.sociated  with  its  unskilful  intro- 
duction. Not  infrequently  one  or  both  blades  are 
introduced  outside  the  cervix,  the  latter,  of  course,  not 
being  fully  dilated.  The  writer  has  seen  the  entire 
cervix  torn  off  by  such  unskilful  practice,  with  fatal 
consequences.  If  the  instrument  Ls  applied  when 
dilatation  is  incomplete  and  the  head  high  up  or  only 
partially  engaged,  it  is  almost  certain  to  slip  unless 
the  head  can  be  very  easily  drawn  down.  This 
frequently  means  bruising  or  laceration  of  the  uterus 
or  vagina  or  lioth.  Oblique  or  reversed  position  of  the 
forceps  during  traction  Ls  prone  to  result  in  lacerations 
of  the  vagina  or  in  indentations  which  may  be  fol- 
lowed by  sloughing.  It  Is  quite  possible  that  such 
indentations  may  result  in  fistula  of  the  bladder  or 
rectum.  Various  accidents  may  follow  too  rapid  or 
unskilful  extraction,  such  as  bruising  of  the  perineum 
or  the  soft  tissues  of  the  vestibule.  The  coccyx  Is  not 
infrequently  fractured  and  rarely  the  bones  of  the 
pelvis,  especially  when  the  attempt  Ls  made  to  drag 
the  head  through  an  irregular  and  badly  deformed 
maternal  pelvis.  Even  the  symphysis  pubis  and  the 
sacroiliac  synchondrosis  have  been  badly  injured  by 
injudicious  and  unskilful  forceps  operations.  Not 
all  the.se  injuries  are  avoidable.  The  indication  for  the 
use  of  the  forceps  may  have  been  never  so  clear  and 
its  manipulation  never  so  skilful  and  yet  the  result 
may  be  severe  injury  to  the  tissues.  Alost  obstetri- 
cians of  experience  will  recall  cases  in  which  the  tissues 
of  the  uterus  or  the  vagina  or  both  have  so  little  re- 
sisting power,  or  are  so  friable,  that  they  will  split, 
as  wet  paper  tears,  when  the  fetus  is  extracted  and 
they  are  subjected  to  this  unusual  pressure  and  ten- 
sion. We  have  seen  such  a  tear  extend  high  up  into 
the  uterus. 

All  sorts  of  injuries  are  also  inflicted  upon  the  child 
with  the  forceps.  When  the  instrument  Is  applied 
to  the  soft  tissues  of  the  breech,  and  force  to  any  con- 
siderable extent  is  required,  it  will  be  almo.st  an  im- 
possibility to  avoid  bruising  or  lacerating  them.  In 
every  irregular  application  of  the  forceps  to  the  head, 
a  bruise  or  dent  will  be  produced  which  may  dis- 
appear after  a  few  days  or  may  last  during  life. ' 

The  danger  to  the  child  from  compression  with  the 
forceps  is  great.  Especially  if  it  Is  applied  when  the 
head  is  high  up  and  before  it  has  undergone  the  mould- 
ing process,  which  it  experiences  in  passing  through 
the  pelvis,  is  this  danger  present.  It  may  result  in 
deep  indentations  with  permanent  bad  results,  in 
facial  paralysis,  in  unsightly  scars,  in  annoyingly 
conspicuous  birth  marks.  It  may  mean  pressure  or 
fracture  of  the  frontal  or  parietal  bone.  It  may  mean 
compression  of  the  brain  with  or  without  hemorrhage, 
and  subsequent  epilepsy,  imbecility,  or  idiocy. 

Thus  it  will  be  seen  that  danger  and  death  lurk  in 
the  path  of  the  forceps  when  it  is  injudiciously  used 
and  alas!  not  infrequently  when  it  Is  u.sed  properly 
and  skilfully.  Furthermore,  Winckel,  whose  oppor- 
tunities for  observation  have  been  vast,  attributes  a 
large  portion  of  the  mortality  of  parous  women  and 
their  necessity  for  one  operation  after  another  to  the 
unwise  use  of  the  forceps.  Pinard  condemns  the  un- 
necessary use  of  this  instrument,  while  Faucheux  of 
the  Clinique  Baudelocque  (Paris)  declares  (1)  that 
forceps  should  not  be  used  vintil  the  fetal  pulse  becomes 
very  rapid  or  the  mother's  condition  is  dangerous; 
(2)  that  the  Instrument  is  dangerous  because  of  its 
forty-four  per  cent,  morbidity,  and  (.3)  that  it  may 
injure  the  child  for  life  and  should  be  avoided  by 
mothers  if  they  would  have  healthy  children. 

We  do  not  agree  with  these  pessimists  and  Jere- 
miahs. They  judge  from  their  experience,  probably, 
and  we  from  ours;  and  we  have  seen  no  such  percent- 
age of  morbidity  among  the  mothers  nor  a  sixteen  per 
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cent,  mortality  among  the  children.  We  are  quite 
willing  to  admit  the  possibility  of  danger  from  the  use 
of  the  instrument,  especially  when  in  careless  or 
clumsy  hands.  But  that  is  nothing  more  than  can  be 
said  of  a  knife  or  almost  any  other  useful  instrument. 

Frequency  of  the  Use  op  the  Forceps. — The  fre- 
quency with  which  the  forceps  is  called  into  use  is  by 
no  means  a  constant  quantity  either  for  individuals 
or  localities.  In  former  days  it  was  used  far  too 
infrequently,  and  many  valuable  lives  were  lost 
because  of  timidity  or  unjustifiable  delay  in  using  it. 
There  seemed  to  be  a  kind  of  stigma  attached  to  the 
necessity  for  its  use;  it  was  employed  apologetically 
as  it  were.  Smellie  regarded  as  one  advantage  of 
his  short  forceps  the  fact  that  they  could  be  carried 
in  the  pocket  and  slipped  over  the  child's  head  with- 
out the  knowledge  of  the  patient  or  of  the  a.ssistants. 
The  dread  of  operations  and  of  instruments  of  all 
kinds  was  far  greater  in  his  time  than  it  is  at  present. 
Now  we  have  probably  gone  too  far  in  the  opposite 
direction  and  the  slightest  excuse  is  all  that  is  required 
to  apply  the  forceps  and  terminate  the  labor.  Once 
it  would  have  been  deemed  unjustifiable,  almost 
criminal,  to  terminate  the  labor  because  one  had  some 
other  pressing  engagement  to  meet,  perhaps  another 
confinement  or  something  equally  serious.  Now- 
a-da_ys  a  doctor  will  sometimes,  we  fear,  terminate  a 
labor  to  suit  his  convenience  or  comfort  although  be 
it  far  from  us  to  assert  that  he  would  do  it  if  he  thought 
his  patient  would  suffer  thereby. 

At  the  Cllnique  Baudelocque  in  Paris  there  were 
29,000  deliveries  in  the  fifteen  years  between  1889  and 
1904,  of  which  869,  or  0.29  per  cent.,  were  forceps 
deliveries.  In  these  869  deliveries  there  was  a  mater- 
nal mortality  of  0.29  per  cent.,  a  fetal  mortality  of 
14.04  per  cent.,  26.58  per  cent,  of  accidents  to  the 
fetus  due  to  the  use  of  the  forceps,  4.3.95  per  cent,  of 
maternal  accidents,  and  45. .34  per  cent,  of  subsequent 
maternal  morbidity,  hence  Faucheux,  the  reporter  of 
these  statistics  (Frequence  et  pronostic  de  1  applica- 
tion du  forceps  a  la  cllnique  Baudelocque,  Paris 
Th^se,  1905),  warns  mothers  not  to  have  the  forceps 
used  when  their  children  are  born. 

The  statistics  of  Winckel,  who  is  a  very  conservative 
obstetrician,  show  in  the  five  years  1879  to  1884  at 
Dresden,  5,000  labors  with  184,  or  3  per  cent.,  forceps 
deliveries,  all  under  rigid  antisepsis.  Of  this  number 
117  were  primipane;  in  108  cases  the  forceps  was  used 
in  the  interest  of  the  child  and  in  52  in  the  interest  of 
the  mother.  The  mortality  was  11  or  5.9  per  cent, 
which  seems  high,  but  in  more  than  a  ([uarter  of  the 
184  cases  the  condition  was  one  of  danger  when  the 
forceps  operation  was  performed.  Furthermore, 
Winckel  blames  the  operators  for  the  high  mortality, 
since  4  out  of  the  11  died  from  infection,  2  from 
eclampsia  with  infection,  3  from  rupture  of  the  uterus, 
1  from  hemorrhage  and  1  from  pernicious  anemia. 
At  Winckel's  clinic  in  Munich  in  four  consecutive 
.years  he  had  3,500  deliveries  with  87  or  2.49  per 
cent,  forceps  ca.ses.  Only  1  woman  died,  1.15  per 
cent.,  and  13  children,  15  per  cent. 

It  is  to  be  noted  that  in  very  large  series,  including 
many  thousands  of  cases,  the  percentage  of  forceps 
cases  and  usually  the  percentage  of  forceps  accidents 
will  be  lower  than  when  the  series  is  smaller.  In  the 
best  hospitals  throughout  the  civilized  world  the  ma- 
ternal mortalit.v  at  the  present  time  is  practically  nil, 
and  the  fetal  mortality  is  also  very  low.  Of  course 
there  is  always  an  occasional  emergenc.v  case  which 
is  brought  into  a  hospital  in  a  dying  condition,  and 
such  cases  ought  not  to  be  included  in  the  regular 
statistics  showing  the  hospital  work.  There  is  every 
reason  to  believe  that  the  morbidity  is  very  much 
lower  after  forceps  operations  than  in  the  statistics 
of  Faucheux. 

All  of  this  must  signify  that  the  forceps  when  in- 
telligently and  judiciously  used  is  beneficial  rather 


than  harmful.  In  private  practice  the  experience  of 
those  who  work  among  all  classes  of  people,  tlie  rich 
and  the  poor  alike,  the  general  practitioners,  will  give 
one  the  best  idea  of  the  frequency  of  the  use  of  the 
forceps  in  this  sphere.  We  should  say  that  its  fre- 
quency was  one  case  in  from  six  to  fifteen.  A  very 
good  general  rule  was  that  of  Parry  who  states  that 
he  was  not  in  the  habit  of  waiting  longer  than  two 
hours  after  labor  had  been  arrested,  from  whatsoever 
cause,  before  proceeding  to  apply  the  forceps. 

Prep.ui.\tions  for  Using  the  Forceps. — There  are 
certain  preliminaries  which  should  always  be  gone 
through  with,  if  possible,  before  a  forceps  operation 
in  order  to  insure  the  best  results.  If  the  patient  is 
in  a  hospital  she  will  be  taken  to  its  operating  room 
and  the  procedure  will  then  be  carried  out  along  the 
same  lines  which  would  be  observed  m  any  other  surgi- 
cal operation.  If  the  operation  Ls  to  be  done  at  a 
private  house  and  the  proper  facilities  are  wanting, 
the  only  prerequisite  is  the  greatest  possible  degree 
of  cleanliness  in  the  surroundings  and  in  the  appurte- 
nances which  relate  immediately  to  the  operation. 
If  an  operation  is  apparently  to  be  a  short  and  easy 
one  it  may  be  performed  with  the  patient  lying  upon 
her  bed.  It  has  long  been  the  preference  of  the  writer, 
however,  to  perform  such  operations  upon  a  suitable 
table  for  he  believes  that  they  can  be  done  better  in 
this  way,  and  with  greater  satisfaction  to  the  patient. 

It  is  presupposed  that  the  carpet  and  furniture  of 
the  room  are  properly  protected  with  clean  sheets 
and  that  there  is  an  ample  supply  of  towels,  hot  and 
cold  water,  antiseptic  .solutions,  basins,  slop-jars,  and 
all  other  necessar.y  appliances.  The  patient  is  placed 
upon  the  table,  the  bladder  and  rectum  emptied,  the 
hair  shaved  from  the  pubes  and  adjacent  skin,  the 
vagina  and  external  genitalia  irrigated  with  a  hot 
sublimate  solution  and  the  patient's  limbs  and  body 
protected  with  clean  sheets.  A  twisted  sheet  is 
passed  behind  the  neck  and  around  each  thigh  in  the 
extreme  lithotomy  position.  The  Walcher  position 
of  exaggerated  extension  of  the  lower  limbs  may  be 
used  if  it  Is  deemed  desirable  to  obtain  the  additional 
space  in  the  pelvis  which  this  position  affords.  The 
dorsal  position  of  the  patient  is  usually  preferred  in 
this  country  rather  than  the  left  lateral  position 
which  is  common  in  England.  The  patient  is,  of 
course,  under  surgical  anesthesia,  ether  being  prefer- 
able if  the  operation  is  likely  to  be  difficult  or  long. 

If  the  operation  is  an  elective  one  the  os  should 
be  fully  dilated,  the  hand  being  used,  in  any  case  if 
necessary,  to  complete  the  dilatation.*  The  position 
of  the  fetal  head  should  be  accurately  determined,  the 
hand  being  passed  into  the  uterus  for  that  purpose, 
if  necessary. 

The  condition  of  the  fetal  circulation  should  be 
noted,  for  a  very  rapid  pulse  will  necessitate  expedi- 
tious action.  It  goes  without  saying  that  the  accou- 
cheur has  prepared  himself  as  thoroughly  and  as 
carefully  as  he  would  for  any  surgical  operation. 
Rubber  gloves  should  be  worn  but  this  does  not  imply 
that  the  hands  and  arms  should  be  less  carefully 
cleaned  and  scrubbed  than  if  the  gloves  were  omitted. 
The  forceps  must  be  sterilized  and  kept  in  a  jiitcher 
of  hot  water  until  required  for  use,  and  all  the  neces- 
sary instnmients  for  repairing  wounded  tissues  should 
be  carefully  laid  out  in  a  convenient  place  before  the 
operation  is  begun. 

The  Forceps  Oper.-\tion. — The  forceps  may  be  ap- 
plied to  the  head  above  the  brim  of  the  pelvis,  within 
the  cavit.v  of  the  pelvis,  or  at  the  outlet,  and  the  dan- 
ger and  difficulty  of  the  operation  diminish  in  this 
order.  The  instrument  may  be  applied  with  refer- 
ence only  to  the  sides  of  the  pelvis,  or  with  direct 
reference  to  the  head  of  the  child,  the  former  being 
called  the  pelvic  and  the  latter  the  cephalic  applica- 

*The  Bossi  and  other  powerful  dilator3  should  be  avoided  if 
possible. 
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tion.  Jewett  advises  that  the  latter,  if  necessary, 
be  made  only  by  an  expert.  It  is  usually  more  ditfipult 
than  the  former,  involves  much  more  nianii)uluti(in 
within  the  vagina,  and  consequently  exjjoscs  the  pa- 
tient to  greater  risk  of  infection.  In  the  great 
majority  of  forceps  operations  the  sides  of  the  pelvis 
are  chiefly  considered  by  the  operator  and  it  is  this 
variety  which  we  are  about  to  describe. 

The  nJe  laid  down  by  an  obstetrical  teacher  many 
years  ago  is  a  good  one:  that  one  first  applies  llic  Icfl 
i3lade,  with  the  left  hand,  to  the  left  side  of  the  i)atient. 
It  is  held  lightly,  nearly  vertical  but  incline<l  some- 
what to  the  right.  Two  or  more  fingers  of  the  right 
hand  are  introduced  into  the  vagina,  and  within  the 
cervix.  Along  these  fingers  as  a  guide  the  blade  is 
passed,  hugging  the  left  side  of  the  pelvis  as  closely 
as  possible.  It  should  feel  its  way  around  the  side 
of  the  head,  avoiding  all  obstruclions  until  one  is 
conscious,  it  cannot  be  more  accurately  described, 
that  the  limit  of  the  head  has  been  passed,  and  that 
the  Vjlade  embraces  a  portion  of  the  head  easily  and 
freely.  The  handle  is  then  dropped  and  the  right 
blade  is  similarly  introduced.  If  this  maneuver  has 
been  properly  carried  out  the  blades  will  fall  together 
and  can  be  readily  locked.  If  locking  does  not  take 
place  without  the  use  of  force  there  is  a  fault  in  the 
adjustment  of  the  blades  and  their  position  must  be 
greatly   changed,    one  at  a  time,   until   the   correct 


Fig.  2515. — Introduction  of  the  Forceps.     (Lusk.) 

position  for  easv  locking  has  been  found.  One  must 
remember  that  thev  are  held  in  place  by  the  sides  of 
the  pelvis  and  that  the  ends  of  the  handles  will  be 
separated  in  proportion  to  the  separation  of  the  apices 
of  the  blades. 

If  the  head  has  already  rotated,  and  is  low  m  the 
pelvis,  the  handles  of  the  forceps  will  look  forward. 
If  the  head  is  high  and  has  not  rotated  the  handles 
will  be  obli(iue,  looking  to  one  or  the  other  side  of  the 
patient.  In  the  latter  case  the  first  movements  of 
traction  must  be  with  the  object  of  completing  rota- 
tion, after  which  the  forceps  must  be  reapplied  and 
direct  traction  made.  If  the  resistance  of  the  head 
is  not  great,  the  traction  efforts  need  not  be  excessive, 
one  hand  being  often  sufficient  for  the  handles,  whde 
.the  fingers  of  the  other  rest  upon  the  shoulders,  below 
the  lock.  If  resistance  is  considerable  both  hands 
must  be  used  and  it  mav  be  necessary  to  brace  one  s 
self  to  give  greater  steadiness  to  the  pull,  though 
some  writers  give  warning  that  this  must  not  be  done. 
Compression  of  the  handles  must  be  very  moderate 


lest  the  head  and  neck  of  the  child  siifTer  in  conse- 
quence. Tlie  traction  efforts  will  measure  from 
t  wenty  to  seventy  jjounds,  according  to  the  resistance. 
The  traction  must  be  made  in  the  central  axi.s  of  the 
l)elvis,  first  downward  and  Ijackward,  then  foruyird, 
and  finally  upward  as  the  head  opens  the  vulva. 
The  writer's  custom  is  to  remove  the  forcejjs  at  this 
time,  and  either  let  nature  complete  the  operation, 
or  by  gentle  pressure  upon  the  perineum  force  the 
head  outward  after  the  tissues  are  sufficiently  stretched. 


lit  ad  at  the  Brim.     (Lusk.) 


Unless  the  traction  operation  Ls  a  very  short  one  the 
traction  should  be  intermittent,  a  pull  and  then  an 
interval  of  a  minute  or  two,  loosening  the  blades  to 
relieve  the  pressure  upon  the  fetal  tissues.  Direct 
traction  is  preferable  to  swaying  or  pendulum  move- 
ments, but  if  the  head  fits  the  pelvis  very  snugly  the 
))endulum  movements  furnish  a  leverage  which  is 
frequently  very  useful.  Of  course  it  must  be  used 
intelligently  and  cautiously.  If  an  axis-traction 
instrument  is  employed  the  blades  should  be  intro- 
duced in  the  same  manner  as  has  been  described  for 
the  ordinary  instrument,  and  when  it  has  been  locked 
the  fixation' screw  must  be  set  to  huiicate  the  pressure 
upon  the  head  which  is  to  be  exerted  by  the  blades. 
Traction  is  then  made  with  the  handle  of  the  traction 
rods,  one  hand  being  usually  sufficient.     The  motion 


Fig.  2517.— Blades  .\dju»ud  i 


Head  at  the  Outlet.     (Lusk.) 


of  the  handles  of  the  instnmient  and  the  direction 
in  which  they  point  indicate  the  direction  in  which 
traction  is  to' be  made.  When  the  head  has  reached 
the  outlet,  delivery  may  be  completed,  either  witli  the 
traction  bar  or  with  the  ordinary  handles  of  the  instru- 
ment. In  occipitopostcrior  positions  of  the  fetal 
head  it  is  the  writers  exi)erience  that  the  forceps  will 
almost  universallv  be  rec|uired.  It  is  a  mistake,  how- 
ever, to  try  and  drag  the  iinrotated  he.ad  through  the 
undilated  birth  canal,  for  the  head  descending  m  this 
position  does  not  act  as  an  efficient  dilator,  and  the 
instrument  will  almost  certainly  .sliji  when  great 
traction  force  is  used.  The  forceps  tlierefore  having 
been  carefully  adjusted,  the  first  effort  which  should 
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be  made  should  aim  at  the  rotation  of  the  head. 
This  having  been  done,  the  forceps  can  be  reapplied 
and  traction  performed  with  good  mechanical  advan- 
tage. This  procedure  has  l)een  found  by  tlie  writer 
superior  to  the  rotation  of  the  head  and  body  by  the 
hands.  The  forceps  may  be  apjjlied  to  the  sides  of 
the  head  in  face  presentations  and  if  rotation  is  in- 
complete it  may  be  so  effected  as  to  bring  the  chin 
\inder  the  pubic  arch:  the  chin,  face,  and  vertex  then 
being  delivered  in  succession.  This  applies  only  to 
cases  in  which  the  chin  is  anterior.  The  forceps  may 
also  be  applied  to  the  after-coming  head  in  breech 
presentations,  the  procedure  being  the  same  as  in 
head-first  presentations  with  the  occiput  anterior. 
When  the  head  has  been  decapitated  and  remains 
in  the  pelvis  it  should  be  so  manipulated,  by  the  hand 
within  the  vagina  aided  by  pressure  of  the  other  hand 
upon  the  abdomen,  that  it  may  be  brought  if  possible 
into  the  occiput  anterior  position.  The  forceps  may 
then  be  cautiously  applied  and  delivery  effected  in  the 
usual  manner.  The  forceps  will  occasionally  be 
retiuired  in  breech  presentations  but  it  is  always  an 
operation  of  difficulty  and  danger.  It  is  only  adapter! 
to  those  rare  cases  in  which  a  foot  cannot  be  brought 
down  nor  the  fillet  or  hooked  finger  be  adjusted  to  the 
groin.  The  best  application  is  over  the  trochanters 
for  there  the  bony  resistance  is  most  effectual.  If 
one  of  the  blades  were  adjusted  over  the  pubes  the 
pressure  upon  the  abdomen  would  be  disastrous. 
Traction  must  be  very  gradual  and  [the  compression 
as  light  as  possible.  Even  then  it  is  scarcely  possible 
to  avoid  wounding  the  delicate  fetal  tissues. 

Andrew  F.  Currier. 


Formaldehyde,  formic  aldehyde,  methyl  aldehyde 
or  oxymethylene  (H.COH),  is  a  gas  whose  .saturated 
aqueous  solution  is  known  as  formalin  or  formol. 
The  method  of  manufacture  used  now  on  a  large 
scale  is  a  modification  of  that  used  by  A.  W.  Hoff- 
mann, who  introduced  formaldehyde  in  1867.  By 
means  of  superheated  steam  passing  through  a  copper 
coil,  methyl  alcohol  is  vaporized  under  pressure  in  a 
steel  chamber,  from  which  it  issues  with  great  force 
and  mixed  with  a  definite  quantity  of  air,  and  then 
passes  through  a  double  tube  converter.  The  inner 
tube  of  this  is  perforated  with  very  fine  holes  and 
separated  from  the  outer  tube  by  broken  coke,  and 
the  whole  is  kept  at  a  dull  red  heat.  As  it  pa.sses 
through  this  heated  coke,  the  vapor  is  oxidized  to 
formaldehyde,  and  this  is  either  condensed  by  extreme 
cold  to  a  liquid,  or  cooled  and  dissolved  in  water  by 
agitation.  Copper  filings,  spongy  platinum,  or  any 
porous  material  may  be  substituted  for  coke.  The 
gas  is  usually  generated  on  a  small  scale  by  heating 
paraformaldehyde,  though  methyl  alcohol  can  be 
employed  by  heating  in  a  tin  vessel  so  that  the  vapor 
■will  pass  through  a  perforated  red-hot  copper  plate. 
The  reaction  is:  CH3OH-I-O  =CHOH-|-HoO.  The 
yield  is  said  to  be  only  twenty  per  cent,  from  com- 
mercial wood  alcohol.  Other  methods  of  manufacture 
are  by  the  complete  oxidation  of  ethyl  nitrate;  by 
heating  a  mixture  of  ethylene  and  oxygen  to  400° 
C;  by  the  dry  distillation  of  calcium  formate,  etc. 

Formaldehyde  is  a  colorless  gas  of  pungent,  pene- 
trating odor,  and  very  irritating  to  the  eyes  and  nose. 
Its  saturated  cold  aqueous  solution  (formalin)  con- 
tains from  tliirty-five  to  forty  per  cent,  of  the  gas  by 
weight,  is  colorless,  has  a  sharp  taste,  and  mixes 
freely  with  water,  alcohol,  and  glycerin.  The  gas  is 
more  soluble  in  methyl  alcohol  than  in  water.  Its 
chemical  affinities  are  extensive.  It  is  rendered 
inert  by  alkalies,  deodorizes  hydrogen  sulphide,  and 
is  the  basis  of  many  aniline  colors  and  new  synthetic 
remedies,  such  as  urotropin,  bismal,  tannoform,  etc. 
It  reduces  Fehling's  solution,  produces  a  black  pre- 
cipitate with  ammoniacal  silver-nitrate  solution,  and 
white  precipitates    with   dilute   aqueous   solution  of 
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aniline  and  with  ammonia  and  bromine  water.  Hen- 
ner's  test,  sensitive  1  in  200,000,  consists  in  super- 
posing a  mixture  of  very  weak  carljolic  acid  with  the 
suspected  liciuid  upon  concentrated  sulphuric  acid; 
a  rose-violet  ring  at  the  line  of  contact  indicates 
formaldehyde.  A  modification  of  this  is  to  dissolve 
0.1  gram  morphine  hydrochloride  in  1  c.c.  of  sulphuric 
acid  and  add  to  this  the  suspected  liquid.  In  milk 
and  such  fluids,  however,  these  tests  may  be  obscured 
by  the  charring  of  the  organic  substances  by  the  acid; 
hence,  in  such  a  case,  the  formaldehyde  should  be 
distilled  off  and  passed  into  water,  and  then  tested 
for.  Jorrissen's  test  was  designed  for  milk;  shake 
together  25  c.c.  of  milk  and  10  c.c.  of  0.1  per  cent, 
aqueous  phloroglucin,  add  5  to  10  c.c.  of  one-third 
strength  potash  lye,  and  a  transient  .salmon-red  color 
indicates  formaldehyde. 

It  is  official  in  the  U.  S.  P.  tmder  the  title  of  Liquor 
Formaldehydi,  Solution  of  Formaldehyde,  which  is 
an  aqueous  solution  containing  not  less  than  thirty- 
seven  per  cent.,  by  weight,  of  absolute  formaldehyde. 
This  preparation  is  sometimes  called  Formalin. 

When  formalin  is  heated,  part  of  it  is  converted 
into  paraformaldehyde  (paraform,  triformol,  or 
trioxymethylene),  which  separates  as  a  white  in- 
soluble fiocculent  mass,  capable  of  again  yielding 
H.COH  gas.  Formaldehyde  renders  gelatin  in- 
soluble, forming  elastic  translucent  masses,  so  it 
has  been  used  to  replacetann  in  in  making  leather 
and  to  harden  gelatin  films  in  photography.  For- 
maldehyde gelatin  is  employed  as  an  absorbable 
antiseptic.  When  added  to  serum  albumin,  formalin 
prevents  coagulation  by  heat;  added  to  calcium 
carbide,  it  retards  the  evolution  of  acetylene  gas. 
It  neutralizes  alkalies  by  forming  with  them  complex 
substances,  that  with  ammonia  being  hexamethylene- 
tetramine. 

It  is  said  not  in  any  way  to  affect  the  textile  char- 
acter of  wool,  cotton,  fur,  silk,  or  leather;  and  it  does 
not  change  their  colors  except  in  the  case  of  iron- 
containing  dyes  or  a  few  of  the  aniline  colors  such  as 
fuchsin  (aniline  red).  Its  aqueous  solution  attacks 
metals;  consequently  the  dry  gas  only  should  be  used 
for  sterilizing  instruments.  In  1886  its  powerful 
bactericidal  properties  were  reported  by  Loew,  and 
it  has  now  become  an  almost  universal  disinfectant 
(see  Disinfectants).  Rubber  goods,  catheters,  etc., 
may  be  kept  sterile  in  a  weak  solution  for  a  long  time 
without  harm.  HofTmeister,  Hirst,  and  others  have 
used  it  for  sterilizing  cagtut. 

It  is  also  used  largely  as  a  hardening  and  fixing 
agent,  and  as  a  preservative  for  anatomical  and 
biological  specimens.  These,  especially  plants,  tend 
to  retain  some  of  their  brilliant  colors,  and  do  not 
shrink  as  they  would  in  alcohol.  Plants  slowly 
discolor  the  solution  by  giving  up  their  tannin.  As 
formaldehyde  has  little  penetrating  power,  openings 
should  be  made  so  that  it  may  permeate  the  interiors 
of  specimens;  otherwise  they  may  rot,  even  in  strong 
solution.  Moulds  have  been  found  growing  on  tissues 
apparently  saturated  with  .solutions  of  five  to  ten 
per  cent,  strength.  Orth's  hardening  and  fixing 
formula  is:  Miiller's  fluid,  100  parts;  formalin,  10 
parts.  To  be  mixed  just  before  use.  Kaiserling 
keeps  the  specimen  for  twenty-four  hours  in  formalin 
75,  potassium  nitrate  1,  potassium  acetate  3,  distilled 
water  100,  then  transfers  to  80  per  cent,  alcohol  for 
twelve  hours,  then  to  95  per  cent,  alcohol  for  two 
hours.  The  specimen  may  then  be  moimted  for 
sectioning,  <or  kept  in  equal  parts  of  water  and  gly- 
cerin containing  3  per  cent,  of  potassium  acetate. 
Before  putting  througli  alcohol.  Carter  leaves  the 
tissues  for  from  six  to  twelve  hours  in  20  per  cent^ 
formaldehyde  solution  with  5  per  cent,  acetic  acid. 
Blood  smears  exposed  to  the  vapor  are  firmly  fixed, 
and  may  be  stained  as  by  any  other  method  of  fixing. 
Blood  on  the  hands  becomes  hardened  and  difficult 
to  wash  off. 


REFERENCE   HANDBOOK   OF   THE    MEDICAL  SCIENCES 


Formaldehyde 


Being  difficult  of  detection  in  small  quantities,  it  is 
used  as  a  preservative  of  foods  and  medicines,  vigorous 
prohil)itive  laws  not  preventing  its  widespread  use  by 
dairymen,  canners,  etc.  In  the  strength  of  1  to  20,000 
it  is  said  to  preserve  milk  for  several  days,  yet  even 
this  minute  quantity  has  been  shown  by  Annett  and 
others  to  be  harmful.  It  has  been  employed  by  pliar- 
macists  for  the  pre.servation  of  ointments,  syrups, 
fruit  juices,  infusions,  and  various  other  articles 
which  readily  spoil.  Mucilage  of  acacia,  lard,  cider, 
etc.,  remained  sweet  after  a  year,  yet  the  odor  of 
formaldehyde  could  not  be  detected  at  any  time. 
Once  added  to  an  article,  a  portion  of  it  remains 
persistently  and  cannot  be  driven  off  by  heat.  The 
best  means  of  neutralizing  it  in  vapor  or  in  solution 
is  by  ammonia. 

Phtsioujgical  Action  and  Toxicology. —  Formalde- 
hyde vapor  is  a  powerfvil  irritant  to  the  eyes  and  the 
mucous  membranes  of  the  respiratory  tract.  Applied 
in  solution  to  the  skin  it  smarts,  but  usually  for  a  .short 
time  only.  Severe  urticaria  is  reported  to  have  fol- 
lowed its  application.  The  solution  in  glycerin  is  said 
to  be  less  irritant.  Taken  by  mouth  it  retards  di- 
gestion even  in  small  dosage,  especially  the  pancreatic 
digestion  of  albumin.  In  strong  solution  it  may  cau.se 
vomiting.  It  weakens  pulse  and  respiration  and  is 
depressing  to  the  vital  functions.  The  ingestion  of 
several  ounces  of  formalin  by  an  adult  was  followed 
by  unconsciousness,  marked  pallor,  cold  clammy 
perspiration,  increa.sed  re.spiration,  and  rdles  over  both 
lungs.  The  urine  contained  formic  acid.  In  a  few 
hours  anuria  developed,  and  the  next  morning  the 
coma  disappeared,  and  the  patient  acted  as  if  drunk, 
complaining  of  headache,  conjunctivitis,  and  a  sore 
mouth.  He  recovered  in  twenty-four  hours  (Kleuber) . 
In  England,  the  drinking  of  two  ounces  of  a  four  per 
cent,  solution  resulted  in  death  from  heart  failure 
twenty-nine  hours  later.  The  autopsy  showed  corro- 
sive action  on  the  esophagus  and  stomach.  Fischer 
(1901)  reported  to  the  Chicago  Pathological  Society 
an  experimental  study  of  the  action  of  formaldehyde 
on  animals.  Inhalation  resulted  in  marked  inflam- 
mation throughout  the  respiratory  tract.  Dosage  by 
stomach  produced  vomiting,  subnormal  temperature, 
rapid  weak  pulse,  and  death.  Sometimes  the  death 
was  sudden.  Necropsy  revealed  intense  gastritis, 
with  congestion,  necrosis,  and  leucocyte  infiltration. 
Intraperitoneal  injections  were  followed  by  a  fibrino- 
hemorrhagic  peritonitis  of  an  intensity  referable  to 
the  strength  of  the  solution.  Small  repeated  intra- 
peritoneal injections  of  dilute  solutions  .stimulated 
great  connective-tissue  proliferation.  Eye  in.stilla- 
tions  caused  iritis.  Every  case  showed  early  eosino- 
philia  followed  by  general  leucocytosis,  and  degenera- 
tive changes  with  focal  necroses  in  liver  and  kidneys. 
Experiments  in  France  show  that  fleas  easily  succumb 
to  the  vapor,  but  that  to  kill  rats  and  mice  requires  as 
much  as  eight  or  ten  grams  to  the  cubic  meter  of  air 
space. 

The  best  local  antidote  is  ammonia,  though  other 
alkalies  are  of  some  avail.  Ammonia  gas  quickly 
neutralizes  the  irritating  vapors  in  a  room.  For  the 
stomach  it  may  be  given  as  the  aromatic  spirit  of 
ammonia  or  the  liquor  ammonii  acetatis.  When 
formalin  is  swallowed,  vomiting  should  be  promoted, 
or  the  stomach  emptied  by  lavage.  Stimulants, 
e-ipecially  aromatic  spirit  of  ammonia  and  caffeine, 
and  hypodermics  of  strychnine  should  be  adminis- 
tered, external  heat  applied,  and  absolute  recumbency 
enjoined.  Demulcent  drinks  may  be  given  to  allay 
irritation. 

Therapeutics. — As  a  general  disinfectant  and 
deodorizer  this  drug  is  undoubtedly  without  a  peer, 
though  its  penetrating  power  is  not  great.  In  the 
respiratory  passages  it  is  of  pronounced  value  as  a 
pro])hylactic  and  curative  in  influenza  and  pertussis, 


and  in  allaying  the  cough  and  sweetening  the  sputum 
in  tuberculosis.  It  is  also  used  in  chronic  pharyngitiii,  in 
atropine  rhinitis  (principally  as  a  deodorizer),  and  as  a 
mouth  ivash.  It  is  said  to  be  of  less  u.se  in  diphtheria, 
as  it  does  not  penetrate  the  dense  membrane.  A  few 
drops  of  R  .\q.  chloroformi  5iij.  ( 12.0),  ether  5.ss.(  15  0), 
formaldehyde  solution  (six  per  cent.)  ad  Jiv.  (120.0; 
may  l>e  sprinkltMl  on  the  sponge  of  a  zinc  respirator, 
and  inhaled  for  lifteen  minutes.  Or  one  can  u.sc  as 
a  mouth  wash  or  .spray  a  mixture  of  forty  per  cent. 
formaldehyde  solution  o'-  (4.0),  glvcerin  3iv.  (15.0), 
and  water  to  make  5iv.-vi.  (120.()-180.0).  The  method 
of  treating  tulnrrulosis  by  cataphoresis,  or  the  elec- 
trical transmission  of  formaldehyde  directly  into  the 
human  body,  has  given  negative  results. 

For  suppuraliri:  otitis  media  Reik  recommends  irriga- 
tion twice  a  day  with  -ji-  (4.0)  of  formalin  in  Oi. 
(.'500.0)  of  water.  Ward  u.ses  five  to  ten  drops  of  a 
one-pcr-cent.  solution,  and  in  acute  otitis  three  drops 
at  a  time. 

In  the  mycotic  skin  diseases,  such  as  sycosis,  ring- 
vornt,  and  fai'us,  the  strong  solution  may  be  applied 
every  other  day.  Cures  resulted  from  one  to  four 
applications  (Salter,  Daniel).  For  seborrhea  Ravogli 
advLses  rubbing  with  I^  Formalin,  5'-iJ-  (4.0-8.0); 
glvcerin,  3ij-  (8-0) ;  aq.  coloniensis,  alcohol,  aa  Siii. 
(90.0). 

Hyperidrosis  pedis  may  be  checked  for  a  week  or  two 
(Hahn,  Hirschfeld)  by  momentarily  immersing  the 
feet  in  pure  formalin,  or  by  applying  it  with  a  brush. 
Unna  found  formalin  of  value  in  inoperable  carcinoma, 
as  it  deodorizes  and  mummifies  the  part.  For  condylo- 
mata and  other  soft  skin  i)rotuberances  he  uses  para- 
form  collodion,  which  possesses  the  advantage  of 
keeping  the  growth  dry.  Daniel  rubs  formalin  into 
learts  with  a  stick,  and  the.se  shrink  and  come  off 
without  leaving  a  scar. 

As  a  vaginal  douche  Crawford  recommends  for- 
malin in  obstetrics,  and  Van  Winckel  uses  5i-  (4.0) 
to  a  quart  (one  liter)  for  endometrilis  or  for  vaginitis, 
e.specially  gonorrheal.  It  may  be  used  in  full  strength 
in  the  treatment  of  clinnrroids. 

Surgically  it  is  an  antiseptic  of  great  power  (see 
{Disinfect a7its),  and  is  used  for  sterilizing  the  hands, 
dres.sings,  sutures,  and  instruments.  Hoffmeister, 
Hirst,  and  others  recommend  it  highly  for  catgut. 
Hoffmeister's  method  is  to  harden  the  catgut  on 
glass  spools  in  four  per  cent,  formaldehyde  for 
twenty-four  hours,  then  boil  in  water  for  ten  min- 
utes and  keep  in  alcohol  contiiming  five  per  cent,  of 
glycerin  and  0.1  per  cent,  of  corrosive  sublimate. 
V'andermarker  states  that  it  should  not  be  used  di- 
rectly in  wounds,  as  one  per  cent,  solutions  will  de- 
stroy fresh  granulations,  and  two  per  cent,  will  pro- 
duce sloughs.  Its  combination  with  gelatin  (glutei), 
however,  is  used  thus  by  Schleich  and  others.  In- 
operable epitheliomata  and  sarcomata  have  been 
treated  with  injections  of  one-half  per  cent,  .solution 
(about  twenty  minims)  followed  liy  curetting  of  the 
hardened  tissue.  The  bleeiiiiig  had  been  slight,  and 
the  growths  have  practically  ilisappeared  after  a  few 
treatments  (Mitchell,  Thompson).  Ravogli  claims 
to  obtain  the  same  results  from  the  application  of  a 
paste  of  rice  powder,  oxide  of  zinc,  and  formalin.  In 
chronic  tuberculous  joints,  tuberculous  abscesses,  and 
empyema,  Hahn  considers  a  one  per  cent,  glycerin 
solution  to  be  more  efficient  than  the  much  used  iodo- 
formate  glycerin. 

In  dentistry,  paraformaldehyde  is  preferred,  as, 
being  in  solid  form,  it  can  be  placed  in  cavities,  dis- 
infecting them  by  slowly" evolving  formaldehyde  gas. 

The  more  common  preparations  and  compounds  of 
formaldehyde  are: 

Aldoform.  which  is  said  to  liberate  formaldehyde. 

A iniiinfonn.  A  nimonio-formaldchydc — synonyms  for 
hexamethylenamine. 

Amylof'orm — starch  and  formaldehyde. 

Bismal — the    bismuth    salt   of   methylene    digallic 
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acid,  formed  by  the  action  of  gallic  acid  on  formalde- 
hyde.    Used  as  intestinal  antiseptic  and  astringent. 

Creoform,  Crensofunn,  Kreoform — a  non-toxic,  taste- 
less, and  odorless  compound  of  creosote  and  for- 
maldehyde.    A  strong  antiseptic. 

Cystamine,  Cysiogcn — synonyms  for  hexamethylen- 
amine. 

Dextroform — formaldehyde  and  dextrin  (see  Amylo- 
Jorm,  Vol.  I.). 

Eka-iodoform — iodoform  and  paraformaldehyde  (see 
Vol.  III.). 

Euformol  is  a  mixture  of  oil  of  eucalyptus,  formalde- 
hjde,  thymol,  menthol,  etc. 

Formacoll — svnonvm  for  glutol. 

Formaldehyd-bisiiiphile  (HCOH,  Na^SjOs)  is  a  crys- 
talline mixture  resulting  from  the  action  of  formalde- 
hyde on  sodium  bisulphite  in  solution.  It  is  claimed 
to  possess  the  antiseptic  properties  of  both  con- 
stituents. 

Formaldehyde-casein  (Formalbumin)  is  an  odorless, 
tasteless,  coarse  yellow  powder,  used  in  surgery  as  an 
antiseptic. 

Formaldehyde-gelatin — used  in  photography  and  in 
surgery  (see  Glutol) 

Formaldehyde-sulpho-carholic  acid  [(CH20H)2.C6H3.- 
OH]  is  used  as  an  antiseptic  dressing  for  wounds. 

Formaldehyde  tan7ialbu?ninate — tannalbumin  sub- 
jected to  the  action  of  formaldehyde  to  render  it  more 
resistant  to  the  action  of  the  gastric  juice.  The 
compound  passes  unchanged  through  the  stomach, 
and  as  it  is  split  up  but  slowly  in  the  intestines,  it 
gets  well  down  in  the  bowel  before  it  separates  into 
its  components.  Used  as  an  intestinal  antiseptic  and 
astringent. 

Formaldehyde-urea  is  an  amorphous,  white  conden- 
sation product  of  urea  and  formaldehyde  in  alkaline 
solution.  It  is  insoluble  in  water.  Used  as  a  disin- 
fectant. 

Formalin,  Formal — a  saturated  aqueous  solution  of 
formaldehyde. 

Formanganate  is  a  mixture  of  potassium  perman- 
ganate and  formalin.     It  is  used  to  disinfect  rooms. 

Formanilid  is  u.sed  in  a  two  or  three  per  cent,  solu- 
tion for  urethral  discharge. 

Formatol  is  a  proprietary  dusting  powder  containing 
formaldehyde. 

Formin — synonym  for  hexamethylenamine. 

Formo-chloral  is  an  oily  compound  formed  by  the 
action  of  formaldehyde  on  chloral  in  the  presence  of 
concentrated  sulphuric  acid.  It  is  used  as  an  anti- 
septic. 

Another  compoimd  of  this  name,  used  by  Trillat  as 
a  deodorizer,  is  made  by  acting  with  calcium  chloride 
on  formaldehyde  in  solution  in  methyl  alcohol. 

Formoforin  consists  of  formaldehyde  0.18,  thymol 
0.10,  zinc  oxide  34.44,  and  starch  65.28  per  cent., 
and  is  u.sed  for  sweating  of  the  feet. 

Formolyptol  is  said  to  contain  formaldehyde  and 
various  balsams  and  resins. 

Formopyrin  occurs  in  white  crystals  formed  by  the 
action  of  formalin  on  a  solution  of  antipyrin.  It  is 
insoluble  in  cold  water  or  ether,  but  fairly  soluble  in 
boiling  water,  alcohol,  chloroform,  and  acids,  with  the 
latter  forming  .stable  salts. 

Formosyl  is  a  preparation  containing  formalin, 
boric  acid,  phenol,  and  es.sential  oils.  It  is  used  as  a 
mouth  wash  and  as  a  nasal  douche. 

Fortoin — cotoin  acted  upon  by  formaldehyde  (see 
Forloin). 

Galloformin  is  prepared  bv  acting  on  hexamethylene 
tetramine  with  gallic  acid  (see  Galloformin). 

Geoform — guaiacol  and  formaldehyde  (seeGeoform). 

Glycoformol  is  a  mixture  of  formalin,  water,  and 
glycerin. 

Glyceroformol  is  said  to  be  formed  by  the  pro- 
longed action  of  formaldehyde  on  glycerin.  It  is 
claimed  to  be  more  toxic  than  formaldehyde,  but 
evidence  for  this  statement  is  hard  to  find. 


H examelhylene-tetramine — the  chemical  name  for 
aminoform,  cystamine,  cystogen,  formin,  and  urotro- 
pin.     (See  Hexamethylenamine.) 

Holzin  is  a  sixty-per-cent.  solution  of  formaldehyde 
in  methyl  alcohol  used  by  Oppermann  as  a  deodorizer. 

Hohinol  is  a  mixture  containing  formaldehyde  and 
menthol. 

Krameroform  is  prepared  like  tannoform,  but  from 
rhatany-tannin. 

Lanoform  is  lanolin  containing  one  per  cent,  of  for- 
maldehyde. 

Lysoform  is  a  soapy  disinfectant  containing  formal- 
dehyde (see  Lysoform). 

Naphthoformin  is  made  from  paraformaldehyde 
and  the  alpha  and  beta  compounds  of  naphthol.  It 
is  used  both  externally  and  internally  as  an  antiseptic. 

Paraform  is  paraformaldehyde. 

Polyformin  Soluble  and  Insoluble — used  in  skin  dis- 
eases (see  Polyformin). 

Preserualin — a  mixture  used  by  dairymen. 

Protogen  is  an  alljuminous  food  obtained  by  acting 
on  serum  or  egg  albumin  with  formaldehyde.  It  is 
not  coagulated  by  heat. 

Quebrachoform,  Quinoform,  Querciform  are  pre- 
pared like  tannoform  (which  see),  but  from  the 
tannins  of  quebracho,  cinchona,  and  oak. 

Saligenin,  also  yielded  by  salicin,  may  be  obtained 
by  the  interaction  of  phenol  and  formaldehyde. 

Steriform  Chloride  and  Iodide — formaldehyde  five, 
pepsin  twenty,  lactose  sixty-five,  and  ammonium 
chloride  or  iodide  ten. 

Tannoform — an  antiseptic  in  skin  diseases  (see 
Tannoform). 

Tannopin  or  Tannon  consists  of  tannin  and  hexa- 
methylene-tetramine,  and  is  used  in  diarrhea  (see 
Tannopin). 

Tholaform  contains  menthol  and  paraform,  and 
is  used  for  sore  throats. 

Thymoform  is  thymol-formaldehyde  (see  Thymo- 
form). 

Triformol,  Trioxymelhylene — synonyms  for  para- 
formaldehyde. 

Urotropin — hexamethylenamine. 

W.  A.   Bastedo. 
R.  J.  E.  Scott. 

Formanilide  (CeHjNH.COH)  occurs  in  colorless 
crystals.  It  melts  at  46°  C.  (115°  F.),  and  is  readily 
soluble  in  water,  alcohol,  glycerin,  and  oQs.  It 
is  antipyretic  and  analgesic  and  has  been  used  in 
doses  of  gr.  ij.  to  v.  (0.13  to  0.3  grams),  but  it  is  said 
to  depress  the  heart  and  produce  cyanosis.  It  is 
certainly  more  toxic  than  acetanilide,  probably 
owing  to  the  greater  ease  with  which  it  imdergoes 
hydrolysis.  Its  chief  employment  is  as  a  local 
anesthetic  in  two  per  cent,  solution. 

R.  J.  E.  Scott. 

Formic  Acid. — H.COOH.  Formic  acid  (also 
known  as  aminic  acid)  is  a  heavy,  colorless  fluid 
of  a  sharp,  sour  odor  and  taste,  soluble  in  all  pro- 
portions in  water,  alcohol,  and  glycerin.  It  may  be 
prepared  by  heating  oxalic  acid  with  glycerin.  It  is 
exceedingly  irritating,  producing,  when  applied  to 
the  skin,  redness,  blistering,  and  even  sloughing,  and, 
taken  internally,  ga.stroenteritis  and  bloody  urine. 
It  has  been  used  occasionally,  locally,  as  a  counter- 
irritant,  applied  diluted  with  an  equal  measure  of 
water.  Edward  Cuktis. 

R.  J.  E.  Scott. 

Formicidae. — .\nts.  This  family  of  hymenopter- 
ous  insects  secrete  a  venom  which  contains  formic  acid 
and  other  substances.  Their  bites  usually  cause  nothing 
more  than  local  irritation,  but  the  bites  of  some  trop- 
ical species  are  more  serious.     See  Insects,  Poisonous. 

A.  S.  P. 
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FolherKlll,  John 


Fort  Crawford  Mineral  Well. — Crawford  County, 
Wisconsin. 

Post-office. — Prairie  du  Chien.  Hotel  and  San- 
atorium. 

Access. — Via  Chicago  and  Burlington,  and  Chicago, 
Milwaukee  and  St.  Paul  Railroads.  Prairie  dn  Chien 
is  six  hours  from  Milwaukee,  Minneapolis  and  St. 
Paul,  seven  hours  from  Chicago,  three  hour.s  from 
Madison,  two  hours  from  La  Crosse  and  Dul)U(|ue, 
six  hours  from  Austin,  and  nine  hours  from  Des  Moines. 
The  town  is  one  of  the  oldest  in  the  State.  The  well 
from  wliich  the  mineral  water  is  obtained  was  bored 
in  187(3.  At  a  depth  of  996  feet  a  strong  flow  of  water 
was  encountered,  and  ever  since  there  has  been  a  con- 
tinuous stream,  .six  inches  in  diameter  and  having  a 
pressure  of  twenty  pounds  to  the  stpiare  inch.  The 
well  yields  about  40,000  gallons  per  hour.  By  means 
of  mains  and  h3-drants  it  furnishes  the  city  fire  depart- 
ment, and  affords  an  abundance  of  water  for  domestic 
purposes.  It  was  soon  learned  that  the  water  pos- 
sessed medicinal  qualities.  An  analysis  by  Professor 
Bode,  of  Milwaukee,  showed  the  following  results: 

One  Unhted  St.^tes  Gallon  Contains; 

Solids.  Grains. 

Calcium  bicarbonate 0 .  62 

Magnesium  bicarbonate 10.07 

Sodium  chloride 90.20 

Potassium  chloride 3.80 

Sodium  bromide 0. 13 

Sodium  sulphate 12.80 

Calcium  sulphate 15.38 

Iron  bicarbonate 0.23 

Podium  phosphate Trace. 

Sodium  bicarbonate Trace. 

Alumina 0.66 

Silica 3.84 

Organic  matter Trace. 

Total 138.63 

This  is  a  valuable  member  of  the  widely  useful  alka- 
line-saline class  of  waters.  It  closely  resembles  some 
of  the  Saratoga  waters  in  its  mineral  constituents, 
being,  however,  somewhat  milder  than  those  waters. 
Its  chief  effects  are  antacid,  laxative,  diuretic,  and 
tonic.  It  is  well  adapted  for  the  class  of  diseases  to 
■which  such  waters  are  applicable.  It  is  also  an  ex- 
cellent table  water,  and  is  used  commercially.  A  well- 
equipped  modern  sanatorium  with  ample  bathing 
facilities  is  conducted  in  connection  with  the  w-ell. 

E.MMA  E.  Walker. 


Fortoin,  or  methylene-dicotoin  [CH2(ChHiiO<)2)  is 
formed  by  the  action  of  formaldehyde  on  cotoin,  and 
occurs  in  yellow,  tasteless  crystals  or  powder  having  a 
cinnamon-like  odor.  It  is  insoluble  in  water,  slightly 
soluble  in  alcohol,  ether,  and  benzol,  and  readily  soluble 
in  chloroform,  acetone,  glacial  acetic  acid,  and  alkalies. 
It  has  been  used  as  a  substitute  for  cotoin  in  the  treat- 
ment of  dysentery  and  the  diarrhea  which  sometimes 
accompanies  phthisis.  The  dose  is  four  grains  (0.25 
gram).     It  is  free  from  the  sharp  ta.ste  of  cotoin. 

R.  J.  E.  Scott. 


Foster,  Frank  Pierce. — Dr.  Frank  P.  Foster  was 
born  in  Concord,  N.  H.,  November  2(i,  1S41,  and  was 
educated  in  the  public  school  of  that  town.  He 
attended  lectures  for  a  time  at  the  Harvard  Medical 
School,  but  later  came  to  New  York,  receiving  his 
degree  from  the  College  of  Physicians  and  Surgeons 
in  1862.  After  an  interneship  of  two  years  at  the 
New  York  Hospital  he  became  an  acting  assistant 
surgeon  in  the  U.  S.  Army,  and  at  the  close  of  the 
Civil  War  established  himself  in  general  practice  in 
this  city.  He  at  first  shoNved  a  leaning  toward 
dermatology,  but  later  directed  more  attention  to 
gynecology,  although  at  no  time  did  he  regard  himself 


in  the  liglit  of  any  other  than  a  general  practitioner. 
Prior  to  1870  vaccination  was  done  almost  wholly 
with  humanized  virus,  either  arm  to  arm  or  with 
scabs  softened  in  water.  Ob.serving  the  dangers  of 
this  practice  Dr.  Foster  urged  the  exclusive  use  of 
bovine  virus  and  with  the  .assistance  of  the  officials 
of  the  New  York  Dispensary  obtained  the  general 
adoption  of  that  method.  He  was  one  of  the  founders 
of  the  New  York  Derniatological  Society. 

It  was  as  an  erlitor,  however,  that  Dr.  Foster  was 
nio.st  widely  known.     His   early  training   in    EnElish 


Fig.  2518.— Frank  P.  Foster. 

and  the  humanities  in  the  Concord  High  School  gave 
to  his  mind  a  literary  bent  which  soon  led  him  into 
medical  journalism,  first  as  a  contributor  of  original 
communications  and  editorial  articles  to  the  Midirnl 
Record  and  other  journals,  and  later  as  editor  of  the 
New  York  Medical  Jounuil.  He  became  editor 
of  this  journal  in  .January,  1880,  serving  in  that 
capacity  for  over  thirty-one  years,  a  record  of 
profession.al  editorial  headship  surpassed  in  this 
country  only  by  Shrady,  who  was  editor  of  the 
Medical  Record  for  thirty-eight  years,  and  by 
Issac  Minis  Hays,  who  was  editor  of  the  American 
Journal  of  the  Medical  Sciences  for  fifty-nine  years. 
Dr.  Foster  was  also  editor  of  the  monumental 
"Encyclopaedic  Medical  Dictionary."  the  prepara- 
tion and  publication  of  the  four  volumes  of  which 
occupied  his  spare  time  for  twelve  years,  of  the  "  Refer- 
ence Handbook  of  Practical  Therapeutics"  in  two 
volumes,  of  ".\ppleton's  Medical  Dictionary," 
published  in  1904,  and  of  the  medical  terms  in  the 
"Standard  Dictionary."  For  several  years  he  was 
librarian  of  the  New  York  Hospital  Library,  until  that 
institution  was  discontinued  and  its  books  were 
transferred  to  the  librarj-  of  the  New  York  .\cademy  of 
Medicine.  During  the  years  1909-1(111  he  acted  as 
chairman  of  the  Committee  on  Nomenclature  of  the 
.\merican  Medical  .Association.  He  died  .\ugust  13, 
1911. 

Frank  Foster  was  a  man  of  high  ideals,  firm  in  his 
convictions  but  open-minded  aiid  charitable  toward 
others  whose  views  were  not  as  his;  a  man  of  culture, 
well  read  in  the  classics,  a  French  and  German  scholar, 
and  a  writer  of  pure  English.  T.  L.  .S. 

Fothergill,  John. — Born  at  Carr-End,  in  the 
County  of  Yorkshire,  England,  March  S,  1712.  .-Vfter 
studying  pharmacy  in  Bradford  he  went  to  Edinburgh, 
where  he  was  graduated  in  Medicine  in  1736.  Later 
he  continued  his  studies  in  Holland,  France,  and  Ger- 
many. On  his  return  to  England  he  began  practice 
among  the  poor  of  London.  Soon  after  he  began  his 
work  an  epidemic  broke  out,  giving  Fothergill  the 
opportunity,  through  the  successful  management  of 
his  cases,  of  establishing  himself  as  one  of  the  rising 
and  brilliant  therapeutists  of  the  day.  His  fame 
soon  spread  causing  the  medical  societies  of  London, 
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Fig.  2519. — John  Fothergill 


Edinburgh,  Paris,  and  Philadelphia  to  confer  honors 
upon  him.  With  fame  came  wealth,  so  that  he  was 
enabled  to  establish  a  home  at  Lee-Hall,  near  Ills  birth- 
place.    Here  he  died  on  December  26,  1780. 

Fothergill,  through  his  intense  interest  in  the  suf- 
ferings of  his  fellovvmen,  his  desire  to  aid  and  relieve, 
and  his  winnmg  personal- 
ity, coupled  with  his  ex- 
tensive knowledge  of  ther- 
apeutics, became  a  popular 
and  highly  thought  of 
physician.  He  won  not 
oni}'  the  respect  but  the 
love  of  his  patients.  His 
deep  interest  in  materia 
medica  and  therapeutics 
arose,  probably,  from  his 
great  knowledge  of  botany, 
and  he  has  been  recognized 
as  one  of  the  most  famous 
therapeutists  of  England. 
He  did  not,  however,  con- 
fine himself  to  any  one 
field,  and  his  versatility 
was  shown  by  his  contri- 
butions to  medical  litera- 
ture, the  chief  of  which 
were:  "The  Cure  of  Sciatica,"  "A  Hemiplegia  At- 
tended with  Dropsv,"  "Experiments  on  Mixmg  Oils, 
Winous  and  Pinguious  Substances  with  \\ater  by 
Means  of  a  Vegetable  Mucilage,"  and  "An  Essay  on 
the  Preservation  of  Shipwrecked  Manners. 

111.    Li.    J . 

Fountain  Park  Magnetic  Springs.— Champaign 
County,  Ohio. 

Post-office. — Fountain  Park.     Hotel  and  cottages. 

Access. — Via  Pennsvlvania  Railroad  (P.,  C,  C.  and 
St.  L.,  Indianapolis  Division).  The  hotel  is  within 
five  minutes'  drive  of  the  Fountain  Park  Station. 
The  location  is  thirtv-four  miles  west  of  Columbus  and 
twelve  miles  east  of  Urbana.  Fountain  Park  village 
■was  laid  out  in  1882  soon  after  the  discovery  of  the 
springs.  The  site  of  the  village  is  one  of  great  natu- 
ral attractiveness.  The  elevation  is  1,200  feet  above 
the  sea-level  and  the  surrounding  country  is  gently 
undulating.  The  hotel  and  cottages  are  located  in  a 
beautiful  tract  of  fortv-three  acres  in  which  are  numer- 
ous hills  surmounted  by  groves  of  deciduous  trees. 
Acme  stone  walks  and  driveways  have  been  laid 
around  the  hotel  grounds,  and  an  artificial  lake  of 
sufficient  size  for  boating  constructed.  The  large 
lawn  is  adapted  for  all  kinds  of  outdoor  sports  and 
games.  Brush  Lake,  one  mile  east  of  the  Park,  affords 
rare  attractions  to  the  piscatorially  inclined  visitor. 
The  waters  at  Fountain  Park  proceed  from  five  flow- 
ing wells.  The  largest  is  2,200  feet  in  depth  and  fills 
a  ten-inch  pipe  at  about  twenty-one  pounds'  pressure. 
Following  is  an  analysis  of  this  spring,  made  in  1892  by 
Prof.  E.  S.  Wayne,  "of  Cincinnati: 

One  Vnited  States  G.vllox  Contains: 

Solirls.  Grains. 

Sodium  chloride 13 .  64 

Calcium  chloride 4-22 

Magnesium  chloride 2. 12 

Potassium  sulphate 2  .  61 

Calcium  carbonate 26 .  24 

Magnesium  carbonate 11.41 

Iron  carbonate 0. 16 

Silica 0.24 

Organic  matter 0-39 

Total 61.03 

This  is  an  excellent  water  of  the  alkaline-saline- 
calcic  varietv.  The  presence  of  a  small  quantity  of 
carbonate  of  iron  will  prevent  debilitating  effects  on 


continuous  use.  The  water  has  been  found  valuable 
in  acute  and  chronic  rheumatism,  gout,  dyspepsia, 
and  diabetes.  Two  of  the  remaining  four  wells  were 
analvzed  in  189.5  by  Prof.  H.  A.  Weber  of  the  Ohio 
State  l'ni\ersity.  They  show  the  same  general 
characteristics  as  Spring  No.  '  (above).  There  is  an 
excellent  modern  hotel  in  the  Park.  It  contains 
well-equipped  bath-rooms,  under  the  charge  of  an 
experienced  physician.  Emma  E.  Walker. 

Fourth  Disease. — See  Roseola  Scarlatinosa. 

Fowler,  George  Ryerson. — Born  in  New  York, 
December  25,  1848,  he  was  graduated  from  the 
BeUevue  Hospital  Medical  College  in  1871.  After 
graduation  he  established  himself  in  practice  in 
Brooklyn  where  he  soon  acquired  the  reputation  of  a 
skilful  and  successful  operator.  He  was  surgeon  to 
the  Methodist  Episcopal  Hospital,  surgeon-in-chief  of 
the  Brooklyn  Hospital,  senior  surgeon  to  the  German 
Hospital,  "and  consulting  surgeon  to  St.  Mary's 
Hospital,  the  Relief  Hospital,  and  the  Norwegian 
Hospital.  He  was  examiner  in  surgery  of  the  New 
York  State  Board  of  Medical  Examiners.  During 
the  Spanish  War,  in  1898,  he  serv^ed  as  surgeon  of  the 
Third  Division  of  the  Seventh  Army  Corps  with  Gen. 
Fitzhugh  Lee.  Later  he  acted  as  consulting  surgeon 
and  chief  of  the  operating  staff  of  the  Seventh  .\rmy 
Corps,  accompanying  General  Lee  to  Havana.  He 
organized  a  system  of  hospitals  for  the  use  of  disabled 
soldiers. 

He  died  in  Albany,  February  6,  1906,  following  an 
operation  for  appendicitis,  with  which  disease  he  was 
seized  on  the  train  while  on  the  way  to  attend  the 
centennial  meeting  of  the  Medical  Society  of  the 
State  of  New  York. 

Dr.  Fowler  was  a  surgeon  of  repute  and  a  special 
student  of  abdominal  surgery.  He  was  the  writer  of 
an  authoritative  treatise  on  the  subject,  first  published 
in  1894,  and  in  a  revised  edition  in  1900.  He  was  also 
the  author  of  "A  Treatise  on  Surgery,"  Philadelphia, 
1906,  and  of  numerous  journal  articles  on  surgical 
topics.  .  T.  L.  S. 

Fox,  Tilbury. — Born  in  the  south  of  England  in 
1836.  He  was  the  son  of  a  physician  and  received  his 
degree  in  surgery  from  the  University  of  London  m 
1857.  He  became  House  Surgeon  at  the  General 
Lying-in  Hospital  at  Lambeth,  and  at  this  stage  of 
his  career  took  a  deep  interest  in  obstetrics,  writing 
a  paper  on  "Phlegmasia  Dolens"  and  one  on  "Puer- 
peral Fever."  He  occupied  the  post  of  Physician 
Accoucheur  to  the  Farringdon  Genera'  Dispensary. 
A  little  later  through  his  study  of  the  microscopic 
fungi  attacking  the  skin  and  hair,  he  became  so  in- 
terested in  dermatology  that  he  devoted  his  entire 
time  to  the  studv  and  practice  of  skin  diseases.  In 
1866  he  was  appointed  Physician  to  the  Skin  Depart- 
ment of  Charing  Cross  Hospital  and  soon  after  re- 
ceived the  same  appointment  at  the  University 
College  Hospital.  In  1869-70  he  delivered  the 
Lettsomian  Lectures  on  Eczema  in  London.  He  died, 
in  Paris,  on  June  7,  1879. 

Fox  enjoyed  the  distinction  of  becoming  one  of  the 
foremost  dermatologists  not  only  of  England,  but  of 
the  world.  When  he  entered  the  medical  profession 
dermatolog\'  had  not  received  the  attention  it  de- 
served, and"  it  is  due  largely  to  his  untiring  workand 
studv  that  it  has  attained  such  definite  recognition 
to-day.  He  contributed  much  to  dermatological 
literature,  his  first  work  on  skin  conditions  appearing 
in  1863,  entitled  "Skin  Diseases  of  Parasitic  Origin^ 
In  1864  his  "Treatise  on  Skin  Diseases'  was  pub- 
lished and  was  translated  into  French  and  Italian  and 
became  among  the  best  known  of  his  works.  During 
the  same  vear  he  published  a  paper  on  "Cholera  in  the 
East"  and  his  "Dermatology  of  Egj'pt."  He  re- 
edited  Willan's  "Atlas  of    Skin    Diseases"    in  lS/5. 
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Later,  together  with  another  well-known  physician, 
Dr.  Farquhar,  he  prepared  a  scheme  for  obtaining  a 
better  knowledge  of  the  endemic  skin  diseases  of 
India  for  the  India  Office,  which  work  obtained  a  per- 
manent recognition  in  the  Indian  Department.  He 
was  also  connected  editorially  with  the  Lancet. 

E.  L.  J. 

Foxglove. — See  Digitalis. 

Fracastori,  Qirolamo. — Hieronymus  Fracastorius, 
the  Latin  form  of  the  name  b\-  which  he  signed  his 
treatises,  was  born  in  Verona,  Italy,  in  1483.  Little 
is  known  of  his  life  beyond  the  fact  that  he  was  a 
scholar,  a  physician,  and  a  poet,  and  was  for  some 
years  professor  of  logic  at  the  University  of  Padua. 
His  reputation  rests  chiefly  upon  two  of  his  works.  He 
wrot«  a  celebrated  Latin  poem  of  marked  literary 
excellence  on  syphilis,  running  through  which,  almost 
buried  in  a  mass  of  mythological  allusions  we  find  a 
fanciful  theory  of  its  causation,  a  good  clinical  de- 
scription of  the  disease,  and  praise  of  the  remedial  vir- 
tues of  mercury  and  especially  of  guaiac.  This  is  the 
first  writing  we  have  in  which  the  wordsj-philis  is  ap- 
plied to  the  disea.se.  The  author  derives  it  from  the 
name  of  a  shepherd,  Syphilus,  who  tended  the  flocks 
of  King  Alcithous.  The  god  Sirius  caused  a  torrid  heat 
to  fall  upon  the  earth  which  slew  many  of  the  herd. 
Angered  by  the  loss,  S^^jhilus  cursed  Sirius,  overthrew 
his  altar,  and  sacriticed  to  Alcithous  instead.  The  god, 
incensed,  visited  the,  earth  with  a  dire  plague  the  pro- 
fane shepherd  being  the  first  victim.  Of  greater 
medical  value  was  Fracastori 's  treatise  on  "Contagion 
and  Contagioas  Diseases,"  the  publication  of  which 
marked  a  distinct  advance  in  epidemiology.  In  it  he 
formulated  the  doctrine  of  contagion  (noting  the  pos- 
sible agency  of  flies  in  the  transmission  of  disease)  and 
also  distinguished  the  group  of  typhous  diseases  from 
the  other  malignant  infections,  including  the  plague. 
Fracastori  died  in  or  near  Verona  on  August  8,  1.5.")3. 

Of  the  works  of  Fracastorius  the  following  are 
known:  "Syphilidis,  sive  de  morbo  gallico,  libri  tres," 
1530:  "Di  vini  temperatura,"  1.5.54:  "De  sympathia 
et  antipathia  rerum,"  1546:  "De  contagione  et  con- 
tagiosis  morbis  eorumque  curatione,  libri  tres,"  1546. 
His  collected  works  were  published  in  Venice  after  his 
death,  in  1555.  T.  L.  S. 


Fractures. — Classification  and  Definition. — 
For  convenience  in  describing,  and  as  an  aid  in  under- 
standing the  exact  lesions  occurring  in  fractures  of 
the  bones  it  is  important  to  separate  them  into  cate- 
gories based  upon  the  characteristics  which  the 
various  bone  fractures  are  found  to  possess.  A  most 
practical,  and  at  the  same  time  comprehensive  class- 
fication,  is  one  which  we  adopt,  with  slight  modifi- 
cations, from  the  chapter  on  Fractures,  by  Eisendrath, 
in  Keen's  Surgery. 

Seven  categories  are  here  distinguished: 

I.  According  to  their  degree,  into  complete  and 
incomplete  or  partial  fractures,  the  latter  including 
fissures,  green-stick  fractures,  depressions,  subperios- 
teal fractures,  and  the  separation  of  a  splinter  or  an 
apophysis. 

II.  "According  to  the  direction  of  the  line  of  frac- 
ture, into  transverse,  longitudinal,  oblique,  spiral, 
comminuted,  impacted  fractures,  and  compression 
or  crushing  fractures. 

III.  .According  to  their  location  in  the  bone,  into 
fractures  of  the  shaft,  which  may  in  turn  be  more 
specifically  described  as  fractures  of  the  upper,  of  the 
middle,  or  of  the  lower  thu-d,  or  may  be  named  with 
reference  to  the  adjacent  portions  of  the  upper  or 
of  the  lower  end  of  the  bone,  as  subtrochanteric, 
supracondylar,  supramalleolar  fractures,  etc.,  and 
fractures  at  the  ends  of  the  bones,  the  latter  receiving 
the  name  of  the  part  which  the  fracture  transverses, 


Fl<;.  2  JJU, — C"uinpk-to 
Fracture  of  Both  Bones 
of  the  Leg  High  Up. 


e.g.  fractures  of  the  neck,  of  a  tuberosity,  of  a  process, 
of  a  confiyle,  etc.  In  this  same  category  are  included 
epiphyseal  separations  and  articular  fractures,  the 
latter  being  distinguished  into  intraarticular  frac- 
tures, ju.xtaarticular  fractures,  and  articular  fractures 
proper. 

IV.  According  to  their  etiologj',  into  pathological 
(spontaneous)  fractures,  fractures  by  mu.scular  action 

and  fractures  by  external  vio- 
lence (traumatic  fracturesj. 
Fractures  by  external  violence 
may  in  turn  be  advantageously 
placed  in  two  groups,  (a)  those 
in-  direct  violence,  including 
gunshot  fractures,  compression 
fractures  and  crushing  fractures, 
and  (b)  tho.se  by  indirect  vio- 
lence, including  fractures  by 
direct  thrust,  fractures  by  avul- 
sion (par  arrachement),  frac- 
tures by  torsion,  infractions  or 
fractures  by  bending  and  frac- 
tures by  leverage. 

V.  According  to  their  relation  to  the  overlying  skin, 
into  open  and  closed  fractures,  the  older  terms  being 
respectively  compound  and  simple  fractures. 

VI.  According  to  the  number  of  fragments,  into 
single  and  multiple  fractures. 

VII.  According  to  the  involvement  in  the  lesion 
of  important  structures  adjacent  to  the  fractured 
bone,  into  complicated  and  uncomplicated  fractures. 

Complete  and  Incomplete  Fractures. — Our  first  divi- 
sion of  fractures  was  into  complete  fractures  and  those 
that  were  incomplete  or  partial.  -A  complete  fracture 
is  one  which  separates  the 
bone  into  two  or  more  frag- 
ments, where  the  line  of  frac- 
ture separates  the  whole  of 
the  head  (or  of  its  analogous 
part)  or  of  the  base  (or  of  its 
analogous  part)  from  the  rest 
of  the  bone.  Where  the  line 
of  fracture  is  such  as  to  split 
off  from  the  bone  less  than 
this,  the  fracture  is  termed  a 
partial  or  incomplete  fracture. 

Incomplete  or  partial  frac- 
tures include  fissures  or  cracks 
in  the  bone  without  apprecia- 
ble separation  of  the  fractured 
surfaces.  Such  fissures  are 
common  in  the  bones  of  the 
skull,  they  are  met  likewise, 
occasionally,  in  the  tibia, 
where  the  general  longitudi- 
nal direction  of  the  fissures 
indicates  that  the  fracture 
was  occasioned  by  a  direct 
thrust,  which  lacked,  how- 
ever, the  degree  of  force 
necessary  to  proauce  a  com- 
plete fracture.  .Aside  from 
the  bones  of  the  skull,  fissures 
are  most  frequently  seen  as  a 
continuation  beyond  the  site 
of  complete  fracture  of  the 
general  lines  along  which  a 
complete  fracture  has  taken 
place;  under  this  guise  fissures 
are  not  infrequent  accompani- 
ments of  or  additions  to  gunshot  fractures. 

Green-stick  Fractures  (InJ1eiure.'<). — Another  form  of 
incomplete  or  partial  fracture  is  the  so-called  "green- 
stick"  fracture.  To  this  form  of  partial  fracture  the 
term  "infraction"  has  been  rather  loosely  and  care- 
lesslv  applied.  The  word  "infraction"  indicates 
properlv  the  mode  or  method  by  which  green-stick 
fractures  are  brought  about,  namely,  by  a  bending  or 
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Fig.  2321 . — Incomplete 
Fracture  of  the  Tibia.  Frac- 
ture of  the  Internal  Con- 
dyle. This  shows  the  char* 
actoristics  of  a  fracture  by 
direct  thrust  (from  a  fall 
from  a  height,  landing  on 
the  feeti  in  the  relativelj* 
slight  divergence  of  t  he 
fracture  line  from  the  axis 
of  the  bone.  This  is  like- 
wise a  complicated  fracture, 
in  that  the  line  of  fracture 
enters  the  knee-joint.  It  is 
also  an  articular  fracture 
proper.     (Stimson.) 


Fractures 
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"buckling"  of  the  bone  beyond  its  limits  of  elasticity, 
but  its  connotation  does  not  imply  any  indication  of 
the  degree  of  fracture,  whether  complete  or  incom- 
plete. A  green-stick  fracture  then  is  a  fracture 
brought  about  by  the  process  of  "infraction"  or  bend- 
ing of  the  bone,  generally  by  what  is  termed  "buck- 
ling," through  a  direct  thrust.  It  is  met  most  fre- 
ciuently  in  the  forearm  and  in  the  clavicle,  in  either 


Fig.  2522. — Fissures  of  the  Cranium. 

case  a  consequence  of  a  fall  upon  the  hand,  and  it  is 
the  common  form  of  fracture  of  the  ribs.  It  is  seen 
exclusively  in  children,  generally  below  the  age  of 
twelve  years.  A  suitable  scientific  name  for  the 
colloquial  "green-stick  fracture"  would  be  an  "in- 
flexure." 

Depressions. — Depressions  are  fractures  involving 
a  limited  portion  of  the  cortical  layer  of  the  bone 
which  is  driven  down,  always  by  direct  violence, 
into  the  spongy  layer  underneath.  Such  fractures 
are  seen  most  frequently  in  the  skull. 

iSubperioslenI  Fractures. — Subperiosteal  fractures 
occur  most  commonlv  in  the  lower  end  of  the  femur 


Fig.  252.3.- 


-Fissures  Accompanying  Gunshot  Fracture  of  the 
Tibia. 


and  in  the  lower  end  of  the  tibia  and  fibula,  as  a  com- 
plication of  a  sjirained  knee  or  of  a  sprained  ankle 
respectively.  Subperiosteal  fracture  of  the  lower  end 
of  the  femur  is  especially  prone  to  occur  where  a  limb 
has  been  for  a  long  time  immobilized,  as  for  hip- 
joint  disease,  and  a  consecutive  atrophy  of  the  bone 
has  followed  from  disuse.  Their  importance  lies 
in  the  fact  that  if  unrecognized  and  if  untreated  (by 


Fig, 


-Greenstick  Fracture  (Inflexure)  of  the  I'orcarm. 
(Internat.  Textbook  of  Surgery.) 


proper  immobilization) 
throughout  a  sufficient 
length  of  time  to  allow  com- 
plete knitting  of  the  bone, 
such  static  deformities  as 
knock-knee  or  flat-foot,  of 
a  severe  and  intractabli> 
tjTDe,  may  follow.  Tlie 
lesion  is,  as  the  name  suii- 
gests,  a  fracture  of  the  boin', 
usually  transverse,  without 
laceration  of  the  periosteum, 
and  consequently  with 
minimal  or  no  displacement 
of  the  fragments. 

The  i-ray  has  demon- 
strated the  occasional  oc- 
currence of  subperiosteal 
fractures  in  the  shaft  of  the 
long  bones. 

Separation  of  a  Splinlcr  nr 
of  an  Apophysis. — The  con 
eluding  class  of  partial  or 
incomplete  fractures  was 
that  involving  the  separa- 
tion of  a  splinter  or  of  an 
apophysis.  Such  fractures 
can  obviously  occur  only 
about  the  articular  ends  of 
the  bones.  The  splitting  off 
of  a  splinter,  aside  from  frac- 
tures by  direct  violence,  e.g. 
gunshot  fractures,  occurs, 
with  the  single  exception  of 
the  lower  end  of  the  tibia, 
only  as  the  result  of  direct 
thrust  in  the  longitudinal 
axis  of  the  bone. 

Separation  of  an  apophy- 
sis, except  as  included  in  the 
splitting  off  of  a  fragment  as 


Fig.  2525. — Fracture  of  the 
Ulna,  Complete  but  with  Pre- 
servation of  the  Periosteum  on 
tile  Concave  Side  of  the  An- 
gulation. This  type  of  frac- 
ture, as  there  is  no  displace- 
ment but  angulation  and  as  the 
fragments  are  not  movable  on 
one  another,  is  frequently  mis- 
taken for  a  true  "green-stick" 
fracture  which  is  a  much  rarer 
lesion.  (Drawn  from  an  j-ray 
by  Seudder.) 
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above  described,  is  generally  the  result  of  strain  on  an 
attached  tendon  or  a  ligament.  .Such  fractures  are 
known  as  avulsion  fractures,  or  fractures  "par  arraclic- 


FlG.  2526. — Subperiosteal  Fracture  of  the  Femur  after  Atrophy 
from  Long  Immobilization.     (Case  of  Dr.  C.  A.  Henze.) 

ment."  The  avulsed  fragment  frequently  carries  with 
it  but  a  thin  shell  of  bone.  Common  examples  are 
fractures  of  one  or  of  both  of  the  tuberosities  of  the 
humerus  and  fractures  of  the  tubercle  of  the  tibia. 

According  to  the  direction  of  the  line  of  fracture, 
fractures,  as  we  have  seen,  are  classed  as  transverse, 
longitudinal,  etc.  A  trans- 
verse fracture  is  one  where 
the  direction  of  the  line  of 
fracture  does  not  vary  more 
than  ten  or  fifteen  degrees 
from  that  of  the  transverse 
axis  of  the  bone.  This 
variety  of  fracture  is  en- 
countered most  frequently 
in  'the  short  bones.  When 
it  does  occur  in  the  shaft  of 
the  long  bones  it  is  generally 
the  result  of  "infraction," 
i.e.  it  is  brought  about  by  a 
bending  of  the  bone  beyond 
its  limits  of  elasticity. 
Transverse  fracture  by 
"infraction"  is  sometimes 
seen  in  the  bones  of  the 
forearm,  under  conditions 
which  in  children  would  give 
rise  to  a  green-stick  fracture. 
Longitudinal  Fractures. — 
Longitudinal  fractures  be- 
long to  the  greatest  of  surgi- 
cal rarities.  They  are  the  exact  opposite  of  transverse 
fractures,  in  that  they  run  parallel,  or  nearly  so  to 
the  longitudinal  axis  of  the  bone;  they  are  caused  by  a 


Fig.  2.527. — Fracture  of  the 
Internal  Condyle  of  the  Femur, 
from  a  Fall  on  the  Knee. 
(Stimson.) 


fracturing  force  acting  likewise  in  a  longitudinal  direc- 
tion, i  e.  by  a  direct  thrust. 


Fig.  2528  — Separation  of  the  Greater  Tuberosity  of  the  Humerus 
iScudder.) 

Oblique  Fractures. — Oblique  fractures  are  those 
most  commonly  seen  in  the  shaft  of  the  long  bones. 
The  name  alone  suffices  to  define  them  as  intermediate 


Fig.  2529. — Spiral  Fractures  of  ;bo  Humerus,     (.\ftcr  Mcnk.) 

in  direction  between  longitudinal  fractures  and  trans- 
verse  fractures.     They   are   not    conjmonly    caused, 
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Fig.  2530. — CoriuiiinutoJ 
Fracture  of  the  Lower  End 
of  Humerus  from  a  Fall  on 
the  Elbow.     (Bryant.) 


by  a  single  force  acting  in  an  oblique  direction,  after 
the  manner  in  which  transverse  fractures  are  caused 
by  a  single  force  acting  in  a  transverse  direction,  and 
a  longitudinal  fracture  is  caused  by  a  direct  thrust, 
though  this  mode  of  occur- 
rence is  occasionally  observed 
in  fractures  by  direct  violence, 
but  oblique  fractures  are  gen- 
erally caused  by  two  forces 
acting  simultaneously,  one  in 
a  transverse  direction  (the 
"shear")  and  the  other  in  a 
longitudinal  direction  (the 
"thrust"),  i.e.  by  the  action 
of  a  "mechanical  couple." 

Spiral  fractures  are  like- 
wise common  in  the  .shaft  of 
the  long  bones.  They  occur 
when  an  element  of  torsion  is 
added  to  that  of  "shear"  and 
"thrust"  in  the  forces  occa- 
sioning a  fracture. 

Commiiutled  Fractures. — Comminuted  fractures  are 
those  where  the  bone  is  broken  into  more  than  two 
fragments,  though  the  term  is  generally,  and  prop- 
erly, restricted  to  those  cases  where  the  lines  of 
fracture  are  continuous  with  each  other.  Where  this 
is  not  the  case  and  the  bone,  as  occasionally  happens, 
is  broken  at  more  than  one  place 
and  the  lines  of  fracture  are  not 
continuous,  the  lesion  is  more 
properly  spoken  of  as  a  multiple 
fracture  of  the  bone  in  question. 
Comminuted  fractures  are  most 
commonly  caused  by  direct  vio- 
lence at  the  point  of  fracture. 
When  caused,  as  they  some- 
times are,  by  indirect  violence, 
the  fracturing  force  must  have 
been  very  much  more  consider- 
able than  would  have  sufficed 
to  bring  about  a  simple  fracture 
at  the  site  of  the  break.  As  a 
rule  the  degree  of  comminution 
is  roughly  proportional  to  the 
Eiomentum  of  the  fracturing 
force.  This  application  of  a 
great  degree  of  violence,  carry- 
ing with  it  almost  necessarily 
a  considerable  amount  of  injury 
to  the  adjacent  soft  parts,  to- 
gether with  the  difficulties  at- 
tending proper  reduction  and 
retention  in  these  ca.ses,  makes  a 
comminuted  fracture  one  of 
much  more  gravity  than  one 
where  the  bone  is  broken  into 
but  two  fragments. 

Im  pacled  Fractures. — Impacted 
fractures  are  those  where  the 
strong,  irregular  projecting  por- 
tions of  the  cortex  of  one  frag- 
ment are  driven  forcibly  into  the 
cancellous  tissue  of  the  adjacent 
fragment.  Such  fractures  are 
found  almost  exclusively  at  the 
ends  of  the  long  bones.  From 
the  fact  that  the  cortical  layer 
of  the  shaft  is  generally  much 
stouter  than  that  of  the  articu- 
lating ends,  it  follows  that  it  is 
generally  the  portions  of  the  cor- 
tex which  remain  in  connection 

with  the  shaft  that  penetrate  the  spongy  portion  of 
the  articular  extremity,  though  owing  to  the  frequent 
angular  or  rotary  displacement  of  the  fragments  the 
cortical  portion  of  the  articular  end  is  sometimes 
forced  into  the  cortical  portion  of  the  shaft  or  into  the 
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Fig.  2531. — Extensive 
Comminution  of  Both 
Bones  of  the  Leg  due  to  a 
Runover  -\ccident.  (v. 
Bruna:   Bull.) 


medullary  canal.  In  fractures  of  the  shaft  of  the  long 
bones  it  occasionally  happens  that  the  adjacent  ex- 
tremities of  tlie  fragments  are  irregularly  serrated  or 
dcntated  and  that  these  serrations  or  dentations  inter- 
lock in  a  way  to  offer  a  great  obstacle  to  reduction, 


Fio.  2532. — Impaction  of  the  Cortex  of  the  Shaft  of  the  Humerus 
into  the  Spongy  Portion  of  the  Upper  End.     (.Stimson.) 

this  is,  however,  not  a  true  impaction  in  most  cases, 
as  the  fragments  are  not  driven  one  into  the  other,  as 
the  term  impaction  properly  implies.  Such  a  condi- 
tion of  interlocking  may  be  spoken  of  as  a  "partial 
impaction." 

Compression  Fractiires. — Compression  and  crush- 
ing fractures  are  entitled  to  a  separate  clinical  classi- 
lication,  though  a  sharp  line  of  differentiation  can 
perhaps  hardly  be  drawn  between  them.  Compress- 
ion fractures  proper  occur  chiefly  in  the  tarsal  bones 
from  falling  or  leaping  from  a  height  and  landing  on  the 


Fig.  2533. — Impacted  Fracture 
of  the  Base  of  the  Neck  of  the 
Femur.  The  resistant  arch  of 
Adams  is  driven  into  the  trochan- 
teric mass  till  it  impinges  on  the  ex- 
ternal cortical  layer.     (Stimson.) 


Fig.  2534. — Compression 
Fracture  of  the  Shoulder. 
The  mass  of  the  tuberosities 
is  driven  like  a  wedge  into 
the  spongy  bone  by  a  fall 
directl.v  on  the  shoulder. 
This  is  an  example  of  Y- 
fracture.     (Bryant.) 


sole  of  the  foot,  and  in  the  upper  part  of  the  humerus 
from  a  direct  blow  upon  the  shoulder. 

Crushiyig  Fractures. — Crushing  fractures,  on  the 
other  hand  are  not  limited  to  any  part  of  the  skeleton. 
They  are  caused  by  the  impact  of  massive  and  heavy 
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bodies,  compressing  tlie  bones  against  the  ground  or 
against  some  other  massive  body.  Suoli  injuries  are 
seen  in  railway  acci<lents,  and  particularly  in  naval 
warfare,  they  result  from  accidents  about  heavy 
machinery  and  in  being  run  over  by  cartwheels  or 
heavy   vehicles.     Their   extreme   form,    in    which   a 


Flu.  2535.      Cru.^hniji   Fracture  uf   tliu  < 's  C'alcid. 
troiu  x-ray  figure  by  Scudder.) 


l,Dr:iuiiiK 


limb  is  completely  severed  from  the  body,  is  known  as 
a  "traumatic  amputation."  From  this  the  scale 
descends  to  the  crushed  fingers  caught  in  drop-presses 
of  the  lighter  type,  and  blows  upon  the  finger  with  a 
hammer.  The  degree  of  comminution  in  these  frac- 
tures is  often  extreme,  and  the  grave  injury  to  the  ad- 
jacent soft  parts  often  precludes  any  reasonable  treat- 
ment short  of  amputation.  A  well  recognized  at- 
tribute of  injuries  of  this  description  is  the  extreme 
degree  of  "shock"  which  generally  attends  them. 

E/nphyseolysis. — Epiphyseal  separation  (epiphyseo- 
lysis)  can  occur  only  during  that  period  of  life  when 
the  epiphyseal  cartilages  are  still  extant,  and,  further- 
more, we  may  judge  from  available  statistics  that  this 
lesion  is  unlikely  to  occur  until  the  period  when  the 
epiphysis  itself  has  undergone  tolerably  complete  ossi- 
fication. During  infancy  and  early  childhood,  up  to 
about  the  eighth  year,  the  epiphyses  together  with  the 


Fig.  2536. — Separation  of  the  Upper  Epiphysis  of  the  Huniercs, 
the  Most  Common  Epiphyseolysis.  Note  the  cup-shape  of  the 
epiphysis  and  the  somewhat  pointed  end  of  the  diaphysis.  Not;' 
also  the  periosteum  attached  posteriorly.  (,\fter  a  sketch  by  Cot- 
ton from  an  x-ray.) 

epiphyseal  cartilages  form  so  elastic  and  yielding  a 
mass  that  their  fracture  and  separation  from  the  dia- 
physis are  rarely  observed.  After  the  age  of  twenty- 
one  years  the  epiphyses  are  all  so  firmly  consolidated 
with  the  diaphyses  that  epiphyseolysis  becomes  an 
impossibility,  save  in  some  exceptional  cases  of  delayed 


ossification.  The  separation  of  an  epiphysi-s  i.s  analo> 
gous  to  a  transverse  fracture  of  the  bone,  but  to  a 
transverse  fracture  where  a  tran.sverse  line  of  lessened 
resistance  permits  of  a  transverse  fracture  under  con- 
ditions which  in  the  aflult  bone  would  give  ri.se  to  an 
obli(|uc  or  to  a  spiral  fracture.  This  form  of  fracture 
is  produced  either  by  a  force  acting  transversely  or  by 
a  shear  and  a  thrust,  where  the  elr>ment  of  shear  con- 
siderably ])redominates.  Although  the  line  of  such 
fractures  follows  substantially  the  junction  of  the 
epiphyseal  cartilage  with  the  diaphysi.s,  yet  it  is  quite 
excejjtional  to  .see  a  clean  separation  in  this  plane; 
much  nujre  frequently  an  irregular  fragment  of  the 
diai)hysis  will  be  torn  away  and  will  maintain  its 
connection  with  the  epiphj'sis. 

Iiilrdarliruliir  Frnrluriii.—Ari.'wn\aT  fractures  are 
dividcfl  into  intraarticular  fractures,  juxtaarticular 
fractures  and  articular  fractures  proper.  .An  intra- 
articular fracture  is  one  in  which  the  line  of  fracture 
lies  entirely  within  the  joint  capsule.  Such  fractures 
mav  be  produced  by  a  flirect  blow  upon  the  region  of 
the  joint  or  by  direct  thrust  of  moderate  severity  when 
the  thrust  is  combined  with  a  certain  element  of 
torsion.  Such  fractures  may  have  been  originally 
incomplete  .separations  of  su|)erficial  chips  of  the  ar- 
ticular surfaces,  i.e.  mere  fissures  loosening  up  rather 
than  comi)letely  detaching  a  scale  of  bone  covered 
with  articular  cartilage.  Later  on,  a  slowly  progres- 
sive rarefying  osteitis  (osteitis  dissecans)  along  the 
course  of  the  fissure  inaugurated  by  such  a  trauma, 
the  mild  infiammatory  process  being  essentially  due 
to  lack  of  immobilization  and  of  sufficiently  protracted 
rest  after  the  original  injury,  is  considered  by  compe- 
tent observers  to  be,  in  many  cases,  responsible  for  the 
loosening  of  these  bony  fragments  from  their  bed. 
The  knee-joint  is  not  infrequently  the  site  of  intra- 
articular fractures  of  this  description,  and  their  im- 
Iiortance  lies  in  this,  that  the  fragment  separated  from 
the  femoral  condyle,  or  less  fretjuently  from  the  tibial 
head,  ma.v  fail  to  become  reunited  to  the  rest  of  the 
bone,  and  may  eventually  become  displaced  from  its 
proper  relations  and  become  loose  within  the  joint- 
cavity  as  a  free  foreign  body,  called  by  the  Germans  a 
"Gelenkmaus."  When  removed  by  operation,  the 
loose  bodies  are  often  found  to  correspond  roughly  in 
shape  with  obvious  defects  in  the  articular  ends  of  the 
adjacent  bones.  The  occasional  occurrence  of  such 
free  foreign  bodies,  distinct  in  nature  from  the  so-called 
"rice-bodies,"  which  have  been  shown  to  be  due,  for 
the  most  part  to  an  infectious  (generally  a  tuberculous) 
process  in  the  synovial  fringes,  in  the  ell)ow  and  rarely 
in  still  other  joints  of  the  body,  intlicatcs  that  all  these 
several  joints  are  obnoxious  to  intraarticular  fractures. 
Two  facts  are  worthy  of  notice  with  regard  to  these 
singidar  fractures.  First,  the  amount  of  trauma  re- 
quired to  initiate  the  process  of  the  formation  of  free 
foreign  bodies  within  the  joints  is  often  very  incon- 
siderable, so  slight  in  fact  as  in  many  cases  to  escape 
the  memory  of  the  patient.  Secondly,  an  interval, 
commoidy  of  months,  sometimes  of  years  may  elapse 
between  the  receipt  of  the  trauma  and  the  appearance 
of  the  so-called  "internal  derangement"  of  the  joint. 

J u.rla(ir(icular  Frarlurcs. — .Juxtaarticular  fractures 
are  those  where  the  line  of  fracture  runs  in  close 
proximity  to  the  joint,  but  does  not  trespass  upon  it. 
The  commonest  cause  of  these  fractures  is  forced  ex- 
tension or  forced  llexion  of  a  ginglymoid  joint.  Their 
special  importance  lies  in  the  ditficultics  of  reposition 
and  retention  of  the  fragments  and  in  the  interference 
with  joint  function  which  follows  even  a  moderate  de- 
gree of  maluuion. 

Arliculnr  Fracliires  Proper. — .Vrticular  fractures, 
projjerly  so  called  are  such  as  have  a  line  of  fracture 
partly  within  and  partly  without  the  jomt  capsule. 
These  fractures  are  much  more  common  than  either 
intraarticular  or  juxtaarticular  fractures.  The  open- 
ing of  the  joint  capsule  of  itself  adds  considerably  to 
the  severity  of  an  articular  over  a  juxtaarticular  frac- 
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ture,  because  the  joint  effusion  is  more  considerable 
nrid  is  of  a  liemorrhagic  cliaracter,  nialcing  it  more 
difficult  of  absorption  than  the  simpler  joint  effusion 
attending  a  juxtanrticular  fracture;  there  is  also  greater 
liability  to  contracture  of  the  capsule,  which  in  articu- 
lar fractures  is  rent  and  lacerated  instead  of  being 
merely  stretched  or  strained,  and  such  capsular  rents 
and  lacerations  are  apt  to  heal  with  disabling  cicatri- 
cial contractions  hindering  greatly  the  proper  move- 
ments of  the  joint.  These  disadvantages  pertaining 
to  articular  fractures,  to  which  must  be  added  the 
same  difficulty  in  the  fixation  of  small  fragments, 
which  is  present  in  juxtaarticular  fractures,  are  very 
considerably  increased  when  the  line  of  fracture  not 
only  enters  the  joint  cavity,  as  delimited  by  the  capsule 
but  actually  crosses  a  part  of  the  articulating  surface. 
In  this  case  there  is  a  coincident  fracture  of  the  articu- 
lar cartilage  and  this  is  accompanied  with  a  certain 
loss  of  substance  which  is  never  filled  in  with  cartil- 
aginous material,  and  this  cleft  in  the  cartilage  will 
always  remain  as  an  unevenness  in  the  joint  which  will 
correspond  with  some  reciprocal  deformity  on  the 
opposed  articvdar  surface.  The  most  important  se- 
quel of  articular  fractures,  is  however,  the  manner  in 
which  want  of  proper  alignment  of  the  fragments, 
even  if  slight,  will  interfere  with  the  proper  play  of  the 
joint.  On  this  account  it  is  always  well,  when  we 
cannot  be  sure  that  we  have  secured  exact  reposition, 
to  adapt  the  position  of  the  fragments  to  the  require- 
ments of  the  joint  by  passive  motion  instituted  before 
full  consolidation  of  the  bone  has  taken  place,  and 
earlier  than  we  should  ordinarily  commence  it  in  other 
classes  of  fracture. 

Pathological  pyactures. — Fractures  are  divided  ac- 
cording to  their  etiology  into  pathological  (spontane- 
ous) fractures,  fractures  by  muscular  action,  and  frac- 
tures by  external  violence  (traumatic  fractures). 

A  pathological  fracture  is  one  which  is  caused  in 
bones  which  are  wasted  by  intrinsic  disease,  eroded 
by  the  pressure  of  an  aneurysm  or  substituted  by  the 
cells  of  a  neoplasm,  by  such  minimal  external  violence, 
as  for  instance  turning  over  in  bed,  that  the  fracture 
may  appear  to  be  spontaneous.  It  is  noteworthy  in 
regard  to  many  of  these  pathological  fractures  that 
they  take  place  almost  or  quite  without  pain. 

Fractures  by  Muscular  Action. — Fractures  by  mus- 
cular action  are  rare,  with  the  exception  of  fractures 
par  arrachement  (avulsion  fractures)  which  are  met 
not  very  frequently  in  the  patella,  the  olecranon  proc- 
ess of  the  ulna  and  the  tuberosities  of  the  humerus, 
of  the  tibia  and  of  the  os  calcis.  They  occur  gener- 
ally as  the  result  of  the  torsion  of  a  limb  against  re- 
sistance. The  humerus  offers  more  than  twice  as 
many  examjjles  of  fracture  by  muscular  action  than 
all  other  bones  of  the  body  together. 

Fractures  by  Direct  Violence. — Fractures  by  external 
violence  (traumatic  fractures)  are  divided  into  frac- 
tures by  direct  and  by  indirect  or  transmitted  violence. 

In  fractures  by  direct  violence  the  fracturing  force 
impinges  directly  upon  the  bone,  being  modified  in  its 
effects  by  the  more  or  less  substantial  and  elastic  inter- 
vening cushion  of  soft  parts.  There  are  certain  phe- 
nomena which  fairly  regularly  characterize  these  frac- 
tures. In  the  first  place  the  fracture  will  occur  di- 
rectly at  the  place  where  the  force  is  applied;  secondly 
such  fractures  occur  most  often  where  the  overlying 
soft  parts  are  thin,  e.g.  the  head  of  the  humerus,  the 
shaft  of  the  tibia  or  of  the  ulna;  thirdly,  such  fractures 
are  almost  invariably  comminuted  fractures,  and  the 
degree  of  comminution  is  sensibly  projiortional  to  the 
momentum  of  the  fracturing  force  at  the  point  of 
impact. 

A  direct  force,  when  of  moderate  intensity,  imping- 
ing on  the  shaft  of  a  long  bone,  in  a  plane  perpendicu- 
lar to  its  axis,  occasions  a  very  characteristic  fracture 
of  the  underlying  bone,  tending  to  the  type  represented 
in  Fig.  2.5;57  where  a  wedge-shaped  piece  is  burst  out 
of  the  shaft  of  the  bone,  with  its  base  at  the  region  of 


impact  and  its  apex  away  from  the  same.  With 
greater  force  applied  this  wedge  tends  to  break  up  into 
subsidiary  wedges  having  their  bases  toward  and  their 
apices  remote  from  the  region  of 
impact.  This,  be  it  noted,  is 
only  the  tj'jje  which  these  frac- 
tures tend  to  assume,  the  vary- 
ing thickness  and  strength  of 
different  portions  of  the  cortex, 
the  nearness  of  the  epiphyseal 
cartilage,  of  the  nutritive  and 
other  foramina,  as  well  as  many 
other  factors  will  of  course  influ- 
ence the  lines  of  fracture. 
TJevertheless,  these  will,  be  it 
again  emphasized,  be  almost  in- 
variably multiple  and  will  show 
characteristic  cuneiform  frag- 
ments. 

This  tendency  to  multiple 
comminution  becomes  still  more 
marked  when  the  momentum  of 
tlie  direct  violence  is  greater,  as 
in  gunshot  fractures,  though  the 
high-velocity  modern  jacketed 
rifle-ball,  at  medium  ranges  may 
perforate  without  fracturing  the 
bone. 

Though  it  is  not  our  purpose 
to  treat  particularly  of  gunshot 
fractures,  we  may  point  out 
here  that  a  portion  of  the  mo- 
mentum of  the  original  missile 
is  imparted  to  each  of  the  sub- 
sidiary fragments  in  a  gunshot 
fracture,  and  that  each  fragment 
may  act,  to  a  certain  degree,  as 
a  "secondary  missile,"  tearing 
its  way  along  divergent  lines, 
thereby  occasioning  the  exten- 
sive laceration  and  pulpification 
of  the  adjacent  soft  parts  which 
are  characteristic  of  these  gun- 
shot lesions.  It  is  in  part  the  action  of  these 
"secondary  missiles,"  along  lines  divergent  from  the 
point  of  impact,  which  causes  the  wound  of  exit  of  a 
perforating  gunshot  wound  to  be  so  much  larger  and 
more  considerably  lacerated  than  the  wound  of  en- 
trance. 

The  remaining  forms  of  frac- 
ture by  direct  violence,  namely, 
compression  fractures  and 
crushing  fractures  have  already 
been  defined  and  described  in 
considering  the  classification  of 
fractures  according  to  the  direc- 
tion of  the  line  of  fracture. 

Fractures  by  Indirect  Violence. 
— The  five  classes  into  which 
fractures  by  indirect  or  trans- 
mitted violence  were  divided 
were  (1)  fractures  by  direct 
thrust;  (2)  fractures  by  avul- 
sion or  par  arrachement;  (.3) 
fractures  by  torsion;  (4)  infrac- 
tions or  fractures  by  bending; 
and  (5)  fractures  by  leverage. 
Fractures  by  Direct  Thrust. — 
Fractures  of  the  long  bones 
by  direct  thrust  have  one  dis- 
t  i  n  g  u  i  s  h  i  n  g  characteristic, 
namely,  that  the  line  of  frac- 
ture is  quite  constantly  nearly 
parallel  in  direction  with  the 
line    of    action    of    the    force 

causing  the  fracture.  The  line  of  cleavage  will  be 
very  slightly  oblique  and  the  fragments  will  have 
the  common  and  characteristic  shape  of  rather  long 


Fig.  2.-)37.— Experi- 
mental Fracture  of  the 
Shaft  of  the  Humerus  by 
Direct  Violence.  Note 
the  great  degree  of  com- 
minution and  the  fissures 
extending  up  and  down 
the  shaft  of  the  bone. 
(Kocher.) 


Fig.  253S. — Intercon- 
dylar Fracture  of  Femur 
by  direct  Thrust.  Note 
the  slight  obliquity  of 
the  lines  of  fracture. 
(Stimson.) 
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and  rather  thin  wedges,  ending  in  a  sharp  thin  edge 
or  point. 

Avulsion  Fractures. — Fractures  by  avulsion  or  par 
arrachemeiii,  with  the  exception  of  a  considerable 
proportion  of  fractures  of  the  patella,  are  limited  to 
the  tearing  off  of  certain  bony  apophyses  through 
violent  traction  upon  their  attached  ligaments  or 
tendons.  Such  a  fracture  can  the  more  easily  occur 
when  the  traction  upon  the  ligament  or  tendon  is  in 
an  unusual  and  unaccustomed  direction,  such  as  is 
exerted  upon  the  lateral  ligaments  of  a  ginglymoid 
joint  under  forced  adduction  and  abduction  of  a  limb 
which  is  adapted  only  to  anteroposterior  flexion  and 
extension.  Another  fact  is  noteworthy  in  this  con- 
nection, namely,  that  when  a  breaking  strain  is  put 
upon  a  tendon  proper,  the  strain  is  more  likely  to 
cause  an  avulsion  fracture  of  the  apophysis  to  which 
the  tendon  is  attached  than  it  is  to  rupture  the  tendon 
itself;  when,  on  the  other  hand,  the  tendon  is  expanded 
into  a  broad  band-like  aponeurosis  the  strain  is  likely 
not  to  pull  true  upon  all  the  aponeurotic  fibers  simul- 
taneously, but  to  exert  a  superior  stress  upon  one 
edge  of  the  aponeurotic  band,  which  edge  yielding 
allows  the  strain  to  be  exerted  upon  successive  sets  of 
fibers,  piecemeal,  so  that  a  rent  is  started  in  the  apon- 
eurosis which  may  be  completely  ruptured  by  a  force 
which  would  be  inadequate  to  rupture  a  compact, 
quasicylindrical  tendon  of  much  smaller  sectional 
area.  In  a  true  avulsion  fracture  the  amount  of  bone 
is  usually  very  small,  sometimes  a  mere  scale  at  the 
tendinous  insertion;  where  a  larger  fragment  is 
carried  away  there  is  generally  some  other  force  in 
play  besides  a  straight  away  tug. 


Fig.  2539. — Avulsion  of  the  Internal  Epicondyle  of  the  Humerus. 
Note  small  size  of  fragment.     (Helferich.) 

Fractures  hi/  Torsion. — Fractures  b.v  torsion  are 
generally  modifications  of  fractures  by  direct  thrust 
or  of  fracture  by  leverage,  where  a  certain  torsional 
moment  is  combined  with  the  simple  direct  thrust, 
or  with  the  thrust  and  the  shear  of  a  fracture  by  lever- 
age. Fractures  by  torsion  result  in  a  spiral  line  of 
fracture.  These  spiral  lines  of  fracture  the  result  of 
torsion  are  seen  exclusively  in  the  shafts  of  the  long 
bones,  most  often  the  humerus,  owing  to  the  wide 
leverage  afforded  by  the  expanded  ends  of  that  bone 
and  the  slenderness  of  its  shaft:  but  not  infrequently 
in  the  tibia  and  in  the  femur.     The  bone  in  these 
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fractures  presents  long,  .spiral  fi.ssures,  with  or  with- 
out complete  separation  of  the  fragments.  With  in- 
crease in  the  momentum  of  the  fracturing  force  goes 
an  increasing  probability  of  comminution,  in  which 
case  the  fragments  are  prone  to  have  a  .spiral  curve 
along  both  their  upper  and  their  lower  edges  indicating 
the  development  of  two  parallel  spiral  lines  of  cleavage. 


Fig.  2340. — Spiral  Fracture  of  the  Shaft  of  the  Left  Femur 
through  a  Fall  on  the  Foot  with  Leg  extended.  Note  that  the 
spiral  is  a  right  helix.  This  is  due  to  the  forcible  eversion  of  the 
foot.  A  similar  force  applied  to  the  right  limb  would  have  given  a 
left  helix.  There  is  likewise  an  impacted  fracture  at  the  base  of 
the  femoral  neck.     (From  a  specimen  in  the  Mass.  Gen.  Hospital.) 

Infractions  (Inflexures). — Infractions,  or  fractures 
by  bending,  are  relatively  infrequent.  In  infractions, 
the  tendency  is  for  the  line  of  fracture  to  be  pretty 
nearly  transverse,  though  the  tendency  to  the  separa- 
tion of  a  cuneiform  fragment  on  the  concave  side, 
i.e.  at  the  point  of  application  of  the  force,  is  some- 
times observed.  These  transverse  fractures,  with 
the  exception  of  separations  of  the  epiphyses,  are  rare; 
the  circumstances  under  which  they  may  occur  make 
It  unlikely  that  they  will  be  encountered  outside  of  the 
middle  third  of  the  long  bones,  and  as  a  matter  of 
fact  the  tibia,  the  femur,  the  humerus  and  the  bones 
of  the  forearm  are  those  where  infractions,  with  their 
characteristic  transverse  fracture  line,  are  most  fre- 
quently seen;  with  the  exception  of  the  ribs,  where, 
save  for  direct  violence,  infraction  is  the  commonest 
form  of  fracture.  It  should  be  added  here  that  "green- 
stick  fractures,"'  or  "infiexures"  are  generally  caused 
by  infraction  or  bending  of  the  bone  beyond  its  limits 
of  elasticity,  and  that  their  method  of  production  is  as 
described  for  infractions.  The  occurrence  of  "green- 
stick"  fractures  of  the  ribs  has  already  been  noted 
above  and  is  in  consonance  with  this  mode  of  produc- 
tion. 

Fractures  by  Leverage. — The  commonest  and  the 
most  important  mode  of  the  transmission  of  a  frac- 
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turing  force  is  by  leverage  exerted  through  the  joint 
ligaments,  with  the  distal  portion  of  the  limb  acting 
as  the  "power  arm,"  and  some  portion  of  the  articular 
end  of  the  bone  acting  as  "fulcrum"  or  as  "weight." 
A  force  which  is  trapsmitted  to  a  bone  by  leverage 
can  in  all  eases  be  resolved  into  two  components,  one 
component  acting  parallel  with  the  axis  of  the  bone; 
this  we  call  the  "  thrust,  "and  a  second  componentacting 
perpendicularly  to  that  axis,  i.e.  transversely  across 
the  bone,  this  component  we  call  the  "shear."  Vpon 
these  two  moments,  the  thrust  and  the  shear,  all 
fractures  by  leverage  depend. 

The  element  of  leverage  in  the  causation  of  a  frac- 
ture is  invariably  shown,  except  only  in  the  case  of 
epiphyseal  separation,  by  the  obliquity  of  the  line  of 
fracture;  in  other  words,  fractures  by  leverage  are 
always  oblique  fractures.  It  is  a  general  rule  in 
fractures  by  leverage  that  the  actual  cleavage  of  the 
bone  begins  at  the  point  where  the  "shear"  first 
becomes  effective,  while  the  sense  in  which  the  line  of 
fracture  shall  depart  from  a  directly  transverse  direc- 
tion will  be  determined  by  the  direction  of  the  co- 
operating "thrust,"  the  degree  of  obliquity  of  the  line 
of  fracture  being  determined  by  the  relative  magnitude 
of  the  "shear"  and  of  the  "thrust"  respectively. 
The  appreciation  of  the  mechanical  factors   involved 


Fig.  2541. — Fracture  of  buth  IJuiics  of  tliu  Leg  by  Infraction. 
Note  that  both  fractures  are  substantially  transverse  and  that  both 
show  a  cuneiform  fragment  on  the  concave  side,  a  frequent  occur- 
rence in  fractures  by  bending.     (Helferich.) 

in  fractures  by  leverage  is  naturally  simplest  in  frac- 
tures near  the  ginglymoid,  or  hinge  joints.  These 
joints  permit  of  motion  in  but  two  directions,  that  is 
flexion  and  extension,  and  fractures  by  leverage  in  the 
neighborhood  of  these  joints  are  generally  produced 
by  an  excess  of  motion  in  one  or  the  other  of  these 
directions,  yielding  two  types  of  fracture   known   as 
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"extension   fractures"    and    "flexion   fractures"    re- 
spectively. 

Complementing  Categories. — It  will  not  have  es- 
caped the  reader's  observation  in  this  review  of  the 
different  classes  of  fractures,  how  completely  the 
category  of  fractures  classified  according  to  their 
etiology  complements  and  dovetails  into  the  category 
of  fractures  classified  according  to  the  direction  of  the 


Fig.  2.542. — .Supracondylar 
Fracture  of  the  Humerus  by 
Hyperextension.      (Stimson.^ 


Fig.  2.543. — Flexion  Frac- 
ture of  Humerus:  Supracon- 
dylar.    (Stimson.) 
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line  of  fracture.  Indeed,  it  may  somewhat  summarily 
be  said  that  transverse  fractures  are  produced  by 
infraction,  longitudinal  fractures  by  direct  thrust, 
oblique  fractures  by  leverage,  spiral  fractures  by 
torsion,  comminuted  fractures  by  direct  violence, 
while  compression  fractures  and  crushing  fractures 
are  but  the  names  given  to  fractures  effected  by  com- 
pressing and  by  crushing  forces  acting  on  the  bone. 
There  is  one  important  inference  to  be  drawn  from 
this  observed  complementing  of  one  category  of 
fractures  by  the  other,  namely  this,  that  the  vulner- 
ating  forces  continue  to  act  on  and  in  the  bones  in 
the  direction  in  which  they  are  originally  brought  to 
bear,  until  the  several  forces  are  dissipated  or  are 
deflected  from  their  line  of  action  by  other  associated 
forces.  Owing  to  this  general  principle  of  mechanics 
we  can,  to  a  considerable  degree,  regard  these  two 
categories  of  fractures  as  virtually  reciprocal,  and 
within  certain  limits  we  may  say  that  the  rule  will 
hold  good  that  transverse  fractures  are  produced  by 
infraction  and  by  no  other  means,  and  reciprocally 
that  infraction  will  produce  a  transverse  fracture  and 
no  other,  in  the  same  way  it  is  fairly  accurate  to  state 
that  all  oblique  fractures  are  produced  by  leverage, 
and  that  all  fractures  by  leverage  will  be  oblique.  The 
reasoning,  which  may  seem  to  be  but  a  plaj'ing  on 
words,  may,  in  certain  medicolegal  cases,  acquire  a 
considerable  importance,  as  tending  to  demonstrate 
how  a  given  bone  injury  could,  or  must,  have  been 
received. 

Closed  (Simple)  and  Open  (Compound)  Fractures. — 
The  next  category  of  fractures  we  have  to  consider 
has  to  do  with  their  classification  according  to  their 
relation  to  the  overlying  skin,  into  open  and  closed 
fractures.  An  open  fracture  is  one  where  the  line  of 
fracture  communicates  with  a  wound  in  the  skin  or, 
as  in  fractures  of  the  base  of  the  skull,  of  the  bones 
of  the  face  and  of  the  jaw,  with  a  mucous  membrane. 
A  closed  fracture  is  one  which  does  not  so  commimi- 
cate.  The  importance  of  this  classification  lies  of 
course  in  the  opportunity  for  infection  of  the  bone, 
with  the  attendant  dangers  of  sepsis  of  a  peculiarly 
formidable  type.  There  are  two  reasons  why  grave 
infection  so  readily  follows  open  fractures,  first,  an 
open  fracture  is  generally  caused  by  great  violence, 
involving  extensive  laceration  and  relative  devitaliza- 
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tion  of  the  tissues  adjacent  to  the  fractured  bone, 
and  these  lacerated  and  devitalized  tissues  offer  but  a 
feeble  resistance  to  infectious  agents;  secondly,  when 
infectious  agents  once  gain  access  to  the  medullary 
canal  of  the  long  bones,  the  medullary  tissue,  showing, 
instead  of  a  fully  developed  vascular  organization, 
only  a  survival  of  the  more  primitive  form  of  lacunary 
circulation,  such  as  is  seen  in  the  lowlier  forms  of  the 
mollusca — this  tissue  is  unable  to  erect  the  wall  of  cir- 
cumvallation  which  constitutes  so  effective  a  barricade 
against  the  advance  of  infectious  processes  in  the 
more  highly  vascularized  portions  of  our  anatomy. 
For  this  reason  the  operative  treatment  of  fractures 
by  the  so-called  "open  method"  should  never  be 
undertaken  except  where  the  strictest  asepsis  can  be 
secured. 

Single  and  Multiple  Fractures. — The  sixth  category 
of  fractures  had  reference  to  the  number  of  fragments 
into  which  a  bone  is  broken,  and  to  the  number  of 
bones  which  are  fractured.  The  terms  defining  this 
category  of  fractures  are  single  fractures  and  multiple 
fractures.  A  single  fracture  is  one  where  a  single  bone 
is  fractured  at  but  one  place,  even  if  the  bone  is 
comminuted  at  the  seat  of  the  fracture.  The  term 
multiple  fracture,  as  applied  to  a  single  bone,  is  used 
only  where  the  lines  of  fracture  at  one  part  of  the  bone 
are  not  continuous  with  those  at  the  other  broken 
portion.  The  term  multiple  fracture  is  also  used  to 
designate  fractures  in  more  than  one  bone  provided 
the  two  bones  do  not  lie  parallel  in  the  same  limb. 
In  technical  parlance  a  simultaneous  fracture  of  the 
tibia  and  fibula,  or  of  the  radius  and  ulna,  is  not  de- 
nominated a  "multiple"  fracture  but  is  spoken  of  as 
a  "single"  fracture  of  the  leg  or  of  the  forearm, 
"involving  both  bones."  Multiple  fractures  of  the 
leg  and  of  the  forearm  are,  indeed,  occasionally  seen, 
but  if  the  term  is  used  properly  this  would  imply 
fractures  of  the  limb  at  two  different  heights. 

Complicated  and  Uncomplicated  Fractures. — The 
final  division  of  fractures,  in  the  system  of  classifica- 
tion we  have  adopted,  is  into  complicated  and  un- 
complicated fractures.  A  complicated  fracture  is  one 
where  some  adjacent  structure  of  importance  is 
involved  in  the  injury  which  cau.sed  the  fracture.  In 
fractures  of  the  limbs  the  term 
"complicated  fracture"  would  im- 
ply injury  to  an  adjacent  joint,  or 
to  important  ligaments,  nerves  or 
blood-vessels;  in  fractures  of  the 
ribs,  of  the  pelvis,  of  the  hyoid  bone 
or  of  the  sternum,  the  term  would 
imply  injury  to  a  viscus,  or  to  the 
serous  membrane;  in  fractures  of 
the  skuU  and  of  the  spinal  column 
the  injury  to  the  inclosed  nervous 
structure  so  far  transcends  in  im- 
portance the  fracture  of  the  bone 
that  we  shall  not  attempt  the 
study  of  these  fractures  in  this 
article.  General  and  constitutional 
complications,  such  as  sepsis,  pneu- 
monia, nephritis  and  the  like,  are 
not  properly  included  in  the  term 
complicated  fracture.  An  uncora- 
pUcated  fracture,  it  is  needless  to 
say,  is  one  in  which  the  special  and 
local  complications  we  have  enu- 
merated do  not  exist.  Special  forms  of  complicated 
fractures  have  received  special  descriptive  names  such 
as  "fracture-sprains"  and  "fracture-dislocations," 
indicating   that   the   gravitv  of   the   injury  is  shared 


periosteal  fractures  and  a  large  proportion  of  intra- 
articular fractures  show  no  displacement,  and  the 
same  is  occasionally  true  of  complete  fractures,  even 
of  the  shaft  of  the  long  bones,  most  frequently  in  frac- 
tures of  a  single  bone  of  the  forearm  or  of  the  lower  leg, 
where  the  remaining  unfractured  bone  acts  as  a 
splint.  Displacements  are  brought  about  in  four 
ways,  first,  by  the  continued  action  of  the  primary 
fracturing  force;  this  is  seen  most  conspicuously  in 
fractures  by  leverage;  secondly,  by  the  action  of  the 
muscles  attached  to  the  broken  bone;  this  Ls  seen  in  a 
large  proportion  of  fractures  of  the  .shaft  of  the  long 
bones,  e.g.  in  subtrochanteric  fracture  of  the  femur  the 
iliopsoas  muscle,  attached  to  the  lesser  trochanter, 
brings  the  upper  fragment  almost  invariably  into  a 
position  of  flexion  more  or  less  modified  by  the  action 
of  the  pelvic  muscles  attached  to  the  upper  part  of  the 
femur,  which  are  mostly  abductors  and  external  rota- 
tors; thirdly,  by  the  weight  of  the  limb,  notably  in 
fractures  of  the  clavicle,  where  the  weight  of  the 
limb  is  an  important  factor  in  causing  the  acromial 
end  of  the  bone  to  be  carried  downward,  forward 
and  inward;  fourthly,  what  is  called  ".secondary 
displacement"  occurs  from  active  efforts  of  the 
patient  to  move  after  the  fracture,  from  move- 
ments imparted  to  the  injured  limb  in  transporting 
the  patient  and  from  unsuccessful  efforts  to  reduce 
the  fracture. 

The  diagnosis  as  to  what  particular  displacement  is 
present  in  a  given  case,  often  a  matter  of  great  diffi- 
culty, is  many  times  greatly  affected  by  the  light 
thrown  upon  the  case  by  an  accurate  inquiry  regard- 
ing these  four  points,  viz.,  the  nature  and  direction  of 
the  force  by  which  the  fracture  was  produced,  an  inti- 
mate knowledge  of  the  play  of  the  muscles  attached  to 
the  displaced  fragment,  the  influence  of  gravity  upon 
the  injured  limb  and  the  probability  of  "secondary 
displacement"  from  active  movements  of  the  patient, 
from  the  effects  of  transportation  of  the  patient  or  of 
his  extrication  from  wreckage,  and  from  previous 
efforts  at  reduction. 

The  Modes  of  Displacement. — The  recognized  modes 
of  displacement  are  six  in  number:  lateral  displace- 
ment, angular  displacement,  rotary  displacement,  im- 
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DiSPLACEifEXTS.  The  Causes  of  Displacements. — 
Closelv  allied  to  the  subject  of  the  classification  and 
definition  of  fractures  is  that  of  the  classification  and 
definition  of  the  displacements  of  the  fragments  which 
take  place  when  a  bone  is  fractured.     Fissures,  sub- 


..rious  Modc=  ui  Uisplarement,  1,  Lateral  displacement:  2.  .Angular 
displacement:  3.  Overriding;  4.  Kotary  displacement  (note  that  the  iniernal  malic. lus. 
iniicated  in  the  preceding  figures  as  at  the  .side,  is  shown  in  inward  rotation; :  5,  Overriding 
and  angular  displacement  combined;  6.  Diastasis.     (Keen.) 

paction,  and  two  forms  of  longitudinal  displacement, 
overriding  and  diastasis. 

Lateral  displacement  may  occur  in  a  forward  or 
backward  direction  or  toward  either  side.  In  its 
simple  form  the  longitudinal  axis  of  the  two  frag- 
ments would  lie  in  lines  which  are  substantially 
parallel  but  which  are  separated  from  one  another  by 
the  amount  of  the  displacement.  Such  a  displace- 
ment is  occasionally  seen  in  the  shaft  of  the  long  bones 
where  the  line  of  fracture  is  nearly  transverse  or  where 
the  fragments  present  serrated  and  interlocking  dcn- 
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tations,  also  ia  fractures  of  the  forearm  or  of  the  lower 
leg  where  one  bone  remains  intact.  Like  the  other 
forms  of  displacement,  lateral  displacement  is  rarely 
seen  alone,  but  is  ordinarily  combined  with  one  or  more 
of  the  other  forms,  angular,  rotary,  or  longitudinal. 

Angular  displacement  varies  from  a  slight  inclina- 
tion, commonly  seen  in  the  forearm  or  the  lower  leg, 
to  an  inflexion  of  ninety  degrees,  or  even  more,  occa- 
sionally encountered  in  the  thigh  and  the  upper  arm, 
where  the  skeleton  of  the  limb  has  but  a  single  bone 
for  its  support. 

Rotary  displacement,  while  most  common  and  most 
marked  in  those  parts  of  the  limbs  which  have  but  one 
bone,  is  also  found  with  some  frequency  in  fractures  of 
the  shaft  of  the  radius,  owing  to  the  peculiar  function 
of  that  bone  in  the  office  of  pronation  and  supination 
of  the  hand. 

Impaction  has  alreadj'  been  described  in  discussing 
impacted  fractures. 

The  first  form  of  longitudinal  displacement,  namely 
overriding,  is  generally  the  result  of  muscular  action; 
on  this  account  it  is  most  frequently  observed  where 
the  limb  has  but  a  single  bone,  and  is  most  pronounced 
and  troublesome  where  the  muscles  are  longest  and 
most  powerful,  as  in  fractures  of  the  femur.  It  is 
specially  liable  to  occur  where  the  fracture  is  oblique. 

The  second  form  of  longitudinal  displacement, 
namely  diastasis,  is  always  the  result  of  muscular 
action,  save  in  such  cases  as  are  virtually  the  spreading 
of  a  fissure,  as  in  fractures  of  the  skull,  where  the 
broken  edges  of  the  fractured  cranium  may  gape  to  a 
considerable  degree.  With  this  exception  diastasis 
occurs  only  in  fracture  of  the  patella  and  in  separation 
of  the  various  apophyses. 

In  partial  fractures  the  same  descriptive  terms  are 
applied  to  the  displacement  of  the  fragment  as  are 
used  in  the  description  of  complete  fractures. 

General  Principles  Governing  The  Mechanics  of 
Fracture. — Before  we  proceed  to  take  up  the  subject 
of  special  fractures  there  remain  a  few  words  to  add 
concerning  three  general  principles  to  be  considered  in 
diagnosticating  fractures,  both  those  by  direct  and 
those  by  indirect  violence. 

Of  these  general  principles  the  first  is  that  increased 
momentum  in  the  fracturing  force  means  increased 
tendency  to  comminution.  We  have  already  shown 
that  this  is  true  in  fractures  by  direct  violence,  it  is  no 
less  true  of  fractures  by  indirect  violence.  As  exam- 
ples we  may  mention  so-called  Y-fractures  of  the  upper 
end  of  the  humerus;  these  fractures  may  be  caused  by 
direct  violence  applied  to  the  shoulder,  or  they  may  be 
brought  about  by  leverage  exerted  through  the  arm ; 
in  either  case  a  greater  degree  of  violence  is  required 
to  produce  a  Y-fracture  than  to  produce  a  simple  per- 
tubercular  fracture  of  this  bone.  A  T-fracture  above 
the  condyles  of  the  humerus  requires  greater  force 
than  fracture  of  the  external  condyle  by  direct  thrust, 
or  than  simple  supracondylar  fracture  whether  by 
extension  or  by  flexion.  Fracture  of  the  articular 
surface  of  the  lower  end  of  the  tibia  as  a  complication 
of  Pott's  fracture  demands  more  force  than  the  com- 
moner fracture  of  the  fibula  with  avulsion  of  the  inter- 
nal malleolus;  when  this  complication  does  occur  it 
implies  a  great  preponderance  of  thrust  over  shear  and 
it  is  to  be  expected  in  a  false  landing  from  a  jump, 
rather  than  in  mere  tripping  with  the  foot  caught  in  an 
obstruction.  The  recognition  of  this  principle  is  im- 
portant because  if  the  history  shows  the  evident  ab- 
sence of  greater  violence  we  may  conclude  that  the 
greater  comminution  is  not  likely  to  be  present.  Rec- 
ognition of  this  principle  alone  will  allow  us,  almost 
■with  certaint.v,  to  differentiate,  in  many  cases,  between 
fracture  and  dislocation  of  the  hip;  slight  force  will 
suffice  to  fracture  the  .senile  femur,  very  great  violence 
is  necessary  to  bring  about  dislocation  of  the  hip. 

The  second  general  principle  we  allude  to  is  that  any 
force  applied  to  the  body  becomes  dissipated  as  it  ad- 
vances.    This  is  seen  particularly  where  a  fracturing 
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force  is  transmitted  by  direct  thrust,  and  accounts  in 
great  measure  for  the  fact  that  fracture  at  the  junction 
of  the  middle  and  outer  thirds  of  the  clavicle  is  very 
much  more  common  than  fracture  at  the  junction  of 
the  middle  and  inner  thirds,  also  for  the  fact  that  in 
fracture  near  the  knee  bj-  direct  thrust,  through  falling 
from  a  height  and  landing  on  the  feet,  it  is  much  more 
commonly  the  upper  end  of  the  tibia  that  presents  the 
long,  slightly  oblique  fissures  typical  of  this  kind  of 
fracture,  than  the  lower  end  of  the  femur,  indeed  the 
whole  skeleton  of  the  body  is  designed,  with  its  multi- 
ple articulations,  its  interposed  articular  and  intra- 
articular cartilages  and  the  curved  rather  than 
straight  shafts  of  its  bones,  to  dis.sipate  the  various 
shocks  which  the  frame  of  our  bodies  may  receive 
from  externally  applied  violence. 

The  third  general  principle  is  that  mechanical 
forces  continue  to  act  in  the  same  direction  in  the  bone 
that  they  were  pursuing  before  their  action  began  upon 
the  bone,  thus  a  longitudinal  force,  a  direct  thrust, 
tends  to  evoke  longitudinal  cleavage;  a  transverse 
force,  infraction,  a  transverse  cleavage;  a  spiral  force, 
torsion,  a  spiral  cleavage,  etc. 

The  Repair  of  Fractures. — The  repair  of  fractures 
may  be  described  as  consisting  of  three  stages,  of 
which  the  first  includes  as  essential  phenomena  the 
formation  of  a  primary  hematoma  with  coagulation 
of  the  effused  blood  and  the  establishment  of  an  in- 
flammatory edema. 

The  second  stage  includes  the  formation  of  vascular 
granulations  throughout  the  focus  affected  by  the 
trauma  and  the  proliferation  of  the  cellular  elements 
of  all  the  tissues  involved;  in  this  cellular  proliferation 
the  bone  cells  are  reproduced  more  tardily  than  are 
the  cells  of  the  muscular  and  connective  tissues. 
These  bone  cells  are  of  three  orders:  first,  those  de- 
rived from  the  periosteum,  which  proliferate  most 
freely  and  most  promptly,  and  revert  to  their  embry- 
ological  type  of  cartilage  cells  before  becoming  con- 
verted into  true  bone  tissue;  secondly,  the  cells  from 
the  medullary  tissue,  which  form  bone  directly,  and 
serve  to  build  up  the  so-called  medullary  plug,  which 
completely  fills  the  medullary  canal  of  both  frag- 
ments; and  thirdly,  the  bone  cells  which  sprout  very 
tardily  from  the  compact  cortical  layer  between  the 
periosteum  and  the  medulla.  The  large,  somewhat 
ovoid  cellular  mass,  containing  connective-tissue  cells, 
muscle  cells,  new  formed  blood-vessels  and  bone  cells 
of  all  three  types,  constitutes  the  so-called  provisional 
callus.  The  formation  of  the  provisional  callus  is  gen- 
erally complete  toward  the  end  of  the  third  or  fourth 
week  and  marks  the  completion  of  the  second  stage 
of  repair. 

The  third  stage  is  practically  one  of  cicatrization, 
in  which  the  process  of  phagocyto.sis  and  absorption 
cf  superfluous  reparative  material  is  paramount;  such 
new  formed  blood-vessels  as  are  not  requisite  for  the 
normal  nutrition  of  the  parts  become  obliterated,  the 
inflammatory  edema  subsides,  and  the  connective 
tissue  and  muscular  cells  lose  the  rotundity  and  suc- 
culence which  are  characteristic  of  their  embryonic 
stage  and  take  on  their  more  wonted  aspects,  while  a 
similar  metamorphosis  goes  on  among  the  bone  cells, 
whose  intercellular  matrix  becomes  again  impreg- 
nated with  calcium  salts  lending  the  requisite  rigidity 
to  the  hitherto  soft  pliable  callus.  At  the  time  when 
lime  salts  begin  to  be  deposited  about  the  bone  cells 
the  mass  of  the  callus  has  already  shrunk  considerably 
in  size  and  has  acquired  a  marked  degree  of  firmness, 
and  the  tissues  surrounding  the  fractured  bone  have 
])roceeded  considerably  further  than  has  the  osseous 
tissue  itself  toward  a  complete  return  to  the  normal; 
the  callus  therefore,  at  this  stage  appears  to  be  con- 
fined more  exclusively  to  the  bone  proper  and  is 
spoken  of  as  the  permanent,  as  the  definitive,  or  as 
the  bony  callus.  The  process  of  phagocytosis  has  in 
reality  been  going  on  from  the  beginning.     The  re- 
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nioval  of  the  debris  of  the  injured  soft  parts  is  the 
peculiar  office  of  the  leucocytes  and  of  the  micro- 
phages  and  the  macrophages  which  invade  the  in- 
jured focus  from  without  or  are  derived  from  the 
immediately  circumjacent  tissues.  The  removal  of 
detached  fragments  of  bone,  or  of  projecting  and  use- 
less spicules  is,  however,  tlie  special  office  of  the  oateo- 
clasts,  large  plasmodial  cells  derived  probably  from 
the  medullary  tissue,  which  apply  themselves  to  such 
bony  masses  as  are  destined  to  absorption,  and  by  the 
specific  solvent  power  of  their  cellular  secretion  divest 
such  bone  fragments  of  their  lime  salts  and  cause  their 
ultimate  disappearance.  The  action  of  the  osteoclasts 
continues  after  most  of  the  rest  of  the  reparative 
forces  have  subsided,  until,  after  a  period  of  some 
months,  all  sharp  bony  projections  have  been  rounded, 
off  and  the  continuity  of  the  medullary  canal,  which 
was  temporarily  filled  with  the  cells  of  "the  medullary 
plug,  has  been  restored. 

The  normal  reparative  processes  in  bone  may  be 
perverted  by  want  of  correlation  of  the  respective 
factors.  Thus  the  process  of  phagocytosis  may  be 
excessively  active,  resulting  in  an  undue  absorption  of 
the  ends  of  the  fragments  and  it  is  suspected  that  the 
excessive  action  of  the  osteoclasts  may  also  cause  a 
redissolving  of  the  freshlv  formed  callus.  Excessive 
production  of  callus  is  often  seen  where  there  is  defect- 
ive immobilization,  and  defect  of  the  periosteum  or 
overriding  of  the  fragments  may  suppress  the  proper 
formation  of  burgeons  from  one  or  more  of  the  three 
classes  of  bone  cells,  which  should  by  right  all  partici- 
pate in  the  furnishing  of  the  reparative  cellular 
material. 

Diagnosis. — The  Cardinal  Signs  of  Fracture. — The 
diagnosis  of  fractures  depends  on  the  proper  recogni- 
tion and  appreciation  of  the  subjective  and  the  objec- 
tive signs.  The  cardinal  subjective  signs  are  three, 
pain,  tenderness  and  loss  of  function;  and  the  cardinal 
objective  signs  are  also  three,  deformity,  abnormal 
mobility  and  crepitation. 

The  pain  in  fracture  is  ordinarily  immediate,  acute 
and  greatly  aggravated  by  motion  of  the  injured 
parts,  which  unless  they  are  firmly  supported  by 
splints  are  thrown  into  motion,  despite  the  efforts  of 
the  patient  to  keep  tliem  quiet,  by  involuntary  mus- 
cular contractions.  The  pain  is  ordinarily  referred  to 
the  seat  of  the  fracture,  but  may  be  referred  to  the 
area  of  distribution  of  some  passing  nerve. 

The  tenderness  is  generally  susceptible  of  more  defi- 
nite localization  and  constitutes  one  of  our  most 
valuable  guides  to  the  exact  seat  of  the  fracture,  as  the 
point  of  maximum  tenderness  is  ordinarily  over  the 
ends  of  the  fragments.  A  well  recognized  diagnostic 
rule  is  the  following:  When  pressure  applied  laterall.v 
or  in  the  long  axis  of  a  bone  evokes  pain  at  a  distance 
from  the  point  where  the  pressure  is  applied  there  is  a 
fracture  at  the  painful  point. 

Careful  study  of  the  residual  function  in  a  limb 
after  fracture  will  often  show  that  its  abolition  is  not 
so  complete  as  might  be  supposed,  and  careful  atten- 
tion should  be  given  to  the  determination  of  the 
residual  function,  with  effort  on  the  part  of  the  sur- 
geon to  calm  the  fright  and  nervous  apprehension  of 
the  patient  during  the  investigation,  so  as  to  bring 
out  as  fully  as  possible  such  elements  of  function  as 
still  remain. 

The  word  deformity  as  a  sign  of  fracture  is  used  in 
its  broadest  sense  and  includes  abnormalities  in  the 
contour,  in  the  axis  and  in  the  length  of  the  affected 
member.  The  chief  deformities  in  the  contour  of  a 
member  will  be  due  to  the  swelling,  which  in  a  recent 
fracture  is  in  large  measure  the  result  of  the  hem- 
orrhage and  of  the  inflammatory  edema,  these  must  be 
gauged  chiefly  by  inspection  and  by  palpation. 

Further  elements  in  the  disturbance  of  contour  will 
be  due  to  the  abnormal  protrusion  of  normal  bony 
prominences,  or  to  the  absence  of  normal  bony  promi- 


nences, or  else  to  the  appearance  of  bony  prominences 
which  are  abnormal  and  are  a  portion  of  a  displaced 
fragment.  These  points  must  be  determined  largely 
by  i)al[)ation. 

Axial  deviations  call  for  a  practiced  eye  for  their 
proper  ajjpreciation.  When  they  are  but  .slight  the 
projection  of  the  axis  by  means  of  a  taut  string  or  of  a 
straight  rod  will  make  a  sliglit  a.xial  deviation  some- 
what more  easily  ajjpreciable. 

Discrepancies  in  length  between  the  injured  mem- 
ber and  its  uninjured  fellow  are  of  the  highest  impor- 
tance in  the  diagnosis  of  fracture.  To  determine  such 
discrepancies  it  is  essential  that  the  two  limbs  which 
are  to  be  compared  should  be  placed  with  great  accu- 
racy in  exactly  symmetrical  position,  failing  which 
the  results  of  mensuration  may  be  verj-  misleading. 
In  fractures  of  the  femoral  neck  with  partial  impac- 
tion it  is  not  uncommon  to  find  but  a  minimum  of 
shortening  in  the  first  hours  after  a  fracture  and  to 
find  the  shortening  much  more  pronounced  at  a  sub- 
sequent examination. 

Abnormal  mobility  is  a  most  important  sign  of 
fracture.  It  is  of  particular  service  in  juxtaartic- 
ular  fractures  in  determining  the  exact  nature  of  the 
fracture.  A  good  illustration  is  in  the  fractures  of 
the  lower  end  of  the  humeral  shaft.  In  supracondylar 
fracture  there  will  be  hypercxtension,  adduction  and 
abduction;  in  fracture  of  the  external  condyle  alone 
there  will  be  slight  hypercxtension  and  abnormal 
adduction  but  abduction  will  not  be  possible  to  any 
considerable  degree;  in  fracture  of  the  internal  con- 
dyle there  will  be  marked  hypercxtension  and  marked 
abduction,  but  adduction  will  be  much  less  pro- 
nounced. Fracture  of  the  shaft  of  a  long  bone  will 
give  not  only  mobility  in  abnormal  degree  and  direc- 
tion but  will  give  also  the  phenomenon  of  mobility 
at  an  abnormal  site,  which  is  naturally  less  con- 
spicuous when  the  fracture  is  in  the  neighborhood  of  a 
joint. 

Crepitation  is  caused  by  the  rubbing  together  of  the 
broken  bone  surfaces,  if  of  the  true  bony  variety  it  is 
pathognomonic  of  fracture,  but  it  is  absent  in  impac- 
tion and  in  diastasis  and  frequently  fails  to  appear 
when  expected.  Its  determination  is  rarely  essential 
to  the  diagnosis,  and  except  in  cases  otherwise  doubt- 
ful, it  is  rarely  wise  to  seek  it  specifically,  though  it 
should  always  be  given  its  full  diagnostic  value  when 
it  is  developed  incidentally  to  other  investigations. 

One  objective  sign  of  fracture  which,  though  it  does 
not  deserve  to  rank  as  one  of  the  cardinal  signs  is  yet 
often  of  great  importance,  is  the  appearance  of  ecchy- 
niosis  without  contusion.  Such  ecchymoses  may  ap- 
pear from  twenty-four  to  sixty  hours  after  an  injury 
in  which  fracture  was  not  suspected,  their  appearance 
should  be  an  indication  for  a  careful  revision  of  the 
diagnosis  with  the  question  of  fracture  distinctly  in 
view,  as  they  of  themselves  afford  strong  presumptive 
evidence  of  the  existence  of  bone  fracture. 

The  J-ray  when  available  should  be  used  to  con- 
firm a  diagnosis:  this,  however,  should  be  determined 
as  exactly  as  possible  beforehand  by  a  careful  study  of 
the  subjective  and  objective  signs.  Where  its  cost  or 
inconvenience  makes  the  use  of  more  than  one  session 
inadvisable,  the  most  advantageous  time  to  use  the 
i-ray  is  after  the  best  efforts  of  the  surgeon  have  been 
made  toward  reduction  and  fixation.  In  hospital 
work,  free  use  of  the  j-ray  is  a  vast  help  both  in 
diagnosis  and  m  the  adjustment  of  fractures. 

Tre.\tmext. — The  treatment  of  fracture  consists 
essentially  in  reduction  and  in  immobilization  of  the 
reduced  fracture  througliout  a  period  sufficient  to  per- 
mit the  bony  fragments  to  become  sufficiently  firmly 
united  to  prevent  further  displacement.  When  such 
a  degree  of  fixation  has  been  obtained  the  sooner 
all  restraining  apparatus  can  be  removed,  the  more 
prompt  and  more  perfect  will  be  the  restoration  of 
function, 
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The  special  means  to  this  end  will  be  more  fully 
considered  under  the  portion  of  this  article  which 
deals  with  special  fractures.  Where  it  is  applicable 
one  of  the  most  satisfactory  methods  of  immobiUza- 
tion  and  one  which  will  give  most  relief  to  the  pain 
of  fracture  is  continued  traction  by  properly  adjusted 
weights  and  pulleys.  When  this  method  can  be  em- 
ployed a  formal  reduction  of  the  fracture  is  often  not 


-Fractured  leg  Supported  in  "  pitlow-roU.'*        Further 
support  given  by  lateral  splints. 

required,  as  the  fragments  fall  into  their  proper  rela- 
tions through  the  a.xial  traction. 

Properly  padded  board  splints  are  very  generally 
useful  for  such  cases  as  do  not  admit  of  treatment  by 
continued  traction.  For  fractures  of  the  lower  leg 
plaster-of-Paris  encasements  are  very  widely  used,  but 
most  such  fractures  are  best  treated  for  a  sufficient 
time  to  allow  the  subsidence  of  primary  swelling,  in  a 
pUlow-roll  or  in  a  fracture-box  filled  with  sand  bags. 


Fig.   2J4G. — Fracture-box. 

In  fractures  of  the  upper  arm  and  of  the  thigh  short 
coaptation  splints,  three  or  four  in  number  may  be 
advantageously  applied  snugly  to  the  limb  by  means 
of  adhesive  strips,  they  are  not  intended  to  support 
the  limb  as  a  whole  but  only  to  restrain  the  fragments 
from  lateral  displacement,  and  should  therefore  not 
be  long  enough  to  bear  upon  the  bony  prominences 
near  the  articular  ends  of  the  femur  or  of  the  humerus. 
Supporting  splints,  in  contradistinction  to  coaptation 
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Fig.  2547. — Coaptation  Splints  for  .\pplication  to  Femur. 

splints,  should  be  long  enough  to  include  at  least  one 
joint  either  above  or  below  the  fracture,  and  where  this 
does  not  occasion  too  great  inconvenience,  to  include 
both  the  superior  and  the  inferior  joint. 

But  few  special  splints  are  required  in  the  treatment 
of  fractures,  the  large  variety  of  devices  of  this  descrip- 
tion which  were  in  use  before  the  days  of  plaster  of  Paris 
■End  of  adhesive  plaster  extension  apparatus  being  now 
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almost  universally  discarded.  Such  special  apparatus 
as  some  few  fractures  require  will  be  considered  in 
describing  the  treatment  of  special  fractures. 

Modern  advances  in  surgery  have  made  possible  the 
more  frequent  application  of  open  operation  and 
direct  fbcation  of  the  fragments  in  the  treatment  of 
fractures.  Particularly  in  the  treatment  of  spiral 
and  of  very  obUque  fractures  and  in  the  treatment 
of  comminuted  fractures,  the  use  of  bone  plates  and 
screws  is  widely  advocated,  but  their  use  demands  the 
most  scrupulous  asepsis  for  success,  and  where  the 
experience  of  the  surgeon  and  the  surroundings  of  the 
patient  do  not  make  this  condition  an  assured  fact 
the  practice  is  likely  to  be  not  only  disappointing  in 
its  results,  as  far  as  bone  fixation  is  concerned,  but 
dangerous  to  the  patient  as  well. 

A  greater  advance  in  surgery  than  the  use  of  bone 
plates  and  screws  Ues  in  the  more  recent  use  of  auto- 
genous bone  grafts,  which  have  had  their  greatest 
success  in  the  treatment  of  ununited  fracture  and  in 
the  substitution  of  actual  bone  defects.  Here,  too, 
a  most  rigorous  aseptic  technique  is  indispensable 
to  success,  but  with  this  condition  supplied  the  re- 
sults have  been  most  highly  gratifying.  For  the 
details  of  technique  other  articles  in  this  work  must 
be  consulted. 

Speci.^l  Fr.\ctures. 

Fr.^ctures  of  the  Bones  op  the  F.\ce. — Fractures 
of  the  nasal  bones,  of  the  supperior  maxilla  and  of  the 
malar  bone  and  the  zygoma  are  all  of  them  the  result 
of  direct  violence;  in  all  of  them  there  is  a  similar 


Fig.  254S.- 


-Cobb's  Nasal  Splint  aa  Modified  by  Eisendrath. 
(Keen.) 


displacement  toward  the  pharynx;  their  diagnosis  is 
based  upon  deformity  of  the  contour  of  the  part  of  the 
face  affected,  and  upon  crepitation;  they  are  all  sub- 
ject to  one  important  complication,  namely  sepsis, 
and  they  all  share  in  the  advantages  attaching  to  the 
exceptionally  abundant  blood  supply  of  the  face,  which 
makes  possible  the  viability  of  fragments  which,  but 
for  this  exceptionally  rich  source  of  nutrition,  would 
seem  doomed  to  necrosis;  the  prognosis,  therefore,  is 


REFERENCE   HANDBOOK   OF  THE    MEDICAL  SCIENCES 


far  better  than  the  alarming  appearance  of  a  patient 
who  has  suffered  such  an  accident  would  lead  one  t(j 
suppose.  The  treatment  of  all  these  lesions  is  sub- 
stantially along  the  same  lines,  viz.,  replacement  of  the 
fragments  as  nearly  as  possible  by  digital  manipula- 
tion, or  where  this  cannot  be  thus  accomplished,  by 
moans  of  levers,  introduced  into  the  natural  cavities 
of  the  face,  or,  if  need  be,  through  appropriate  inci- 
sions, which  should  be  made,  as  far  as  possible,  through 
the  mucosa  of  the  mouth  or  of  the  nose  rather  than 
through  the  integument  of  the  face.  In  some  in- 
stances wiring  of  the  fragments  may  be  required.  In 
fractures  of  the  nasal  bones,  special  splints,  of  which 
that  of  Cobb  represents  the  most  approved  type,  may 
be  needed  to  retain  the  fragments  in  position.  In 
view  of  the  tendency  of  sepsis  to  appear  as  the  mo.-'t 
prominent  of  the  complications,  the  constant  and 
assiduous  use  of  atomizers  and  mouth-washes  forms 
an  important  part  of  the  treatment  of  these  fractures. 
The  repair  is  generally  prompt,  and  three  to  four 
weeks  should  suffice  for  a  fairly  complete  cure  in  cases 
not  complicated  by  sepsis.  Where,  on  account  of 
sepsis,  there  follows  a  certain  amount  of  bone  necrosis, 
healing  will  not  be  complete  until  all  fragments  of 
necrotic  bone  have  been  thrown  off. 

Fractures  of  the  Inferior  Maxilla. — Fractures  of  the 
inferior  maxilla  are  likewise  caused  b}-  direct  violence. 
The  commoner  fractures  are  those  of  the  body  and  of 
the  alveolar  process,  and  of  the  fractures  of  the  body 
a  large  percentage  are  multiple.  Fractures  of  the 
ramus,  of  the  coronoid  process  and  of  the  condyle  also 
occur;  of  these  the  last,  particularly,  is  subject  to 
marked  and  characteristic  displacement,  due  to  the 
unopposed  action  of  the  pterygoid  muscles,  and  is 
particularly  difficult  to  correct.  Uncorrected  dis- 
placement of  the  fragments  in  fractures  of  the  lower 


Fig.  25S4.- 


-Barton'3  Bandage  Modified  by  the  .addition  of  a 
Circular  Fronlo-occipital  Turn. 


jaw  leads  to  imperfect  alignment  of  the  teeth,  and 
more  or  less  pronounced  and  troublesome  interference 
with  the  function  of  mastication.  The  diagnosis  in 
fractures  of  the  body  of  the  jaw  is  rarely  difficult, 
being  founded  on  palpation,  inspection  and  the  his- 
tory of  direct  violence.  By  these  means  abnormal 
mobility,  crepitation  and  imperfect  alignment  of  the 
teeth  can  generally  be  readily  distinguished.  The 
diagnosis  of  fracture  elsewhere  in  the  bone  demands 


Fig.  2550.— Four-tailed 
Sling.     (Bryant.) 

or  a  four-tailed  sling. 


careful  .search,  and  is  at  times  ob.scure.  The  chief 
complications  are  a  degree  of  malunion  interfering  in  a 
most  troublesome  manner  with  mastication,  and  sep- 
sis due  to  the  fracture  being,  in  the  majority  of  cases, 
compounded  into  the  mouth. 
The  prognosis  a-s  to  life  and  a-s 
to  bony  union  is  on  the  whole 
good,  but  as  to  the  perfect 
restoration  of  the  line  of  the 
teeth,  the  prognosis  must  be 
somewhat  guarded. 

The  treatment  must  in  all 
cases  take  into  account  the 
peculiar  liability  of  the.se  frac- 
tures to  septic  complication 
and  must  include  anti.septic 
measures  of  the  mo.st  efficaciou.'j 
possible  kind.  Fixation  of  the 
fragments  can  in  the  simpler 
cases  be  obtained  by  simply 
fastening  the  jaws  firmly  to- 
.gether  with  an  appropriate 
bandage,  a  Barton's  bandage 
In  many  ca.se3  it  is  advisable 
to  wire  the  bone,  and  in  .some  the  more  elaborate 
protection  of  an  interdental  splint  will  be  required  to 
maintain  a  proper  alignment  of  the  teeth. 

Fractures  of  the  Sternttm. — Fractures  of  the 
sternum  may  be  caused  by  direct  or  by  indirect 
violence.  The  fractures  by  direct  violence  are  gener- 
ally the  result  of  a  crushing  force  applied  to  the  thorax, 
and  are  apt  to  be  accompanied  by  such  extensive 
damage  to  the  thoracic  viscera  as  to  prove  promptly 
fatal.  Those  by  indirect  violence,  on  the  other  hand, 
arise  from  forcible  flexion  or  extension  of  the  spine, 
both  dorsal  and  cervical,  and  if  they  are  not  accom- 
panied by  simultaneous  fracture  of  the  vertebra;  and 
by  lesions  of  the  spinal  cord,  offer  very  fair  hope  of  re- 
covery. The  commonest  situation  of  the  fracture  is 
at  or  near  the  junction  of  the  manubrium  with  the 
corpus,  and  the  displacement  is  very  constantly  one  of 
the  manubrium  backward.  Reduction  is  accom- 
plished by  forcible  extension  of  the  spine  over  a  block 
or  a  cushion  or  over  the  end  of  a  table,  bringing  up  the 
arms  as  in  Sylvester's  method  of  artificial  respiration. 
Simple  rest  in  bed  may  suffice  for  the  after-treatment, 
or  it  may  be  deemed  wise  to  encase  the  thorax  in  a 
plaster  jacket. 

Fractures  of  the  Ribs. — Fractures  of  the  ribs  vary 
in  severity  according  to  the  number  of  ribs  involved 
and  according  to  the  extent  of  the  concomitant  in- 
trathoracic injury.  These  fractures  may  be  caused 
cither  by  direct  violence  at 
the  site  of  the  fracture  or 
l)y  bending  of  the  ribs 
through  pressure  upon  the 
thorax.  There  is  generally 
but  little  displacement, 
owing  to  the  restraining 
influence  of  the  intercostal 
muscles.  The  diagnosis  is 
generally  based  upon  crep- 
itus and  upon  the  eliciting 
of  pain  at  the  site  of  the 
fracture  when  pressure  is 
made  upon  the  affected  ribs 
at  points  somewhat  remote 
from  the  fracture  itself. 
The  most  important  com- 
plications, aside  from  the  graver  injury  to  the  thoracic 
viscera  in  extensive  crushes,  which,  indeed,  are  vcrj' 
generally  and  promptly  fatal,  are  emphysema,  pneu- 
mothorax and  hemothorax.  Emphysema  appears  in 
two  forms:  first,  a  cutaneous  eniphy.sema,  which  h.is 
but  rarely  any  important  clinical  significance,  and 
secondly,  a  mediastinal  and  interlobular  cmphysem.a 
which  is  a  matter  of  the  greatest  gravity  leading  to  a 
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Fio.  2551. — Strapping  of  Chest 
for  Fracture  of  the  Ribs. 
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condition  of  suifocation.  The  latter  form  of  emphy- 
sema is  rare.  The  treatment  is  by  strapping  the 
chest,  to  restrain  costal,  and  to  enforce  diaphragmatic 
breathing,  and  by  the  free  exhibition  of  opiates,  to  slow 
the  respiration,  to  check  cough  and  to  ease  pain. 
Emphysema,  if  troublesome,  may  be  somewhat  re- 
lieved by  multiple  scarifications;  pneumothorax  may 
be  reUeved  by  frequenth-  repeated  aspiration  through  a 
fine  hypodermic  needle.  Hemothorax  may  require  thor- 
acotomy, best  performed  under  differential  pressure. 

Fractures  op  the  Pelvis. — Fractures  of  the  pelvis 
are  divided  into  two  categories,  those  that  do,  and 
those  that  do  not  involve  rupture  of  the  pelvic  ring. 


Fig.  2552. — Double  Vertical  Fracture  of  Pelvis.      (Dennis  ) 

The  fractures  which  involve  the  integrity  of  the  ring 
may  be  single  but  are  more  commonly  multiple,  the 
ring  being  broken  in  two  places.  iSIore  commonly 
both  of  these  breaks  in  tlie  ring  lie  anterior  to  the 
interacetabular  line,  as  the  pelvic  bones  are  slighter  in 
front,  but  it  is  not  rare  to  have  one  element  of  these 
multiple  fractures,  known  as  double  vertical  fractures 
of  Malgaigne,  anterior  to,  and  the  other  posterior  to 
the  acetabulum,  the  posterior  line  crossing  the  iliac 
crest  or  even  the  lateral  masses  of  the  sacrum;  not 
infrequently  for  the  posterior  element  in  a  double  ver- 
tical fracture  is  substituted  a  diastasis  of  one  of  the 
sacroiliac  sj'nchondroses.  The  gravity  of  these  frac- 
tiu^es  is  dependent  upon  two  factors,  first  the  general 
shock  resulting  from  the  very  considerable  amount  of 
violence  by  which  they  are  produced,  and  secondly  the 
injury  caused  to  the  intrapelvic  viscera,  of  which 
lesions  those  of  the  bladder  and  of  the  urethra  easily 
hold  the  first  place.  The  diagnosis  is  greatly  facili- 
tated by  careful  palpation  of  the  true  pelvis  through 
the  rectum  or  the  vagina,  which  should  be  practiced  in 
all  suspected  pelvic  fractures.  External  palpation  is 
much  less  apt  to  reveal  the  lesion,  though  appropriate 
manipulations  may  reveal  pain  due  to  pressing  to- 
gether the  broken  surfaces. 

The  treatment  of  the  fracture  itself  is  generally  of 
the  simplest,  consisting  chiefly  of  rest  in  bed  and  a 
firm  girdle  about  the  pelvis.  The  treatment  of 
possible  complications  is,  however,  of  the  highest  im- 
portance, and  a  careful  investigation  of  the  urinary 
organs  is  demanded  in  all  cases,   which  should  in- 


clude the  passage  of  the  catheter  in  any  case  where 
spontaneous  urination  is  not  easy  and  the  urine  is  not 
denionstrably  free  from  blood.  On  evidence  of  a 
vesical  or  of  a  urethra!  lesion  it  is  good  practice  to  per- 
form a  perineal  section  at  once,  without  waiting  for 
the  appearance  of  further  urinary  complications,  in  all 
cases  where  the  patient  is  not  evidently  moribund  from 
the  primary  shock  of  the  accident.  In  manv  cases  of 
double  vertical  fracture  there  will  be  an  indication  for 
the  apphcation  of  an  extension  apparatus  to  the 
thigh. 

Single  fracture  of  the  anterior  part  of  the  pelvis, 
provided  it  breaks  the  continuity  of  the  pelvic  ring,  is 
also  Uable  to  bring  with  it  vesical  and  urethral  compli- 
cations, in  the  absence  of 
which  the  lesion  may  be 
considered  to  have  a  dis- 
tinctly favorable  prognosis. 
Fracture  of  the  floor  of 
the  acetabulum  may  occur 
without  completely  break- 
ing the  pelvic  ring,  and  the 
femoral  head  may  even  be 
driven  part  way  into  the 
pelvic  caV'ity,  a  lesion 
known  as  "central  dislo- 
cation of  the  hip";  such  a 
lesion  would  require  an  ex- 
tension apparatus  applied 
to  the  thigh,  or  a  plaster- 
of-Paris  spica  for  fixation. 
Portions  of  the  acetabu- 
lar rim  may  be  fractured  as 
an  accompaniment  of  dis- 
location of  the  femur. 
Such  a  lesion  would  be 
recognized  by  the  ready 
recurrence  of  the  femoral 
dislocation  after  reduction. 
Extension,  or  plaster-of- 
Paris  fixation  or  both 
would  be  indicated  in  its 
treatment. 

Isolated  fracture  of  the 
OS  pubis,  of  the  ilium,  of 
the  ischium,  of  the  sacrum 
and    of    the    coccyx   have 
been  observed.     Of  the  ilium  the  crest  and  the  anterior 
superior  spine  have  suffered  fracture  most  frequently, 
but  the  lesions  have  not  been  grave.     Fractures  of  the 
sacrum  and  of  the  coccyx  are  prone  to  involve  diffi- 
culties  with   defecation   which,  however,  have  rarely 
proved  to  be  permanent,  even  where  perfect  reposi- 
tion of  the  fragments  has  not  been  obtained. 

Fr.^ctxtres  op  the  Clavicle. — Fractures  of  the 
clavicle  are  among  the  commonest  of  all  fractures  and 
are  particularly  likely  to  occur  in  children.  By  far  the 
commonest  site  of  the  fracture  is  in  the  middle  third 
of  the  bone,  where  the  fracture  is  generally  pro- 
duced by  indirect  violence  transmitted  through  the 
shoulder.  When  the  fracture  is  transverse  there  may 
be  but  very  slight  deformity,  but  in  the  vastly  more 
frequent  oblique  fractures  the  deformity  is  highly 
characteristic  and  is  due  to  the  loss  of  the  strut  which 
holds  the  shoulder  away  from  the  thorax.  The  de- 
fault of  this  strut  allows  the  weight  of  the  arm,  aided 
by  the  action  of  the  huraerothoracic  muscles,  to  carry 
the  shoulder  downward,  forward  and  inward,  and  the 
outer  fragment  of  the  broken  bone  is  almost  always 
carried  behind  and  below  the  inner  fragment  which  it 
serves  to  push  upward,  which  upward  tilting  of  the 
inner  fragment  is  also  favored  by  the  only  partially 
opposed  action  of  the  sternocleidomastoid  muscle. 
The  diagnosis  is  made  from  the  characteristic  attitude 
of  the  patient,  from  his  inability,  except  in  cases  of 
transverse  fracture,  to  abduct  the  arm,  from  the  de- 
formity of  the  bone,  evident  both  to  palpation  and  to 
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vision,  and  from  the  crepitation  which  is  readily 
evoked.  The  complications  are  few,  the  most  com- 
mon of  them  being  pressure  upon  the  brachial  plexus 
from  exuberant  callus,  which  forms  in  cases  where 
the  reduction  and  the  fixation  have  been  imperfect. 
The  prognosis  as  to  bony  union  and  as  to  good  func- 


FlG.  2553. — Fracture  of  Infantile  CIa\-icle  by  Infraction.  Th'- 
direct  thrust  on  the  shoulder  causes  the  bone  to  bend  by  emphasiz- 
ing its  curves  and  occasions  a  transverse  fracture  by  infraction; 
not  infrequently  a  subperiosteal  fracture  and  occasionally  a 
green-stick  fracture.     (Bull.) 

tion  of  the  arm  is  excellent,  but  the  prognosis  as  to 
recovery  without  a  certain  measure  of  shortening  is 
much  less  favorable. 

The  indications  for  treatment  are  to  carry  the  dis- 
placed shoulder  upward,  outward  and  backward,  anfl 
to  maintain  the  shoulder  in  this  position  until  the  bone 
shall  have  so  far  knit  as  to  prevent  a  recurrence  of  the 


Fig.  2554. — Fracture  of  Adult  ClaWcle.  The  rigid  bone  does  not 
bend  and  the  direct  thrust  causes  an  oblique  fracture.  In  a  case 
observed  by  Chassaignac  the  clavicle  was  spHt  into  an  anterior 
and  a  posterior  half.     (Stimson.) 

deformity.  The  great  variety  of  dressings  and  of 
special  appliances  to  this  end  may  serve  as  an  indica- 
tion of  the  difficulty  of  its  accomplishment.  Most 
methods  of  treating  fracture  of  the  clavicle  depend 
upon  an  exaggeration  of  the  correction  is  one  direc- 
tion to  make  up  for  deficient  correction  in  another. 
The  better  forms  of  treatment  serve  to  correct  fully  at 


Fig.  2555. — Attitude  of  Patient  with  Fracture  of  the  Cla\-icle. 

least  two  out  of  the  three  elements  of  the  deformity. 
The  posterior  binaxillary  figure-of-eight,  by  exaggerat- 
ing the  backward  pull,  seeks  to  keep  the  shoulder  as 
remote  as  possible  from  the  sternum,  but  when  applied 
snuglv  enough  to  attain  its  object  it  is  unbearable  to 
the  patient,  its  lack  of  upward  lift  can  be  remedied  in  a 


measure  by  a  mitella  beneath  the  forearm  and  under- 
neath the  elbow.     The  \'elpc:iu's  bandage,  which  ia 


Fig.  2556. — Binaxillary  "Figure-of-eight." 


c  d 

Fig.  2557. — Sayre's  Dressing  for  Fracture  of  the  Clavicle.  Note 
that  in  (o)  the  first  adhesive  strip  is  applied  so  as  to  draw  the  upper 
arm  distinctly  backward.  This  backwani  position  of  the  arm  is 
still  seen  in  (M.  while  in  (r)  the  tightening  of  the  .second  adhesive 
strip  has  forced  the  hand  upward  on  the  thorai  till  the  fingers  reach 
the  opposite  claWcle. 

frequentlv  applied  in  this  lesion,  is  in  every  way  bad, 
as  its  circular  turns,  by  crowding  the  shoulder  toward 
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the  sternum,  do  more  harm  than  its  oblique  turns,  by 
lifting  the  arm  and  the  elbow,  can  offset.  The  Sayre 
dressing  seeks,  by  exaggerating  the  upward  lift,  and 
bv  the  backward  leverage  to  compensate  for  its  fail- 
ure to  hold  the  shoulder  away  from  the  sternum;  the 


Fig.  255S. — Moore's  Dressing.      (Stimson.) 

alleged  prying  out  of  the  upper  end  of  the  humerus 
by  a  fulcriun  formed  by  the  more  prominent  ribs,  is 
quite  mythical.  Axillary  cushions,  if  large  and  thick 
enough  to  be  effective,  are  dangerous  from  the  pres- 
sure which  they  cause  on  the  inner  side  of  the  upper 
arm.     The   Moore  dressing  has  no  method  but  that 


the  shoulder,  and  must  connect  the  shoulder  with  this 
fixed  point  in  some  convenient  and  comfortable  man- 


Fiu.  2oo9. — rivut-yoke.     Front  view. 

of  an  exaggerated  lift  for  maintaining  the  proper 
distance  bet-ween  the  shoulder  and  the  sternum;  it  is 
valuable  chiefly  as  a  convenient  emergency  dressing. 
A  really  rational  means  of  securing  the  desired  posi- 
tion of  "the  shoulder  must  establish  a  fixed  point  above, 
external  to  and  at  the  same  time  behind  the  point  of 
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FiQ.  2r>60. — Pivot-yoke.     Rear  view. 


Fio.  2r)Gl. — Pivot-yoke  Fashioned  from  Telegraph  Wire. 

ner.     Loops  or  bands  passing  through  the  axilla  must 
of  necessity  cause  more  or  less  injurious  and  more  or 
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less  uncomfortable  axillary  prei5sure.  It  has  oceurrod 
to  the  writer  to  apply  to  the  upper  arm  adhesive 
strips,  after  the  analogy  of  a  Buck  s  extension  of  the 
thigh,  and  to  connect  these  ad- 
hesive ])laster  strips  with  a  fixed 
point  in  the  desired  situation  by 
means  of  a  "pivot-ygke"  which 
is  shown  in  the  illustration. 
Such  an  apparatus  has  proved 
efficacious  in  practice,  and  has 
the  unifjue  merit  among  devices 
for  fractured  clavicle  of  beinf< 
fairly  comfortable  to  wear. 

Fractures  of  the  inner  third 
of  the  clavicle  are  characterized 
by  an  exaggerated  upward  tilt- 
ing of  the  internal  fragment. 
Their  treatment  may  well  be 
along  the  same  lines  as  that  of 
the  commoner  fracture  of  the 
middle  third.  Fractures  of  the 
outer  third  of  the   clavicle,  on 

Fig.  2562. .\dhesive-   account  of  the  broad  insertions 

plaster  Dressing  for  of  the  coracoclavicular  ligaments 
Fracture  of  External  (the  conoid  and  the  trapezoid), 
Third  of  the  Clavicle,  are  not  subject  to  the  same  dis- 
(Stimson.)  placements  or  deformity  as  frac- 

tures of  the  remainder  of  the 
bone.  These  fractures,  which  are  rare,  can  generally 
be  treated  most  ach-antageouslj-  with  crossed  adhesive 
strips  applied  as  recommended  by  Stimson  for  dis- 
location of  the  outer  end  of  the  clavicle. 

Fractures  of  the  Scapula. — Fractures  of  the 
scapula  are  not  common,  owing  to  the  elastic  bed  upon 
which  the  greater  part  of  the  scapula  reposes,  and 
owing  to  the  ease  with  which  it  can  glide  away  from 
any  fracturing  force.  The  commonest  scapular 
fractures  are  those  of  the  bodv,  generally  roughly 
transverse,  occasionally  stellate;  fractures  of  the  spine, 
of  the  coracoid  process,  of  the  acromion  and  of  the 
lower  angle  are  occasionally  seen,  while  smashing 
fractures  of  the  glenoid  cavit\'  and  less  extensive 
fractures  of  the  lip  of  this  structure  are  occasional 
accompaniments  of  humeral  fractures  or  dislocations. 

The  crossed  adhesive  plaster  strips  alluded  to  in  the 
preceding  section  would  be  appropriate  for  the  treat- 
ment of  fractures  of  the  acromion;  the  remaining 
scapular  fractures  if  they  demand  any  further  treat- 
ment than  support  of  tlie  arm  in  a  mitella  and  rest, 
might  well  be  treated  by  strajjping  of  the  thorax,  as 
recommended  for  the  treatment  of  fractures  of  the 
ribs,  with  a  view  to  restraining  in  a  certain  measure 
the  play  of  the  scapula  upon  the  chest. 

Fractures  of  the  Humerus. — Fractures  of  the  upper 
end  of  the  humerus  are  such  as  occur  from  the  head  of 
the  bone  to  the  point  of  attachment  of  the  pectoral 
and  the  latissimus  dorsi  muscles.  These  fractures 
fall  naturally  into  three  classes,  those  of  the  ana- 
tomical neck,  those  through  the  mass  formed  by 
the  two  tuberosities,  along  a  line  representing  more 
or  less  closely  the  epiphyseal  cartilage,  pertubercular 
fractures,  and,  in  the  third  place,  fractures  which  occur 
below  the  tuberosities  yet  above  the  lower  limits  we 
have  ascribed  to  the  upper  end  of  the  bone — sub- 
tubercular  fractures. 

Fractures  of  the  anatomical  neck  of  the  humerus 
are  very  rare  though  their  occurrence  has  been 
attested  both  by  operation  and  by  the  x-ray.  They 
have  been  most  frecjuently  the  result  of  a  fall  directly 
upon  the  shoulder,  and  are  occasionally  accompanied 
by  dislocation  toward  the  coracoid  process.  The 
separated  head  has  been  observed  in  some  instances 
to  have  undergone  wide  displacement,  amounting,  in 
several  cases,  to  a  complete  revolution,  so  that  its 
fractured  surface  looked  toward  and  its  articular  sur- 
face away  from  the  glenoid  cavity.  In  cases  of  wide 
displacement   of   the  head  operative  interference   is 


Fig.  2.j63.  Limit.'*  and  Direction 
of  Pertubercular  Fracture  of  the 
Humerus.  Fractures  above  the 
upper  limit  are  properly  fractures  of 
the  .tnatomical  neck;  those  below 
the  lower  limit  are  subtubcrcular 
fractures.  The  fiKure  shows  the 
epiphyseal  cartilage. 


indicated,  and  resection  of  the  head  of  the  bone  is 
generally    the    most    feasible    method    of    treatment. 
Where  the  displacement  is  less  considerable,  continu- 
ous   traction     on     the 
humerus    is    the    most 
satisfactory  method  of 
treatment. 

Pertubercular  frac- 
ture of  the  upper  end 
of  the  humerus  is  the 
commoner  type  of  frac- 
tures in  tills  vicinity. 
The  cau.se  may  be 
either  direct  violence 
ap[)lied  to  the  slioulder 
or  violence  transmitted 
through  the  humeral 
shaft  from  a  fall  on 
the  hand.  The  line  of 
fracture  is  very  con- 
stantly ol)li(|ue  from 
above  downward  and 
from  without  inwarrl. 
The  inner  termination 
of  the  fracture  line  is 
generally  very  close  to 
the  junction  of  the 
lower  border  of  the 
head  with  the  shaft  of 
the  bone;  the  oiiter 
end  of  the  line  of  frac- 
ture may  vary  consid- 
erably  in   its    distance 

from  the  upper  border  of  the  head,  the  pertubercular. 
fractures  thus  merging  insensibly  into  those  more 
strictly  of  the  anatomical  neck  above,  and  into  the 
class  of  subtubercular  fractures  below.  These  fractures 
through  the  tuberosities  have  mo.st  freciuently  and 
characteristically  a  displacement  forward  and  inward, 
which  is  generally  revealed  with  some  clearness  by  a 
careful  scrutiny  of  the  axis  of  the  shaft  of  the  bone  as 

a  whole.  When  the 
usual  displacement  is 
jjresent,  a  view  of  the 
arm  from  in  froni  will 
show  the  axis  deflected 
toward  the  coracoid 
jjrocess,  much  as  in  a 
subcoracoid  dislocation, 
from  which  it  may  how- 
ever be  distinguished  by 
two  points:  first,  the 
.shoulder  will  not  have 
lost  to  any  great  extent 
its  normal  rotundity, 
owing  to  the  fact  that 
the  head  of  the  humerus 
still  lies  in  the  glenoid 
cavity,  where  it  may  be 
jjalpated  beneath  the 
acromion  process; 
second,  the  elbow,  even 
if  it  docs  not  lie  in  actual 
contact  with  the  thorax, 
can  be  made  to  approach 
the  thorax  without  the 
elastic  resistance  which 
is  characteristic  of  sub- 
coracoid dislocation. 

\  further  highly  char- 
act  eristic  diagnostic 
])oint  is  quite  frequently, 
though  not  constantly, 
to  be  observed,  namely, 
a  dimpling  of  the  skin  on  the  front  of  the  upper  arm 
caused  by  the  engagement  of  a  spicule  of  bone  on 
the  upper  end  of  the  lower  fragment  in  the  deeper 
layers    of    the    corium.       When    the  arm   is  viewed 
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FiQ.  2564.  —  Pertubercular 
Fracture  Viewed  from  the  Front, 
showing  Characteristic  Disphice- 
ment  inward.  Note  dimpling  of 
the  skin  over  end  of  lower  frag- 
ment.     (Kocher.) 


Fractures 
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Fig.  2565.  —  Pertubercular 
Fracture  Viewed  from  the  Side, 
showing  Characteristic  Displace- 
ment forward.     (Kochcr.) 


from  the  side  there  will  be  observed,  when  the  usual 
displacement  is  present,  a  forward  deflection  of  the 
humeral  axis,  so  tliat  it  is  no  longer  pointed  directly 
toward  the  acromion,  but  its  line,  if  projected,  would 

pass  somewhat  in  front  of 
this  process.  In  the  less 
common  displacement 
liackward  and  outward, 
t  he  hues  of  axial  deflec- 
tion  will  be  correspond- 
ingly altered,  and  they 
are,  withal,  less  clearly  to 
1)6  made  out.  In  young 
jjatients  a  genuine  epi- 
])hyseolysis  will  generally 
take  the  place  of  a  pertu- 
l)crcular  fracture  of  the 
bune.  Both  in  true  frac- 
tures and  in  epiphyseolysis 
the  inward  and  forward 
displacement  is  at  times 
so  extreme  that  the  shaft 
is  carried  completely  past 
the  upper  fragment  and 
overriding  results,  which 
may  offer  the  greatest 
difficulties  to  reduction, 
necessitating,  in  the  ma- 
jority of  cases,  a  resort  to 
open  operation.  Except 
where  very  perfect  reduc- 
tion can  be  obtained,  the 
best  treatment  of  per- 
tubercular fracture  of  the  humerus  is  by  continued 
traction,  and  not  infrecjuently  it  wUI  be  necessary  to 
make  this  traction  in  two  directions,  i.e.  in  the  axis  of 
the  arm,  which  should  at  least  be  moderately  abducted 
from  the  body,  and  likewise,  through  the  means  of  a 
separate  band  and  weight,  in  a  direction  calculated  to 
overcome  the  tendency  to  inward  displacement. 

Fractures  where  the  outer  end  of  the  fracture  line 
is  situated  more  than  an  inch  below  the  top  uf  the 
h  u  m  e  r  a  1  tuberosities 
are  known  as  subtuber- 
cular '  fractures.  The 
displacement  in  subtu- 
bercular  fractures  is 
best  described  as  being 
a  displacement  of  the 
upper  fragment,  which, 
inasmuch  as  it  remains 
under  the  control  of  the 
rotators  and  abductors 
that  are  inserted  into 
the  tuberosities,  is, 
when  released  from  its 
connection  with  the 
shaft  of  the  bone,  car- 
ried by  tliese  muscles 
into  a  position  of  ab- 
duction and  external 
rotation,  a  position  to 
which  it  is  necessary  to 
accommodate  the  liu- 
meral  shaft  in  doing  up 
the  fracture.  The  treat- 
ment is  similar  to  that 
of  fractures  of  the 
humeral  shaft  rather 
than  to  that  of  the 
other  fractures  of  the 
upper  end  of  that  bone, 
and  is  discussed  below. 

Besides  the  three  main  types  of  fracture  of  the  upper 
end  of  the  humerus  already  mentioned  we  have  also 
various  forms  of  comminution  of  the  bone  which  on 
analysis  can  generally  be  resolved  into  combinations 
of  any  two  of  the  three  principal  types  of  fracture, 
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2566.— Al 
Rotation    ot   ■  Upper    Frat:- 
Subtubercular    Fracture. 
thi.s    position    will    give 


in 


permanent  impairment  of  function. 
(Dennis.) 


and  are  known  as  \'-fractures  or  as  Y-fractures  ac- 
cording to  the  direction  of  the  fracture  Unes,  whch, 
with  a  fair  degree  of  constanc.y,  are  more  or  less  widely 
separated  on  the  external  side  of  the  bone,  to  approach 
or  to  meet  one  another  on  the  inner  side  of  the  bone 
near  the  lower  border  of  the  head.  These  fractures 
are  almost  always  the  result  of  direct  violence  to  the 
shoulder  of  a  degree  considerably  greater  than  would 
suffice  to  occasion  a  simple  pertubercular  fracture. 
Their  treatment  .should  be  along  the  general  lines 
suggested  for  the  simpler  fractures,  but  the  reposition 
and  retention  of  the  fragments  is  much  more  difficult 
and  calls  more  often  than  do  the  simple  fractures  for 
mechanical  fixation  by  open  operation.  Even  under 
the  mo.st  favorable  conditions  the  prognosis  as  to 
complete  recovery  of  the  functions  of  abduction  and 
rotation  can  hardly  be  regarded  as  more  than  fair. 

Isolated  fracture  of  one  or  of  both  tuberosities  is 
sometimes  seen  as  the  result  of  direct  violence  to  the 
shoulder,  or  even  as  the  result  of  muscular  action. 
The    difficulty    of   retaining   the    small  fragments   in 


Fig.  2567. — Y-fracture  of  Upper  End  of  Humerus:  almost  always 
a  compression  fracture  by  severe  direct  violence.  (Internat. 
Textbook  of  Surgery.) 

position  by  any  means  short  of  fixation  by  open 
operation  is  very  great,  though  something  can  be  done 
by  accommodating  the  position  of  the  humeral  shaft  to 
the  position  of  extreme  abduction  and  external  rota- 
tion which  the  separated  fragments  are  forced  to 
assume  under  the  unopposed  action  of  the  inserted 
muscles.  Failing  proper  reposition  these  important 
functions  will  be  largely  abolished.     See  Fig.  2.566. 

The  shaft  of  the  humerus  is  subject  to  a  variety  of 
fractures,  among  which  spiral  fractures  are  con- 
spicuous both  by  their  frecjuency  and  by  the  diiEculty 
of  reduction  and  retention.  When  these  fractures 
occur  below  the  middle  of  the  shaft,  a  serious  com- 
plication may  develop  if  exact  reposition  cannot  be 
maintained,  namely,  the  inclusion  of  the  musculo- 
spiral  nerve  in  the  callus,  a  mishap  which  will  call  for 
freeing  the  nerve  from  the  callus  by  operative  means, 
to  restore  the  function  of  the  extensor  muscles  of  the 
forearm.  Some  obstinate  fractures  of  the  shaft  of 
the  humerus  will  demand  continuous  traction  dur- 
ing the  first  part  of  the  treatment.     In  a  majority  of 
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the  cases,  however,  the  treatment  should  consist  in 
binding  the  arm  upon  an  axillary  cushion  which  will 
support  it  iirmly  and  comfortably  against  the  side 
of  the  body.  The  upper  arm  should  be  first  sur- 
rounded with  several  narrow  coaptation  splints, 
fastened  with  adhesive  strips.  The  axillary  pad 
should  be  made  of  folded  layers  of  cotton  or  of  sheet- 


FiG.  2568. — Strohmeyer"s  Axillary  Cushion. 

wadding  covered  with  pasteboard,  and  this  again 
covered  with  a  single  layer  of  cotton  or  of  sheet- 
wadding,  the  whole  finally  either  wound  with  bandages 
or  encased  in  cotton  cloth  properly  stitched.  The  pad 
should  be  wedge-shaped,  should  be  long  enough  to 
reach  from  the  apex  of  the  axilla  to  just  below  the 
border  of  the  ulna  when  the  elbow  is  flexed;  it  should 
be  about  sbc  inches  wide,  and  the  upper  end  should 
be  about  one  inch,  while  the  lower  end  should  be  about 
three  inches,  in  thickness.  To  each  corner  of  the  thin 
end  should  be  fastened  straps  or  tapes  long  enough  to 
pass  across  the  root  of  the  opposite  side  of  the  neck  and 
cross  under  the  opposite  axilla.  The  object  of  the 
pad  is  to  afford  a  firm  and  comfortable  bed  against 


Fio.  2569. — The  Frame  of  v.  Hacker's  Splint  for  Fracture  of  the 
Shaft  of  the  Humerus.     This  frame  requires  copious  padding, 

which  the  whole  length  of  the  upper  arm  can  rest. 
When  the  arm  supported  by  its  coaptation  splints 
has  been  laid  upon  this  bed,  it  is  to  be  bound  firmly 
to  the  body  by  a  broad  swathe  encircling  the  arm  and 
the  thorax.  The  elbow  should  remain  unsupported, 
but  the  wrist  should  be  supported  by  a  sling. 


Fig.       li.'^ro. — l.jit*-i>iiion 
Fracture  at  Elbow,     (Sketch 


Another  simple  but  ingenioas  apparatus  which  can 
be  readily  extemporized  is  the  .splint  used  in  the 
clinic  of  V.  Hacker,  of  Halle.  This  ia  illuatrateU  in 
Fig.  2.5()4. 

Comminuted  fractures  of  the  .shaft  of  the  humerus 
demand  in  most  cases  open  operation,  and  treatment 
by  continuous  extension.  Only  after  a  week  or  two  is 
it  wise  to  apply  the  treatment 
recommended  above  for  sim- 
ple fractures.  Extension  can 
be  conveniently  ap|)lied  in 
ambulant  cases  by  weights 
fastened  to  an  internal  angu- 
lar splint  which  is  to  be  made 
fast  to  the  forearm  but  not  to 
the  upper  arm,  lest  through 
fixation  of  the  elbow  any  mo- 
tion applied  to  the  forearni, 
which  might  well  expend  itself 
harmlessly  in  motion  at  the 
elbow-joint,  be  transmitted 
past  the  joint  to  take  effect 
at  the  site  of  the  fracture. 

Lower  End  of  the  Humtrtis. 
— The  commonest  fractures 
at    the    lower    end    of    the 

humerus    are    supracondylar    from  i-ray  by  Cotton.) 
fractures  by    hyperextension, 

fractures  of  the  external  condyle  and  fractures  of  the 
internal  epicondyle.  The  other  fractures,  which  are 
much"  more  rare,  are  fractures  of  the  internal  c<jnflyle, 
fractures  of  the  articular  process,  often  in  the  guLse  of 
an  epiphyseolysis,  T-fractures  and  Y-fractures,  in 
which  the  condyles  are  not  only  separated  from  the 
humeral  shaft  but  are  likewise  split  apart,  supra- 
condylar fractures  by  flexion,  fractures  of  the  capitel- 
lum,  and  finally,  as  a  great  rarity,  fracture  of  the 
external  epicondyle. 

The  elbow,  in  common  with  nearly  all  the  gingly- 
moid  joints  of  the  body,  is  subject  to  two  characteris- 
tic types  of  fracture,  extension  fractures  and  flexion 
fractures.  These  fractures  are  caused  by  leverage 
exerted  on  the  bone  through  the  medium  of  the  joint 
ligaments.  In  extension  fractures  at  the  elbow-joint 
the  force  is  commonly  applied  through  a  fall  upon  the 
hand,  whereby  the  anterior  portion  of  the  capsular 

ligament  is  made 
taut.  Should  the 
ligament  give  way 
more  easily  than  the 
bone,  the  result  will 
be  a  backward  dis- 
location of  the  bones 
of  the  forearm,  but 
should  the  ligament 
not  yield,  a  fracture 
of  the  humerus  will 
be  the  consequence, 
which  fracture  will 
start  at  the  line  of 
the  attachment  of 
the  capsular  liga- 
ment anteriorly  and 
will  proceed  U[)wartl 
and  backward, 
allowing  the  bones 
of  the  forearnt  to 
become  displaced 
substantially  as  in  .1 
backward  disloca- 
tion, yet  still  main- 
taining their  normal  relation  to  the  lower  fragment 
of  the  humerus,  which,  owing  to  the  intact  lateral 
ligaments  of  tfie  joint,  accompanies  the  bones  of 
the  forearm  in  the  backward  displacement.  The 
result  is  that  the  sharp  chisel  end  of  the  upper 
fragment  becomes  prominent  at  the  bend  of  the 
elbow,    where   it   is  capable  of  doing  great  damage 
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I'lo.  2j71. — B:ukward  Dislocation 
of  Elbow.  (Sketch  from  z-ray  by 
Cotton.) 


Fractures 
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to  the  cubital  vessels  and  nerves.  While  an  ex- 
tension fracture  is  generally  caused  by  an  actual 
hyperextension  of  the  joint,  a  flexion  fracture  is  the 
result  of  a  virtual,  rather  than  an  actual,  hyper- 
flexion.  The  force  which  actually  produces  a  flexion 
fracture  is  generallv  a  fall  upon  the  partly  or  fully 
flexed  elbow,  but  the  mechanics  of  the  fracture  is 
substantially  the  reverse  of  what  we  have  described  as 
that  of  an  extension  fracture.  In  a  flexion  fracture 
the  posterior  portion  of  the  capsular  ligament  is  made 
taut,  and  the  fracture  staffs  at  the  line  of  attachment 
of  this  portion  of  the  ligament  to  the  humerus,  and 
extends  obliciuelv  upward  and  forward.  Had  the 
capsule  yielded  before  the  bone,  the  result  would  have 
been  a  forward  dislocation  of  the  bones  of  the  fore- 
arm. In  case  of  bone  fracture  the  lower  fragment  is 
carried  forward,  still  attached  to  the  radius  and  the 
ulna  by  the  intact  lateral  hgaments  of  the  joint,  and 
the  chisel  end  of  the  upper  fragment  juts  out  back- 
ward, and  not  infrequently  transfixes  the  triceps 
tendon  and  may  even  protrude  tlirough  the  skin. 
The  damage  that  will  be  done  by  the  sharp  edge  of  the 
upper  fragment  is  evidently  far  less,  barring  the 
possibility  of  infection  of  a  compound  fracture,  in 
flexion  fractures  than  in  extension  fractures.  Exten- 
sion fractures  are  much  more  common  at  the  elbow 
than  are  flexion  fractures. 

Supracondylar  Fractures  by  Extension. — Supracon- 
dylar fractures  of  the  humerus  by  extension  have  many 
resemblances  to  a  backward  dislocation  of  the  elbow; 
the  most   obvious  points   of   differentiation   are  the 


Fig 


-Anterior  Hinged  Splint  for  Fracture  about  the  Elbow 
Joint. 


different  shape  and  make-up  of  the  anterior  and  of  the 
posterior  protrusions,  the  occurrence  of  crepitation  in 
fracture,  and  the  reduction  of  the  deformity  in 
fracture  by  simple  forcible  traction  in  the  axis  of  the 
arm.  Extension  fractures  of  the  humerus  have  in 
common  with  backward  dislocation  of  the  elbow 
abnormal  mobility  both  in  the  sense  of  hyperexten- 
sibility  and  a  preternatural  adduction  and  abduction, 
and  furthermore,  in  both  lesions  flexion  of  the  elbow  is 
impeded. 

In  the  treatment  of  extension  fractures  at  the  elbow 
rest  and  support  are  of  far  greater  importance  than  is 
the  particular  degree  of  flexion  or  of  extension  which 
is  to  be  imparted  to  the  elbow-joint.  After  rest  and 
support  have  been  provided  by  proper  splinting  in  any 
convenient  position,  the  next  most  important  matter  is 
the  frequent  changing  of  the  degree  of  flexion  of  the 
elbow  to  secure  the  widest  possible  range  of  motion  in 
the  joint  after  healing  of  the  fracture.  It  is  good  prac- 
tice to  change  the  degree  of  flexion  every  two  days, 
splinting  the  arm  securely  in  the  new  position.  For 
the  first  two  or  three  dressings  the  arm  should  be 
brought  nearer  and  nearer  to  complete  flexion,  and 
for  the  next  two  or  three  dressings,  nearer  and  nearer 
to  complete  extension.  An  adjustable  anterior 
hinged  angular  splint  is  convenient  for  all  the  dress- 
ings but  those  of  nearly  complete  flexion.  These 
positions  of    nearly   complete    flexion    can    best    be 
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obtained  by  means  of  a  strip  of  adhesive  plaster 
running  along  the  posterior  aspect  of  the  forearm, 
the  wrist  and  the  hand,  and  from  thence  across  the 
trapezius  of  the  injured  side  and  down  the  back  be- 
tween the  scapula,  as  shown  in  tlie  illustration. 

One  particular  form  of  malunion  is  prone  to  follow 
supracondylar  fractures  of  the  humerus,  namely,  a 
gunstock  deformity,  or 
cubitus  varus.  This 
deformity  is  not  caused, 
as  was  at  one  time  sup- 
posed, by  the  slipping 
down  of  the  external 
condyle  along  the  shaft, 
in  isolated  fracture  of 
that  process,  but  is  the 
result  of  a  tilting  of  the 
whole  lower  fragment 
in  supracondylar  frac- 
ture. It  is  best  guarded 
against  by  a  splint  ap- 
plied firmly  on  the  inner 
side  of  the  upper  arm 
in  such  a  manner  as  to 
exert  some  pressure  on 
the  internal  condyle, 
its  action  being  empha- 
sized by  a  similar  splint 
apphed  to  the  outer 
side  of  the  upper  arm, 
and  so  padded  as  to 
make  pressure  above 
the  external  epicondyle. 
The  lesion  is  unsightly 
but  does  not  interfere 
seriously  with  the  func- 
tion of  the  arm.  It 
can  readily  be  corrected 
by  a  cuneiform  oste- 
otomy. 

Fracture  of  the  External  Condyle. — Fracture  of  the 
external  condyle  is  generally  the  result  of  a  fall  upon 
the  hand  in  which  the  force  is  transmitted  along  the 
shaft  of  the  radius  directly  to  the  capitellum.  The 
delay  in  the  union  of  the  center  of  ossification  for  the 
capitellum  with  the  diaphysis  predisposes  children 
and  adolescents  to  this  fracture,  which  is,  however, 
by  no  means  rare  in  adults.  Certain  bizarre  and 
unusual  forms  of  displacement  occur  in  this  fracture, 
due  to  the  persistent  attachment  of  the  external  lateral 
ligament  of  the  elbow-joint  to  the  fragment.  The 
difficulties  of    accurate  replacement    and    retention 

may  necessitate  the  ex- 
cision of  the  condyle, 
which  operation  does 
not  seriously  interfere 
with  the  function  of  the 
elbo%v.  The  diagnosis 
of  fracture  of  the  ex- 
ternal condyle  is  based 
on  the  possibility  of 
marked  adduction  of 
the  forearm,  and  it  is  to 
be  differentiated  from 
a  complete  supracon- 
dylar fracture  by  the 
fact  that  there  is  not 
any  similar  degree  of 
abduction  possible. 
The  fracture  can  be 
differentiated  from  a 
sprain  by  the  pain 
caused  by  upward  pres- 
sure in  the  line  of  the  shaft  of  the  radius,  and  by 
crepitation  and  mobility  of  the  fragment.  The  treat- 
ment, except  in  cases  of  extraordinary  displacement 
which  may  require  excision,  is  similar  to  that  of  supra- 
condylar fracture. 


Fig.  2.'>73  — Adhesive-plaster 
Dressing  for  Maintaining  Full 
Flexion  of  the  Elbow. 


Fig.  2574. — Gunstock  Deformity 
after  Supracondylar  Fracture. 
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Oilier  Fracture:!  of  the  Lower  End  of  the  Hunuriis. 
— Fracture  of  the  internal  epicondyle  is  caused  by  any 
force  which  forcibly  abducts  the  forearm,  and  oc- 
casionally by  a  blow  upon  the  epicondyle  from 
behind.  (See  Fig.  2.539.)  The  fragment  broken  off  is 
often  very  small  but  it  carries  the  insertion  of  the 
internal  lateral  ligament  of  the 
elbow-joint;  as  a  consequence  the 
extended  forearm  is  capable  of  a 
wide  degree  of  abduction,  as  op- 
posed to  the  adduction  produci- 
ble in  fracture  of  the  external 
condyle.  A  considerable  amount 
of  hyperextension  is  also  possible, 
owing  to  the  more  or  less  exten- 
sive laceration  of  the  anterior 
portion  of  the  capsular  ligament, 
and  crepitation  and  independent 
mobility  of  the  fragment  can 
ordinarily  be  demon.strated  with- 
out difficulty.  The  displacement 
of  the  fragment  is  almost  con- 
stantly downward  and  forward, 
but  occasionally  it  may  be 
dragged  into  the  interior  of  the 
joint  capsule,  where  it  may  pre- 
sent a  considerable  obstacle  to 
flexion.  This,  however,  is  rare. 
This  fracture,  not  being  to  any  great  degree  an  articular 
fracture,  does  not  threaten  to  involve  the  elbow  in 
ankylosis;  the  more  elaborate  precautions  against  this 
mishap  are  therefore  not  needed,  as  in  most  fractures 
about  the  elbow -joint.  The  best  method  of  treatment 
is  in  a  position  of  full  flexion,  maintained  by  the  simple 
adhesive  strip  described  above  as  applicable  to  supra- 
condylar fractures.  (See  Fig.  2573.)  After  ten  or 
twelve  days  the  arm  may  be  released  from  this  rather 
irksome  confinement  and  be  supported  across  the 
thora.\  in  a  simple  mitella. 

Fractures  of  the  articular  process  (fracturae  dia- 
condylicap)  are  generally  caused  by  a  fall  on  the 
f.exed  elbow.  They  occur  most  commonly  in  the 
young    in    the    shape    of    an    epiphyseolysis.      Their 


Fig.  2575. — Fracture 
of  the  External  Condyle, 
showing  rotation  of  the 
fragment.     (Kocher.) 


Fig.  257b. — Epiphyseolysis  of  Lower  End  of  Humerus.     Note  shape 
of  Epiphysis.      (Drawing  from  x-ray  by  Scudder.) 

symptoms  are  largely  those  of  a  loose  body  in  the 
eblow-joint,  giving  an  obstacle  to  flexion  and  exten- 
sion which  can  generally  be  overcome  by  the  exercise 
of  slight  force.  Their"  treatment  should  be  along 
the  lines  laid  down  for  treatment  of  supracondylar 
fractures  from  which  they  may   be  distinguished  by 


Fig.  2577. — T-fracture 
of  Lower  End  of  H  umenu. 
Note  that  the  obU«iuily  of 
the  upper  fragment  corre- 


the  limited  extent  to  which  the  signs  common  to  both 
lesions  can  be  demonstrated.  \  further  distinction 
lies  in  the  absence  of  any  independent  mobility  of  the 
epicondyles. 

T-fractures  and  Y-fractures  of  the  lower  end  of  the 
humerus  are  caused  by  an  extreme  degree  of  violence 
applied  to  the  elbow  itself,  as 
from  a  fall  from  a  considerable 
height.  The  fracture  line  at 
the  separation  of  the  condyles 
from  the  shaft  is  con.sec|uently 
generally  obli()ue  from  behind 
forward  and  from  below  up- 
warfl,  in  the  general  sense  of  a 
flexion  fracture,  as  oppo.sed  to 
that  of  an  extension  fracture; 
the  chief  damage  to  the  sur- 
rounding soft  parts  is  therefore 
generally  at  the  back  rather 
than  at  the  front  of  the  elbow. 

The    intcrcondvlar   portion  of    sponds tea fleiion fracture 

the  fracture,   representing  the    and    that    the     ant*nor 

i  <■  4  1       T  f    *u      V     ,„     cubital       structures       are 

Stem   of  the  T  or  of   the   \,   is     ^  ^^^^  ^.^^^^^  ^^e   fracture 

caused  by  the  pressure  of  the    ^^.^ds  to  be  compounded 

diaphysis  upon  the  lower  frag-     posteriorly.     (Kocher.) 
ment  splitting  it  into  two  lateral 

portions.  These  fractures  are  not  infrequently  com- 
pound. Their  treatment  should  be  along  the  lines 
alreadv  laid  down  for  the  treatment  of  supracondylar 
fractures,  but  the  changes  of  position  should  be  more 
frequent  and  should  be  less  in  degree.  Even  under 
the  best  of  care  these  severe  fractures,  especially  if  com- 
pound, give  as  a  rule  but  imperfect  results  as  regards 
restoration  of  the  function  of  the  joint. 

Supracondvlar  fraetiu-es  bv  flexion  (see  Fig.  2543 
demand  much  the  same  treatment  as  extensiori  frac- 
tures, onlv  it  is  advisable  in  changing  the  position  of 
the  arm  "to  make  the  first  series  of  changes  in  the 
direction  of  greater  and  greater  extension,  and  to 
begin  the  series  of  changes  in  the  direction  of  flexion 
only  after  the  fragments  shall  have  acquired  at  least 
a  certain  slight  degree  of  fixation  through  the  advance 
of  the  healing  process. 

In  a  certain  number  of  cases  there  has  been  noted  the 
forcing  off  of  the  articular  surface  of  the  capitellum 
under  the  influence  of  heavy  lifting 
with  flexion  of  the  forearm,  throijgh 
the  extreme  pressure  of  the  head  of  the 
radius  against  the  humerus.  The  frac- 
ture is  not  alwaj'S  painful,  and  reveals 
itself  chiefly  through  the  displacement 
of  the  fragment  into  the  joint  as  a 
loose  body  where  it  causes  a  character- 
istic interference  with  flexion  and  ox- 
tension.  The  treatment  is  by  excision 
of  the  fragment  which  is  without  serious 
detriment  to  the  elbow. 

A  word  of  caution  is  in  order  with 
regard  to  extension  fractures  and  to 
comminuted  fractures  about  the  elbow- 
joint,  concerning  more  especially  the 
laceration  of  the  cubital  vessels.  Where 
the  appearance  of  an  unusual  degree  of 
swelling  makes  probable  a  considerable 
vascular  laceration,  and  particularlj' 
where  the  radial  pulse  is  not  to  be  felt 
with  satisfactory  distinctness,  the  sur- 
geon should  exercise  the  greatest  cau-  tellum.  The 
tion,  in  applving  dressings  or  splints,  fragment  forms  a 
to  avoid  interfering  bv  anv  avoidable  loow  body  in  the 
pressure  with  the  already  impaired  cir-  )»""■  (Kocher.) 
culation  of  the  forearm,  for  fear  of 
inducing  an  ischemic  contracture,  which  is  essentially 
a  progressive  degenerative  myositis  leading  to  the 
substitution  of  non-contractile  fibrous  connective 
tissue  for  the  contractile  muscle  tissue.  This  condi- 
tion, known  also  as  a  Volkmann's  contracture,  leads 
to  more  or  less  complete  abolition  of  the  functions 
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Fig.      2578.- 
Fracture  of  Capi- 


Fractures 
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Fig.  2579. — Position 
of  Hand  and  Fingers  in 
Volkmann'3  contracture. 
Site  of  pressure  cicatrix 
ia  indicated  on  forearm. 


of  the  hand,  and  may  be  ahnost  irremediable  by  art. 
A  deficient  supply  "of  blood  to  the  muscles  is  the 
essential  etiological  factor  in  the  lesion,  and  to  this 
tight  bandaging  may  contribute  in  an  important  de- 
gree, especially  in  cases  where 
the  primary  extensive  laceration 
of  the  vessels  has  aflforded  a 
strong  predisposition.  This  is  a 
frequent  occasion  for  malprac- 
tice suits. 

Fr.\ctures  of  the  Forearm. — 
Fractures  of  the  bones  of  the 
forearm  appear  both  as  isolated 
fractures  of  either  bone  and  as 
simultaneous  fractures  of  the 
radius  and  the  ulna.  Of  frac- 
tures of  the  upper  end  of  the 
ulna,  that  of  the  olecranon 
process  is  the  most  common, 
though  a  few  cases  are  on  record 
of  fracture  of  the  coronoid  process 
as  an  accompaniment  of  a  back- 
ward di-slocation,  to  be  recog- 
nized by  the  faciUty  with  which 
the  dislocation  recurs  after  re- 
duction. Fracture  of  the  ole- 
cranon is  not  now  believed,  as 
was  formerly  taught,  to  be 
caused  in  the  majority  of  cases 
by  direct  violence  to  the  elbow, 
but  its  causation  is  rather  one  of  leverage  across  the 
trochlea  of  the  humerus,  which  atfords  a  fixed  point 
against  which  the  pull  of  the  triceps  above,  and  a  blow 
upon  the  shaft  of  the  ulna  below,  act  to  break  the  bone 
across  through  the  sigmoid  notch.  The  constant  ten- 
dency to  displacement  of  the  fragment  is  upward,  under 
the  traction  of  the  triceps,  but,  owing  to  the  lateral  ex- 
pansions of  the  aponeurotic  tendon  of  the  triceps,  this 
tendency  to  diastasis  of  the  fragments  does  not,  in 
most  cases,  assert  itself  very  extensively  until  some 
time  after  the  fracture;  a  careful  examination  is  there- 
fore necessary  in  many  cases  to  determine  the  ex- 
istence of  this  fracture  in  recent  cases.  The  best 
treatment  is  by  prompt  wiring,  which  is  without 
dangers  save  those  which  may  be  succes.sfully  met  by 
a  strict  attention  to  asepsis.  In  default  of  operation 
the  arm  should  be  put  up  in  as  near  an  approach  to 
complete  extension  as  the  patient  can  bear  with  any 
degree  of  comfort.  The  greatest  care  should  be  used 
in  flexing  the  arm  little  by  little  for  fear  of  a  refracture, 
or  of  increasing  the  diastasis  between  fragments  which 
are  somewhat  precariously  held 
together  by  a  ligamentous  bond 
of  union.  The  degree  of  disabil- 
ity in  cases  of  fibrous  union  is 
fairly  commensurate  with  the 
length  of  the  intervening  liga- 
mentary  bond.  Secondary  oper- 
ation on  neglected  cases,  owing  to 
the  permanent  contracture  of  the 
triceps,  gives  only  indifferent 
results. 

The  fractures  of  the  upper  end 
of  the  radius  include  those  of  the 
head  and  those  of  the  neck; 
fractures  below  the  orbicular 
ligament  are  extremely  rare, 
owing  to  the  full  protection  af- 
forded to  the  bone  by  the  sur- 
rounding muscles.  Fractures  of 
the  head  are  seen  as  separations 
of  a  chip  from  the  contour  of  the 
circular  head  and  as  stellate  fractures;  in  either  case 
the  fracture  of  the  head  may  extend  a  greater  or  less 
distance  down  the  neck.  Fractures  of  the  neck  may  or 
mav  not  be  accompanied  with  a  fracture  of  the  head  of 
thebone.     These  fractures,  owing  to  tlie  deformation  of 


Fia.  2580.— 
of     Head     of 
(Dennis.) 


the  head  and  of  the  neck,  may  interfere  very  seriously 
with  the  play  of  the  upper  end  of  the  radius  in  the 
confined  space  within  which  its  functions  are  executed 
between  the  orbicular  ligament  below  and  the  capi- 
tellum  of  the  humerus  above,  and  may  lead,  in  con- 
sequence, to  very  grave  interference  with  pronation 
and  supination.  These  fractures  are  difficult  of  posi- 
tive diagnosis  without  the  use  of  the  .r-ray,  but  they 


Fig.  2581. — Smashing  Fracture  of  the  Upper  Third  of  the  Shaft 
of  the  I'lna,  with  forward  dislocation  of  the  radius,  a  frequent  com- 
plication.    (Helferich.) 

may  be  suspected  when  in  an  injury  to  the  elbow, 
without  the  evidence  of  fracture,  of  the  humerus,  there 
is  pain  on  pressure  in  the  axis  of  the  radius  and 
likewise  local  tenderness  over  the  radial  head,  when 
these  signs  are  accompanied  with  interference  with 
the  function  of  rotation  of  the  forearm.  The  small- 
ness  and  the  inaccessibility  of  the  parts  makes 
reposition  difficult  or  impossible,  and  these  fractures 
are  generally  best  treated  by  excision  of  the  head  of 
the  radius.  This  maj-  be  practised  without  great  det- 
riment to  the  joint,  provided  the  upper  end  of  the 
shaft  is  not  allowed  to  escape  from  the  grasp  of  the 
orbicular  ligament. 

Isolated  fractures  of  the  shaft  of  the  ulna  are  seen  in 
two  well  recognized  varieties.  The  first  of  these  is  a 
smashing  fracture  of  the  upper  third  through  direct 


FiQ.  2582. — Action  of  Biceps  in  Supinating  the  UpperFragment  in 
Fracture  of  the  Shaft  nf  the  Radius.  This  action  must  be  met  by 
supinating  and  flexing  the  forearm.      (Helferich.) 

violence  from  a  fall  or  a  blow.  These  fractures  are 
very  apt  to  be  compound  and  are  apt  likewise  to  be 
accompanied  by  a  forward  dislocation  of  the  radius,  for 
which  accompanying  lesion  careful  search  should  be 
made  in  everv  case.  The  second  variety  of  fracture 
of  the  ulnar  shaft  is  perhaps  sufficiently  described  by 
the  name  "parrying  fractures"  which  has  been  applied 
to  them.     The  superficial  situation  of  the  whole  of  the 
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ulnar  shaft  makes  these  fractures  readily  accessible  to 
operative  reduction  and  fixation,  but  where  but  one 
bone  of  the  forearm  is  broken  the  opposite  bone  will 
often  afford  sufficient  support  to  render  the  displace- 
ment so  inconsiderable  as  to  make  any  operative 
interference  unnecessary,  in  which  case  simple  splint- 
ing, with  due  regard  to  the  prevention  of  any  en- 
croachment on  the  interosseous  space,  will  yield  satis- 
factory results. 

Fractures  of  the  shaft  of  the  radius  are  rare  in  the 
upper  portion,  which  is  covered  with  a  thick  layer  of 
muscles,  but  become  more  frequent  nearer  the  wrist. 


function  of  rotation  of  the  forearm.  Especially  is 
this  true  when  there  Ls  comminution  of  one  or  of  both 
fractures.  Where  a  satisfactory  position  of  both 
bones  can  be  secured,  the  most  convenient  treatment 
is  with  anteroposterior  splints  which  must  be  slightly 
broader  than  the  forearm  to  avoid  any  lateral  pressure 
on  the  radius  anl  the  ulna  calculated  to  force  these 
bones  together;  a.s  high  a  degree  of  supination  as  is 
comfortable  to  the  patient  is  likewise  desirable,  but 
not  in  all  cases  indi.spen.sable.  In  ca.ses  where  satis- 
factory position  is  difficult  to  secure,  and  in  com- 
minuted fractures  of  one  or  of  both  bones,  it  is  well  to 


Fig.  2583. ^-Synostosis   of  the    Bones  of   the   Forearm.     (Internal.  Teitb.  of  Sursory.) 


The  higher  in  the  shaft  the  fracture  occurs,  the  more 
danger  is  there  of  loss  of  the  function  of  supination 
if  jjroper  attention  is  not  paid  to  this  point  in  the  treat- 
ment. The  trouble  is  due  to  the  fact  that  the  biceps 
acts  upon  the  upper  fragment  to  hold  it  in  a  position 
of  complete  supination.  If  now  the  shaft,  with  the 
hand  in  a  position  of  full  pronation,  unites  with  the 
fully  supinated  upper  fragment,  the  result  will  be  a 
complete  loss  of  rotation  in  both  directions.  As  a 
matter  of  fact  it  is  so  rarely  convenient  to  put  up 
the  arm  with  the  hand  in  full  pronation  that  this  com- 
plete abolition  of  rotary  function  from  this  cause  is 
not  met,  but  just  in  so  far  as  the  degree  of  rotation  of 
the  lower  fragment  fails  to  correspond  to  that  of  the 
upper  fragment  will  the  function  of  rotation,  after 
union,  be  permanently  curtailed.  As  the  supinating 
action  of  the  biceps  cannot  well  be  con-  trolled,  it  is 
wise  to  put  up  fractures  of  the  radial  shaft  high  up  with 
full  supination  of  the  hand.  Both  relaxation  of  the 
biceps   and   comfortable   supination  of  the  hand  can 


put  up  the  arm,  for  some  time  at  least,  in  torsional 
suspension.  Such  an  apparatus  should  be  applied 
in  the  following  manner:  It  is  necessary,  in  view  of 
the  scant  area  available  for  the  application  of  adhesive 
straps,  to  utilize  to  the  utmost  all  the  available  trac- 
tion surface,  and  this  can  best  be  done  by  applying 
eight  narrow  strips  of  adhesive  plaster,  each  running 
from  near  the  site  of  the  fracture,  one  over  the  palmar 
and  one  over  the  dorsal  surface  of  each  finger,  to  meet, 
with  their  adhesive  surfaces  opposed,  just  beyond 
the  finger  tips,  and  be  joined  there  in  a  single  rope. 
Each  finger  should  be  sei)arately  and  carefully 
bandaged.  A  broad  strip  of  adhesive  plaster  should 
now  be  applied  on  eitlier  surface  of  the  wrist  and 
hand,  reaching  from  near  the  seat  of  the  fracture  to 
the  region  of  the  web  of  the  fingers,  and  the  hand  and 
wrist  should  be  covered  by  a  bandage,  having  due 
regard  to  the  danger  of  approximating  the  radius 
and  the  ulna  by  continuing  the  bandage  too  high  up 
the  forearm.     As  the  weights  to  be  used  must  be 


Fig.  25S4. — Application  of  Extension  .\pparatus  to  the  Forearni. 


best  be  obtained  by  the  adhesive  plaster  dressing  sug- 
gested in  discussing  the  treatment  of_supracondylar 
fracture  of  the  humerus.     (See  Fig,  2.573.) 

Fracture  oj  Both  Bones. — In  simultaneous  fractures 
of  both  bones  of  the  forearm  strict  attention  must  bo 
paid  to  maintaining  the  integrity  of  the  interosseous 
space,  lest,  should  the  shaft  of  the  radius  approach 
too  nearly  to  that  of  the  ulna,  there  may  be,  in  ex- 
treme instances,  fusion  of  the  callus  thrown  out  by 
each  of  the  bones  (synostosis),  and  in  less  extreme 
instances,  such  an  interference  with  the  play  of  the 
bones  upon  each  other  as  to  curtail  very  seriously  the 
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quite  heavy  to  be  effective,  it  is  well  to  divide  the 
tension  of  the  apparatus  between  the  adhesive  plaster 
dressing  just  described  and  a  noose  made  from  a 
worsted  skein,  or  a  leather  wristlet,  at  the  wrist:  the 
two  parts  of  the  traction  apparatus  should  then  be 
connected  by  a  cord  passing  over  a  pulley,  to  which 
pulley  one  end  of  the  rope  which  is  to  afTord  the  ex- 
tension is  to  be  made  fast ;  the  rape  is  then  to  be  passed 
through  the  suspending  puUey  and  the  other  end  of  it 
is  to  be  tied  to  the  weight.  Vertical  suspension  is  to 
be  recommended  as  obviating  any  tendency  to  sagginR 
and  consequent   angular  displacement.     In  order  to 
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maintain  supination  it  is  well,  on  the  left  arm,  to 
make  use  of  a  rather  heavy  suspension  rope  (three- 
fourth  inch),  which  should  be  strongly  twisted,  and 
the  weight  prevented  from  revolving  by  proper  guides. 
On  the  right  arm  such  twisting  of  the  rope  would 
lead  to  pronation,  while  reversing  the  twist  would 
simply  destroy  the  rope;  for  the  right  arm  then,  it  is 
necessary  to  improvise  a  rope,  to  be  made  up  pref- 


Colles'  Fractures .—CoWea'  fracture  in  its  typical 
form  is  properly  an  extension  fracture  of  the  wrist, 
varying  however,  somewhat  from  the  more  clear-cut 
extension  fractures  of  the  lower  end  of  the  humerus,  on 
account  of  the  leverage  being  transmitted  through 
the  flexible  chain  of  the  bones  of  the  carpus  and  tlie 
hand,  rather  than  through  the  more  rigid  lever  of  the 
forearm.     A    flexion  fracture  known  as  a  "reversed 


Fig.  25S5. — Dividing  Traction  between  Adhesive  Strips  and  Wrist  Noose. 


erably  of  tliree  strands  of  braided  window  cord;  these 
can  be  twisted  in  the  reverse  direction  from  an 
ordinary  cable  laid  rope,  and  proper  guards  to  the 
weight  will  prevent  the  twist  from  loosening.  When 
the  suspension  rope  is  twisted  to  supinate  the  forearm 
it  is  necessary  to  introduce  between  the  palmar  sur- 
face of  the  wrist,  hand  and  fingers  and  the  worsted 
skein  a  thickly  folded  bath-towel  or  other  large  pad, 
to  prevent  crushing  the  finger  tips.  Such  a  pad 
should  extend  indeed  an  inch  or  two  beyond  the  tips 
of  the  fingers. 

Fractures  of  the  lower  end  of  the  ulna  are  virtually 
fractures  of  the  shaft  of  that  bone,  with  the  exception 
of  fracture  of  the  styloid  process.  This  latter  frac- 
ture is   as   a  rule  a  relatively  unimportant  accom- 


Colles'"  has  also  been  observed.  As  explained  in 
discussing  supracondylar  fractures  of  the  humerus, 
an  extension  fracture  is  started  by  the  tug  of  the 
anterior  portion  of  the  capsular  ligament  on  its  in- 
sertion into  the  bone,  and  from  this  point  the 
fracture  extends  obliquely  upward  and  back- 
ward. In  a  flexion  fracture,  on  the  other  hand,  the 
fracture  is  started  by  the  tug  of  the  posterior  portion 
of  the  capsular  ligament,  and  runs  from  that  point 
obliquely  upward  and  forward.  The  same  phenom- 
ena are  observed  in  the  fractures  by  extension  and 
by  fle.xion  in  the  lower  end  of  the  radius,  though  for 
the  reason  given  they  are  somewhat  less  true  to  type 
in  the  radius  than  in  the  humerus.  In  Colles'  frac- 
ture of  the  wrist  the  displacement  is  generally  very 


f  iG.  25S6. — Interposition  of  Cushion  between  the  .Adhesive  Strips  and  the  Noose  to  Prevent  Pinching  of  the  Finger-tips  in 

Torsional  Suspension. 


paniment  of  a  Colles'  fracture  of  the  radius;  when, 
as  occasionally  happens,  it  occurs  alone,  an  anterior 
"pistol-grip"  splint  is  an  excellent  form  of  treatment. 
Fractures  of  the  lower  end  of  the  radius  are  best  di- 
vided into  those  that  are  and  those  that  are  not  of 
the  type  known  as  a  Colles'  fracture,  and  known  in 
European  text-book  as  Dupuytren's  fracture  of  the 
wrist. 


promptly  limited  by  a  firm  impaction  of  the  frag- 
ments, but  this  disjjlacement  nevertheless  may  be 
analyzed  into  two  elements  which  it  is  very  important 
to  have  distinctly  in  mind  when  attempting  reduction. 
The  first  element  of  the  displacement  is  a  displacement 
by  sliding,  in  which  the  lower  fragment  is  carried 
toward  the  elbow,  but  likewise,  in  a  majority  of  the 
cases,   somewhat   outward.     The  more  important  of 


546 


REFERENCE   HANDBOOK   OF   THE   MEDICAL  SCIENCES 


Fr»eture« 


the  two  elements  of  the  displacement  is,  however,  a 
displacement  by  tiltinK,  in  which  the  articular  surface 
of  the  bone  is  deflected,  in  the  commoner  extension 
fractures,  backward,  and  likewise,  in  the  majority 
of  the  cases  somewhat  outward,  and  in  the  flexion 
fractures  (reversed  CoUes'  fractures)  the  articular 
surface  is  deflected  forward,  and  at  the  same  time 
somewhat  outward.  In  the  described  positions  of 
combined  longitudinal  and  angular  displacement  the 
fragments  are  generally  firmly  fixed  by  impaction  of 
the  fragments.  The  resulting  deformity  is  highly 
characteristic  and  is  almost  pathognomonic  of  Colics' 


be  produced  where  the  lines  of  fracture  may  vary  very 

considerably. 

A  second  deformity  of  the  wrist,  almost  '«  constant 
and  as  characteristic  of  Coiles'  fracture  aa  the  first, 
is  outward  deflection  of  the  hanfl  toward  the  radial 
(the  thumb)  siiie.  Tliis  differs  from  the  "silver  fork 
d(!formity"  in  being  generally  a  pure  deflection^  with- 
out any  correction  to  bring  the  axis  of  the  middle 
finger  back  into  i)arallelism  with  the  axis  of  the  fore- 
arm. A  tendency  toward  the  compensation  of  the 
deflection  by  the  action  of  the  ulnar  muscles  can 
usually  be  .seen  in  the  aljduction  of  the  little  finger. 


Fig.  2587. — Torsional  Suspension  of  the  Right  Forearm.  Note  that  the  torsion  of  the  suspension  cable  ni.iintains  full  supination 
of  the  forearm.  The  untwisting  of  the  cable  is  prevented  by  the  impinging  of  the  end  of  the  walking  stick  against  the  corner  of 
the  alcove.  This  cable  is  extemporized  from  three  strands  of  braided  sashcord  twi.sted  in  the  opposite  direction  from  an  ortiinary 
rope.     For  supination  of  the  left  forearm  an  ordinary  three-quarter  inch  rope  may  be  used. 


fracture.  To  it  was  given  by  Velpeau  the  name  of 
"silver  fork  deformity."  Were  the  flexor  tendons  of 
the  hand  and  fingers  "not  active,  the  position  imparted 
to  the  hand  by  the  tilting  of  the  lower  fragment  on  the 
shaft  of  the  radius  would  exactly  resemble  a  dorsal 
flexion,  but  with  the  transverse  axis  of  flexion  a  little 
nearer  the  elbow;  owing,  however,  to  the  continued 
action  of  the  flexors,  the  metacarpus  and  the  fingers 
are  acted  upon  in  a  way  to  bring  the  parts  beyond 
the  radiocarpal  joint  into  an  approximation  to  their 
normal  relation  to  the  axis  of  the  forearm.  The 
result  is  a  compound  curve,  much  on  the  lines  of  the 
ordinary  table  fork.  This  analysis  of  the  deformity 
will  serve  to  show  that  it  is  due  more  to  the  displace- 
ment of  the  lower  fragment  by  tilting,  than  it  is  to 
its  displacement  by  sliding,  and  will,  at  the  same 
time,  make  clear  why  an  almost  identical  deformity  can 


The  two  characteristic  deformities  we  have  men- 
tioned are  caused  by  a  combination  of  the  .-iliding  and 
the  tilting  displacement,  in  a  backward  and  outward 
direction.  The  displacement  of  the  lower  fragment 
upward  is  chiefly  due  to  impaction;  this  may  be 
measured  in  part  by  the  position  of  the  radial  with 
reference  to  that  of  the  ulnar  styloid  process,  though 
a  considerable  proportion  of  this  deformity  is  due  to 
the  displacement  l)y  tilling.  In  the  normal  wrist 
the  tip  of  the  radial  styloid  lies  about  a  quarter  of 
an  inch  lower  than  that  of  the  ulnar  styloid;  if  the 
two  are  at  the  same  level,  or  if  the  radial  styloid  is 
the  higher,  fracture  of  the  radius  is  probably  present. 
The  comparison  must  be  made  with  the  hand  in  supi- 
nation, as  in  pronation  the  examining  finger  on  the 
inner  side  strikes  upon  the  head  of  the  ulna  and  not 
upon  its  styloid  process. 
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The  first  essential  in  the  treatment  of  Colles'  frac- 
ture is  accurate  reduction,  and  this  can  only  be  ob- 
tained v.-hcn  the  impaction,  which  is  present  in  greater 


Fig.  25S8. — Silver-fork  Deformity  in  Colles'  Fracture. 


or  less  degree  in  a  majority  of  the  cases,  has  been  com- 
pletely loosened.  To  this  end  anesthesia  is  in  all 
cases  desirable,  and  in  most  cases  indispensable, 
not  only  to  subdue  the  pain  of  the  forcible  manipula- 


FiG.  2589. — The  Anatomical  Basis  of  the  Silver-fork  Deformity. 
(Scudder.) 

tion  which  a  proper  reduction  generally  requires,  but, 
what  Ls  still  more  important  for  the  success  of  the 
reduction,  to  abolish  the  contractility  of  the  forearm 
muscles.     As   is  very   commonly  the  case  in  freeing 


Fig.  2590. — Radial  Deflection  of  the  Hand  in  Colles'  Fracture. 
Note  the  abduction  of  the  Uttle  finger.     (Helferich.) 

impactions  and  in  reducing  dislocations,  the  first 
movement  in  the  reduction  of  an  impacted  Colles' 
fracture  should  be  an  application  of  force  in  the  same 
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direction  which  caused  the  lesion  in  the  first  place. 
The  typical  Colles'  fracture  is  caused  by  hyperex- 
tension,  and  forced  hyperextension  of  the  wrist  is  the 
maneuver  generally  best  calculated  to  loosen  the 
impaction.  The  novice  will  hardly  appreciate  the 
degree  to  which  it  is  well  to  hyperextend  the  wrist 
in  order  to  set  the  impacted  fragments  sufficiently 
free  to  make  possible  their  satisfactory  reduction. 
The  normal  wrist  can  be  extended  to  such  a  point  as 


Fig.  2591. 


— Reposition  of  Lower  Fragment  after  Breaking  up 
Impaction  by  Forced  Hyperextension. 


will  bring  the  dorsum  of  the  hand  to  a  right  angle 
with  the  axis  of  the  forearm,  and  it  is  not  until  this 
right  angle  has  been  passed  that  we  begin  to  move  the 
lower  fragment  upon  the  shaft  of  the  radius.  Forced 
extension  then,  until  the  dorsum  of  the  hand  forms 
an  acute  angle  with  the  radial  .shaft,  should  generally 
be  the  first  step  toward  reduction.  When  the  im- 
paction has  been  loosened  by  forced  extension,  aided, 
if  need  be,  by  forced  abduction  and  adduction  of  the 
hand,  both  thumbs  should  be  applied  to  the  back  of 
the  distal  fragment,  with  the  fingers  on  the  anterior 
side  of  the  wrist,  and  by  the  pressure  of  the  thumbs 
the  lower  fragment  should  be  forced  forward  into  its 
place.  When  the  upward  and  backward  displace- 
ment is  deemed  to  have  been  sufficiently  corrected, 
it  is  well  to  gra.sp  the  hand  of  the  patient  as  in  shak- 
ing hands,  and  to  perform  full  circumduction,  to 
free  the  capsule  of  the  wrist-joint  from  any  possible 
entanglement  on  the  head  of  the  ulna,  whose  styloid 
process  is  not  infrequently  broken  at  the  time  of  the 
fracture  of  the  radius.     It  is  also  well,  after  the  pre- 
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Fig.  2592. — A,  Board  Splints  for  Colles'  Fracture  Patterned 
according  to  Cotton;  B,  Same  padded  and  adjusted. 

vious  maneuvers,  to  flex  the  wrist  strongly  for  the 
purpose  of  correcting  that  special  element  of  the  dis- 
placement which  is  due  to  backward  tilting.  iSlere 
downward  traction  in  the  axis  of  the  forearm,  no 
matter  how  forcible,  should  never  be  relied  upon  for 
the  setting  of  a  Colles'  fracture,  as  it  is  not  often 
possible,  without  the  various  bendings  advised,  to 
loosen  the  impaction  and  restore  the  fragments  to 
their  normal  position.     When  the  fracture  is  reduced 
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it  can  best  be  retained  by  anteroposterior  board 
splints,  properly  cut  away  to  avoid  pressure  on  the 
thenar  eminence  anteriorly  and  on  the  lower  end  of 
the  ulna  posteriorly,  and  properlj'  padded  to  give 
pressure  upon  the  radial  arch  anteriorly,  and  upon  the 
dorsum  of  the  wrist  and  of  the  hand  posteriorly.  The 
spHnts  should  not  be  long  enough  to  impede  the  flexion 
of  the  elbow  above,  nor  should  they  extend  beyond 
the  hasxi  of  the  metacarpals  below;  it  is  not  necessary, 
as  in  fractures  of  the  shaft  of  the  bones  of  the  forearm, 
that  the  splints  should  be  broader  than  the  diameter 
of  the  forearm,  as  there  is  little  danger  of  lateral  pres- 
sure from  the  encircling  bandages  causing  any  en- 
croachment on  the  width  of  the  interosseous  space. 
The  splints  should  be  fastened  in  their  proper  position 
with  strips  of  adhesive  plaster,  and  the  hand  and  the 
forearm  should  be  bandaged  over  all.  It  should  be 
strictly  enjoined  upon  the  patient  to  keep  constantly 
flexing  and  extending  the  fingers,  both  actively  and 
passively,  even  at  the  cost  of  a  little  pain.  Daily 
inspection  of  the  dressing  should  be  the  rule  for  the 
first  week,  at  the  end  of  which  time,  or  shortly  there- 
after, it  is  well  to  remove  the  anterior  .splint  and  to 
keep  the  hand,  wrist  and  forearm  supported  by  plaster 
strips  and  by  bandages  against  the  posterior  .splint. 
The  second  splint  can  generally  be  safely  left  off  after 
two  or  two  and  a  half  weeks,  the  sooner  the  better, 
and  such  support  as  the  \^Tist  still  requires  can  be 
afforded  bj-  a  three-inch  band  of  adhesive  plaster  en- 
circling the  wrist  at  the  site  of  the  fracture.  Active 
and  passive  movements  of  the  wrist  should  be  en- 
couraged as  soon  as  the  splints  are  removed,  but  the 
hand  should  not  be  put  to  any  use  in  lifting  for  about 
four  weeks,  and  the  use  of  the  hand  should  be  very 
guarded  for  sbc  or  seven  weeks  from  the  time  of  the 
accident.  Any  considerable  pain  in  the  fracture,  for 
more  than  forty-eight  hours  after  the  reduction,  is 
prima  facie  evidence  that  the  reduction  was  imperfect, 
and  would  render  the  use  of  the  x-ray  most  desirable 


Fig.  2593. 


-Fracture  of  Carpal  Scaphoid  from  a  Fall  on  the  llund. 
(Whitelocke.) 


Fractures  of  the  C.\ep-4L  Boxes. — Fractures  of 
the  bones  of  the  carpus,  with  the  exception  of  those 
of  the  scaphoid,  are  mostly  due  to  direct  violence  and 
are  received  in  crushing  accidents  or  from  explosions 
or    gunshot    wounds.     Fractures    of    the    scaphoid, 


however,  result  generally  from  a  force  .simil^j-  to  that 
which  commonly  causes  a  Colics'  fracture  of  the 
radius.  This  lesion  must  be  suspected  where  a  lesloa 
of  the  wTist  has  been  received  from  such  a  force, 
when  actual  Colles'  fracture  can  be  excluded  on  care- 
ful examination,  as  the  results  of  treating  a  scaphoid 
fracture  as  a  sprain  of  the  wrist,  and  subjecting  it  to 
massage,  counterirritation  and  hot  air,  to  exclusion 
of  the  needful  immobilization,  are  likely  to  be  most 


Fig.  2594. — Hand  Strapped  o\'er  Tennis  ball.  Dressing  for  frac- 
ture of  the  second  metacarpal.  Th  e  completed  dressing  would 
require  bandaging  of  the  hand  to  hold  the  adhesive  strips  in  place. 
The  thumb  may  be  left  at  large. 

unsatisfactory.  Excision  of  one  fragment  is  good 
treatment  in  cases  which  have  failed  to  form  at  least 
a  firm  fibrous  union  in  four  or  five  weeks.  This  can 
be  done  without  materially  interfering  with  the  func- 
tion of  the  joint.  The  joint  function  is  however 
seriously  compromised  when  tlie  whole  of  the  scaphoid 
is  resected. 

Fr.\ctures  of  the  Met.\carpal.s. — In  fractures  of 
the  shaft  of  the  metacarpal  bones  it  is  necessary  to 
avoid  dorsal  displacement,  on  account  of  the  vulnera- 
bility of  any  projecting  boss  on  the  back  of  the  hand. 
It  is  stiU  more  important  to  avoid  any  palmar  displace- 
ment, on  account  of  the  hindrance  to  a  firm  gra.-sp 
upon  the  handle  of  tools  and  like  objects.  The  best 
treatment  is  by  strapping  the  hand  and  fingers  upon 
a  ball  somewhat  smaller  than  a  baseball.  The  same 
treatment  is  applicable  also  to  fractures  of  the  base 
of  the  metacarpals,  "knuckle  frjictures,"  though  the 
importance  of  slight  palmar  displacement,  which  it 
is  very  difficult  to  avoid,  is  less  considerable  than  in 
the  case  of  fractures  of  the  shaft  of  these  bones.  The 
metacarpal  of  the  thumb  is  subject  to  a  greater  variety 
of  fractures  than  are  the  rest  of  the  metacarpals,  one 
in  particular,  known  as  a  Hennet's  fracture,  or  as  a 
"stave  of  the  thumb,"  affects  the  proximal  end  of 
the  bone,  and  is  of  the  nature  of  a  flexion  fracture 
(see  Fig.  2.543),  whose  cliaracteristics  have  been  dis- 
cussed when  treating  of  sujjracondylar  fractures  of 
the  humerus.  Goldthwaite  has  devised  a  simple  and 
ingenious  thumb  sjilint  which  is  serviceable  in  the 
treatment  of  these  not  uncommon  fractures. 

Fracttres  of  the  FVnt.ers. — Fractures  of  the  pha- 
langes are  generally  caused  by  direct  violence.  The 
fascial  and  periosteal  investment  of  these  bones  is  so 
firm  that  fracture  often  occurs  without  easily  recog- 
nizable displacement.  Simple  palmar  and  dorsal 
splints  are  easilj-  rigged  for  their  treatment. 

FR.\CTrREs  OF  THE  FENirR. — Fracturcs  of  the  femur 
are  most  convenientlv  divided  into  those  of  the  upper 
end,  those  of  the  shaft  and  those  of  the  lower  end  of 

the  bone.  ,     ,  x,      <• 

The  fractures  at  the  upper  end  of  the  femur  are 
of  four  general  types,  namely,  fractures  of  the  femoral 
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neck,  close  to  the  head  (subcapital  fractures),  fractures 
at  the  base  of  the  femoral  neck,  more  or  less  alont; 
the  intertrochanteric  line,  fractures  more  or  less  in 
the  frontal  plane  through  the  trochanteric  masses 
(pertrochanteric  fractures),  and  fractures  below  the 
great   trochanter   yet   above   the    lesser    trochanter, 


Fig. 


2595. — Bennett's  "Stave  of  the  Thumb".     Note  the  typical 
features  of  a  flexion  fracture.     (Whitelocke.) 


more  or  less  horizontal  in  the  plane  of  their  fracture 
(subtrochanteric  fractures).  In  addition  to  these 
more  typical  forms  of  fracture  we  have  also  fractures 
of  intermediate  type  between  the  subcapital  and 
those  more  exactly  along  the  intertrochanteric  line, 
we  have  also  V-fractures  and  Y-fractures,  a  combina- 
tion of  the  pertrochanteric  tj-jje  and  that  of  those  at 
the  base  of  the  neck,  or  a  combination  of  the  pertro- 


FiG.  259(i. — Goldthwaite's  Thumb-spUnt. 

chanteric  tj'pe  with  subtrochanteric  fracture,  and 
finally  we  meet  occasionally  with  isolated  fracture  of 
the  great  trochanter,  and,  as  a  great  rarity,  with 
isolated  fracture  of  the  lesser  trochanter. 

Subcapital  Fractures. — Subcapital  fractures  are  most 
common  in  old  age,  and  particularly  in  old  women,  the 
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reason  for  this  being  the  strong  predisposition  thereto 
from  senile  atrophy  of  the  intrinsic  structure  of  the 
bone;  indeed,  so  sUght  a  degree  of  violence  will  often 
suffice  to  produce  a  subcapital  fracture  that  fractures 
of  this  type  may  fairly  be  regarded  as  virtually 
pathological  fractures.  Yet  is  their  occurrence  by  no 
means  restricted  to  old  age,  and  in  children  what  is 
virtually  the  same  fracture  is  met  with  in  the  form  of 
an  epiphyseolysis.  This  fracture  presents,  in  all 
cases  which  are  not  impacted,  and  impaction  of  a 
subcapital  fracture  is  the  rare  exception,  an  unfavor- 
able prognosis  as  to  bony  union,  and  in  the  aged,  an 
uncertain  prognosis  as  to  life,  the  fracture  in  the  aged 
being  very  frequently  followed  by  pneumonia. 
The  reasons  why  bony  union  rarely  follows  this 
fracture  are  several;  in  the  first  place,  there  is  almost 
constantly  an  eversion  of  the  limb,  due,  in  part  at 


Fig.  2597. — Lines  of  Fracture  through  the  I'pper  End  of  the  Fe- 
mur. A,  subcapital  fracture;  B,  fracture  at  the  base  of  the  neck; 
C,  pertrochanteric  fracture;  note  that  it  is  in  the  frontal  rather  than 
in  the  sagittal  plane;  D,  subtrochanteric  fracture. 

least,  to  the  superior  power  of  the  external  over  the 
internal  rotators,  and  this  is  difficult  of  sufficiently 
accurate  correction  to  permit  of  sufficiently  close 
apposition  of  the  fragments  to  favor  bony  union  where 
the  reparative  material  is  so  scantily  thrown  out  as 
is  the  case  in  any  intracapsular  fracture.  In  the 
second,  place  the  break  lies  so  deep  under  the  tissues, 
and  the  upper  fragment  is  .so  small,  that  it  is  im- 
possible to  secure  any  exact  fixation.  In  the  third 
place,  the  blood  supply  to  the  femoral  head  is  scanty 
at  best  in  the  atrophic  bones  which  are  generally 
the  subject  of  this  fracture,  and  the  small  vessels  in 
the  ligamentum  teres  are  inadequate  to  keep  up  that 
exaggerated  type  of  nutrition  which  proper  bone  repair 
demands.  Finally,  and  perhaps  most  important  of 
all,  the  presence  of  the  joint  capsule  between  the 
fractured  bone  and  the  surrounding  soft  parts  prevents 
the  latter  from  furnishing  their  quota  of  reparative 
material  for  the  building  up  of  an  adequate  provisional 
callus. 

In  view  of  all  these  attendant  disadvantages  it  is 
sometimes  wise,  in  aged  and  feeble  subjects,  to  give 
up,  at  the  start,  any  strenuous  efforts  to  obtain  by  fixa- 
tion and  recumbencj^  a  good  surgical  result  in  the 
healing  of  the  fracture,  and  to  direct  all  our  attention 
to  the  vital  indications  exclusively,  contriving  by 
pillows  and  other  convenient  supports  to  keep  the 
injured  limb  as  comfortable  as  possible,  and  getting 
the  patient  out  of  bed,  and  into  an  easy  chair,  as  soon 
as  the  active  and  painful  inflammatory  symptoms  have 
somewhat  .'Subsided.  For  some  cases  it  has  been 
recommended  to  pin  the  head  to  the  femoral  neck  by 
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means  of  long  screws  or  nails  driven  in  through  the 
trochanteric  mass.  This  procedure  is  but  rarely- 
advisable,  and  if  it  were  to  be  practised,  it  would 
seem,  in  the  light  of  modern  experience  with  bone 
grafts,  to  be  advisable  to  substitute  for  the  nails  or 
screws  slender  rods  of  bone  taken  from  the  tibia  of  the 


Fig.  259S. — Fixation  of  the  Femoral  Head.      (Keen.) 

patient,  or  if  opportunity  offered,  from  the  tibia  of 
another  individual.  The  treatment  of  the  case  by 
virtually  ignoring  the  fracture,  and  the  treatment  by 
transfixion  through  the  trochanteric  masses  is 
applicable  to  but  a  small  minority  of  cases.  Sub- 
capital fractures  arc  generally  best  treated  by  vigorous 


generally  required  in  the  treatment  of  fractures  of  the 
lower  extremity  that  it  will  be  wise  to  describe  it  ia 
some  detail.  Both  for  the  Buck's  extension  and  for 
the  more  u.seful  Hodgen's  splint  the  fir.st  steps  are  the 
same.  The  limb  should  first  be  shaved  and  be 
rendered  aseptic,  so  as  to  permit  the  adhesive  strips  tr> 
remain  in  place  all  through  the  treatment  if  pos.sible 
without  causing  a  dermatitis.  Four  strips  of  ad- 
hesive plaster,  about  three  inches  wide,  and  long 
'  riough  to  reach  from  the  level  of  the  perineum  to 
Ml)out  sixteen  inches  below  the  sole  of  the  foot,  should 
lie  applied,  as  shown  in  the  figure,  two  to  each  side 
"f  the  leg  and  thigh.  They  should  overlie  each  other 
111  their  lower  portion,  so  as  to  give  a  double  thickness 
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Fia.  2000. — Spreader. 

of  plaster  in  that  part  which  lies  below  the  ankle. 
These  strips  should  be  apijlied  as  neatly  as  possible,  so 
as  to  be  free  from  wrinkles.  X  two-inch  roller 
bandage  should  then  be  applied  to  the  foot  and  ankle, 
a  thick  pad  of  folded  gauze  being  placed  over  the  tendo 
Achillis,  and  when  the  turns  of  the  bandage  have 
reached  the  level  of  the  ankle  the  bandage  should  be 
continued  \x\>  the  limb  as  far  as  the  level  of  the 
perineum,  on  the  outside  of  the  plaster  strips;  the 
object  of  the  lower  part  of  the  bandage  being  to 
prevent  swelling  of  the  foot  and  ankle,  and  the"object 
of  the  upper  part  of  the  bandage  being  to  hold  the 
plaster    closely    applied    to     the    skin.      .\     wooden 
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Fig.  2599. — .\dl1e3ive  Strips  for  Estenaioa  .\pparatu3  of  the  Thigh. 


and  prolonged  extension,  preferably  through  the 
means  of  a  Hodgen's  splint,  though  many  still  make 
use  of  the  less  comfortable  and  less  efBcacious  Buck's 
extension. 

The  application  of  an   extension  apparatus  is  so 


spreader  should  next  be  prepared,  of  the  shape  and 
dimensions  shown  in  the  diagram,  and  over  this 
spreader  the  adhesive  strips  should  be  fastened.  Tlie 
most  satisfactory  way  to  fasten  the  strips  to  the 
spreader   is   to   cut   the   strips   longitudinally  with 
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scissors  in  such  fashion  as  to  leave  a  central  strip  two 
and  a  half  inches  wide,  which  central  strips  are  to  be 
crossed  on  the  distal  surface  of  the  spreader,  whUe  the 
lateral  strips  are  to  be  brought  one  to  the  top  edge  and 
the  other  to  the  bottom  edge  of  the  spreader  where 
they    are    of    considerable    service    in    steadying    the 


Fig.  2G01. — Adjustment  of  Adhesive  Strips  to  Spreader.  Oli  the 
outer  side  of  the  foot  the  anterior  marginal  strip  has  been  made 
completely  fast  to  the  spreader  while  the  posterior  marginal  strip, 
is  just  being  applied.  On  the  inner  side  of  the  foot  the  marginal 
strips  pass  above  the  upper  and  below  the  lower  edge  of  the 
spreader  but  have  not  yet  been  applied  to  the  wood.  These  mar- 
.g:inal  strips  serve  to  hold  the  spreader  perpendicular  to  the  axis  of 
the  leg. 

spreader  in  its  proper  position,  which  should  not  be 
parallel  to  the  sole,  but  rather  perpendicular  to  the 
axis  of  the  leg.  The  adhesive  plaster  strips,  thus 
adjusted  over  the  spreader,  can  now  be  connected 
with  a  simple  traction  cable  run  over  a  pulley  and 
attached  to  a  weight,  or  can  more  advantageously  be 
attached  to  a  Hodgen's  splint. 

The  framework  for  a  Hodgen's  splint  can  be  readily 
improvised  out  of  telegraph  wire,  or  can  be  somewhat 
more  neatly  made  from  quarter-inch  iron  rod.  If 
telegraph  wire  is  used  the  wire  will  have  to  be  doubled 


piece  below  the  sole  about  six  inches  long.  To  the 
upper  end  of  the  frame  is  to  be  made  fast  a  half  hoop 
of  iron,  of  such  a  spread  as  to  keep  the  upper  arms  of 
the  frame  asunder  a  distance  about  an  inch  greater 
than  the  greatest  diameter  of  the  thigh.  The  arms  of 
the  frame  should  be  bent,  at  the  level  of  the  knee,  to. 
an  angle  of  fifteen,  twenty,  or  more  degrees,  according 
to  the  amount  of  flexion  we  wish  to  maintain  in  that 
joint.  The  frame,  as  constructed  of  telegraph  wire, 
and  ready  to  be  fastened  together  with  a  lashing  of 
adhesive  plaster,  is  shown  in  the  accompanying 
figure.  To  the  inner  branch  of  the  frame  are  next  to 
be  made  fast  eight  to  twelve  strips  of  bandage,  long 
enough  to  permit  them  to  pass  under  the  limb,  and 
to  be  made  fast  to  the  outer  branch  of  the  frame,  with 
a  convenient  degree  of  tension.  When  the  frame  is 
thus  prepared  and  is  equipped  with  its  strips  of 
bandage  it  should  be  laid  over  the  injured  limb,  and 
the  bandage  strips  should  one  by  one  be  passed  under 
the  limb  till  they  are  aU  smoothly  in  place.  The 
injured  limb  should  now  be  raised  from  the  bed,  and 
upon  the  orderly  disposed  strips  of  bandage  should  be 
laid  a  sheet,  so  folded  as  to  reach  from  the  ankle  to  the 
Ijerineum,  and  of  a  width  about  half  the  circumference 
of  the  thigh.  When  this  sheet  has  been  evenly  dis- 
posed beneath  the  limb,  this  should  be  lowered  to  lie 
upon  it,  and  the  several  bandage  strips  should  be 
drawn  up  and  fastened  to  the  outer  branch  of  the 
frame,  the  bandage  strips  collectively  forming  a  sling 
which  shall  hang  the  limb  to  the  frame. 

The  Hodgen's  splint  is  now  ready  for  the  application 
of  its  special  and  remarkably  adjustable  suspension 
and  traction  cords.  The  first  of  these  is  the  "ex- 
tension cord"  which  after  having  been  knotted  at  one 
end  is  passed  through  the  hole  in  the  wooden  spreader 
below  the  sole,  and  is  to  be  made  fast  to  the  cross- 
piece  of  the  frame,  and  should  be  tied  there  at  such  a 
length  as  to  bring  the  inner  branch  of  the  frame  clear  up 
to  the  perineum.  Two  "balancing  cords,"  about  four 
feet  long,  should  be  fastened,  at  one  end,  to  the  upper 
end  of  each  branch  of  the  frame;  they  should  then 
cross  each  other,  and  the  other  end  of  the  inner  cord 
should  be  made  fast  to  the  outer  branch  of  the  frame 
and  that  of  the  outer  cord  should  be  made  fast  to  the 
inner  branch  of  the  frame,  both  at  about  a  hands- 
breadth  below  the  level  of  the  tibial  tuberosity.  The 
points  of  attachment  should  be  exactly  symmetrical 
on  the  two  sides,  and  the  two  "balancing  cords" 
should  be  so  tied  as  to  be  exactly  equal  in  length. 


Fig.  2602. — Frame  of  Hodgen's  Splint. 


and  be  whipped  with  strips  of  adhesive  plaster  in  order 
to  give  it  the  required  strength.  The  frame  of 
Hodgen's  splint  consists  of  a  proper  wire  or  iron  rod, 
bent  so  as  to  afford  an  internal  and  an  external  sup- 
port, reaching  from  about  five  inches  below  the  sole  of 
the  foot  to  the  level  of  the  perineum,  and  a  connecting 


Through  the  "bight"  of  the  obliquely  crossing 
"balancing  cords"  should  now  be  passed  the  end  of 
the  "traction  cable,"  which  should  be  tied  in  some 
knot  that  will  not  draw  down  tight  to  prevent  the 
easy  play  of  the  "balancing  cords"  through  the  knot, 
and   the    "traction    cable"    should   then    be   passed 
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through  a  pulley  in  the  ceiling,  placed  at  such  a 
distance  beyond  the  foot  of  the  bed  as  to  allow  the 
weight  to  which  it  is  to  be  attached,  to  swing  free  of 
the  foot  of  the  bed,  and  to  cause  the  "traction  cable" 
to  draw  at  an  angle  of  about  60°  from  the  horizontal. 


and  pain,  the  patient  may  be  propped  up  into  a  sitting 
posture  without  disturbing  the  fracture. 

Fractures  at  the  Base  of  the  Neck  of  I  he  Femur. — Frac- 
tures of  the  base  of  the  femoral  neck  occur  indeed 
with  somewhat  greater  frequency  in  the  aged,  but 


Fig.  2603. — Frame  of  Hodgen's  .Splint  Whipped  with  .\dhesive  Plaster,  and  Showing  Bandage  Slnps  Fastened  to  Inner  Side. 


The  raising  of  the  foot  of  the  bed  will  afford  counter- 
traction.  The  foot  should  be  lifted  constantly  just 
clear  of  the  bed,  and  it  is  important  to  bear  in  mind 
that  this  clearance  is  indispensable  to  the  proper 
functioning  of  the  apparatus.     With  this  apparatus  the 


they  are  by  no  means  so  largely  confined  to  that  age 
as  are  subcapital  fractures.  They  are  occasioned 
by  force  applied  in  the  axis  of  the  femoral  shaft,  as  in  a 
fall  on  the  knee,  or  by  force  apphed  to  the  trochanteric 
resricin.     These  fractures  are  much   more  frequently 


Fiu.  2ij04. — Hodgen'3  Splint.  Showing  Bandage  Strips  Which  Were  Sewed  to  Inner  Side  Brought  .\cross  and  Fastened  to  Outer 
Side  with  Safety  Pins.  Upon  these  strips  is  laid  a  folded  sheet.  The  spreader  is  showD  with  the  extension  cord,  knotted  at  one 
end  and  made  fast  to  the  cross  piece. 


use  of  the  bedpan  is  greatly  facilitated,  and  the 
patient  can  be  rolled,  without  difficulty  and  without 
damage,  on  the  sound  side,  for  the  changing  of  the 
linen  and  for  the  proper  care  of  the  back.  After  but  a 
few  days,  to  allow  the  subsidence  of  the  inflammation 


impacted  than  are  subcapital  fractures,  and  this 
impaction  has  not  infrequently  been  found  so  firm  as 
to  have  permitted  the  patient  to  take  at  least  a  few 
painful  steps  after  the  fracture,  and  even,  in  rare 
instances,  to  have  walked  some  little  distance;  even  a 

553 


REFERENCE   HANDBOOK   OF   THE   MEDICAL  SCIENCES 


slight  degree  of  impaction  will  permit  the  recumbent 
patient  to  rotate  the  foot  to  some  extent,  but  one 
movement  is  almost  invariably  impossible  of  execution, 
namely  the  lifting  of  the  heel  free  from  the  bed,  even 
when  some  limited  degree  of  flexion  of  the  thigh  is 
possible.  When  there  is  no  impaction,  the  lifting  of 
the  foot  clear  of  the  bed,  is  of  course  impossible, 
owing  to  the  want  of  support  to  the  upper  end  of  the 
femoral  shaft,  when  imijaction  is  present,  the  pain 
caused  by  pressing  together  the  fractured  surfaces  in- 
hibits the  movement. 


of  the  abolition  of  active  function  is  the  possibility 
of  passive  motion  in  all  directions,  and  generaUy, 
within  certain  limits,  without  pain,  this  is  quite  differ- 
ent from  what  is  found  in  dislocation  of  the  hip, 
where  the  placing  of  the  extended  limbs  side  by  side 
is  impossible  until  the  dislocation  has  been  reduced. 
Pain,  when  present,  and  tenderness,  when  found,  are 
generally  in  Scarpa's  triangle.  It  is  occasionally 
possible  when  the  fracture  is  way  out  at  the  inter- 
trochanteric line,  to  determine  that  when  the  limb  is 
revolved  on  its  axis  the  femoral  neck  does  not  share 


Fig.  2005. — Hodgen's  Splint  with  "Balancing  Cords"  and  "Traction  Cable."     The  "extension  cord"  and  spreader  are  also  shown 
A  sand  bag  is  used  to  hold  the  apparatus  in  position  for  the  photographer. 


The  diagnosis  of  fracture  of  the  neck  of  the  femur  is 
based  upon  the  following  signs.  There  is  almost 
always  a  demonstrable  degree  of  shortening.  In 
impacted  fractures  this  shortening  may  not,  at  first, 
be  very  considerable,  but  it  increases  hour  by  hour, 
not  so  much  by  the  fragments  gliding  past  each  other, 
as  is  the  ca.se  where  tliere  is  no  impaction,  as  by  a 
progressive  decrease  in  the  angle  between  the  neck  and 
the  shaft  of  the  bone.  The  limb,  in  contradistinction 
to  luxation  of  the  hip,  is  generally  extended,  and  lies 
parallel  to  its  fellow.  The  foot  is  generally  everted, 
and,  where  there  is  no  impaction,  the  patient  is  in- 
capable of  correcting  the  eversion  by  voluntary  effort. 
To  the  extended  position  of  the  leg  and  to  eversion 
of  the  foot  there  are  occasional  exceptions.  The 
active  functions  of  the  limb  are  generally  totally 
abolished,  but  a  certain  remnant  of  the  power  to  flex 
and  to  rotate  the  limb  may  be  retained  where  there  is 
impaction.     In  contradistinction  to  the  completeness 


in  the  motion,  and  the  great  trochanter  revolves  with 
the  shaft  without  describing  the  arc  of  a  circle  whose 
radius  is  the  length  of  the  femoral  neck;  when  the 
fracture  is  somewhat  nearer  the  head  this  sign  is  not 
easy  to  discern.  All  fractures  of  the  femoral  neck, 
with  the  exception  of  subcapital  fractures,  are,  in  at 
least  a  part  of  their  extent,  extracapsular  fractures, 
and  non-union,  from  the  deficiency  of  reparative  ma- 
terial, is  consequently  much  more  rarely  encountered. 
On  this  account  there  need  be  less  hesitation  in  break- 
ing up  an  existing  impaction,  as  bony  union  is  much 
less  dependent  upon  this  means  of  maintaining 
apposition  of  the  fragments  than  is  the  case  in  sub- 
capital fractures. 

The  treatment  most  generally  advocated  for  frac- 
ture of  the  femoral  neck  is  by  long-continued  traction 
with  heavy  weights,  applied  most  conveniently  and 
most  comfortably  by  means  of  a  Hodgen's  splint. 
In  cases  where  it  is  deemed  wise  not  to  disturb  an 
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Fig.  2000. — Hodgcii's  Splint  .Vpplicd.     The  foot  swings  free  above  the  bed. 


existing  impaction  thiese  weights  need  not  be  so  heavy 
nor  their  use  so  long  continued,  but  their  use  is  gener- 
ally advisable,  even  in  cases  of  firm  impaction,  on 
account  of  the  tendency  to  progressive  shortening, 
due  to  bending  of  the  neck  upon  the  shaft  through 
the  site  of  the  fracture.  Other  methods  of  treatment 
are  bj'  ambulatory  apparatus  such 
as  the  Thomas'  hip  splint,  by  fixa- 
tion in  a  plaster-of-Paris  spica,  and 
by  pegging,  according  to  the  method 
suggested  above  in  discussing  the 
treatment  of  subcapital  fractures. 
A  new  method  of  treatment  sug- 
gested by  Royal  Whitman,  of  New- 
York,  has  found  some  ardent  advo- 
cates. This  method  of  treatment 
rests  upon  these  assumptions:  (a) 
that  the  most  constant  displacement 
in  fractures  of  the  base  of  the 
femoral  neck  is  a  displacement 
downward,  with  lessening  of  the 
normal  angle  between  the  neck  and 
the  shaft,  and  that  this  is  the  chief 
cause  of  shortening  of  the  limb  in 
these  fractures,  and  not  longitudinal 
translation  of  the  fragments  one  on 
the  other;  0^)  that  traction  per  sc, 
at  least  in  impacted  cases,  has  very  little  tendency,  no 
matter  how  great  the  weight,  to  do  away  with  this 
shortening,  by  restoring  the  diminished  angle;  (c) 
that  it  is  better,  therefore,  to  loosen  the  impaction, 
and  to  reduce  the  fracture  under  ether;  and  (d)  that 
iin  efficient  point  d'nppui  can  be  found  in  abducting 


Fio.  2007.— Dia- 
grammatic  Sketch 
Showing  Recent 
I'racture  at  the 
ilase  of  the  Femoral 
N'fck  with  Impac- 
tion. 


the  thigh  until  the  tip  of  the  great  trochanter  im- 
I)inges  on  the  upper  border  of  the  acetabulum,  against 
which  it  can  be  pressed  sufficiently  to  maintain  correct 
tion  of  the  angle  by  putting  up  the  limb  in  abduction 
in  a  double  plaster-of-Paris  spica,  which  maintains  the 


Fill.  2t'>0S.- 


lucreaso  of  ShorteiiinK  through  Decrease  of  Angle 
between  Shaft  anil  Neck.     (Keen.) 


opposite  limb  likewise  in  a  jiosition  of  full  abduction. 
The  method  has  not  been  long  enough  before  the  profes- 
sion to  have  its  merits  fufiy  tested.  The  conception  is 
a  logical  one  and  its  author  claims  satisfactory  results. 
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Pertrochanteric  and  Subtrochanteric  Fractures. — Per- 
trochanteric fractures  are  much  less  common  than  are 
fractures  of  the  femoral  neck.  They  are  generally 
the  result  of  a  considerable  degree  of  violence,  applied 
directly  to  the  trochanteric  region,  or  of  a  fall  on  the 
buttocks    from    a    considerable    height.     Their    dis- 


FlQ.  2609. — Principle  of  Whitman's  Method  of  Treatment  by 
Forced  Abduction. 

tinguishing  characteristic,  beyond  the  fact  that  they 
transverse  the  general  trochanteric  mass,  is  their 
lying  in  a  frontal  rather  than  a  sagittal  i^lane.  They 
quite  frequently  show  impaction.  The  position 
of  the  limb  and  the  eversion  of  the  foot  are  substan- 
tially as  in  fractures  of  the  femoral  neck,  but  the  de- 
gree'of  shortening  is  apt  to  be  greater.  TheSe  frac- 
tures are  further  distinguished  by  distinct  tenderness 
in  the  region  of  the  trochanter,  in  the  outer  portion  of 
Scarpa's  triangle,  and  in  the  digital  fossa,  behind  the 
trochanter  major.  They  are  also  apt  to  show  very 
promptly  a  considerable  effusion  of  blood,  due  to  the 
fracture  running  through  a  more  vascular  portion  of 
the  bone,  and  this  effusion  is  apt  to  show  itself  as  an 
ecchymosis  extending  down  the  outer  portion  of  the 


Fig.  2610. — Pertrochanteric  Fracture  Running  Nearly  in  Frontal 
Plane.     (Kocher.) 

thigh.  On  rotating  the  limb  on  its  axis,  the  tro- 
chanter major  will  not  follow  the  motion  of  the  shaft, 
unless  there  is  a  certain  degree-  of  impaction.  The 
treatment  should  be  substantially  along  the  lines 
recommended  for  fracture  of  the  femoral  neck. 

When  we  come  to  subtrochanteric  fractures,  which 
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have  much  the  same  causes  and  quite  similar  symp- 
toms to  pertrochanteric  fractures,  a  further  element 
has  to  be  considered  in  the  treatment,  namely,  the 
effect  of  the  gluteus  medius  and  minimus,  and  of  the 
short  pelviofemoral  muscles  in  causing  the  displace- 
ment of  the  upper  fragment.     By  the  combined  action 


Fig.  2B11.- 


-.\bduction  and  External  Rotation  of  Upper  Fragment 
in  Subtrochanteric  Fracture.     (Kocher.) 


of  these  muscles  the  upper  fragment  is  drawn  into  a 
position  of  abduction  and  external  rotation,  and  the 
traction  which  is  demanded  for  the  treatment  of  the 
fracture  should  be  applied  in  a  direction  to  accommo- 
date the  position  of  the  shaft  to  that  of  the  upper 
fragment.  These  fractures  are  generally  more  or  less 
directly  transverse. 

Y-fractures  and  L-fractures  are  the  result  of  more 
considerable  violence  than  is  required  to  produce  the 
simpler  fractures  we  have  been  considering.  While 
their  prognosis  is  more  grave,  and  satisfactory  restora- 
tion of  function  is  more  uncertain,  the  principles  of 
treatment  are  the  same  as  for  the  simpler  fractures  of 
this  region. 

Isolated  fracture  of  the  trochanter  major  is  rare,  it 
involves  abolition  of  the  function  of  abduction  in 
large  measure.  The  fracture  is  difficult  of  recognition 
without  the  help  of  the  a--ray,  unless,  as  rarely  happens, 


Fig.  2612. — V-fracture  of  Upper  End  of  Femur.      (Kocher.) 

a  considerable  portion  of  bone  is  carried  away.  The 
best  treatment  is  by  direct  fixation  with  suture,  the 
thigh  being  afterward  put  up  in  abduction  in  a 
plaster-of- Paris  spica. 

Fractures  of  the  Shaft  of  the  Femur. — In  fractures  of 
the  shaft  of  the  femur  we  have  to  contend  against 
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a  strong  tendency  to  displacement  from  the  action 
of  the  most  powerful  muscles  of  the  body.  Fracture 
may  occur  anywhere  in  the  femoral  shaft,  but  these 
fractures,   while  they  are  occasionally   more  or  less 


Fig.  2613. — Muscles  Acting  on  Upper  Fragment  in  Fractures 
High  in  the  Femoral  Shaft.  The  position  of  the  upper  fragment  is 
one  of  flexion,  abduction,  and  external  rotation.  1.  Iliopsoas 
tendon;  2,  rectus:  3.  adductors;  4,  triceps;  5,  inner  hamstring 
tendon.     (Rose  and  Carless.) 

nearly  transverse,  are  apt  to  exhibit  a  marked  degree 
of  obliquity  and  are  not  infrequently  spiral  fractures; 
the  oblique  and  the  spiral  fractures  are  notoriously 
difficult  to  retain  in  proper  position  after  reduction. 
In  fractures  of  the  upper  third  we  have  to  pay  special 
attention  to  the  position  assumed  by  the  upper  frag- 


FiG.  2614. — Vertical  Suspension  for  Fracture  of  Femur  in  Children. 
(Bryant.) 

ment  under  the  influence  of  the  attached  muscles,  and 
the  traction,  which  is  almost  always  indicated  in  the 
treatment,  should  be  applied  in  a  direction  and  in  a  man- 
ner calculated  to  bring  the  axis  of  the  shaft  into  line, 


as  far  as  possible,  with  the  a.\is  of  the  upper  fragment. 
To  this  end  it  is  not  infre(|ucntly  necessary  to  apply 
the  traction  with  the  thigh  in  a  certain  degree  of 
fle.xion  on  the  trunk,  as  well  as  in  a  certain  degree  of 
abduction,  and  occasionally  it  may  be  necessary  to 
m.'ikc  sitiiultaneously  lateral  and  longitudinal  trac- 
tion on  the  limb;  furthermore  it  may  be  necessary  to 
have  the  knee  more  or  less  flexed.  These  varied 
retiuirenients  can  generally  be  met  with  the  use  of  the 
Hodgen's  splint,  with  such  modifications  and  adapta- 
tions as  the  particular  fracture  demands.  The  frag- 
ments can  advantageously,  in  most  cases,  be  steadied 
by  coaptation  splints,  which  however  should  be  short 
enoiigh  not  to  make  jjressure  on  any  of  the  bony 
prominences  of  tlie  fenuir,  as  tlieir  function  is  simply 
that  of  steadying  the  fragments  of  the  broken  shaft, 
and  is  not  that  of  supporting  the  fractured  limb  as  a 
whole.  In  children  vertical  suspension  of  the  in- 
jured limb  is  preferable  to  other  forms  of  traction. 


Fkj.  2G15. — Flexion  of  Lower  Fragment  in  Supracondylar  Frac- 
ture of  Femur,  through  .\ction  of  the  Gastrocncmii.  Note  that 
this  lesion  has  all  the  attributes  of  a  flexion  fracture.     (Dennis.) 

Fractures  of  the  lower  end  of  the  fem\ir  occur  in  the 
forms  of  supracondylar  fracture  of  the  general  type 
of  a  flexion  fracture,  epijihyseolysis,  the  only  represen- 
tative of  an  extension  fracture  in  this  region,  T-frac- 
tures  into  the  knee-joint  and  isolated  fracture  of 
either  condyle. 

Supracondylar  Fraclurcs  of  Oic  Femur. — In  supra- 
condylar fracture  of  the  lower  end  of  the  femur  there 
is  a  certain  tendency,  probably  not  so  constant  as  has 
been  customarily  taught  in  the  text-liooks,  for  the 
lower  fragment  to  be  tipped  backward  under  the 
action  of  the  gastrocncmii,  and  to  work  great  damage 
to  the  popliteal  vessels  and  nerves.  Whether  this 
angular  deformity  exists  as  an  actuality  or  only  as  a 
tendency,  it  is  necessary  to  take  account  of  it  in  the 
treatment,  as  malunion  in  angular  deformity  will 
seriously  interfere  with  the  function  of  the  limb.  In 
view  of  this  tendency  to  flexion,  the  fractured  limb 
shovdd  never  be  treated  with  the  knee  extended.  The 
limb  can  best  be  treated  by  the  use  of  a  double  in- 
clined plane  or  by  traction  applied  over  an  angular 
popliteal  splint. 

In  the  adult,  extension  fracture  of  the  lower  end  of 
the  femur  does  not  occur,  for  the  reason  that  hyper- 
extension  leads  to  rupture  of  the  posterior  portion  of 
the  capsular  ligament  and  to  dislocation  of  the  knee, 
before  the  bone  yields.  In  children,  however,  h\-per- 
extension  will  cause  a  separation  of  the  epiphysis, 
with  displacements  which  are  often  extremely  difficult 
to  reduce,  and  which  may  work  such  havoc  to  the 
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structures  in  the  popliteal  space  that  primary  amputa- 
tion remains  the  only  practical  method  of  treatment. 
Where  the  popliteal  structures  are  not  hopelessly 
injured  a  forward  displacement  of  the  epiphysis  can 
be  generally  reduced  under  an  anesthetic  by  firm 
pressure  of  the  thumbs  during  strong  traction  on  the 
flexed  lower  leg,  by  an  assistant,  in  the  line  of  the 
femoral  axis.  Backward  displacements  are  still  more 
diflScult  to  reduce,  they  demand  the  traction  on  the 
flexed  leg,  as  above  described,  and  in  addition  firm 
upward  traction  on  the  lower  end  of  the  femoral  shaft, 
at  a  right  angle  to  the  traction  which  is  being  exercised 
on  the  lower  leg.  Not  infrequently  it  is  necessary  to 
intervene    with   levers,    introduced  through  an  open 


Fig.  2016. — Traction  over  an  Angular  Popliteal  .Splint.  Note 
that  the  splint  is  not  made  fast  to  the  thigh.  The  outline  of  the 
lower  portion  of  the  sphnt  is  indicated  upon  the  bandage. 


incision,  to  accomplish  the  reposition.  Wnen  once 
reduced  the  tendency  to  redisplacement  is  small  and 
the  jjrognosis  is  good,  but  the  lesion  carries  with  it  a 
very  high  primary  mortality. 

T-fractures  of  the  lower  end  of  the  femur  are  in 
many  ways  analogous  to  T-fractures  of  the  lower  end 
of  the  humerus.  They  are  caused  by  great  violence 
applied  to  the  knee.  Their  diagnosis  is  made  by 
maneuvers  developing  the  same  factors,  namely  hy- 
perextension,  abduction,  adduction  and  crepitation, 
as  were  reviewed  in  considering  the  diagnosis  of  the 
homologous  fractures  of  the  humerus.  The 
effusion  into  the  knee-joint  will  be  very  con- 
siderable, and  independent  mobility  of  the  con- 
dyles ujjon  the  shaft  of  the  femur,  and  upon 
each  other,  will  be  demonstrable  as  in  the  cor- 
responding humeral  fractures.  In  view  of  the 
probability  of  permanent  ankylosis  it  la  gen- 
erally best  to  treat  such  fractures  in  the  extended 
position  of  the  leg.  The  ankylosis  it  may  be 
possible  to  correct  by  the  more  modern  opera- 
tions of  tissue  interposition.  The  straight  posi- 
tion of  the  leg  it  is  important  to  maintain. 
Traction  on  the  lower  leg  wiU  do  a  great  deal 
to  mitigate  the  pain  of  this  extremely  severe 
lesion  and  to  favor  good  union. 

Fracture  of  either  condyle  alone  may  be  a  re- 
sult of  a  fall  on  the  feet  with  an  added  strain  of 
adduction,  to  cause  fracture  of  the  internal 
condyle,  or  of  abduction,  to  cause  fracture  of 
•the  external  condyle.  The  limb,  in  treatment, 
should  be  fixed  in  a  position  just  short  of  complete 
extension. 

In  supracondylar  fractures,  in  epiphyseolysis,  and  in 
fractures  of  one  or  of  both  condyles  the  concomitant 
traumatic  arthritis  is  a  matter  of  nearly  as  great 
moment  as  the  fracture,  and  in  the  unfortunate  event 
of  a  septic  infection  of  the  site  of  the  fracture,  a  sup- 


purative arthritis  of  the  knee  is  pretty  sure  to  follow, 
entailing  a  vast  degree  of  suffering  and  of  danger. 

Besides  the  fractures  of  the  lower  end  of  the  femur 
already  enumerated,  we  meet,  not  infrequently  with 
fractures  of  either  epicondyle,  as  a  complication  of 
sprain  of  the  knee.  These  fractures  are  highly  im- 
portant, from  the  fact  that  the  epicondyles  bear  the 
insertions  of  the  lateral  ligaments  of  the  joint,  and 
although  the  fractures  present  less  general  gravity 
than  do  the  fractures  we  have  already  discussed,  yet  if 
these  lesions  are  unrecognized,  and  fail  to  receive  the 
treatment  by  prolonged  fixation,  which  is  proper  to  a 
true  fracture,  they  are  likely  to  result  in  a  permanent 
weak  knee,  through  imperfect  support  from  the  lateral 
ligaments  of  the  joint. 

Fractures  of  the  Patella. — Fractures  of  the 
patella  occur  in  two  forms  which  have  a  different 
etiology.     The  first  form  is  more  rare;  the  cause  is 


riu.  2617.- 


-Stellate  Frature  of  the  Patella  from  Direct  Violence. 
(Internat.  Textb.  of  Surgery.) 


Fig.  2018. — The  Common  Mechanism  of  Fracture  of  the  Patella.  This 
cannot  occur  while  the  patella  occupies  its  proper  position  in  the  intercon- 
dylar groove;  but  when  the  patella  rides  upon  the  external  condyle  in 
slight  outward  subluxation,  it  is  readily  fractured  by  infraction  or  bending 
over  the  underlying  femoral  condyle. 


factor  in  the  transverse  fractures.  The  treatment  of 
stellate  fractures  of  the  patella  should  accordingly  be 
generally  a  conservative  one,  the  leg  being  kept  in 
full  extension  until  the  fragments  have  time  to  unite. 
In  transverse  fractures  of  the  patella,  on  the  other 
hand,  the  displacement  of  the  fragment  is  the  rule. 
And,  it  should  be  remembered,  in  deciding  upon  what 
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direct  violence  to  the  patella  and  the  bone  is  shattered 
in  various  directions,  forming  what  is  known  as  a 
stellate  fracture.  As  a  rule  comminuted  fractures  are 
considerably  more  serious  than  are  simple  fractures, 
but  in  this  case  the  peculiar  function  of  the  patella  as 
a  sesamoid  bone  makes  the  stellate  fracture  interfere 
much  less  seriously  with  its  function  than  does  the 
simple  transverse  fracture,  which  is  generally  the 
result  of  leverage  upon  the  patella  when  poised  upon 
the  femur  in  partial  flexion,  though  it  is  occasionally 
brought  .about  by  pure  avulsion.  In  tlie  stellate 
fracture  the  thick,  tough  fibrous  periosteum  on  the 
anterior  surface  of  the  bone  is  rarely  torn  completely 
across,  for  all  that  the  bone  is  comminuted,  and  in 
consequence  there  is  but  little  tendency  to  the 
diastasis  of  the  fragments,  which  is  so  important  a 
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line  of  treatment  to  adopt,  tliat  the  displacement  is 
not  generally  a  simple  diastasis,  but  a  more  complex 
displacement,  involving  a  tipping  of  one  or  of  both 
fragments  forward  or  backward,  and  not  infrequently 
a  wider  diastasis  at  one  side  than  at  the  other  side  of 
the  bone.  The  result  of  the  ordinary  complexity  of 
the  displacement  is  that  when  the  fragments  are 
approximated  as  nearly  as  is  pcjssible  by  the  extension 
of  the  knee  and  by  traction  on  the  fragments,  there  is 
apt  still  to  remain  a  considerable  interval  between 
certain  portions  of  the  fragments,   even  if  they  be 


Fig.  2619. — displacement  of  Fractured  Patella  not  asiniple  Dia- 
stasis and  not  Completely  Reduced  by  Muscular  Relaxation.  The 
hiatus  is  always  too  great  in  conservative  treatment  to  be  filled  out 
by  bone  tissue  and  fibrous  union  must  result.  (International 
Te.\tbooli  of  Surgery.) 

made  to  touch  at  certain  points.  The  result  is  that 
bony  union  can  hardly  be  hoped  for  by  conservative 
treatment,  and  that  the  fibrous  bond,  even  when 
close  at  the  time  the  treatment  is  discontinued,  tends 
to  lengthen  under  the  use  of  the  limb,  to  an  extent 
which  it  is  difficult  to  foretell,  and  this  may  bring  with 
it  a  disability  which  may  be  very  disappointing  alike 
to  the  patient  and  to  the  surgeon.  Where  there  is  no 
special  counterindication,  wiring  affords  by  far  the 
better  results,  and  requires  an  after-treatment  very 
much  less  prolonged  than  is  necessary  for  treatment 
by  fixation  alone. 

Fractures  of  the  Lower  Leg. — Fractures  of  the 
lower  leg  may  be  either  isolated  fractures  of  one  bone 
or  simultaneous  fractures  of  both  tibia  and  fibula. 
At  the  upjjer  end  of  the  leg  the  tibia  may  present 
fracture  of  the  inner  tuberosity',  fracture  of  both 
tuberosities,  very  rarely,  fracture  of  the  outer  tuberosity 
alone,  longitudinal  fissures,  separation  of  the  upper 
tibial  epiphysis  and  fracture  of  the  tibial  tubercle. 
Isolated  fracture  of  the  fibula  just  below  the  head  is 
occasionally  seen. 

Fracture  of  the  inner  luherofdty  of  the  tibia  is  closely 
analogous  to  fracture  of  the  inner  condyle  of  the  femur, 
with  which  it  articulates.  (See  Fig.  2521.)  Its 
caus.ation  is  very  simUar  to  that  of  fracture  of  the 
inner  femoral  condyle,  and  its  symptomatology  ami 
diagnosis  are  elicited  by  similar  maneuvers,  that  is  to 
say  there  will  be  possible  an  abduction  of  the  leg 
upon  the  thigh  but  not  an  adduction,  local  pressure 
over  the  tuberosity  will  give  pain,  and  it  will  be 
possible  to  move  the  tuberosity  independently  of  the 


shaft  of  the  bone  with  crepitation.     The  treatment 
should  be  by  fixation  in  nearly  complete  extcn.sion. 

Fractures  of  both  lubeTOHiliets  are  generally  the  result 
of  a  fall  on  the  foot  from  a  great  height,  the  firm  corti- 
calis  of  the  shaft  acting  as  a  wedge  to  split  the  two 
tuljerosities  asunrler.  The  lesion  is  a  very  severe  one 
and  may  demand  jirimary  amputation.  Should  this 
not  be  deemed  necessary,  the  treatment  should  be  by 
heavy  and  continuous  traction  with  the  leg  extended. 
The  severe  attendant  traumatic  arthritis  is  apt  to  be 
followed  by  permanent  ankylosis  of  the  knee. 


FlQ.  2620. — Fracture  of  Both  Tuberosities  of  the  Tibia. 

(Stinison.) 

Fracture  of  the  external  tuberosity  of  the  tibia  is 
rare,  as  this  portion  of  the  bone  is  largely  protected 
by  the  femoral  condyle  and  by  the  head  of  the  fibula, 
and  inasmuch  as  the  external  lateral  ligament  of  the 
knee  is  inserted  into  the  fibula  and  not  into  the  external 
tuberosity  of  the  tibia,  the  strains  that  might  come  to 
this  portion  of  the  tibia  in  forced  adduction  of  the 
leg,  are  distributed  elsewhere.  Its  treatment  should 
be  by  fixation  in  extension. 

The  fractures  of  the  upper  end  of  the  tibia  are  so 
largely  the  result  of  a  direct  thrust,  substantially  in 
the  axis  of  the  lower  leg,  that  it  is  but  natural  to  ex- 
pect to  find  here  a  characteristic  expression  of  the 
type  of  the  fracturing  force  revealing  itself  in  lines  of 
fracture  which  are  nearly  parallel  to  the  tibial  axis. 
In  no  bone  of  the  body  are  longitudinal  fissures  so 
often  met  as  in  the  tibia,  and  tliese  longitudinal 
fissures  do  not  always  induce  a  complete  fracture  of 
the  bone,  but  show  them.selvcs  as  mere  cracks  in  the 
cortical  layer.  This  same  tendency  to  a  very  slight 
obliquity  of  the  line  of  fracture  is  seen  also  in  the 
fractures  already  described  of  one,  or  of  both  tuberosi- 
ties. When  these  fractures  are  incomplete,  in  the 
sense  of  not  causing  the  separation  of  any  portioit 
of  the  bone,  they  are  extremely  difficult  of  diagnosis, 
but  if  they  are  not  recognized,  and  are  not  treated  with 
the  prolonged  fixation  and  abstention  from  weight 
bearing,  which  are  proper  for  a  true  fracture  of  the 
bone,  they  lead  to  a  most  (roublesomc  and  obstinate 
chronic  osteitis,  which  is  apt  (o  be  accompanied  by  an 
equally  obstinate  arthritis  of  the  knee,  liocal  tender- 
ness, ecchymosis  without  contusion,  and  a  fortuitous 
discovery  of  the  fissure  from  an  advantageously 
])laced  x-ray  plate,  arc  the  only  means  of  fairly 
positive  diagnosis. 

Another  form  of  partial  fracture  of  the  tibia  is  more 
common,  and  is  less  difficult  of  diagnosis;  this  is 
fracture  of  the  tibial  tubercle.  In  adults  this  is 
generall}'  the  result  of  direct  violence,  as  a  kick  or  a 
blow  upon  the  tubercle,  and  takes  the  form  of  a 
complete  separation  of  the  tubercle  from  the  shaft, 
which  is  not  dilficult  of  recognition,  and  is  to  be 
treated  by  suture  or  pegging.  In  children  and 
adolescents  the  fracture  is  more  often  the  result  of 
indirect  violence,  and  appears  in  the  form  of  a 
partial  separation  of  the  lower  tongue-like  process  of 
the  epiphysis.     The  lesion  has  sometimes  been  called 
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Schlatter's  disease.  In  neither  the  complete  fracture 
of  adults,  nor  the  partial  epiphyseolysis  of  children  is 
the  function  of  the  quadriceps  extensor  completely 
abolished,   for   the   reason   that   the  insertion  of  the 


Fig. 


2621. — Partial  Separation  of  the  Tongue-like  Process  of  the  Upper  Tibial 
Epiphysis,  Schlatter's  disease.      (Diagrammatic.) 


patellar  ligament  into  the  tibia  is  by  a  broad  apo- 
neurotic expansion,  which  is  rarely,  if  ever,  completely 
torn  across.  Local  tenderness  and  impaired  extension, 
with  instabilit.y  of  the  leg,  and  a  limping  gait,  are  the 
symptoms  of  this  fracture,  though  in  the  adult  crepita- 
tion and  independent  mobility  of  the  fragment  can  be 
readily  made  out.  Operative  fixation  of  the  fragment, 
which  is  to  be  recommended  in 
the  adult,  may  sometimes  be 
called  for  in  children,  but  with 
sufficiently  long-continued  fixa- 
tion of  the  knee  in  complete  ex- 
tension, most  cases  will  get  well, 
even  if  the  limb  continues  in  use. 
Fracture  of  the  upper  end  of  the 
fhula  is  important  [for  two  rea- 
sons, first  because  the  fibular 
head  bears  the  insertion  of  the 
external  lateral  ligament  of  the 
knee,  and  secondly,  because  of 
the  course  of  the  peroneal  nerve 
which  winds  around  the  upper 
end  of  the  bone,  just  below  the 
head,  in  its  passage  from  the 
popliteal  space  to  the  peroneal 
muscles  and  to  the  extensors  of 
the  toes.  Foot-drop  may  follow 
injury  to  this  nerve  in  fracture 
of  the  upper  end  of  the  fibula. 
Plaster-of-Paris  encasement,  with 
the  knee  in  almost  complete  exten- 
sion, is  the  indicated  treatment. 
One  peculiarity  has  been  noted  concerning  fractures 
of  the  upper  end  of  the  tibia,  namely,  that  they  de- 
mand, as  a  rule,  a  longer  time  for  union  than  fractures 
of  equal  magnitude  in  other  parts  of  the  body.  This 
is  probably  due  to  the  fact  that  the  main  nutrient 
artery  runs  through  a  very  oblique  canal  in  the  cortex, 
and  is  apt  to  be  lacerated  in  these  fractures,  so  that 
the  process  of  bone  repair  is  delayed  until  after  the 
preliminary  establishment  of  a  collateral  circulation 
in  the  bone. 

Fractures  of  the  shaft  of  the  leg  bones  may  or  may  not 
include  both  bones,  and  if  both  are  fractured  the  frac- 
tures may  or  may  not  be  at  the  same  level,  indeed 
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Fig.  2622. — Course  of 
Peroneal  Nerve  around 
the  Head  of  the  Fibula. 
(.4fter  a  sketch  by  Cot- 
ton.) 


there  is  a  marked  tendency  for  the  fibular  fracture  to 
be  situated  higher  up  than  that  of  the  tibia.  When 
the  shaft  of  the  tibia  is  broken  it  is  often  difficult  to 
determine  whether  or  not  there  is  concomitant  frac- 
ture of  the  fibula.  In  the  absence  of  cor- 
roboration from  the  x-ray,  we  judge  that 
the  fibula  also  is  fractured  when  the  amount 
of  displacement  and  of  abnormal  mobility 
is  considerable,  even  when  palpation  does 
not  clearly  reveal  a  fibular  fracture.  The 
absolute  determination  of  the  presence  or 
absence  of  a  concomitant  fibular  fracture 
is  not,  however,  a  matter  of  great  moment, 
as  this  bone  bears  but  a  very  inconsider- 
able share  in  the  office  of  weight  bearing. 
Fractures  of  the  shaft  of  the  tibia,  when 
nearly  transverse,  and  especially  if  the  fibula 
remains  unfractured,  are  easy  of  determina- 
tion, owing  to  the  subcutaneous  position  of 
the  bone,  and  they  do  not  offer,  as  a  rule, 
any  special  diffioiities  of  treatment,  which 
is  most  efficaciously  provided  for  by  a  plas- 
ter-of-Paris  bandage.  Spiral  and  oblique 
fractures  of  the  tibial  shaft  are,  on  the  con- 
trary', notoriously  difficult  to  retain  in 
proper  position.  The  action  of  the  power- 
ful iiuadriceps  extensor  on  the  upper  frag- 
ment, and  that  of  the  long  calf  muscles  on 
the  lower  fragment,  occasion  a  constant 
tendency  to  forward  displacement  of  the 
lower  end  of  the  upper  fragment,  and  to 
backward  displacement  of  the  lower  frag- 
ment; and  where  the  fibula  likewise  is 
broken,  there  is  a  most  troublesome  tendency  to 
overriding.  The  lower  end  of  the  upper  fragment 
causes  one  special  type  of  difficulty,  namely  pre?- 
sure    on    the     overlying     skin,    which    threatens    ta 


Fig. 


2623. — Fracture  of  the  Shaft  of  the  Tibia  Showing  Tendency 
to  Displacement.      (Internat.  Testb.  of  Surgery.) 


cause  a  necrosis  with  compounding  of  the  fracture. 
In  man}'  cases  the  very  greatest  pains  will  not 
suffice  to  restrain  this  jutting  forward  of  the  sharp 
end    of    the    upper    fragment,    in    which    case  it   is 
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Fig.  2024. —  Mechanism  of  the  ProJuctioa  ul  \'-lracturc  ul  ihc  Lower 
End  of  the  Tibia.  Pressure  on  the  sole  will  cause  the  lower  end  of  upper 
fragment  to  wedge  the  lower  fragment  apart  into  two  lateral  halves  with 
wide  diastasis  and  communication  with  the  ankle  joint.      (Keen.) 


good  practice  to  make  a  clean  incision  over  the 
protruding  bone,  and  remove  the  offending  tip  with 
a  chisel.  It  is  rarely  convenient,  owing  to  the  limited 
surface  upon  which  the  apparatus  can  hold,  to  apply 
permanent  extension  to  the  leg  below  the  point  of 
fracture,  and  the  most  approved  treatment  of  these 
fractures,  w'hen  spiral  or  obUque,  is  to  keep  the  injured 
le5;  for  ten  davs  or  more  in  a  fracture-box  or  some  other 


with 


always  associated  with  fracture  of  the  fibula  at 
about  the  same  level.  In  thiji  part  of  the  bone 
there  occur  also  fractures  of  a  somewhat  peculiar 
type,  known  as  V-fractures,  which  are  cau.sed  by 
a  primary  oblique  fracture  of  the  shaft  becoming 
comminuted  by  the  impaction  of  the  lower  end 
of  the  upper  fragment  into  the  lower  fragment, 
whereby  the  lower  fragment  is  split  into  two 
lateral  halves.  Epiphy.seolysis  of  one  or  of  both, 
bones  is  occasionally  seen,  and  the  inner  malleolus 
may  be  fractured  without  the  concomitant  frac- 
ture of  the  fibula  and  the  subluxation  of  the 
ankle  which  would  properly  constitute  a  Pott's 
fracture. 

All  the  fractures  of  the  lower  end  of  the  shaft 
of  the  tibia  are  difficult  of  retention  after  reduc- 
tion owing  to  the  tug  of  the  calf  muscles  upon 
the  calcanear  tuberosity,  and  in  the  comminuted 
fractures  of  this  region  the  tendency  to  renewed 
displacement  is  extremely  difficult  to  combat. 
Flexion  of  the  knee,  to  relax  these  muscles,  should 
therefore  be  a  constant  practice  during  reduc- 
tion, and  the  flexed  posture  of  the  leg  must  be 
maintained,  in  many  cases,  during  the  period  of 
consolidation  of  the  bone.  The  least  difficulty  is 
encountered  in  epiphyseolysis,  on  account  of  the 
substantially  transverse  line  of  the  separation, 
and  the  greatest  difficulty  in  V-fractures,  where 
direct  fLxation  with  bone-plates  is  often  de- 
manded. The  principles  of  reduction  and  of 
treatment  are  substantially  the  same  in  fractures 
of  the  shaft  higher  up,  butspecial  attention  must 
constantly  be  paid  to  the  tendency  of  the  calf 
muscles  to  draw  the  heel  backward. 

Isolated  Fracture  of  the  Lower  End  oj  the  Fib- 
tila. — The  lower  end  of  the  fibula,  aside  from 
the  fibular  lesion  which  is  an  essential  element 
in  a  Pott's  fracture,  is  subject  to  three  t>-pe3 
of  fracture,  a  fracture  through  the  shaft,  a  frac- 
ture of  the  e.\ternal  malleolus,  and  an  epiphyse- 
olysis. 

It  is  wTong  to  confuse  a  simple  isolated  frac- 
ture of  the  shaft  of  the  fibula  in  its  lower  thu-d 
a  Pott's  fracture,  with  which  it  has  nothing  in  com- 


FiG.  2625. — Internal  .\rtificial  Ligament  Applied  with  Slrunt; 
Traction  Bringing  the  Foot  into  Forced  Adduction. 

form  of  temporary  dressing  and  after  the  primary 
inflammation  and  swelling  have  subsided,  to  apply 
a  plaster-of -Paris  bandage  as  in  the  less  troublesome 
transverse  fractures.  In  many  cases,  however,  the 
application  of  a  Lane's  plate  is  for  every  reason 
advisable. 

The  lower  end  oj  the  tibia  is  subject  to  fractures 
above  the  malleolus,   which  are  generally,  but   not 
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Fig.  262i;. — The  Forced  .\dduction  from  the  Internal  .Artificial 
Ligament  is  Being  Corrected  by  Vigorous  Traction  on  the  External 
.Artificial  Ligament.  The  eirternal  artificial  ligament  as  was  tho 
case  with  the  internal  was  first  applied  near  the  knee  so  as  to  gtlide  it 
true  in  passing  around  the  foot;  its  upper  end  was  then  stripped  off 
the  leg  as  far  as  the  sole  to  be  reapplied  with  firm  traction  to  bring 
the  foot  into  the  desired  position. 
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mon  but  the  break  in  the  fibula,  and  whose  grave  con- 
sequences it  does  not  share  in  any  appreciable  degree. 
Isolated  fractures  of  the  lower  end  of  the  shaft  of 
the  fibula   are  sometime?  verv  difficult  of  exact   re- 


FlQ.  2627. — Internal  and  External  .Artificial  Ligaments  in  Posi- 
tion and  Ready  for  Bandage. 

duction,  owing  to  the  difficulty  in  obtaining  a  purchase 
on  the  bone  by  which  it  can  be  forced  into  proper  line, 
but  an  imperfect  reduction  has  but  little  effect  upon 
the  function  of  the  ankle,  and  as  the  ankle-joint  is 
not  invaded,  and  the  weight-bearing  function  belongs 


Fig.  262S. — Man's    Hunting    Shoe   and  Lady's  Lace  Storm-shoe. 

almost  exclusively  to  the  tibia,  a  degree  of  fixation 
which  will  prevent  abduction  and  adduction  of  the 
foot,  while  allowing  flexion  and  extension  of  the  ankle, 
is  all  that  is  required.  While  a  plaster  cast  is  the  usual 
method  of  treatment,  a  more  convenient  and,  in  most 


Fig.  2629. — Typical  Pott's  Fracture.     (Cotton,) 

cases,  a  wholly  adequate  dressing  is  by  means  of  a  bi- 
lateral "artificial  ligament"  which  is  to  be  applied 
as  follows.  The  leg  having  been  shaved  and  asepti- 
cized from  the  knee  down,  a  strip  of  adhesive  plaster 
three  inches  wide  is  applied  to  the  inner  side  of  the  leg. 


beginning  a  fingers-breadth  below  the  head  of  the  tibia, 
and  is  brought  down  the  inner  side  of  the  leg  so  that 
the  center  of  the  strip  shall  pass  over  the  inner  mal- 
leolus; from  thence,  with  the  foot  in  full  dorsal  flexion, 
it  is  carried  oblic|uely  forward  across  the  sole  of  the 
foot,  to  rise,  on  the  outer  side  of  the  foot,  across  the 
fifth  metatarsal,  and  is  continued  across  the  dorsum 
of  the  foot  to  its  inner  margin,  where  the  strip  is  cut 
across.  It  is  necessary  to  apply  the  strip  first  thus 
from  above  downward,  in  order  to  have  the  strip 
lie  perfectly  true  to  the  parts,  which  is  very  difficult 


Fig.  2630. — The  Interosseous  Ligament  Showing  Anterior 
Fasciculi  Running  Downward  and  Inward,  These  are  the  only 
structures  properly  placed  to  resist  abduction  and  upward  thrust. 
The  point  x  indicates  the  common  site  of  the  fibular  lesion  in  Pott's 
fracture  by  abduction  and  eversion.     (-\fter  .Spalteholz.) 

to  accomplish  when  applied  fir.st  from  below.  The 
lower  end  of  the  strip  should  now  be  applied  closely 
to  the  skin,  and  the  upper  end  should  then  be  stripped 
from  the  leg,  as  far  down  as  the  sole  of  the  foot,  to  be 
reappUed  with  a  degree  of  traction  sufficient  to  bring 
the  foot  into  pronounced  adduction,  and  the  upper 
end  of  the  strip  should  be  held  firmly  against  the  leg 
by  the  patient  or  by  an  assistant.  The  external  "  arti- 
ficial ligament"  should  reach  from  the  head  of  the 
fibula,  across  the  sole,  up  over  the  scaphoid  and  cunei- 
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Fig.  2631. — Diagrammatic  Drawing  Representing  the  Effect  of  Forced 
Eversion  in  Producing  Fracture  of  the  Anterior  Margin  of  the  Inner  Malleolus. 
This  shows  a  section  of  the  anlcle  joint  at  the  level  of  the  top  of  the  astraga- 
lar  trochlea.  At  externa!  malleolus.  B,  Internal  malleolus  and  adjacent 
portion  of  the  tibia.  B\  the  anterior  portion  of  the  same,  forced  off  by 
the  pressure  of  the  everted  foot.  C,  Trochlea  of  the  astragalus.  C,  neck  of 
the  astragalus.  D,  Tuberosity  of  the  os  calcis.  The  arrows  1  and  2  denote 
the  direction  of  the  force.- 


forms,  to  be  cut  off  at  the  outer  side  of  the  dorsum  of 
the  foot.  It  should  be  applied  first  from  above  down- 
ward to  secure  an  accurate  and  even  hold  on  the  parts, 


Fig.  2632. — Diagrammatic  Drawing  Representing  the  Effect  of 
Forced  .\bduction  in  Producing  Pott's  Fracture.  A-A',  the  firm 
6brous  faseicuh  of  the  anterior  layer  of  the  interosseous  membrane 
acting  in  virtue  of  their  direction  downward  and  inward  as  stays 
to  the  shaft  of  the  fibula  which  is  broken  obliqueLv  across  at  the 
point  of  attachment  of  the  lowest  fasciculus  through  the  force 
applied  against  the  external  malleolus,  as  indicated  by  the 
curved  arrow  (2).  iJ,  the  lower  end  of  the  fibula.  C  the  internal 
malleolus.  D.  the  astragalus  so  tipped  in  the  ankle-mortise  as  to 
present  a  chisel-edge  against  the  articular  surface  of  the  tibia  and 
to  split  off  a  fragment  when  the  weight  of  the  body  is  imposed  upon 
the  heel.  When  a  fragment  is  split  off  sufficiently  long  to  carry  off 
tibiofibulardiastasis  will  result.  £,  the  os  calcis.  F,  the  continuous 
posterior  layer  of  the  interosseous  membrane,  whose  fibres,  ha^-ing  a 
direction  downward  and  outward  are  not  fitted  to  withstand  an 
upward  strain  through  a  fall  on  the  abducted  foot. 

and  after  the  lower  end  has  been  made  secure,  the 
upper  end  should  be  freed  from  the  leg,  and  reapplied 


with  sufTicient  traction  to  bring  the  ankle  into 
a  position  midway  between  adduction  and  ab- 
duction; a  certain  excess  of  adduction  may, 
however,  be  allowed  to  remain.  The  adhesive 
strips,  particularly  on  the  outer  side,  will  .stand 
away  from  the  leg  above  the  malleoli,  but  this 
will  be  corrected  by  the  bandage,  and  its  cor- 
rection will  serve  to  tauten  the  strips,  which  is 
de-sirable. 

Over  the  pl.aster  strips  thus  applied  should 
now  be  adjusted  a  firm  bandage  of  the  foot, 
the  ankle  and  the  leg,  and  the  foot  will  now  be 
found  to  be  fairly  splinted,  as  far  as  regards 
adduction  and  abduction,  but  motions  of 
fle.\ion  and  of  extension,  as  well  as  those  of 
eversion  (toeing  out)  and  inversion  (toeing  in), 
while  somewhat  limited  will  still  be  possible. 

Over  the  foot  thus  bandaged,  the  best 
form  of  boot  to  wear  is  a  laced  hunting  boot, 
one  or  two  sizes  larger  than  the  patient's 
regular  foot  wear.  For  ladies'  use,  a  high 
laced  golf  shoo  cm  be  worn,  and  if  the  patient 
is  careful  of  apjjearances,  the  purchase  of  two 
pairs  of  these  shoes,  one  of  the  ordinarj'  size, 
and  the  other  two  sizes  larger,  will  allow  the 
patient  to  go  about  with  the  two  feet  shod  so 
nearly  alike  as  to  be  very  inconspicuous. 
Walking  should  be  encouraged,  and  should, 
indeed,  be  insisted  on,  from  the  day  the  per- 
manent dressing  is  applied,  at  first  with  a 
stick,  never  with  crutches,  and  after  as  short  a 
time  as  possible,  with  no  other  supijort  than 
that  afforded  b\-  the  dressing. 

This  dressing  with  artificial  ligaments  is  ap- 
plicable also  to  isolated  fracture  of  either  malleolus, 
without  luxation,  which  the  i-ray  has  shown  to  be  a 
not  infrequent  accompaniment  of  many  sprains  of  the 
ankle.  In  isolated  fracture  of  the  inner  malleolus  a 
single  internal  artificial  ligament  will  often  .suffice,  by 
traction  on  which  the  foot  can  be  held  in  slight  adduc- 
tion. In  isolated  fracture  of  the  external  malleolus,  it 
is  better  to  apply  both  an  internal  and  an  external  arti- 
ficial ligament,  as  putting  the  foot  up  in  even  slightly 


Fig.  2633. — Fracture  Lines  through  the  Outer  Portion  of  the 
Tibia.  These  fragments  are  not  avulsed  by  traction  of  li«amcnl9 
but  are  chiseled  off  by  the  upturned  edge  of  the  astragalus.     (Bull.) 

forced  abduction  is  likely  to  load  to  the  development 
of  a  troublesome  tendency  to  flat-foot. 

The  commonest  injury  to  the  region  of  (he  ankle, 
aside  from  a  simple  sprain,  is  the  isolated  fracture  of 
the  lower  end  of  the  fibula  already  described;  isolated 
fractures  of  the  malleoli  are  mvich  more  rare.  A  much 
severer  injury  of  the  ankle  is,  however,  not  uncommon 
and  is  proporlv  known  as  a  fracture-dislocation  of  the 
ankle-joint,   but   both   convenience   and   usage   have 
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fixed  upon  this  lesion  the  name  of  Pott's  fracture, 
after  the  EngUsh  surgeon  Pereival  Pott,  who  gave  a 
lucid  description  of  one  form  under  which  this  lesion  is 
seen,  though  tlie  term  Pott 's  fracture  is  used  to-day  to 
include  all  the  fracture-dislocations  of  the  ankle- 
joint,  and  not  merely  the  fracture  of  aversion  and 
abduction  which  Pott  more  specifically  described. 

Potl's  Fracture. — Pott's  fractures  are  broadly 
divided  into  two  groups,  based  upon  the  luxation  or 
the  tendency  to  luxation  of  the  foot.  Much  the  com- 
moner type  is  that  jaroduced  by  eversion  and  abduc- 
tion, and  the  particular  fracture  described  by  Pott 
was  of  this  variety.  More  seldom  is  the  fracture  by 
inversion  and  adduction,  to  which  group  the  name  of 
inverted  Pott's  fracture  has  been  appUed;  these 
inverted  Pott's  fractures  are  apt  to  be  more  severe 
than  are  those  of  the  first  group.  The  typical  Pott's 
fracture  by  eversion  and  abduction  presents  the  fol- 
lowing lesions  of  the  bones.  The  fibula  is  obliquely 
fractured  at  a  distance  varying  from  one  and  a  half  to 
two  and  a  half  inches  above  the  malleolus,  and  the 
obliquity  of  the  line  of  fracture  is  with  considerable 
constancy  from  below  upward,  and  from  the  tibial  side 
of  the  bone  outward,  indicating  that  it  is  caused  by 
leverage  exerted  against  the  restraint  of  those  fibers 
of  the  anterior  layer  of  the  interosseous  ligament 
which  run  in  a  downward  direction  from  their  origin 
on  the  fibida  to  their  insertion  into  the  tibia.  The 
tibial  lesion  is  twofold,  and  presents  first  a  partial 
fracture  of  the  anterior  lip  of  the  inner  malleolus,  which 
is  pried  off  by  the  trochlea  of  the  astragalus,  as  this  is 
twisted  in  its  mortise  by  the  forced  eversion  of  the  foot. 
The  second  tibial  lesion  is  fairly  constant,  and  con- 
sists in  a  splitting  off  from  the  outer  (fibular)  edge  of  the 
flat  articulating  surface  of  the  tibia,  of  chips  of  bone, 
which  are  generally  small,  but  may  be  so  considerable 
as  to  carry  upon  them  the  tibial  end  of  the  anterior 
fasciculi  of  the  interosseous  ligament,  above  referred 


Fig.  2634. — Separation  of  Long  Splinter  from  the  Outer  Side 
of  Tibia,  carrying  away  the  lower  anterior  fibers  of  the  interosseous 
ligament  and  permitting,  under  sufficient  upward  thrust  with  suffi- 
cient abduction  of  the  foot,  a  wide  tibiofibular  |diastasia.  Charac- 
teristically the  fibular  lesion  ia  minimal  and  is  probably  due  to 
direct  impact  of  the  external  malleolus  against  the  side  of  the  os 
calcis  in  forced  abduction.  The  same  forced  abduction  so  rotates 
the  astragalus  in  the  mortise  of  the  ankle  joint  as  to  allow  the  upper 
and  outer  edge  of  the  trochlea  to  act  as  a  blunt  chisel  to  split  off  the 
large  tibial  fragment.  In  the  illustration,  which  is  a  drawing  from 
an  x-ray  taken  from  Cotton,  the  parts  are  no  longer  in  the  extreme 
abduction  which  must  have  been  present  when  the  fracture 
occurred. 

to;  in  which  case  a  fracture  of  the  fibula  by  leverage 
against  the  restraint  of  these  fibers  does  not  occur, 
but  is  replaced  by  a  wide  diastasis  of  the  fibula  from 
the  tibia,  sufficiently  marked  in  some  cases  to  per- 
mit the  astragalus  to  be  forced  up  between  the  sepa- 
rated bones  of  the  leg.     These  portions  of  the  external 


side  of  the  tibia,  are  not  torn  away  from  the  bone  by 
traction  of  the  tibiofibular  ligaments,  but  are,  as  it 
were,  chiseled  off  from  that  bone  by  the  upturned  edge 
of  the  astragalar  trochlea,  when  the  weight  of  the 
body  is  imposed  upon  the  strongly  abducted  foot. 

In  inverted  Pott 's  fractures  the  fibular  element  con- 
sists generally  in  a  clean  shearing  off  of  the  whole  of  the 
external  malleolus  at  its  base,  while  the  tibial  fracture 
is  never  less  than  the  whole  of  the  internal  malleolus, 
and  generally  includes  a  larger  or  smaller  portion  of 


Fig.  2635. — Inverted  Pott's  Fracture,  Showing  the  Action  of 
the  Edge  of  the  Astragalar  Trochlea  in  Chiseling  off  at  Least  the 
Whole  of  the  Internal  Malleolus.  (Drawing  from  an  i-ray  plate 
by  Scudder.) 

the  inner  portion  of  the  tibial  shaft,  and  where  the 
etiological  elements  of  inversion  and  upward  thrust, 
through  the  weight  of  the  superimposed  body,  greatly 
Ijredominate  over  the  element  of  pure  adduction, 
there  is  a  tendency  to  a  spiral  or  conchoidal  fracture, 
which  may  carry  away  upon  the  curved,  shell-like 
fragment  a  large  portion  of  the  tibial  attachments  of 
the  ligaments  binding  the  foot  to  the  leg,  so  that  ex- 
treme and  troublesome  luxiition  of  the  foot  may 
follow,  and  may  prove  extremely  difficult  of  reten- 
tion after  reduction. 

Pott's  fracture  demands  in  most  cases  a  temporary 
dressing  of  the  injured  foot  in  a  fracture  box,  or  in  a 
pillow  roll.  The  permanent  dressing  usually  rec- 
ommended is  a  plaster-of- Paris  enca.sement.  It  is 
well,  however,  before  applying  the  permanent  plas- 
ter-of-Paris  dressing  to  support  and  adjust  the  foot  by 
means  of  the  "artificial  ligaments,"  described  above 
as  applicable  to  the  treatment  of  isolated  fracture  of 
the  lower  end  of  the  fibula,  and  to  apply  the  plaster 
of  Paris  over  the  adhesive  strips.  Great  pains  must 
be  taken  in  putting  up  a  Pott 's  fracture  in  plaster  of 
Paris  to  see  that  the  foot  is  in  fidl  dorsal  flexion,  and 
in  the  commoner  type  of  fracture  by  abduction  and 
eversion,  to  see  that  the  foot  is  held  in  slight  over- 
correction as  regards  the  abduction,  to  obviate  the 
troublesome  tendency  to  traumatic  flat-foot.  In  in- 
verted Pott's  fracture  the  artificial  ligaments  should 
be  so  adjusted  as  to  hold  the  foot  exactly  midway  be- 
tween adduction  and  abduction. 

Fractures  of  the  Tarsal  Bones. — Fracture  of  the 
astragalus  is  rare;  it  is  generally  the  result  of  a  fall 
from  a  height  with  the  foot  in  full  dorsal  flexion  so  as  to 
bring  the  full  weight  of  the  body,  as  transmitted 
through  the  tibia,  onto  the  forward  portion  of  the 
astragalar    trochlea.     The    astragalus    may    also    be 
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Fig.  2636. — Conchoidal  Fracture  of  Lower  End  of  Tibia  in  Inverted  Pott's  Fracture  Carrying  Away  a  Large  Portion  of  the 
Ligamentary  Insertions  and  Permitting  Wide  Dislocation  of  the  Ankle,  Generally  Backward.     (Scudder.) 


fractured  in  backward  dislocations  of  the  foot,  and 
its  fracture  is  a  rare  but  occasional  complication  of 
Pott's  fracture.  The  treatment  is  by  fixation  of  the 
foot  and  ankle  in  a  plaster-of-Paris  cast. 


Fig.  2637. — .Avulsion  Fracture  of  Os  Calcis.  .See  Fig.  2535  for 
Crushing  Fracture  of  Same  Bone.  Drawing  from  an  j-ray  plate 
by  .Scudder. 

Fracture  of  the  os  calcis  demands  energetic  measures 
to  restore  the  obliterated  arch  of  the  foot,  by  bring- 
ing down  the  posterior  fragment,  which  is  invariably 
drawn  upward  by  the  inserted  tendon  of  Achilles,  as 


Fig.  2638. — Cotton's  Method  of  Bringing  Down  the  Posterior 
Fragment  in  Difficult  Cases  of  Fracture  of  the  Os  Calcis. 

in  default  of  proper  replacement  an  incurable  lameness 
will  ensue.  To  this  end  it  is  of  the  highest  importance 
to  flex  the  leg  at  the  knee,  to  relax  the  calf  muscles, 


and  to  flex  the  foot  and  the  toes  as  well  by  means  of 
such  an  apparatus  as  is  used  in  case  of  severing  of  the 
tendon  .\chillis.  When  the  posterior  fragment  can- 
not be  brought  into  proper  position  by  imparting  the 
proper  attitude  to  the  limb,  Cotton  recommends  the 
passage  of  a  convenient  steel  rod  through  the  tissues 
anterior  to  the  tendon,  by  means  of  which  eflRcient 
traction  can  be  exerted  on  the  os  calcis.  In  obstinate 
cases  tenotomy  may  be  resorted  to.  No  weight  bear- 
ing   should    be    allowed    under    two    months,    under 


Fio.  2639. — Proper  Position  for  Troatnieut  of  Fracture  of  the  Os 
Calcis. 

penalty  of  seeing  a  recession  of  the  posterior  fragment 
and  a  permanent  loss  of  the  arch  of  the  foot. 

Fractures  of  the  remaining  tarsal  bones  and  fractures 
of  the  metatarsals  are  almost  always  the  result  of 
crushing,  and  the  fractures  are  very  apt  to  be  com- 
pound. In  these  cases  the  prophylactic  use  of  the 
antitctanic  serum  is  generally  advisable  and  the 
treatment  of  the   fracture,   after    the    best  possible 
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reposition  has  been  secured  by  manipulation,  siiould 
be  by  rest  and  abstention  from  weiglit  bearing  until 
such  time  as  bony  union  sliall  have  been  secured, 
after  which  massage  and  graduated  exercises  will 
aid  in  the  re.storation  of  function.  In  some  cases 
more  complete  rest  can  be  secured  by  the  use  of  a 
plaster  cast.  Similar  treatment  is  appropriate  to 
fractures  of  the  phalanges.  Leonard  W.  Bacon. 

Framboesia. — Sec  Yaws. 

Franco,  Pierre. — Born  at  Turriers,  in  the  Depart- 
ment of  Basses-Alpes,  France,  about  the  year  1.500. 
So  far  as  can  be  learned,  he  was  largely  a  .self-taught 
physician;  his  success  in  the  career  of  medicine  being 
due  chiefly  to  his  love  of  knowledge  and  his  own 
genius.  After  practising  for  a  short  time  in  the  region 
in  which  he  was  born,  he  left  France  and  settled  in 
Switzerland — first  at  Fribourg,  then  at  Lausanne 
and  afterward  at  Berne.  It  is  not  known  why  he 
left  his  native  country,  but  (according  to  Dezeimeris) 
the  presumption  is '  that  the  religious  intolerance 
prevailing  at  that  time  made  it  dangerous  for  him  to 
live  in  the  south  of  France.  That  he  had  accepted 
the  doctrines  of  the  Reformation  is  rendered  almost 
certain  by  the  well-known  fact  that  at  that  period 
a  Roman  Catholic  would  not  have  been  permitted 
by  the  Swiss  authorities  to  teach  anatomy — one  of  the 
branches  of  medical  knowledge  which  Franco  taught 
in  that  country.  Toward  the  end  of  his  career — cer- 
tainly before  1561 — he  returned  to  France. 

Our  knowledge  of  the  work  accomplished  by  Franco 
is  derived  exclusively  from  the  remarkable  book  which 
he  published  in  1561.  This  book,  which  was  re- 
published in  Paris  under  the  title  "La  chirurgie  de 
Pierre  Franco",  1895,  was  distinguished  from  all  other 
medical  treatises  of  that  period  by  the  sound  common 
sense  which  prevailed  throughout  every  part  of  the 
work,  by  the  fairness  of  his  remarks  upon  the  vari- 
ous operations  which  he  described,  and  by  the  fact 
that  almost  everything  which  he  had  to  say  was 
based  upon  his  own  actual  experience  or  upon  ob- 
servations which  he  himself  had  made. 

A.  H.  B. 


Frangula. — Buckthorn. — "The  bark  of  Rhamnus 
frangula  L.  (fam.  Rhamnacea),  collected  at  least  one 
vear  before  being  used"  (U.  S.  P.).  This  is  a  very 
large  shrub  or  small  tree,  growing  throughout  Europe 
and  in  adjacent  Asia  and  Africa,  and  sparingly 
naturalized  near  New  York  City_.  The  wood  is 
very  fine-grained,  and  its  charcoal  is  largely  utilized 
for  powder-making,  for  which  the  bark  must  be  first 
removed.  The  latter  thus  results  as  a  by-product. 
It  is  largely  employed  in  domestic  veterinary  practice, 
in  the  fresh  or  recently  dried  condition.  It  is  then 
a  sharply  irritating  cathartic  or  even  emetic,  but  its 
griping  properties  are  greatly  mitigated  by  being 
kept.  It  occurs  in  strongly  curved  quills,  which  are 
commonly  more  or  less  flattened  by  pressure.  The 
bark  is  very  thin  for  the  size  of  the  quill  (about  one 
millimeter  =  ^s  inch).  The  outer  surface  presents 
two  forms,  the"one  nearly  black,  the  other  dark  gray. 
Both  are  commonly  marked  by  numerous  transversely 
elongated  white  dots,  and  are  somewhat  warty- 
roughened,  but  never  fissured  or  scaly.  The  inner 
surface,  bright  yellow  when  first  collected,  becomes 
successively  dark  yehow,  brown,  reddish,  and  nearly 
black  with  keeping,  this  being  a  fairly  good  way  of 
recognizing  its  age.  Its  fracture  is  weak  but  not 
brittle,  and  is  slightly  fibrous.  It  has  a  slight 
characteristic  odor  and  a  bitter  taste. 

Composition. — With  resin  and  a  small  amount 
of  tannin,  the  important  constituent  of  frangula  is 
the  yellow  glucoside  frangulin,  or  rhamnoxanthin 
(CjiHioOs)  and  its  products  emodin  (C15H10O5)  and 
isoemodin  (C16H8O4).     The  development  of  all  three 


of  these  substances  proceeds  as  the  dried  bark  ages, 
and  coincidently  the  drug  becomes  a  milder  cathartic 
or  laxative.  Emodin  and  isoemodin  belong  to  the 
class  of  n-nlhraquinones,  some  one  of  which  appears 
to  give  the  properties  to  one  large  class  of  laxative 
drugs.  Emodin,  derived  both  from  rhubarb  and 
from  frangula,  is  on  the  market.  It  is  insoluble  in 
water,  little  soluble  in  alcohol,  but  dissolves  readily 
in  alkaline  solutions.  It  is  not  used  medicinally  in 
its  own  form. 

Properties  and  Uses. — Frangula  can  be  used  as  a 
cathartic  in  doses  of  3i.-ij-(4. 0-8.0),  but,  like  cascara 
sagrada,  it  acts  much  better  as  a  laxative  in  doses  of 
one-fourth  or  one-third  these  amounts.  The  fluid 
extract  is  official.  Owing  to  its  less  mild  and  uni- 
form action,  frangula  has  almost  entirely  given  way 
to  cascara  sagrada  as  a  laxative. 

The  genus  contains  some  seventy-five  species, 
mostly  in  the  north  temperate  zone,  and  gradually 
decreasing  southward,  in' the  mountains,  a  few  in  the 
south  temperate  zone.  Many  of  them  have  a  similar 
composition  and  action  to  that  here  described.  R. 
cathartica  L.  has  especially  been  so  used,  both  the 
bark  and  the  fruits  (buckthorn  berries)  having  been 
used  as  cathartics  from  ancient  times.  The  bark  of 
at  least  one  species,  R.  wightii,  of  India,  is  a  strong 
astringent.  Henry  H.  Rusby. 


Franzensbad. — A  well-known  mineral-spring  re- 
sort of  Bohemia,  Austria,  142  miles  by  rail  from 
Prague  and  twenty-nine  hours  distant  from  London. 

The  town  itself  is  situated  upon  an  elevated  plateau, 
with  a  resident  population  of  2,540  and  15,000 
annual  visitors,  most  of  whom  are  w-omen;  so  that  it 
has  been  called  a  "ladies'  spa."  Since  1793  Franzens- 
bad has  been  visited  by  those  seeking  the  curative 
effects  of  its  waters,  and  it  received  its  name  from  the 
Emperor  Francis  I. 

The  season  extends  from  May  to  October,  and  the 
climate  at  this  season  is  moderately  cool,  although 
rather  hot  in  the  middle  of  the  day. 

There  is  a  fine  park  with  pleasant  promenades,  and 
covered  ways  for  rainy  days.  There  are  more  or  less 
attractive  excursions  in  the  vicinity.  There  is  English 
Church  service,  a  theater  and  the  usual  music  common 
to  all  mineral  spring  resorts.  The  accommodations 
are  abundant  and  good;  the  place  is  quiet. 

There  are  fourteen  different  springs  of  a  tempera- 
ture of  from  50°  to  55°  F.,  containing  in  varying  quanti- 
ties salines,  alkalies,  and  iron  with  carbonic  acid  gas. 
The  great  specialty,  however,  of  the  place  is  the  peat 
or  mud  baths,  wliich  are  among  the  most  noted  in 
Europe.     Gas  baths  are  also  given. 

The  most  important  springs  are  the  Franzensquelle, 
Salzquelle,  Stahlquelle,  Kalter  Sprudel,  Wiesenquelle 
and  Loiiisenquelle. 

vSodium  sulphate  predominates  in  all  the  springs, 
and,  in  addition,  there  are  carbonate  of  sodium,  cal- 
cium, magnesium  and  iron,  and  chloride  of  sodium. 

The  principal  springs  are  enclosed  in  elegant  sur- 
roundings, especially  the  Franzensquelle.  _ 

Below  is  a  comparison  of  the  mineral  ingredients 
of  two  of  these  .springs  with  that  of  Carlsbad,  also  situ- 
ated in  this  general  region,  taken  from  Yeo  (The 
Therapeutics    of    Mineral    Springs    and    Climates). 


Franzensbad, 
Salzquelle. 

Carlabad, 
Sprudel. 

Franzensbad, 
Stahlquelle. 

2.802 
0.677 
1.140 
0.183 
0.103 
0.009 

2.405 
1.298 
1.041 
0.321 
0.166 
0.003 

1.614 

Sodium  carbonate 

Sodium  chloride 

0 .  .574 
0.612 
0.199 

0.053 

0.078 
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The  waters  are  used  both  internally  and  externally. 
As  is  the  custom  generally  in  spring  resorts,  the 
waters  are  taken  internally  at  the  springs  in  the  early 
morning.  The  taste  of  the  water  is  agreeable,  though 
shghtly  ferruginous.  For  bathing  the  water  is  heated, 
and  in  the  so-called  "mineral"  baths  this  is  done  by 
steam  which  drives  off  the  gas,  while  in  the  "steel" 
baths  the  heating  is  done  in  such  a  way  that  the  gas 
is  retained. 

For  the  peat  or  mud  baths,  the  peat  is  obtained 
from  the  moorland  in  the  surrounding  district. 
It  is  dug  up  in  the  autumn  and  placed  in  heaps  where 
chemical  changes  occur,  forming  a  large  number  of  sul- 
phates, and  the  mass  becomes  jet-black,  smooth,  and 
homogeneous.  Fresh  peat  is  used  for  each  bath, 
which  is  diluted  with  the  mineral  water,  heated  by 
steam,  and  given  at  a  temperature  of  90"  to  9.5°  F. 
The  patient  reclines  in  the  bath,  but  so  as  not  to  allow 
the  upper  part  of  the  chest  to  be  covered.  The  peat  is 
also  applied  locally  for  affections  of  the  joints  and 
limbs.  The  bath  is  said  to  be  invigorating  to  the 
system  and  stimulating  to  the  skin.  After  the  mud 
bath  one  of  clean  water  is  taken. 

The  peat  baths  are  recommended  for  anemia  and 
chlorosis,  chronic  rheumatism,  gout,  scrofula  and 
rickets;  various  nervous  derangements,  such  as 
paralysis  not  of  cerebral  origin,  the  early  stages  of  pro- 
gressive muscular  atrophy,  and  concussion  of  the 
spine;  various  sexual  disturbances,  as  a  tendency  to 
abortion,  prolapsus  uteri,  and  loss  of  virility ;  and  as  an 
aid  to  the  absorption  of  exudates  and  the  infiltrations 
of  intermuscular  connective  tissue,  synovial  sacs, 
ligamentous  structures  and  glands. 

The  waters  in  general,  as  well  as  the  peat  baths,  are 
considered  especially  valuable  in  the  treatment  of  a 
great  variety  of  sexual  disorders  in  women;  hence  their 
popularitv  w-ith  this  sex. 

The  following  are  some  of  the  conditions  treated 
here:  Disorders  of  adolescence,  and  the  period  of 
sexual  development,  as  amenorrhea,  dysmenorrhea, 
leucorrhea.  In  older  patients:  chronic  vaginouterine 
catarrh,  chronic  metritis,  oophoritis,  uterine  dis- 
placements, pelvic  inflammatory  exudations,  a  tend- 
ency to  miscarriage  and  repeated"  miscarriages,  ovarian 
neuralgia,  sterility,  the  exhaustion  following  profuse 
menstruation,  the"  results  of  too  rapid  child  bearing. 

Other  diseases  treated  are:  chronic  gastritis,  hy- 
peremia and  moderate  hypertrophy  of  the  liver  and 
spleen,  gallstones,  lithemia,  habitual  constipation,  in 
obesity  in  the  anemic,  chronic  gout,  neurasthenia, 
anemia  and  scrofula. 

Skin  diseases  which  depend  upon  anemia  and  scrof- 
ula are  also  amenable  to  treatment  by  these  waters. 
Such  are:  prurigo,  urticaria,  psoriasis,  lichen,  chronic 
eczema,  and  slow  healing  ulcers. 

Gas  baths  are  also  administered  to  the  entire  body 
except  the  head,  a  chamber  resembling  the  ordinary 
vapor-bath   cabinet   being   used. 

The  waters  of  Franzenshad  are  also  used  as  an  after 
treatment  to  Carlsbad  and  ]Marienbad. 

Edw.\rd  O.  Otis. 

Fraxinus.— Ash  B.\rk.— The  bark  of  various 
species  of  Fraxinus  L.  (fam.  Olcacecc).  The  commonly 
used  species  are  the  F.  excelsior  L.  of  EuroiJC  and  the  F. 
Americana  L.,  or  White  Ash,  of  America,  the  inner 
root  bark  of  which  has  been  employed.  The  fluores- 
centglucosidejrojin,  verv  common  in  the  genus,  seems 
to  be  less  important  therapeutically  than  the  volatile 
oil  and  amaroid,  which  are  present  with  a  considerable 
amount  of  resin.  Its  composition  would  indicate  its 
utiUty  as  a  stimulant  to  nutrition.  Its  empirical  use 
in  the  treatment  of  dysmenorrhea  and  metritis  is, 
however,  not  explained.  The  dose  is  gr.  xv.  to  Ix. 
(1.0-4.0)  and  it  is  advised  to  be  given  in  the  form  of  a 
^ine.  H.  H.  Rusbt. 

Freckles. — See  Lentigo. 


Freer,  Paul  Casper. — Born  in  Chicago  on  March 
27,  1802,  he  received  his  degree  of  M.  D.  from  Hush 
Medical  College  in  1882.  He  then  went  to  Germany 
where  he  pa.ssed  five  years  chiefly  in  the  study  of 
cheniLstry,  receiving  the  degree  of  Ph.  D.  from  the 
University  of  Munich  in  1887.  Upon  returning  to 
America  he  was  appointed  instructor  at  Tufts  College, 
Boston,  and  two  years  later  was  called  to  the  chair 
of  general  chemistry  and  the  directorship  of  the 
chemical  laboratory  at  the  University  of  Nlichigan. 
In  1901  he  was  appointed  superintendent  of  the 
government  laboratories,  Manila,  and  member  of  the 
Philippine  Islands  Board  of  Health.     In  1905  he  was 


Fig.  2640— Paul  Casper  Freer. 

appointed  director  of  the  Bureau  of  Science  in  the 
Department  of  the  Interior,  and  in  1907  dean  of  the 
College  of  Medicine  and  Surgery  and  professor  of 
chemistry  in  the  University  of  the  Philippines.  He 
established  and  was  the  first  editor  of  the  Philippine 
Journal  of  Science.     He  died  April  17,  1912. 

Dr.  Freer  was  a  scientist  of  unusual  ability  and 
an  indefatigable  worker,  his  published  contributions 
numbering  fifty-two  and  those  written  by  pupils  under 
his  direct  inspiration  being  as  many  again.  He  also 
wrote  many  reviews  and  editorial  articles  in  the  Philip- 
pine Journal  oj  Science.  His  two  most  important 
works  were  "Descriptive  Inorganic  Chemistry," 
Boston,  1892,  second  edition  lS9.i;  and  "The  Ele- 
ments of  Chemistry,"  Boston,  1897.  Doctor  Freer 
was  a  member  of"  numerous  scientific  societies: — 
American  Chemical  Society;  Deutsche  Chemische 
Gcsellschaft;  National  Educational  Association,  of 
which  he  was  President  of  the  Scientific  Section; 
American  Association  for  the  Advancement  of  Science, 
of  which  he  was  Secretarv  of  the  Chemical  Section  in 
1897;  Washington  Academy  of  Science;  Manila 
Medical  Societv;  President  of  the  Philippine  Islands 
Medical  Association,  1907;  President  of  the  first 
meeting  of  the  Far  Eastern  Association  of  Tropical 
Medicine,  in  1910.  T.  L.  S. 

French  Lick  Springs. — Orange  County,  Indiana. 

PosT-oFFiCB. — French  Lick  Springs.  Hotels  and 
boarding-houses.  Access. — Via  the  Monon  and 
Southern  Railroads.  ,  t    j- 

This  is  one  of  the  old  spring  resorts  of  Indiana. 
The  Indians  made  pilgrimages  to  these  waters,  for 
their  beneficial  qualities  were  widely  known  among 
them  long  before  the  white  man  penetrated  so  far  into 
the  West. 

French  Lick  is  situated  in  a  beautiful  valley  in 
Southern  Indiana.  It  is  sixty  mUes  from  the  center  of 
population  of  the  United  States.  The  valley  sur- 
rounded bv  loftv  hills  clothed  with  magnificent  forests 
of  maple,  "oak  and  beach,  merges  imperceptibly  into 
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the  picturesque  parks,  golf  course  and  lawns  in  the 
immediate  vicinity  of  the  hotel.  The  altitude  of 
French  Lick  is  about  700  feet  above  the  sea  level,  and 
its  latitude  is  practically  the  same  as  that  of  Wash- 
ington, D.  C,  Cincinnati  and  St.  Louis. 

The  climate,  although  in  many  re.spects  similar 
to  that  of  these  cities,  nevertheless  is  greatly  modified 
by  topographical  and  various  other  local  conditions. 
Generally  speaking,  the  climate  is  soft  and  mild,  and 
although  not  enervating  it  often  exercises  a  peculiarly 
sedative  intiuence  upon  nervous  conditions. 

The  sanitary  conditions  are  excellent.  There 
are  three  mineral  springs  at  French  Lick,  Pluto, 
Bowles,  and  Proserpine  often  called  the  "beauty 
spring." 

The  difference  between  the  waters  of  these  springs 
is  qualitative  rather  than  quantitative.  They  are 
perfectly  clear,  of  a  uniform  temperature  of  55°  F. 
faintly  effervescent,  slightly  bitter  in  taste,  with  a 
sulphurous  odor.  Although  they  contain  practically 
the  same  salts,  they  differ  both  in  taste  and  physio- 
logical action  Ijy  reason  of  the  varying  proportions 
of  their  elements.  They  are  commonly  called  sulphur 
waters  but  really  belong  to  the  sulpho-saline-alkaline 
class.  Pluto  water  contains  a  predominance  of  sul- 
phates,and    is  consequently  the  strongest  laxative. 

Bowles  spring  water  containing  largely  carbonates 
and  chlorides,  is  chiefly  valuable  as  an  antacid  and 
diuretic. 

Proserpine  spring  contains  the  largest  quantity  of 
sulphur,  and  it  is  the  water  of  this  .spring  that  is  used 
for  the  bath.  All  of  these  waters  are  artificially  heated 
by  being  pumped  through  pipes  surrounded  by 
steam  coils.  In  this  way  precipitation  of  the  .salts 
is  prevented  as  is  also  the  evaporation  of  the  gases. 

The  following  analyses  of  these  springs  were  made 
bv  the  Columbus  Medical  Laboratory  of  Chicago: 


The  French  Lick  waters  are  used  in  the  following 
conditions:  Diseases  of  the  .stomach,  liver,  intestines, 
blood,  heart  and  blood-vessels,  urinary  system, 
respiratory  system,  nervous  system,  female  sexual 
organs,  and  skin;  in  appendicitis,  autointoxication, 
rheumatism,  diabetes,  obesity,  undernutrition;  in 
diseases  of  nutrition  and  metabolism,  and  in  intoxica- 
tions. For  those  desiring  these  methods  there  are 
opportunities  for  the  use  of  massage,  electricity, 
gymnastics,  and  various  other  forms  of  indoor  and 
outdoor  exercise. 

The  French  Lick  Springs  Hotel  and  the  mineral 
springs  are  situated  in  gromids  comprising  1200  acres 
lying  between  the  station  and  the  town.  Although 
open  throughout  the  year  the  most  popular  months 
are  February,  March,  AprO,  May,  June,  September, 
October  and  November. 

The  surrounding  country  is  most  picturesque. 
Fine  roads  reach  out  in  all  directions.  The  golf 
course  immediately  adjoins  the  hotel.  In  addition 
to  golf,  guests  may  enjoy  tennis,  baseball,  trapshooting, 
horseback  riding,  driving,  walking,  motoring,  bowling, 
and  billiards.  There  are  few  days  when  fre.sh  air 
exercise  cannot  be  taken.  The  waters  of  French 
Lick  Springs  have  an  extensive  commercial  use. 

Emma  E.  Walker. 


von  Frerichs,  Friedrich  Theodor. — Born  in 
Friesland,  March  24,  1819.  In  1842  he  began  his 
career  as  a  Doctor  of  Medicine,  and  advanced  rapidly 
in  his  profession.  In  1846  he  delivered  lectures  at 
the  University  of  Gottingen,  and  in  18.50  went  to 
Kiel,  where  he  had  been  appointed  Director  of  the 
Polyclinic  and  of  the  University  Hospital.  In  1857 
he  became  Professor  of  Pathology  and  Therapeutics  at 
the  University  of  Breslau,  where  he  was  also  Director 


Pluto. 


Bowles. 


Proaerpine. 


Carbonic  acid  (total) 

Nitrogen 

Hydrogen  sulphide 

Silica 

Iron  and  alumina 

Calcium  oxide 

Magnesium  oxide  

Sodium  oxide.  . 

Chlorine 

Carbonic  acid 

Suplhuric  anhydride.  . 

The    preceding    ingredients    are 
combined  as  follows; 

Silica 

Iron  and  alumina 

Calcium  sulphate 

Magnesium  sulphate 

Sodium  sulphate 

Magnesium  carbonate 

Sodium  chloride 


Total. 


Parts  per 
milUon. 


Grains  per 
Imperial  gallon. 


Parts  per 
million. 


433.220 

4.117 

34.580 

24 . 400 

Trace 

703 . 600 

387.320 

1.220.900 

1,065.900 

226.020 

1,631.000 


24.400 

Trace  only 

1,708.600 

344 . 200 

680.000 

558.620 

1.995.000 


5,310.820 


1.708 


49.352 
27.112 
85.883 
74 . 5.50 
18.621 
114.170 


1.708 


119.602 
24 . 094 
47.600 
39.103 

139.650 


371.757 


406.700 

2.630 

23.720 

12.000 

1.000 

593.000 

321.441 

989.000 

810.583 

237 . 500 

1,421.000 


12.000 

1.000 

1,440.140 

316.590 

644.500 

453.400 

1,518.410 


4,386.040 


Grains  per 
Imperial  gallon. 


.840 
.070 
41.510 
22.501 
69.230 
56.741 
16.625 
99.470 


.070 

100.809 

22.161 

45.115 

31.738 

106.288 


306.181 


Parts  per 
milUon. 


Grains  per. 
Imperial  gallon. 


449 . 800 

3.555 

26.980 

13.600 

Trace 

679 . 600 

369.280 

1,105.950 

958 . 500 

292.600 

1,573 .  000 


13.600 

Trace  only 

1,650.400 

382.800 

615.950 

507.600 

1.795.500 


4,965.850 


.952 


47.572 
25.849 
77.417 
67.095 
20.482 
110.110 


.952 


115.528 
26.796 
43.116 
35.532 

125.685 

347 . 609 


The  bath  building  iramediatey  adjoins  the  hotel. 
The  building  is  fireproof  and  is  heated  and  ventilated 
by  indirect  radiation.  Among  the  features  of  this  de- 
partment are  a  Turkish  or  hot-air  room;  Russi.an,  or 
vapor  room,  a  pine-needle  room,  and  special  rooms 
for  mud  baths.  There  are  also  special  rooms  for 
the  Nauheim,  Aix,  and  Vichy  baths.  There  is  appa- 
ratus for  all  forms  of  douches  and  irrigations.  And 
there  is  a  graduated  pool  forty-five  feet  long  for  men 
and  a  smaller  plunge  for  women. 
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of  the  Medical  Clinic.  In  1859  he  was  appointed  Pro- 
fessor of  Medicine  at  the  University,  and  Director  of 
the  Medical  Clinic  at  the  Charity  Hospital  in  Berlin. 
In  1884  the  German  Emperor  conferred  upon  him  the 
rank  of  Baron  in  honor  of  the  twenty-fifth  anniver- 
sary of  his  directorate  of  the  First  Medical  Clinic  in 
Berlin.     His  death  occurred  on  March  14,  1885. 

Frerichs  attained  renown  as  a  physiologist,  clinician, 
and  teacher.  The  greater  part  of  his  life  was  devoted 
to  instruction,  for  which  he  was  by  nature  wel.  fitted. 
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A  man  of  attractive  personality,  quiet  manner,  but 
under  all,  one  of  strong  passions.  Among  his  most 
important  contributions  to  medicine  in  writing  are: 
"A  Clinical  Treatise  on  Diseases  of  the  Liver."  which 


Fio.  2641. — Friedrich  Theodor  Frerichs. 

received  the  Monthyon  Prize  of  the  Paris  Institute, 
and  was  translated  into  various  other  languages,  and 
published  by  the  New  Sydenham  Society  in  1861;  a 
monograjih  on  Bright's  Disease,  and  one  on  Diabetes. 

E.L.J. 


Friedreich,  Nikolaus. — Born  in  Wiirzburg,  July 
31,  1825,  he  received  his  education  there  and  in 
Heidelberg,  obtaining  his  medical  degree  from  the 
Wiirzburg  University  in  1850.  In  1853  he  was 
appointed  Privatdozent.  During  Virchow's  stay  at 
Wiirzburg,  Friedreich  was  his  student  and  assistant, 
and  upon  the  former's  transfer  to  Berlin  in  1857,  he 
succeeded  to  the  chair  of  Pathological  Anatomy.  The 
following  year  he  was  appointed  Professor  of  Pathology 
and  Therapeutics  and  Director  of  the  Medical  Clinic 
at  Heidelberg  where  he  remained  for  the  rest  of  his  life. 
He  died  of  aneurysm  of  the  thoracic  aorta  on  July  6, 
1882. 

Friedreich's  name  will  ever  be  associated  with  he- 
reditary ataxia  which  he  described  in  an  article  entitled 
"  Ueber  Ataxia  mit  besonderer  Beriicksichtigung  der 
hereditaren  Formen,"  in  Virchow's  Archir,  1863.  In 
the  same  volume  was  published  an  article  on  "Degen- 
erative Atrophic  der  spinalen  Hinterstrange,"  and  in 
1873  appeared  his  monograph  entitled  "  Uebe  Pro- 
gressive Muskelatrophie,  iiber  wahre  und  falsche 
Muskelatrophie."  Ho  did  not  confine  his  studies  to 
neurological  subjects,  however,  being  especially  in- 
terested in  the  entire  subject  of  diagnosis,  on  which  he 
published  numerous  articles  in  medical  periodicals. 
Other  medical  contributions  of  note  were  "  Die  Krank- 
heiten  der  Nase,  des  Kchlkopfes,  der  Trachea,  der 
Schild-  und  Thymusdriise,"  published  in  Virchow's 
Handbuch  in  1858,  and  "Die  Krankheiten  des 
Herzens,"  1861.  T.  L.  S. 

Friedreich's  Ataxia. — See  Ataxia. 

Fructose. — Fructose  or  fruit  sugar,  as  the  name 
implies,  is  distributed  with  dextrose  in  various  fruits, 
vegetables,  and  honey.  From  its  action  on  polarized 
light  it  is  called  levulose  .since  it  has  the  power  of  turning 
the  plane  of  polarized  light  to  the  left.  When  cane 
sugar  is  inverted  dextrose  and  fructose  are  formed  and 
the  mixture  is  known  as  invert  sugar.  Like  dextrose 
fructose  may  be  directly  utilized  by  the  organism  as  a 
source  of  energv.  In  "certain  cases  of  diabetes  mel- 
litus  levulose  niav  appear  in  the  urine.  Fructose  is 
readilv  soluble  in"  water,  but  nearly  insoluble  in  cold 
absolute  alcohol,  though  rather  readily  soluble  in  boil- 


ing alcohol.  "The  melting-point  is  110''C.  Levulose 
may  be  obtained  very  readily  bv  the  hydrolytic  cleav- 
age of  inulin.  Its  formula  is  OjHi/Jj  and  it  ha.s  the 
structure  of  a  ketone,  hence  is  known  as  ketose. 
See  also  Aliment.  F.  P.  U.nderuill. 


Fry's  A^ineral  Spring. — .Jasper  County,  Iowa. 

Post-office. — Colfax.     Hotels  and  sanatorium. 
Tliis  is  one  of  a  group  of  ten  well-known  mineral 
springs  located  at  Colfax,  on  the  line  of  the  Chicago, 
Rock  Island  and  Pacific  Railroad,  between  Chicago 
and  Omaha,   twenty-three  miles  from   Des   Moines, 
with  Interurban  service  hourly.     Like  all  the  others 
of  the  group,  this  spring  has  an  artesian  flow  and  pro- 
ceeds from  a  depth  of  between  300  and  400  feet.     The 
following   analysis   of   the   water   from    the  Victoria 
Spring  is  taken  from  the  Iowa  Geological  Sur\'ey,  in 
the  Annual  Report  for  1904,  Volume  XV. 
One  Imperial  Gallon  Coniai.ns: 
Solids.  Grains. 

Sodium  carbonate 3.76 

Sodium  sulphate^. .  ,  S3. 01 

Potassium  sulphate.  .  0..54 

Maffnesium  sulphate 26.68 

Calcium  sulphate 32.44 

Calcium  carbonate 99 .  63 

Ferric  carbonate 0 .  83 

.Silicon  oxi<ie 8.75 

Lithia Trace. 

COz' .   594.86 

Total  solids 255.64 

•CO2  — Weight  of  gas  given  oflF  the  water  boiled.  The  water 
is  classified  in  this  report  as  a  carbonated  calcic  saline  chalybeate. 
Owing  to  the  unusual  quantity  of  sodium  and  magnesium  sul- 
phate held  in  solution  this  water  is  an  excellent  aperient.  The 
alkalinity  of  the  water  also  renders  it  useful  in  acidity  of  the 
stomach,  and  in  many  diseased  conditions  of  the  kidneys  and 
bladder.  On  account  of  these  properties  together  with  "certain 
subtile  qualities  inherent  in  the  constitution  of  the  water,  but 
evading  analysis,  this  water  has  remarkable  alterative  qualities." 

Although  the  water  is  quite  strongly  impregnated 
■with  mineral  ingredients,  it  is  not  sufficiently  so  to  mar 
its  pleasant  taste.  Ample  bathing  facilities  are  pro- 
vided. The  elevation  of  the  location  is  1,100  feet 
above  the  sea-level,  the  surrounding  covintry  being  of 
a  hilly  character.  The  waters  of  the  spring  have  been 
found  efficacious  in  rheumatism,  the  so-called  uric- 
acid  diathesis,  constipation,  catarrhal  conditions  of 
the  stomach  and  bowels,  obesity,  dyspepsia,  general 
debility,  and  in  diseases  of  the  blood,  liver,  kidneys, 
skin,  glands,  and  nervous  system.  The  modern 
sanatorium  is  well  equipped.         E.m.ma  E.  W.\lker. 


Fulguration. — Fulguration  (de Keating-Hart)  con- 
sists in  the  application,  to  the  area  from  which  all 
macroscopic  evidence  of  malignancy  has  been  removed, 
of  a  monopolar  current  of  high  frequency,  high  tension, 
relatively  low  amperage,  with  a  cooled  long  spark. 

■The  premise  upon  which  this  method  has  been 
evolved  is  that  tliis  spark  acts  not  upon  the  neoplasm 
itself,  but  upon  the  soil  on  which  the  neoplasm  has  de- 
veloped. The  local  trophism  is  thus  modified  in  such 
tcaijs  that  the  tumor,  being  poorly  nourished,  lends  to 
retrograde.  It  will  be  seen  at  once  that  this  method 
is  in  no  wise  to  be  confounded  with  "destructive  ful- 
guration." or  high-freciuency  cauterization,  in  which 
the  bipolar  current,  witli  a  short  spark,  is  utilized  for 
"burning  down"  the  growth. 

Theoretical  B.\sis  of  FuLGirR.\Tiox. — When  de 
Keating-Hart  first  began  his  experiments  with  the 
high-frequencv  current  in  the  treatment  of  cancer  he 
did  not  resort  "to  excision  of  the  neoplasm.  He  sought 
to  produce,  bv  means  of  the  electric  discharge,  not  an 
immediate  and  direct  destruction  of  the  tumor,  as 
many  thought,  and  as  is  attempted  with  "destructive 
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fulguration,"  but  what  he  called  its  "sideratiou,"  a 
sort  of  stunning  of  the  cancer  cell.  In  consequence  of 
this  action  the  cell  supjjosedly  becomes  partially 
devitalized,  retrograding  little  by  little,  so  that  froni 


Fig.  2642. — Part  ol  tbu  Ek'Ctrical  Equipmuiit,  New  York  Skin 
and  Cancer  Hospital.  At  Generating  outfit  containing  coil,  inter- 
rupter, etc.;  B,  high-frequency  apparatus:  C  cabinet  containing 
electric  sterilizer,  with  pump  for  forcing  sterilized  air  through  the 
rubber  tube  to  the  electrode. 

a  condition  of  anarchy  there  is  a  return  to  a  condition 
of  organized  and  orderly  control. 

When,  however,  de  Keating-Hart  came  to  realize 
the  significance  of  his  observation  that  cutaneous 
neoplastic  nodules  retrograde  around  a  fulgurated  re- 


gion without  themselves  being  touched  by  the  dis- 
charge, he  rejected  the  ".sideration"  hypothesis  and 
accepted  the  idea  that  no  notable  modification,  physio- 
logical, or  histological,  occurs  in  the  tumor.  "  He 
then  sought  to  discover  upon  what  tissues  the  current 
acts. 

Ob.servation  and  experiment  led  him  to  conclude 
that  the  soil  or  bed  of  the  cancer  is  acted  upon  by  the 
fulguration  current,  and  that  the  tumor  itself  is  in  no 
way  modified  in- its  appearance  or  in  its  vitality. 
Facts  and  experiments  confirmed  the  hypothesis,  to 
the  satisfaction  of  de  Keating-Hart,  that  short  sparks 
(from  one  to  four  centimeters  long),  at  a  relatively 
low  tension,  produce  the  effect  of  cellular  stimulation, 
and  provoke  the  rapid  cicatrization  of  wounds.  The 
high-tension  spark,  on  the  other  hand,  of  a  minimum 
length  of  eight  centimeters,  applied  for  a  time  suffi- 
ciently long  in  proportion  to  the  surface  fulgurated, 
retards  cicatrization  and  transforms  a  given  area  into 
a  toqjid  wound,  which  is  closed,  therefore,  by  a 
natural  autoplasty  instead  of  a  cicatrization  with  the 
production  of  a  large  amount  of  scar  tissue.  The  same 
trophic  phenomenon  that  prevents  the  reformation 
of  healthy  epidermis  after  fulguration  retards  or  sup- 
presses the  propagation  (repuUulation)  of  cancer  in 
silu.  The  microscopic  cancer  cell,  not  the  macro- 
scopic growth,  is  attacked  indirectlv  and  destroyed  by 
this  method.  According  to  corroborative  experiments 
of  Ghilarducci.  the  action  of  the  current  in  fulguration 
manifests  itself  at  a  considerable  distance  from  the 
point  fulgurated,  thus,  presumably,  tending  to  prevent 
metastasis. 

Fulguration  App.^ratus. — Fig.  2642  shows  the 
necessary  apparatus  for  fulguration  operations.  This 
consists  of:  (A)  a  generating  outfit,  containing  coil, 
interrupters,  etc.;  (B)  high-frequency  apparatus;  (C) 
cabinet  containing  electric  sterilizer  for  forcing  cool 
sterilized  air  through  rubber  tubing  to  the  electrode. 
Fig.  2643  shows  various  forms  of  the  de  Keating-Hart 
electrode.  In  addition  to  this  equipment  an  operating 
table  of  wood  or  metal  is  necessary.  When  a  wooden 
table  is  employed  it  must  be  grounded  in  order  to  pre- 
vent burning  the  patient. 

The  production  of  fulguration  sparks  may  be  ac- 
complished by  means  of  very  differently  adjusted 
apparatus.  Static  electricity  and  the  city  current 
may  be  utilized,  according  to  circumstances.  Dyna- 
mos or  accumulators  mav  be  used. 


Fig.  2043. — Various  Forms  of  de  Keating-Hart  Electrodes. 
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Surgical  Technique. —  In  accordance  with  de 
Keating-Hart's  present  theory  of  the  action  of  the 
current  as  applied  in  fulguration,  the  first  step  is  al- 
ways a  surgical  one.  Fulguration  is  essentially  a 
method  of  treatment  for  opirable  cancers.  The  more 
complete  the  removal  of  diseased  tissue,  the  more 
certain,  according  to  the  theory,  is  the  freedom  from 
recurrence.  The  possibility  of  complete  cure  and  ab- 
solute prevention  of  recurrence  is  commensurate  with 
the  extent  to  which  eradication  may  be  carried. 
AMiere  only  partial  removal  of  diseased  tissue  is  pos- 
sible the  method  is  palliative  rather  than  curative. 
It  may  be  said,  in  passing,  that  it  has  not  yet  been  de- 
termined how  much  of  the  cure  and  prevention  of  re- 
currence is  due  to  the  thorough  surgical  removal  and 
how  much  to  the  action  of  the  electric  spark  upon  the 
area  from  which  the  diseased  tissue  has  been  removed. 


upon  the  basis  of  lack  of  uniformity  of  apparatus, 
variations  in  the  ijriniary  current  in  the  same  appara- 
tus, the  distance  of  the  spark-gap,  and  the  conducti- 
bility  of  the  air  which  surrounds  it.  The  insulation 
of  the  [)atient  is  also  a  factor.  Under  such  conditions 
the  electrical  jjroijerties  of  the  spark  are  subject  to 
enormous  variation. 

A  general  rule,  however,  may  Vje  given  with  refer- 
ence to  the  duration  of  the  application:  Employ  ten 
minutes  of  fulguration  for  an  area  of  ten  square  centi- 
meters. In  the  majority  of  cases  and  witli  the  usual 
apjjaratus  this  is  sufficient. 

Another  guide  in  the  matter  of  duration  is  the 
change  in  the  color  of  the  tissues  being  fulgurated.  All 
tissues  assume  a  .sliglitly  darker  tinge  becau.se  of  the 
deposit  of  small  blood-dots  produced  at  the  surface 
through    contact   with    the   spark.     This    change    of 


Fig.  2641  • 


-Application  of  Spark  to  Area  from  which  an  Epithelioma  of  the  Nose  has  been  Removed,  under  Intravenous 
Anesthesia.     Discoloration  of  the  face  is  due  to  tincture  of  iodine. 


Electrical  Techxique. — .\fter  every  trace  of  macro- 
scopic cancer  has  been  removed,  the  sparks  are  applied 
to  the  surgical  field.  It  is,  then,  under  the  cancer, 
and  not  upon  it,  that  the  electrical  discharge  is  applied. 

The  spark  should  be  white,  and  of  a  minimum 
length  of  from  ten  to  twelve  centimeters.  Often  we 
have  used  a  maximum  of  from  twenty  to  twenty-five 
centimeters.  The  electrode  must  be  kept  in  con- 
stant motion,  being  passed  regularly  over  the  surface 
treated.  The  reason  for  keeping  the  electrode  in 
constant,  uniform  motion,  is  twofold:  (1)  In  order  to 
prevent  carbonization  of  the  points  at  which  the  sparks 
.strike  the  tissue;  (2)  in  order  to  equalize  the  dosage, 
save  at  suspected  points,  where  one  must  apply  a 
larger  dose. 

The  dosage  or  duration  of  the  application  of  the 
spark  upon  a  given  point  cannot  be  established  in 
other  than  an  empirical  manner.     This  is  explained 


color  varies  with  the  tissues  involved.  Tlie  muscles 
take  on  a  smoked-meat  appearance  and  the  bones 
become  slightly  more  yellow.  Too  mucli  dependence 
should  not  be  placed  upon  this  guide,  however,  as  the 
degree  of  change  depends  upon  the  manner  in  which 
the  sparking  is  carried  out,  and  upon  the  thickness 
of  the  sanguinolent  fluid  through  which  it  passes. 
Bones  should  not  be  fulgurated  as  long  as  muscles,  or 
vessels  as  long  as  tendons. 

Clinical  Application. — de  Keating-Hart  claims 
that  all  kinds  of  cancer  have  given  good  results  with 
fulguration.  In  very  advanced  cases,  where  cure  is 
impossible,  important  palliative  effect.s,  .such  as  tlie 
suppression  of  i)ain  and  hemorrhage,  increase  of 
strength,  prolongation  of  life,  have  been  noted  by  de 
Keating-Hart  in  seventy  per  cent,  of  cases  treated  by 
this  method.     He  has  "reported  39.5  per  cent,  cures 
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in  cancer  of  the  breast;  eighty-three  per  cent,  cures  or 
freedom  from  recurrence  in  cancers  of  the  buccal 
mucosa  for  periods  varying  from  seven  and  one-half 
months  to  two  years;  eighty-nine  per  cent,  of  success 
for  a  mean  duration  of  sixteen  months  in  inoperable 
sarcomas. 

After  thorough  investigation  upon  several  succes- 
sive visits  to  Europe,  this  method  of  treatment  seemed 
to  the  writer  to  offer  possibilities  for  the  prevention 
of  recurrence,  for  amelioration,  and  possible  cure  of 
cancer.  Whether  the  theory  upon  which  it  is  based 
be  right  or  wrong,  many  of  the  cases  studied  abroad 
seemed  to  indicate  that"  f ulguration  exercises  a  favor- 
able effect  upon  microscopic  cancer  not  only  in  the 
immediate  vicinity  of  but  at  a  considerable  distance 
from  the  original  growth,  thereby  apparently  prevent- 
ing recurrence  where  it  might  logically  be  expected 
to  occur. 


Fig.  2645. — Case    I.     Epithelioma    of     Scalp.     Condition    when 
operated  upon  March  11,  1912. 

Apparatus,  exactly  duplicating  that  used  abroad, 
was  installed  at  the  New  York  Skin  and  Cancer  Hos- 
pital, where  the  method  is  being  thoroughly-  tested. 
It  has  now  been  employed  in  275  cases,  with  very 
encouraging  results  in  a  number.  Careful  records 
are  being  kept  of  all  cases,  and  in  time  a  final  report 
will  be  published. 

The  following  cases  have  been  selected  as  fair 
illustrations  of  the  successful  application  of  the 
method: 

C.\SE  1. — Epithelioma  of  scalp  and  glands  of  right 
side  of  neck.  (Figs.  2645  and  2646.)  M.  W.  B. 
Female,  aged  twenty-two.  Four  years  before  con- 
sulting me  a  small  ulcer  appeared  on  the  back  of  the 
head,  in  scar  tissue  which  followed  a  burn  when 
patient  was  one  year  old.  Caustics  were  applied  by 
the  family  physician,  without  effect.  In  May,  1911, 
the  ulcerating  mass  was  excised.  The  wound  did  not 
heal,  but  there  was  no  extension  until  December,  1911, 
at  which  time  she  was  sent  by  her  physician  to  me. 


Fig.  2G4ii. — Case  I.     Condition  July  0,  VJ12 


i 


Fig.  2647 


— Case 

Neck. 


II.      Melanosarcoma   of   the   Left   Side   of  the 
Before  operation  and  fulguration. 
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Fig.  264^. — Case  II.     Showing  Incisiuu  Sc;ir  of  Previous  Operation. 


Fig,  2649. — Case  II.     Condition  after  Operation  and  Fulguratiou. 


Fig.    2650. — Case    III.      Fpithelioma   of    the  Nose.      Conditiua 
when  first  seen. 


Fiu.  2Gol. — Case  III.     Condition  alter  Operation  and  Fulgunttion. 
Ready  for  plastic  surgery. 
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Operation,  New  York  Skin  and  Cancer  Hospital, 
March  11,  1912.  Ulcerating  mass  excised,  glands  of 
neck  removed,  and  both  areas  fulgurated.  The  ful- 
gurated area  on  the  head  gradually  became  covered 
with  epithelium,  by  natural  autoplasty,  without  skin 
grafting.     No  recurrence,  June,  1913. 

C.\SE  2. — Melanosarcoma  of  left  side  of  rieck.  (Figs. 
2647,  2648,  and  2649.)  O.  L.  Male,  aged  fifty-seven. 
Five  months  before  treatment  a  small  lump  apj^eared 
on  the  left  side  of  the  neck.  Variously  treated,  by 
different  physicians,  with  external  and  internal  agents. 
Tumor  incised  by  one  physician,  diagnosis  of  melaiKj- 
sarcoma  made,  and  Coley's  fluid  administered  for 
several  weeks  without  benefit.  Admitted  to  New 
York  Skin  and  Cancer  Hospital,  and  operated  May 
13,  1912.  A  large  mass  was  found  adherent  to  in- 
ternal jugular  vein  and  carotid  artery.  This  was 
carefully  di-ssected  out;  internal  jugular  vein  re- 
moved for  three  inches  of  its  length  and  a  long  chain 
of  melanotic  glands  removed  from  just  above  the 
dome  of  the  pleura  to  the  base  of  the  .skull.  Wound 
fulgurated.  Recovery  uneventful.  No  recurrence 
and  general  condition  excellent  July  1,  1913. 

Case  S.— Epithelioma  of  nose.  (Figs.  2650,  2651, 
2652,  and  2653.)  M.  J.  A.  Female,  aged  seventy- 
seven.  Twenty-five  years  ago,  after  striking  her 
nose,  a  small  red  spot,  size  of  finger  nail,  appeared. 
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-Case  III 


First  Stage  of  Repair.     Flap  frum  lorehcad 
in  place. 


This  was  elevated,  warty-like,  and  soon  began  to 
bleed.  Treated  by  physician  with  salves  and  solu- 
tions, without  benefit.  It  was  finally  excised  and 
the  bone  curetted.  No  recurrence  for  five  years. 
Recurrence  then  took  place  in  the  scar.  Treated 
with  local  applications  and  x-rays,  without  benefit. 
Referred  to  me  for  operation.     Operated,   May   16, 


1912.  Growth  removed  down  to  cartilage  of  nose, 
and  nose  entered  on  left  side.  Wound  fulgurated. 
Recovery  uneventful.  March  20,  1913,  wound 
fulgurated  again,  April  3,  1913,  plastic  operation; 
(lap  brought  down  from  forehead,  with  skin  surface 
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2653— Case   III 


Condition  after  Completion   of    Piastio 
Operation. 


turned  in,  leaving  raw  surface  outward.  Flap  cut 
at  its  pedicle,  April  24,  1913,  and  fitted  into  place 
and  sutured.  Raw  surface  covered  by  skin  grafts. 
No  recurrence  July  1,  1913. 

WiLHAii  Seaman  Bainbridge. 


Fumigation  is  a  method  sometimes  employed  in 
the  adniinLstration  of  mercury  for  the  treatment  of 
syphilis.  A  mercurial  salt  such  as  calomel,  is  volatil- 
ized from  a  metal  plate  or  a  porcelain  cup  which  is 
suspended  over  a  spirit  lamp.  The  whole  apparatus 
is  placed  under  a  cane-seated  chair,  on  which  the 
patient,  nude,  is  seated,  and  he  si  surrounded  by  a 
large  blanket  which  is  fastened  about  his  neck. 
About  thirty  grains  of  calomel  are  used,  and  the 
])rocess  lasts  for  from  fifteen  to  thirty  minutes.  This 
method  is  employed  as  an  alternative  to  mercurial 
inunctions.  Fumigations  with  sulphur  have  also  been 
used  in  case  of  chronic  skin  diseases,  such  as  scabies 
and  eczema.  R.  J.  E.  Scott. 


Fungi,  Edible  and  Poisonous. — The  treatment 
of  this  subject  includes  general  remarks  on  edible 
and  poisonous  fungi,  which  should  not  be  overlooked 
by  the  reader,  followed  by  carefully  drawn  descrip- 
tions of  species  that  may  be  eaten  without  much 
danger  of  making  mistakes  and  other  species  that 
should  be  avoided  because  they  are  poisonous  them- 
selves or  resemble  poisonous  species.  The  use  of 
scientific  descriptive  terms  is  necessary  for  accuracy 
and  brevity,  and  a  brief  glossary  of  them  is  appended. 
Classification  is  introduced  only  where  it  is  necessary 
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to  a  proper  understanding  of  the  subject.  The  photo- 
graphs used  to  illustrate  the  various  species  were  made 
under  niv  direction  by  Mr.  F.  C.  Berte,  and  the  colored 
plates  by  Miss  M.  E".  Eaton  and  Mr.  E.  C.  Volkert. 

Edible  Mushrooms. — The  ])opular  interest  in 
mushrooms  of  all  kinds  is  almost  jthenomenal.  This  is 
due  to  their  beauty  of  form  and  color  and  the  sup- 
posed mystery  surrounding  their  origin  and  growth, 
as  well  as  to  the  use  of  certain  kinds  for  food.  Tlieir 
nutritive  value  is  not  great,  being  about  equal  to  that 
of  cabbage,  but  the.v  afford  variety  in  flavor  and  add 
greatly  to  the  relish  for  other  foods. 

Mushroom  eating  is  much  more  in  vogue  in  Europe 
than  in  this  country.  The  struggle  for  existence  is 
greater  there,  and  the  edible  and  poisonous  varieties 
are  better  known  by  all  classes  of  people.  In  China, 
it  is  almost  impossible  for  a  botanist  to  get  speci- 
mens on  account  of  the  thorougli  manner  in  which  all 
wild  food  is  collected  by  the  natives. 

The  use  of  mushrooms  in  this  country  is  as  yet  very 
limited,  being  confined  chiefly  to  our  foreign-born 
population.  Even  in  New  York  City,  many  excellent 
kinds  go  to  waste  every  season  because  they  are  dif- 
ferent from  kinds  known  in  Europe.  This  is  e.specially 
true  of  the  puffballs,  which  do  not  seem  to  be  generally 
recognized  as  edible.  On  the  other  hand,  many  .spe- 
cies are  collected  in  a  wholesale  and  indiscriminate 
manner  by  ignorant  foreigners,  who,  while  .searching 
the  lawns  for  the  common  mushroom  and  the  stumps 
for  the  beefsteak  mushroom  and  the  honey  agaric, 
appear  to  gather  everything  the}'  find  at  all  resembling 
edible  forms  known  to  them. 

All  knowledge  regarding  the  edible  and  poisonous 
properties  of  mushrooms  is  based  on  experiments, 
either  intentional  or  unintentional.  The  only  safe 
rule  is  to  confine  oneself  to  known  edible  forms  imtil 
others  are  proven  harmless.  If  one  is  a  beginner,  he 
is  like  an  explorer  in  a  new  country  with  an  abimdance 
of  attractive  fruit  near  at  hand,  which  may  be  good 
or  may  be  rank  poison;  he  cannot  tell  without  trying 
it,  unless  some  native,  who  has  learned  from  his  own 
and  others'  experience,  shares  his  knowledge  with  him. 

The  wTiter  on  this  subject  undertakes  a  very  respon- 
sible task,  owing  to  the  vast  number  of  similar  forms 
among  the  mushrooms  which  are  distinguished  with 
difficulty  by  those  not  accustomed  to  fine  distinctions; 
but  it  should  be  possible  to  describe  a  few  striking 
kinds  in  such  a  way  that  no  serious  mistakes  will  be 
made. 

The  common  field  mushroom  is  known  to  almost 
every  one  who  pretends  to  collect  mushrooms  at  all, 
and  the  majority  of  collectors  limit  themselves  entirely 
to  this  one  kind.  It  grows  in  low  grass  on  meadows 
or  on  rich,  moist  upland  pastures,  being  common 
after  rains  from  August  to  October.  The  upper  side 
is  white  with  brownish  fibrils  or  scales,  and  the  under 
side  is  a  beautiful  salmon-pink  when  young,  changing 
gradually  to  almost  black  when  old.  Tlie  stem  is 
colored  like  the  top  and  has  a  loose  white  ring  around 
it.  There  is  little  or  no  swelling  at  the  base  of  the 
stem  and  no  "cup,"  as  in  the  deadly  amanita,  which 
latter,  moreover,  is  white  underneath  and  grows  usu- 
ally in  woods  or  groves. 

The  "spawn,"  or  vegetative  portion  of  the  common 
mushroom,  is  hidden  in  the  soil  and  feeds  upon  the 
dead  organic  matter  found  therein.  When  the 
proper  season  arrives,  small  fruit  bodies,  known  as 
"buttons,"  appear  on  the  spawn  and  soon  develop 
into  "mushrooms,"  which  are  in  reality  only  the 
mature  fruit  bodies  of  a  delicate  and  widely  branching 
plant  entirely  concealed  in  the  earth.  The  parts  of 
the  frviit  body  are  popularly  known  as  the  "stem" 
and  the  "cap."  On  the  under  side  of  the  cap  are 
the  "gills,"  which  bear  coimtless  tiny  bodies  known 
as  "spores,"  which  are  distributed  by  the  wind  and 
produce  new  plants  as  seeds  do  in  the  case  of  the 
flowering  plants.     The   cottony  "ring"  on   the  stem 


is  what  remains  of  a  thin  white  "veil"  which  covered 
the  gills  in  the  younger  stages  of  growth.  Thi«  veil  is 
not  present  in  all  kinds  of  mushrooms. 

In  the  cultivation  of  the  common  mu.shroom, 
bricks  of  spawn  are  planted  in  suitable  .soil  and  the 
conditions  of  growth  attended  to  with  great  care. 
.\ny  one  wishing  to  grow  mushrooms  should  provide 
himself  with  a  good  handbook  on  the  subject,  or  learn 
the  secret  from  a  practical  num  in  the  business.  It  is 
not  easy  to  do  successfully  unless  done  properly. 

I  have  fretjuently  noticed  a  tendency  in  young  or 
[••experienced  persons  to  belittle  the  dangers  of 
I  \ishroom  eating,  apparently  believing  that  a  show 
(  f  bravado  or  fearlessness  will  overcome  the  efifects 
of  the  poisonous  kinds,  as  though  they  belonged  to  the 
category  of  myths  or  ghosts.  It  is,  indeed,  true  that 
many  varieties  have  been  called  poisonous  when  they 
were  not,  just  as  most  of  our  .snakes  have  been  'under 
the  ban  on  account  of  the  mischief  done  by  three  or 
four;  but  there  are  a  few  mushrooms  that  contain 
]ic)isons  just  as  deadly  as  that  of  the  rattlesnake  or 
copperhead,  and  these  are  responsil)le  for  practically 
all  of  the  deaths  due  to  mushroom  eating.  These 
jioisons  are  narcotic  rather  than  irritant,  and  their 
effects  are  slow  to  appear. 

If  distress  is  experienced  within  four  or  five  hours 
after  eating  mushrooms,  it  is  very  probably  a  case  of 
indigestion  or  minor  poisoning  and  should  readily 
yield  to  a  prompt  emetic.  If,  however,  from  eight  to 
twelve  hours  have  elap.sed  since  eating  the  mushrooms, 
disagreeable  symptoms  should  be  taken  very  seriously, 
since  it  is  almost  certain  that  one  of  the  deadly  poisons 
is  at  work.  A  physician  should  at  once  be  called 
and  the  heart  action  stimulated  by  a  hypodermic 
injection  of  about  one-sixtieth  of  a  grain  of  atropine, 
which  should  be  repeated  twice  at  half-hour  intervals. 
Atropine  is  an  antidote  to  the  poison  of  the  "fly 
amanita,"  which  paralyzes  the  nerves  controlling  the 
action  of  the  heart.  If  the  "deadly  amanita" 
has  been  eaten,  the  atroiiine  will  probably  do  no  good, 
and  death  will  surely  follow  if  the  amount  eaten  is 
sufficient. 

The  deadly  amanita,  sho-wn  in  two  of  its 
forms  in  Plate  XXXV  is  a  very  conspicuous 
and  beautiful  object,  occurring  throughout  the 
summer  and  autmun  in  open  groves  and  along  the 
edges  of  woods.  Neither  its  odor  nor  its  taste  is 
disagreeable,  as  is  the  case  with  most  inedible  mush- 
rooms, and  it  must  be  recognized  by  a  careful  study 
of  its  form  and  parts,  which  are,  fortunately,  very 
characteristic. 

The  most  important  part  of  the  deadly  amanita  is 
the  sheath  at  the  ba.se  of  the  stem  known  as  the 
"death-cup,"  which  is  well  shown  in  the  illu.strations. 
This  is  what  remains  of  the  outer  coat  of  the  "egg" 
after  the  cap  has  burst  from  it  and  has  been  carried 
upward  by  the  growing  stem.  The  ring  on  the  stem 
is  similar  to  that  of  the  common  mushroom,  but  the 
gills  are  white,  both  when  yovmg  and  old.  those  of 
the  common  muslu-oom  being  at  first  pink,  then  black. 
Nothing  can  be  told  from  the  color  of  the  upper  sur- 
face of  the  cap  becau.<e  it  varies  so  much,  being  pure 
white,  yellowish,  brownish,  or  blackish.  Sometimes 
the  surface  is  perfectly  .smooth  and  at  other  times  it 
is  adorned  with  i>ieces  of  the  death-cup  which  were 
carried  up  on  it  when  the  cap  burst  through  the  roof  of 
the  egg. 

When  gathering  mushrooms,  it  is  exceedingly 
important  to  get  all  of  the  stem  and  not  leave  a  portion 
of  it  in  the  ground,  since  the  death-cup  may  thus  be 
overlooked.  Mushrooms  should  not  be  gathered  in 
the  "button"  stage  unless  mature  spechnens  arc  grow- 
ing in  the  same  place,  otherwise  an  egg  of  one  of  the 
poisonous  kinds  mav  be  collected  by  mistake. 

The  fly  amanita  is  as  beautiful  as  it  is  dangerous. 
The  cap  is  usually  bright  scarlet,  yellowish,  or  orange, 
sometunes  fading  to  nearly  white,  and  covered  with 
conspicuous  warts,  which  are  portions  of  the  death- 

575 


Fungi 


REFERENCE   HANDBOOK   OF   THE    MEDICAL  SCIENCES 


li 


cup  carried  up  from  V)elow.  The  rest  of  the  cup  will 
usually  be  found  in  fragments  in  the  soil  about  the 
swollen  base  of  the  stem.  The  gills  are  white  and 
remain  so,  thus  differing  from  those  of  the  common 
mushroom.  The  warts  on  the  cap  also  distinguish  it. 
I  have  not  found  this  species  common  here,  but  it  is 
very  abundant  in  many  localities,  both  iu  this  country 
and  in  Europe. 

The  death-cup  and  its  remains  on  the  surface  of 
the  cap  should  always  be  looked  for,  and  no  mush- 
room of  this  group  should  be  eaten  by  the  beginner, 
although  some  of  them  are  excellent. 

My  advice  to  beginners  is  to  confine  themselves  at 
first  to  the  common  mushroom,  the  beefsteak  mush- 
room, the  puffballs,  the  coral  mushrooms,  and  other 
readily  recognizable  forms,  being  careful  to  carry 
with  them  when  collecting  an  accurate  mental  picture 
of  the  deadlv  kinds  which  have  the  death-cup  or  the 
peculiar  patches  on  the  cap,  and  to  avoid  mushrooms 
that  are  either  too  voung  or  too  old  when  selecting 
specimens  for  the  table.  If  one  must  experiment, 
let  him  begin  with  experiments  in  cooking,  since  the 
way  in  which  a  mushroom  is  cooked  often  has  much 
to  do  with  its  flavor  and  digestibility. 

Mushrooms  for  Beginners. — Common  Mushroom, 
Morel,  Chantarelle,  Beefsteak,  and  Sulphur-colored 
Polypore.  Shaggv-mane,  Common  Inkcap,  and  Glis- 
tening Inkcap.  'All  Puffballs,  provided  they  are 
white,  tender,  and  homogeneous  within.  All  Coral- 
fungi,  if  thev  are  fresh,  crisp,  tender,  and  have  no 
bad  odor  nor  bad  taste.  The  Oyster  Mushroom  and 
its  near  relatives.  These  are  large,  with  white  gills 
and  short  stems,  and  grow  on  dead  wood  above  ground. 

Some  Critical  Edible  Species. — Polypores  that  are 
sufficientlv  tender,  avoiding  certain  Boleti  and 
Fomcs  La'ricis.  Boleti  that  have  been  tested  and 
found  edible,  avoiding  Suillellus  luridus,  Ceriomyces 
ynitnato-olivaceas,  and  Tylopilus  felleus  in  particular, 
or  all  species  wdth  red  tube-mouths  and  bitter  or 
peppery  taste,  and  species  that  turn  blue  quickly 
when  handled.  Species  of  Rtissula  and  Lactaria 
with  pleasant  odor  and  flavor,  avoiding  such  species 
as  L.  rufa,  L.  torminosa,  R.  f(eiens,  and  R,  emeiica. 
Several  species  of  Lepiola,  avoiding  L.  Morgani, 
with  green  spores,  and  species  of  Venenarius.  Mar- 
asmius  arcades  must  not  be  confused  with  M.  xirens, 
nor  with  Inocybe  infida.  Clitocyhe,  Tricholorna,  and 
Collijbia  are  usually  edible:  avoid  Clitocybe  illudens. 
Vaginata  too  closely  resembles  Venenarius, 

List  of  Edible  Mushrooms. 

Dr.  Charles  H.  Peck,  State  Botanist  of  New  York, 
has  been  studying  fungi  for  fifty  years.  The  follow- 
ing list  comprises  species  definitely  stated  by  him  to 
be  edible.  His  nomenclature  is  slightly  different 
from  mine  in  some  groups. 


Agaricus  abruptus  Pk.  Boletus 

Agaricua  arvensis  SchaeS,  Boletus 

Agaricus  campester  L.  Boletus 

Agaricus  diminutivus  Pk.  neus 
Agaricus    htemorr  h  oid  ari  u  s    Boletus 

Schulz.  Boletus 

Agaricus  micromegethus  Pk.  Boletus 

Agaricus  placomyces  Pk.  Boletus 

Agaricus  rodmani  Pk.  Boletus 

Agaricus  silvicola  Pk.  Boletus 

Agaricus  subrufescens  Pk.  Boletus 

Amanita  cssarea  Scop.  Boletus 

Amanita  rubescens  Fr.  Boletus 

Amanitopsis    strangulata  (Fr.)     Boletus 

Roze  Boletus 

Amanitopsis  vaginata  Roze.  Boletus 

Armillaria  mellea  Vahl  Boletus 

Boletinua  grisellus  Pk.  Boletus 

Boletinus  pictus  Pk.  Boletus 

Boletus  affinis  Pk.  Boletus 

Boletus  albidipes  Pk.  Boletus 

Boletus  albus  Pk.  Boletus 

Boletus  bicolor  Pk.  Boletus 


brevipes  Pk, 
castaneus  Bull. 

chrysen  teron    albocar- 
Pk. 

cUntonianus  Pk. 
edulis  Bull, 
edulis  clavipes  Pk. 
eximius  Pk. 
frostii  Russell 
granulatus  L. 
laricinus  Berk. 
luteus  L. 
niveus  Fr. 
nobilis  Pk. 
ornatipes  Pk. 
pallidus  Frost 
rubropunctus  Pk. 
rugosiceps  Pk. 
scaber  Fr. 
spectabilis  Pk. 
aubaureus  Pk. 
subglabripes  Pk. 
subluteus  Pk. 


Boletus  versipellis  Fr. 
Bovista  pila  B.  &  C. 
Bovista  plumbea  Pers. 
Cantharellus  aurantiacus  (Wulf. 

Fr. 
Cantharellus  cibarius  Fr. 
Cantharellus  cinnabarinua  Schw. 
Cantharellus  dichotonius  Pk, 
Cantharellus  floccosus  Schw. 
Cantharellus     Infundibuliformis 

(Scop.)  Fr. 
Cantharellus  lutescens  Fr. 
Cantharellus  minor  Pk. 
Clavaria  botrytes  Pers. 
Clavaria  botrytoides  Pk. 
Clavaria  conjuncta  Pk. 
Clavaria  cristata  Pers. 
Clavaria  flava  SchaelT. 
Clavaria  pistillaris  L. 
Clitocybe  adirondackensis  Pk. 
Clitocybe    amethystina    (Bolt.) 

Pk. 
Clitocybe  clavipes  (Pers.)  Fr. 
Clitocybe     inf undibul  i  f  o  r  m  i  s 

Schaeff. 
Clitocybe  laccata  Scop. 
Clitocybe  maculosa  Pk. 
Clitocybe  media  Pk. 
Clitocybe  monadelpha  Morg. 
Clitocybe  multiformis  Pk. 
Clitocybe  nebularis  Batsch. 
Clitocybe  ochropurpurea  Berk. 
Clitocybe  subcyathiformis  Pk. 
Clitopilus  abortivus  B.  &  C. 
Clitopilus  micropus  Pk. 
Clitopilus  orcella  Bull. 
Clitopilus  prunulus  Scop. 
Collybia  acervata  Fr. 
Collybia  dryophila  (Bull.)  Fr. 
Collybia  familia  Pk. 
Collybia  platyphylla  Fr. 
Collybia  radicata  (Relh.)  Fr. 
Collybia  velutipes  (Curt.)  Fr. 
Coprinus  atramentarius  Fr. 
Coprinus  comatus  Fr. 
Coprinus  micaceus  Fr. 
Cortinarius  albidipes  Pk. 
Cortinarius  cinnamomeus  Fr. 
Cortinarius  collinitus  Fr. 
Cortinarius  corrugatus  Pk. 
Cortinarius  evernius  Fr. 
Cortinarius  violacous  Fr. 
Craterellus  cantharellus  (Schw.) 
Fr. 

Craterellus  cornucopioides  Pers. 

Crcpidotus  malachius  B.  &  C. 

Entoloma  grayanum  Pk. 

Fistulina  hcpatica  Fr. 

Gyromitra  esculenta  Fr. 

Helvella  crispa  Fr. 

Hydnum  albidum  Pk. 

Hydnum  caput-ursi  Fr. 

Hydnum  coralloides  Scop. 

Hydnum  repandum  L. 

Hygrophorus  cantharellus  Schw. 

Hygrophorus  cblorophanus  Fr. 

Hygrophorus  flavodiscus  Frost. 

Hygrophorus  fuliginosus  Frost. 

Hygrophorus  laricinus  Pk. 

Hygrophorus  laura  Morg. 

Hygrophorus  miniatus  Fr. 

Hygrophorus  nitidus  B.  &  C. 

Hygrophorus  pratensis  Fr. 

Hygrophorus  pudorinus  Fr. 

Hygrophorus  puniceus  Fr. 

Hygrophorus  speciosus  Pk. 

Hygrophorus   virgineus    (Wulf.) 
Fr. 

Hypholoma     aggregatum     seri- 
ceum  Pk. 

Hypholoma  incertum  Pk. 

Hypholoma  perplexum  Pk. 

Hypomvceslactifluorum  (Schw.) 
Tul.  ' 

Lactarius    camphoratus    (Bull.) 
Fr. 

Lactarius  chelidonium  Pk. 

Lactarius  deceptivus  Pk. 


Lactarius  deliciosus  Fr. 
Lactarius  distans  Pk. 
Lactarius  gerardii  Pk. 
Lactarius  lignyotus  Fr. 
Lactarius  luteolus  Pk. 
Lactarius  rimosellus  Pk. 
Lactarius  serifluus  (DC.)  Fr. 
Lactarius  subdulcis  (Bull.)  Fr. 
Lactarius  subpurpureua  Pk. 
Lactarius  volemus  Fr. 
Lepiota  americana  Pk. 
Lepiota  cepsestipes  Sow. 
Lepiota  clypeolaria  (Bull.)  Fr. 
Lepiota  naucinoides  Pk. 
Lepiota  procera  Scop. 
Lycoperdon  atropurpureum  Vitt. 
Lycoperdon    cyathiforme    Bosc. 
Lycoperdon  gemmatum  Batsch. 
Lycoperdon    giganteum   Batsch. 
Lycoperdon  subincarnatum  Pk. 
Marasmius  oreades  Fr. 
Mitrula  vitellina  irregularis  Pk. 
Morchella  angusticeps  Pk. 
Morchella  bispora  Sor. 
Morchella  conica  Pers. 
Morchella  dcliciosa  Fr. 
Morchella  esculenta  Pers. 
Morchella  semilibera  DC. 
Paxillus  involutus  Fr. 
Pholiota  adiposa  Fr. 
Pholiota  caperata  Pers. 
Pholiota  discolor  Pk. 
Pholiota  duroides  Pk. 
Pholiota  praecox  (Pers.)  Fr. 
Pholiota  squarrosa  Muell. 
Pholiota  squarrosoides  Pk. 
Pholiota  vermiflua  Pk. 
Phylloporus  rhodoxanthus 

(Schw.)  Bres. 
Pleurotus  ostreatus  Fr. 

Pleurotus  sapidus  Kalchb. 

Pleurotus  ulmarius  Bull. 

Pluteus  cervinus  (Schaeff.)  Fr. 

Polyporus  sulphureus  Fr. 

Psilocybe  fcenisecii  (Pers.)  Fr. 

PsiIocybepolycephala(Paul.)Pfc 

Russula  abietina  Pk. 

Russula  albida  Pk. 

Russula  brevipes  Pk. 

Russula  compacta  Frost. 

Russula  crustosa  Pk. 

Russula  earlei  Pk. 

Russula  flavida  Frost. 

Russula  furcata  (Pers.)  Fr. 

Russula  marife  Pk. 

Russula  nigricans  (Bull.)  Fr. 

Russula  ochrophylla  Pk. 

Russula  pectinatoides  Pk. 

Russula  pusilla  Pk. 

Russula  roseipes  (Seer.)  Bres. 

Russula  rugulosa  Pk. 

Russula  sordida  Pk. 

Rvissula  subsordida  Pk. 

Russula  unciali.s  Pk. 

Russula  vaiiata  Banning 

Russula  virescens  Fr. 

Russula  viridella  Pk. 

Strobilomycea   strobilaceus 
(Scop.)  Berk. 

Stropharia  bilamellata  Pk. 

Tricholoma  hirtellum  Pk. 

Tricholoma  imbricatum  Fr. 

Tricholoma  nudum  (Bull.)  Fr. 

Tricholoma  personatum  Fr. 

Tricholoma    portentosum     cen- 
trale  Pk. 

Tricholoma  radicatum  Pk. 

Tricholoma  russula  (Schaeff.)  Fr. 

Tricholoma  silvaticum  Pk. 

Tricholoma  sordidum  (Schum.) 
Fr. 

Tricholoma  subacutum  Pk. 

Tricholoma  subsejunctum  Pk. 

Tricholoma  terreum  fragrans  Pk. 

Tricholoma  transmutans  Pk. 

Tricholoma  unifactum  Pk. 

Volvaria  bombycina  (Pers.)  Fr. 
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SOME  EDIBLE  MUSHROOMS. 

Fig.   1. — Agaricus  cam  pester 

Fig.  2. — Rostkovites  granulatus 

Fig.  3. — Russula  mariae 

Fig.  4. — Chanterel  chantarellus 

Fig.  5. — Ceriomyces  crassus 

Fig.  6. — Melanolcuca  personata 

Fig.  7. — Coprinus  micaceus 

Fio.  8. — Marasmius  oreades 

Fig.  9. — Ceriomyces  crassus  separans 

Fig.  10. — Lactaria  lactiflua 

Fig.  11. — Hypholoina  perplexum 

Fig.  12. — Hypholoma  appendiculatum 

Fig.  13. — Armillaria  mellea 
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Poisonous  Mushrooms. — Considering  its  impor- 
tance, it  is  remarkable  how  little  is  really  known 
about  the  subject  of  poisonous  mushrooms;  and  the 
statements  and  opinions  of  various  authors  are  so 
conflicting  that  one  often  does  not  know  what  to 
believe  regarding  the  commonest  and  best  known 
forms.  Most  of  the  literature  centers  about  two 
species,  Venenarius  muscnrius  and  Venenarius  phal- 
loides,  which,  owing  to  their  abundance,  wide  dis- 
tribution, conspicuous  appearance,  and  deadly  quali- 
ties, have  been  the  chief  causes  of  death  from  mush- 
room eating  the  world  over.  The  clinical  side  of  the 
subject  is  an  old  one,  but  careful  chemical  investiga- 
tion into  the  causes  of  the  effects  observed  dates  back 
only  about  two  decades,  being  dependent  upon  the 
development  of  modern  methods  in  organic  chemistry. 

As  the  use  of  mushrooms  in  this  country  for  food 
becomes  more  general,  the  practical  importance  of 
this  subject  will  be  vastly  increased  and  it  may  be 
possible  to  discover  perfect  antidotes  or  methods  of 
treatment  which  will  largely  overcome  the  effects  of 
deadly  species.  This  would  be  a  great  boon  even  at 
the  present  time,  and  there  will  always  be  children 
and  ignorant  persons  to  rescue  from  the  results  of 
their  mistakes.  Another  very  interesting  field,  both 
theoretical  and  practical  in  its  scope,  is  the  use  of  these 
poisons  in  minute  quantities  as  medicines,  as  has 
been  done  with  so  many  of  the  substances  extracted 
from  poisonous  species  of  flowering  plants,  and  even 
from  rattlesnakes  and  other  animals.  Thus  far,  only 
one  of  them,  the  alkaloid  muscarine,  has  been  so  used. 

The  poisons  found  in  flowering  plants  belong  chiefly 
to  two  classes  of  substances,  known  as  alkaloids  and 
glucosides.  The  former  are  rather  stable  and  well- 
kno^sTi  bases,  such  as  aconitine  from  aconite,  atropine 
from  belladonna,  nicotine  from  tobacco,  and  morphine 
from  the  poppy  plant.  Glucosides,  on  the  other 
hand,  are  sugar  derivatives  of  complex,  unstable,  and 
often  unknown  composition,  such  as  the  active  poisons 
in  digitalis,  hellebore,  wistaria,  and  several  other 
plants. 

The  more  important  poisons  of  mushrooms  also 
belong  to  two  similar  classes,  one  represented  by  the 
alkaloid  muscarine,  so  evident  in  Venenarius  muscar- 
ius,  and  the  other  by  the  deadly  principle  in  Venena- 
rius phalloides,  which  is  known  mainly  through  its 
effects.  Besides  these,  there  are  various  minorpoisons 
usually  manifesting  themselves  to  the  taste  or  smell, 
that  cause  local  irritation  and  more  or  less  derange- 
ment of  the  system,  depending  upon  the  health  and 
peculiarities  of  the  individual. 

The  history  of  mushroom  poisoning  reaches  back 
to  Babylonia  and  ancient  Rome,  and  every  year  since 
then  has  added  to  the  list  of  victims,  many  of  whom 
have  been  persons  of  importance.  In  some  cases, 
poisonous  species  were  used  in  committing  murder. 
The  annual  number  of  deaths  in  the  United  States 
due  to  mistaking  poisonous  species  for  edible  ones  is 
probably  fifty  or  more,  many  of  which  are  not  reported. 

The  characters  and  tests  used  to  distinguish  poison- 
ous mushrooms  have  been  most  varied  and  curious, 
and  nearly  always  mixed  with  queer  traditions  and 
superstitions.  If  the  percentage  of  deadly  forms  were 
not  so  small,  probably  not  over  one  per  cent.,  the 
fatalities  from  this  source  would  have  undoubtedly 
been  much  more  numerous.  The  only  safe  rule  to 
follow  is  the  one  used  with  other  plants,  namely,  to 
know  each  species  accurately  before  eating  it.  _  Even 
the  rules  carefully  formulated  by  mycologists  are 
almost  certain  to  prove  unreliable  as  men  grow  bolder 
and  attempt  to  eat  species  not  previously  tested, 
because  everything  that  is  known  in  this  field  has  been 
discovered  bv  experiment,  and  predictions  or  gener- 
alizations of  any  kind  are  both  unscientific  and 
unsafe.  It  may  "be  possible  to  forecast  accurately 
the  discovery  of  a  new  chemical  element  with  given 
properties,  but  mushrooms  have  not  yet  been  reduced 
to  that  basis. 


Tlie  Chief  FoiHonous  Species. —  Venenarius  phalloidef, 
V.  muscnrius,  V.  pantherinus,  V.  colhurnatus,  and  V. 
soiilarius.  CUtocybeilludens.  J  nocybe  infida.  Panus 
slypHcus.  ChloTophyllum  molybdiles.  Russula  and 
Laclaria,  about  ten  species.  Rosy-spored  species,  a 
few.  Several  of  the  phalloids,  probably.  Several 
species  not  yet  tested,  doubtless.  Note  that  no  hrown- 
spored,  purplish-brown-.spored,  nor  black-spored 
species  are  listed  above,  but  not  all  have  been  tested. 

Prepabing  and  Cooking  Mushroo.vs. — Reject  old 
specimens  or  those  infected  with  insects,  cut  off  the 
stems  except  in  rare  ca.ses  when  they  are  unusually 
tender,  peel  a  few  kinds  that  seem  to  require  it,  wash 
quickly  in  cold  water,  drain  and  keep  in  a  cool  place 
until  ready  to  cook.  As  a  rule,  mushrooms  cannot  be 
kept  very  long  in  a  fresh  condition,  and  this  is 
particularly  true  of  certain  very  desirable  species. 
When  more  are  collected  than  can  be  used  at  once, 
it  is  best  to  boil  them  ten  minutes,  drain,  keep  in  a 
cool  place,  and  finish  the  cooking  next  day  as  desired. 
If  allowed  to  stand  in  water,  the  flavor  is  impaired; 
also,  peeling  may  remove  some  of  the  best  flavored 
parts. 

The  flavor  and  digestibility  of  mushrooms  de- 
pend very  largely  on  the  way  they  are  cooked. 
Tender  varieties  should  be  cooked  quickly  and 
served  at  once;  tough  varieties  require  long,  slow 
cooking.  When  the  flavor  is  good,  it  should  be 
retained  by  covering  during  the  cooking  process 
and  seasoning  in  a  simple  way.  When  the  flavor  is 
poor  or  when  the  specimens  are  slightly  bitter  or 
otherwise  objectionable  in  the  raw  state,  they  may 
often  be  greatly  improved  by  boiling  for  a  short 
time  and  throwing  the  water  away,  then  cooking 
thoroughly  and  seasoning  well.  It  is  often  desirable 
to  mix  a  few  highly  flavored  specimens  with  those 
lacking  flavor.  Mushrooms  are  also  excellent  cooked 
with  meat,  poultry,  oysters,  tomatoes,  or  sweet 
peppers,  and  as  a  flavoring  for  soups  and  sauces. 

Detailed  directions  for  cooking  mushrooms  are 
given  in  most  of  the  books.  The  most  practical  and 
successful  methods  resolve  themselves  into  broiling, 
baking,  and  stewing.  In  the  first,  which  I  prefer  to 
all  other  methods,  the  mushrooms  are  cooked  thor- 
oughly but  as  quickly  as  possible,  on  both  sides 
over  a  hot  fire;  seasoned  with  pepper,  salt,  butter, 
and  perhaps  small  bits  of  toasted  bacon ;  and  ser\-ed 
hot  on  toast.  To  bake  mushrooms,  line  the  pan 
with  toast,  add  the  specimens,  season,  pour  in  half 
a  cup  of  cream,  cover  closely,  and  bake  rather  slowly 
for  fifteen  minutes  or  more  according  to  quality. 
In  stewing,  the  mushrooms  are  boiled  in  water  until 
thoroughly  cooked,  then  seasoned,  thickened,  and 
served  on  toast.  This  last  method  is  often  used 
for  the  tougher  or  poorer  varieties.  Certain  modi- 
fications of  the  above  methods  may  lie  suggested 
later  under  individual  species  requiring  special 
treatment. 

Descriptions  of  Edible  .vnd  Poisonous  Mushrooms. 

No  reliable  general  rules  can  be  given  for  distin- 
guishing edible  and  poisonous  species  of  fungi;  each 
must  be  known  by  its  own  specific  characters.  In 
addition  to  the  scientific  descriptions,  many  illustra- 
tions and  descriptive  notes  are  added.  The  order  of 
treatment  follows  the  lines  of  classification  adopted 
by  the  best  authorities.  It  is  impossible  to  use  keys 
iii  an  incomplete  list  of  this  kind  without  being 
misleading;  keys  are  possible  only  when  all  the  knowa 
species  of  a  group  or  of  a  region  are  included.  Tech- 
nical terms  are  defined  in  a  brief  glossary  at  the  end  of 
this  article. 

MoRCHELLA  EscuLENTA  Pers.  Edible.  CowmoH  Morel. 
Esculent  Morel.  (Fig.  2654.) — Pileus  ovoid,  three  to  six 
centimeters  long  and  two  to  four  centimeters  thick, 
yellowish-brown,  becoming  darker  with  age,  marked 
over  its  entire  surface  with  broad  pits  separated  by 


Vol.  IV.— 37 


0(  ( 


Fungi 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES 


ridges    forming    a    network;    stipe    white,    granular, 
about  as  long  as  the  pileus,  but  only  half  as  thick. 

All  of  the  morels  are  edible,  very  similar  in  appear- 
ance, and  readily  recognized,  so  that  it  is  unnecessary 
to  describe  other  species.  They  occur  in  thin  woods, 
especially  pines,  in  May  and  June.  On  account  of 
their  pitted  surface,  they  must  be  cleansed  very 
thoroughly,  and  because  of  their  toughness  and  lack 
of  flavor  they  must  be  cooked  slowly  a  long  time  and 
well  seasoned.  Place  them  in  a  stewpan  with  butter, 
salt,  pepper,  and  a  little  lemon  juice,  and  cook 
slowly  for  an  hour,  adding  at  times  a  little  beef  gravy. 
The  only  poisonous  species  that  might  be  confused 
with  the  morels  is  Gyromitra  esculenla,  known  by  its 
dark  red,  irregular  cap,  which  is  not  pitted,  but  folded 
and  convoluted  somewhat  like  the  surface  of  the 
human  brain;  however,  it  occurs  at  the  same  time  as 


Fig.  2654. — Morchella  esculenta. 


the  morels  and  assumes  brownish  hues  with  age. 
Although  young  and  fresh  specimens  of  G.  esculenta 
are  regularly  eaten  without  harm,  old  or  decaying 
specimens  or  those  kept  too  long  before  cooking  have 
at  times  been  found  to  contain  helvellic  acid,  a  deadly 
poison  similar  to  that  occurring  in  Venenarius  phal- 
loides,  and  it  is  therefore  wise  to  refrain  from  using 
the  plant  for  food  in  any  form. 

Htmenomycetes. — Fungi  belonging  to  this  large 
group  produce  their  spores  on  thin  membranes  spread 
over  the  surfaces  of  gill-like  structures  or  tubes  or 
spines,  or,  in  some  cases,  over  the  smooth  surface 
of  the  hymenophore.  The  chief  families  are:  (1) 
Tremellaceae,  sporophore  irregularly  expanded,  gel- 
atinous; (2)  Thelephoraceae,  spore-bearing  surface 
even,  pileus  present;  (3)  Clavariacese,  spore-bearing 
surface  even,  sporophore  club-shaped  or  bush-like 
and  fleshy;  (4)  Hydnaceae,  bearing  spines;  (5)  Poly- 
poraceB,  tough  or  woody  and  tube-bearing;  (ii) 
Boletacese,  fleshy  and  tube-bearing;  (7)  Agaricacea;, 
bearing  lamellae.  The  last  two  families  are  by  far 
the  most  important  for  our  present  purpose. 

Clavariace^. — The  coral  mushrooms  are  easily 
known  by  their  striking  resemblance  to  clusters  of 
delicately  branched  coral.  They  grow  on  the  ground 
or  on  rotten  wood  in  dense  shade,  and  are  whitish  or 
yellowish  in  color.  Unfortunately,  I  have  not  found 
them  abundant  about  New  York.  When  tender  and  of 
mild  flavor,  they  make  a  delicious  dish.  None  of 
them  are  known  to  be  poisonous,  although  some  are 
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insipid  or  bitter.  A  very  common  white  species  of 
Lachnocladium,  resembling  Clavaria,  will  readily  be 
recognized  as  much  too  tough  for  the  human  stomach. 
Coral  mushrooms  may  be  cooked  as  other  mush- 
rooms are,  or  escalloped,  or  stewed  slowly  for  half  an 
hour  with  the  usual  seasoning  and  a  little  lemon 
juice,  then  thickened  and  cooked  longer  until  tender. 

Clavaria  flava  Scha-ff.  Edible.  Pale  yellow 
Clavaria.  (Fig.  2655.) — Sporophore  bushy,  seven  to 
fifteen  centimeters  high,  five  to  ten  centimeters  wide; 
base  thick,  fleshy,  white,  dividing  abruptly  into  a 
dense  mass  of  erect,  pale  yellow  branches,  the  tips 
more  deeply  colored  but  fading  with  age;  context 
white,  mild,  of  good  flavor. 


Fio.  2655. — Clavaria  flava. 


This  excellent,  as  well  as  beautiful,  species  occurs 
rather  abundantly  in  woods  during  warm,  wet  weather. 
In  collecting  it,  the  base  should  be  examined  for 
insects,  which  might  give  a  disagreeable  flavor  to  the 
whole  plant.  The  golden  Clavaria,  C.  aurea,  is 
similar,  but  more  deeply  colored.  The  rarer  red- 
tipped  Clavaria,  C.  botrytes,  has  red-tipped  branches, 
the  color  of  which  fades  out  with  age.  There  is  an  un- 
branched,  club-shaped  species,  Clavaria  pistillaris, 
which  is  also  often  eaten. 

Hydnace^. — In  this  family,  the  spores  are  borne 
on  the  surface  of  spines.  No  poisonous  species  are 
known,  but  most  of  them  are  too  tough  or  too  poorly 
flavored  to  be  recommended  for  food.  Fistulina  be- 
longs to  a  related  family  which  need  not  be  discussed 
here. 

Htdnttm  repandum  L.  Edible.  Spreading  Hyd- 
num. — Pileus  convex  to  plane,  irregular,  very  brittle, 
varying  greatly  in  size,  two  to  sixteen  centimeters 
broad;  surface  dry,  glabrous,  smooth,  white  to  buff 
or  brown,  margin  wavy;  context  white  or  whitish, 
tender;  spines  white  or  yellowish,  straight,  very 
brittle;  stipe  eccentric,  usually  clavate,  concolorous 
or  paler,  two  to  ten  centimeters  long,  one  to  two 
centimeters  thick. 

This  species  is  widely  distributed,  occurring  during 
late  summer  among  moss  or  leaves  in  woods.  It  is 
too  tender  to  require  long  cooking,  but  most  directions 
call  for  an  hour  or  more.  If  sliced  and  steeped  for 
twenty  minutes  in  warm  water  before  cooking,  the 
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flavor  seems  to  be  improved.  Some  of  the  species  of 
this  genus  that  are  bitter  may  be  used  if  boiled  for  a 
short  time  in  water  before  cooking.  Hydn  um  imhrica- 
tum  differs  from  H .  repandum  in  being  blackisli-brown 
as  though  scorched  and  conspicuously  scaly,  with 
bluish-gray  teeth.  Although  rather  tough  and  dry, 
it  is  frequently  eaten. 


I 

Fig.  2056. — Hydnum  caput-ursi;  young  stage. 


Hydnum  caput-uhsi  Fries.  Edible.  Bear's  Head 
Hydnum.  (Figs.  2(556  and  2b.57.) — Large,  fleshy, 
tuberculiform,  immarginate,  pendulous,  rarely  erect, 
white,  seven  to  fifteen  centimeters  or  more  thick,  the 
surface  everywhere  emitting  short  branches,  which 
are  clothed  with  branchlets  and  awl-shaped,  deflexed 
spines  one  to  twelve  centimeters  long;  context  firm, 
white,  somewhat  tough,  of  mild  flavor;  spores  globose, 
hyaline,  5-6m. 

This  striking  species  occurs  in  temperate  regions 
during  summer  and  autumn  on  dead  or  dying  trunks 
of  deciduous  trees,  especially  beech  and  birch.  While 
somewhat  tough,  it  can  be  made  very  attractive  by 


Fig.  2657. — Hydnum  caput-ursi;  fully  grown. 

proper  cooking.  Hydnum  coralloides,  resenibling  a 
mass  of  white  coral,  is  a  closely  related  species  found 
chiefly  on  dead  beech  trunks.  It  is  more  tender  and 
has  an  excellent  flavor. 

FiSTULiNA  HEPATicA  (Huds.)  Fries.     Edible.     Beef- 
steak   Fungus.     Vegetable     Beefsteak.     Oak     Tongue. 


Chestnut  Tongue.  Beef  Tongue. — Pileus  large,  fleshy, 
very  juicy,  dimidiate  to  flabelliform,  five  to  fifteen 
centimeters  broad;  surface  dark  red,  somewhat  sticky 
when  moist,  radiate-striate  with  age,  margin  entire  to 
lobed;  context  thick,  soft,  tough,  streaked  with  dark 
and  light  reddish  lines,  acid  to  the  taste;  tubes  at 
first  short,  yellowish  or  pinkish,  becoming  three 
millimeters  long,  plainly  distinct  from  one  another, 
and  dull  ocliraceoas  with  age;  spores  ellipsoid, 
smooth,  yellowish,  .5-7ai  long;  stipe  usually  short 
and  tliick,  lateral,  colored  like  the  pileus,  often  re- 
duced to  a  mere  tubercle  and  sometimes  wanting. 

This  .species  occurs  on  decaying  trunks  and  stumps 
of  chestnut,  oak,  and  certain  other  deciduous  trees  in 
this  country  and  in  Europe.  On  account  of  ita- 
resemblance  to  a  piece  of  beefsteak,  it  has  long  been 
recognized  and  u.sed  for  food.  It  should  be  thoroughly 
cooked,  and,  if  the  acid  flavor  is  objectionable,  sodium 
carbonate  should  be  added  during  the  process  of  cook- 
ing. I  have  found  this  fungus  much  more  common  on 
chestnut  than  on  oak,  and  I  have  noticed  that  foreign- 
ers regularly  visit  old  chestnut  .stumps  and  trunks  in 
the  vicinity  of  New  York  during  late  summer  and 
autumn  to  obtain  it.  Since  the  chestnut  trees  have  all 
been  killed  by  the  canker,  the  beefsteak  fungus  should 
appear  in  great  quantity. 

P0LYPORACE.E. — Most  of  the  species  of  this  group 
grow  on  dead  wood  in  brackets  of  various  sizes  and 
shapes,  the  fruiting  surface  being  composed  of  tubes 
or  furrows.  When  the  fruit-body  is  perennial,  the 
tubes  are  often  arranged  in  layers.  Polypores  as  a  class 
are  very  destructive  to  trees  and  timber.  On  the  other 
hand,  one  species  possesses  medicinal  properties,  some 
of  the  encrusted  species  supply  tinder,  and  several  of 
the  more  juicy  ones  are  excellent  for  food  if  collected 
when  young.  '  The  only  species  recognized  as  poison- 
ous is  the  medicinal  one.  Fames  laricis,  usually  known 
as  Polyporus  officinalis,  and  it  is  so  tough  and  bitter 
that  no  one  would  think  of  eating  it. 

Grifola  frondosa  (Dicks.)  S.  F.  Gray.  Edible. 
Polyporus  frondosus  (Dicks.)  Fries,  Frondose  Poly- 
pore.  (Fig.  2658.) — Pileus  imbricate-multiplex,  fif- 
teen to  forty  centimeters  in  diameter;  pileoli  verv 
numerous,  branching  from  a  common  trunk,  imbri- 
cate or  confluent,  variable  in  size  and  shape,  dimi- 
diate to  flabelliform,  one  and  one-half  to  six  centi- 
meters broad;  surface  smoky-gray,  fibrillose,  radiate- 
striate;  margin  verv  thin,  tough,  fragile,  having  the 
odor  of  mice;  tubes  white,  two  to  three  millimeters 
long,  mouths  circular  and  regular  when  young,  three 
to  a  millimeter,  often  large  and  angular  with  age, 
edges  white,  thin,  entire  to  lacerate;  spores  subglobose 
to  ellipsoid,  smooth,  hyaline;  stipe  tubercular,  white, 
connate-rimose. 

This  large,  branched  species  grows  commonly  in 
Europe  and  North  America  at  the  base  of  oak  trees  or 
ari,ses  from  their  roots,  on  which  it  feeds.  It  also 
attacks  the  roots  of  chestnut  trees,  and  in  the 
Italian  chestnut  orchards  it  is  often  allowed  to 
destroy  the  host  because  it  is  much  esteemed  in  that 
region' for  food.  It  must  be  eaten  when  young  or  it 
will  become  too  tough.  It  is  best  broiled  with 
butter  for  about  twenty  minutes,  or  it  may  be 
stewed  for  nearly  an  hour. 

L.ETiPORUS  sPECiosrs  (Batt.)  MurrUl.  Edible. 
Polyporus  sulphureus  Fries.  Sulphur-colored  Polypore. 
— Hymenophore  cespitose-multiplex,  thirty  to  sixt.v 
centimeters  broad;  pileus  cheesy,  not  becoming  rigid 
reniform,  verv  broad,  more  or  less  stipitate,  5-15x7 
-20X0.5-1  centimeter;  surface  finely  tomentose  to 
glabrous,  rugose,  anoderm,  subzonate  at  times,  vary- 
ing from  lemon-vellow  to  orange,  fading  out  with 
age;  margin  thin,  fertile,  concolorous,  subzonate, 
finely  tomentose,  undulate,  rarely  lobed;  context 
cheesy,  very  fragile  when  dry,  yellow  when  fresh, 
usually    white    in    dried    specimens,    homogeneous, 
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three  to  seven  millimeters  thick;  tubes  annual,  two 
to  three  millimeters  long,  sulphur-yellow  within, 
mouths  minute,  angular,  somewhat  irregular,  three 
to  four  to  a  millimeter,  edges  very  thin,  lacerate, 
sulphur-yellow,  with  color  fairly  permanent  in  dried 
specimens;  spores  ovoid,  smooth,  or  finely  papillate, 
hyaline,  0-SX3-5ai. 

This   very   large   and   widely    distributed    species 
appears  in  conspicuous  clusters  on  dead  spots  in  the 


cylindric,  enlarged  below,  glabrous,  subconcolorous, 
usually  reticulate  above,  and  sometimes  entirely  to 
the  base,  firm,  solid,  becoming  spongy  in  large  speci- 
mens, five  to  twelve  centimeters  long,  one  and  one- 
half  to  two  and  one-half  centimeters  thick. 

Found  abundantly  on  the  ground  in  woods  through- 
out temperate  North  America,  often  reaching  a 
foot  in  diameter.  It  may  be  recognized  by  its  pinkish 
tubes  and  usually  very  bitter  flavor,  which  is    not 


Fig.  2658. — Grifola  frondosa. 


trunks  of  various  kinds  of  trees,  which  are  seriously 
attacked  by  it.  It  has  long  been  used  for  food  and 
can  hardly  be  confused  with  harmful  species.  I  have 
found  it  best  broiled,  when  it  reminds  one  of  salmon. 

BOLETACE.E. — Many  of  the  best  edible  fungi  in 
temperate  regions  belong  to  this  group,  and  the 
dangers  of  being  poisoned  are  relatively  small. 
Species  with  bitter  or  otherwise  objectionable  taste 
should  be  avoided,  and  especially  all  plants  having 
red  or  reddish  tube-mouths.  The  sensitive  bolete, 
which  promptly  turns  blue  when  touched  or  broken, 
has  also  caused  mild  poisoning  in  some  cases.  Many 
species  have  not  been  thoroughly  tested,  however; 
hence  it  is  wise  to  eat  sparingly  of  all  such  plants  until 
well  known. 

Tylopilus  felleus  (Bull.)  P.  Karst.  Inedible. 
Boletus  felleus  Bull.,  Bitter  Boletus. — Pileus  thick,  con- 
vex, usually  eight  to  fifteen  centimeters  broad,  some- 
times reaching  a  diameter  of  over  forty  centimeters; 
surface  smooth,  glabrous,  variable  in  color,  usually 
some  shade  of  tan  or  chestnut,  often  pink  or  purplish 
when  young;  margin  entire,  concolorous;  context 
white,  "often  tinged  with  pink  where  wounded,  at 
first  firm,  but  soft  and  yielding  in  older  specimens, 
decidedly  bitter,  especially  w^hen  young,  sometimes 
losing  its  bitter  taste  with  age;  tubes  adnate,  depressed, 
one  to  two  centimeters  long,  slender,  white,  colored 
&t  maturity  with  the  flesh-colored  spores,  mouths 
angular,  of  medium  size,  edges  thin,  entire;  spores 
fusiform,    smooth,    flesh-colored,    8-11X3-4m;   stipe 


destroyed  by  cooking.     It  is  therefore  inedible,  al- 
though not  generally  considered  poisonous. 

Ceriomyces  crasscs  Batt.  Edible.  Boletus  edulis 
Bull.  Boletus  separans  Peck.  Edible  Boletus,  (Plate 
XXXIV,  Fig.  5.) — Pileus  thick,  broadly  convex,  grega- 
rious or  oespitose,  six  to  twenty  centimeters  broad,  three 
to  four  centimeters  thick ;  surface  smooth,  glabrous  or 
finely  tomentose,  subopaque,  dry,  slightly  viscid  when 
moistened,  sometimes  pitted  or  reticulate-rimose, 
varying  in  color  from  ochraceous-brown  to  reddish- 
brown,  sometimes  paler;  margin  acute,  entire;  con- 
text compact,  two  to  three  centimeters  thick,  unchang- 
ing, white  or  yellowish,  sometimes  reddish  beneath 
the  cuticle,  taste  sweet  and  nutty;  tubes  adnate,  at 
length  depressed,  plane  in  mass,  white  and  stuffed 
when  young,  yellow  or  greenish-yellow  when  mature, 
changing  to  greenish-ochraceous  when  wounded, 
about  two  centimeters  long,  mouths  of  medium  size, 
angular,  edges  thin;  spores  fusiform,  smooth,  green- 
ish-yellow to  ochraceous-brown,  12-15  X5-6m I  stipe 
subequal  or  enlarged  below,  stout,  concolorous  or 
considerably  paler,  becoming  bluish  or  discolored 
when  wounded,  wholly  or  partially  reticulate,  solid, 
tough,  fibrous,  yellowish  within,  tinged  with  red  at 
times  near  the  surface,  five  to  ten  centimeters  long, 
three  to  four  centimeters  thick. 

This  excellent  edible  species  is  abundant,  well- 
known,  and  widely  distributed  in  thin  woods  through- 
out temperate  regions.  The  sporophore  is  large 
and  usually  yellowish-brown,  while  the  stipe  is  more 
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or  less  reticulate,  especially  above.  In  one  variety, 
the  stipe  is  reticulate  to  the  base,  and  in  another  the 
stipe,  as  well  as  the  cap,  is  brownish-lilac  in  color. 
It  may  be  distinguished  from  Tylopitus  fidleus  bv  its 
mild  flavor  and  differently  colored  tiibes.  ^This 
species  is  much  used  in  Europe,  and  is  often  sliced 
and  dried  for  winter  use.  It  is  best  baked  in  a  covered 
dish  for  an  hour,  after  removing  the  tubes  and  stipe 
and  cutting  it  into  small  pieces. 

Ceriomyces  scABER  (Bull.)  Murrill.  Edible.  Bole- 
tus scaber  Bull.,  Rough-stemmed  Boletus.  (Fig.  26.59.; — 
Pileus  convex,  three  to  twelve  centimeters  broad ;  sur- 
face very  variable  in  color,  white,  red  or  brown,  usually 


Fig.  2659. — Ceriomycca  scaber. 


smooth  and  glabrous;  context  white,  becoming  slightly 
darker  or  flesh-colored  when  bruised;  tubes  long, 
slender,  depressed  about  the  stipe,  white  or  stramine- 
ous, becoming  brownish  with  age  and  flesh-colored  or 
blackish  when  bruised;  spores  oblong,  smooth,  brown, 
13-16u  long;  stipe  firm,  solid,  tapering  upward, 
whitish,  roughened  with  nimierous  reddish  or  brownish 
dots  or  scales. 

This  is  a  very  handsome  edible  species  and  the 
most  abundant  of  the  fleshy  tube-bearing  fungi, 
being  found  on  the  ground  in  woods  or  groves  from 
June  to  November. 

Ceriomyces  ferruginatus  (Batsch)  Murrill.  Poi- 
sonous. Boletus  piperatus  Bull.,  Peppery  Boletus. — 
Pileus  convex  to  plane  or  nearly  so,  umbonate  when 
young,  circular  in  outline,  two  to  five  centimeters 
broad,  reaching  seven  centimeters  at  times,  surface 
smooth,  glabrous,  sometimes  rimose-areolate,  slightly 
viscid  in  damp  weather,  varying  from  ochraceous  to 
fulvous;  margin  regular,  entire,  sometimes  quite  thick 
because  of  the  lengthening  of  the  marginal  tubes; 
context  thickest  at  the  center  and  gradually  thinner 
toward  the  margin,  yellow  or  yellowish-white  for  the 
most  part,  but  light  pink  or  roseous  next  to  the  layer 
of  tubes,  darker  when  exposed  to  the  air,  acrid  and 
peppery,  remarkably  free  from  insects;  tubes  adnate, 
at  length  depressed  around  the  stem,  latericeous, 
becoming  slightly  darker  when  wounded,  tinged  with 
ferruginous  at  the  maturity  of  the  spores,  equal  to  or 
longer  than  the  thickness  of  the  context,  mouths  large, 
angular,  unequal;  spores  subfusiform,  ferruginous, 
9-11  X4m;  stipe  central,  slender,  nearly  equal, 
two  to  five  centimeters  long,  four  to  five  millimeters 
thick,  rarely  reaching  seven  centimeters  in  length  and 
eight  millimeters  in  thickness,  pulverulent,  slightly 
veined  above,  smooth  below,  usually  somewhat  paler 
than  the  pileus,  citrinous  or  flavous  at  the  base,  solid, 
fleshy,  and  yellow  within. 

This  small  species  occurs  rather  rarely  throughout 


the  Northern  United  States  and  Canada  in  woods  and 
open  places  near  woods.  It  may  be  recognized  by  its 
yellow  cap,  acrid  and  py)pery  context,  and  brick- 
colored  tubes.  Stevenson  pronounced  it  poisonous, 
but  Mcllvaine  claims  that  it  loses  its  peppery  taste  on 
cooking  and  becomes  harmless. 

Cericmyces  mi.\iato-<jliv.\<-ecs  (Frost)  Murrill. 
Poisonous.  Boletun  miriiato-olivaceus  Frost.  Sensi- 
tive Boletus. — Pileus  firm,  convex,  becoming  nearly 
plane  and  somewhat  spongy  with  age,  cespitose, 
becoming  olivaceous  or  ochraceous-red,  changing  to 
l)lue  when  handled;  margin  acutf,-,  .slightly  exceeding 
the  pores;  context  pale-yellow,  changing  immediately 
to  blue  when  wounded,  mild  or  slightly  unplea.sant 
to  the  taste,  said  to  be  poi.sonous;  tubes  adnate  or 
subdecurrent,  .slightly  depressed,  bright  lemon-yellow 
tinged  with  green,  becoming  brownish-yellow  with 
age,  changing  to  blue  when  wounded,  mouths  sub- 
angular,  of  medium  size;  spores  oblong-ellipsoid, 
smooth,  yellowish-brown,  1 C)- 1  ;J  X 4-6(i ;  stipe  equal 
or  enlarged  above  or  below,  pale-yellow  with  pink 
markings,  especially  near  the  base,  glabrous,  faintly 
reticulate  at  the  top,  solid,  yellow  within,  six  to  ten 
centimeters  long,  one-half  to  one  and  one-half 
centimeters  thick. 

Found  in  open  woods  or  wood  borders  from  Maine  to 
North  Carolina.  It  is  easily  distinguished  among  the 
red  boleti  by  its  quick  change  to  blue  at  any  point, 
either  outside  or  inside,  where  bruised  or  even  touched 
with  the  fingers.  This  species  is  recognized  as  dis- 
tinctly poisonous  to  some  people,  although  otheis  can 
eat  it  without  danger. 

Suillellus  LCRrous  (Schaeff.)  Murrill.  Poisonous. 
Boletus  luridus  Schaeff,  Lurid  Boletus. — Pileus  con- 
vex, gregarious  or  subcespitose,  five  to  twelve  centi- 
meters broad;  surface  dry,  smooth,  glabrous  or 
minutely  tomentose,  sometimes  clothed  with  rather 
conspicuous  appressed,  felted  fibers,  occasionally 
rimose-areolate,  brown  with  shades  of  red  or  yellow, 
often  bright  brownish-red,  becoming  paler  with  age; 
margin  thick,  obtuse,  entire,  sometimes  slightly  differ- 
ing in  color;  context  firm,  whitish  to  flavous,  quickly 
changing  to  blue  when  wounded,  sometimes  un- 
changing in  older  plants,  considered  somewhat 
poisonous;  tubes  nearly  free,  rarely  adnate,  plane,  or 
slightly  convex  in  mass,  yellow  within,  changing  to 
dark  greenish-blue  when  wounded,  mouths  small, 
circular,  cinnabar-red,  becoming  brownish-orange, 
darker  with  age;  spores  oblong-ellipsoid,  smooth, 
olivaceous  when  fresh,  11-16 X4-6m;  stipe  subequal, 
five  to  ten  centimeters  long,  one  to  two  centimeters 
thick,  usually  furfuraceous  or  punctate,  at  times 
nearly  glabrous,  rarely  reticulate  at  the  apex  or  on  the 
upper  half,  red  or  reddish-brown  below,  yellow  or 
orange  above,  the  dots  rosy  or  dark  red,  solid, 
yellow  within,  varied  with  red  or  purple. 

This  is  one  of  the  most  variable  species  in  the 
family  of  fleshy,  terrestrial,  tube-bearing  fungi,  but 
the  small  genus  to  which  it  belongs  is  readily  recog- 
nized by  its  red  or  reddish  tube-mouths,  and  all  of  its 
species  should  be  avoided  by  mushroom  eaters  until 
their  properties  are  better  known.  This  particular 
species  is  said  to  contain  a  small  amovnit  of  muscarin 
or  closely  allied  alkaloid,  as  well  as  choline,  although  it 
is  often  "eaten.  When  cut,  the  entire  cut  surface  of 
the  cap,  tubes,  and  stem  changes  at  once  to  Islue.  It 
occurs  in  abundance  throughout  temperate  North 
.America  and  Europe  on  clay  banks  or  roadsides  in 
open  deciduous  woods. 

RosTKOviTES   GRANTJLATtrs  (L.)  P.  Karst.     Edible. 

Boletus  granulatus  L..  Granulated  Boletus. — Pileus 
subhemispheric  to  nearly  plane,  gregarious,  rarely 
cespitose  or  solitary,  four  to  ten  centimeters  broad, 
one  to  one  and  one-half  centimeters  thick;  surface 
verv  viscid,  with  easily  separable  cuticle,  very  variable 
in  color,  usually  pinkish-gray  to  reddish-brown  fading 
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to  yellowish,  often  obscurely  spotted,  especially  at  the 
center;  margin  sterile,  projecting,  incurved  and  some- 
what appendiculate  when  young;  context  thick, 
compact,  elastic,  pale-yellow  next  to  the  tubes,  white 
above,  unchanging  when  wounded,  taste  mild, 
somewhat  mucilaginous;  tubes  short,  less  than  five 
millimeters,  adnata,  subdecurrent,  plane  in  mass, 
simple,  subcircular,  irregular,  edges  rather  thick, 
flecked  with  pinkish-brown  glandules;  spores  fusiform, 
pale  yellowish-brown,  7.5-9.5 X2. 5-3. 5^;  stipe  short, 
thick,  subequal  or  enlarged  below,  white  or  pale 
yellow,  dotted  with  pinkish-brown  droplets  which 
become  darker  on  drying,  solid,  white  within, 
two  and  one-half  to  five  centimeters  long,  one  to  one 
and  one-half  centimeters  thick. 

This  abundant  and  widely  distributed  species  occurs 
from  midsummer  imtU  frost  in  sandy  open  ground 
under  or  near  conifers.  Rostkomtes  subanreus,  with 
yellow  cap  usually  streaked  with  red,  often  grows 
with  it  in  eastern  North  America.  Both  are  among 
our  finest  edible  species  and  can  hardly  be  mistaken 
for  dangerous  kinds.  Boletus  luteus,  another  edible 
species,  has  the  granulated  stipe  and  the  same 
general  appearance,  with  the  addition  of  an  annulus 

Strobilomyces  STHOBILACEUS  (Scop.)  Berk.  Edible. 
Pine-cone  Boletus.  (Fig.  2660.) — Pileus  hemispheric  to 
expanded,  five  to  ten  centimeters  broad;  surface  dry, 
soft  and  spong}',  blackish-umbrinous,  adorned  with 
thick,  projecting,  floccose,  squarrose,  blackish  scales; 


FiQ.  2660. — Strobilomyces  strobilaceua. 

margin  fringed  with  scales  and  fragments  of  the  veil ; 
context  white  or  whitish,  changing  to  red  and  then  to 
black  when  wounded,  mild  to  the  taste,  edible;  tubes 
adnate,  often  depressed,  white  or  cinereous,  changing 
like  the  context  when  wounded,  becoming  brown  or 
blackish  with  age,  mouths  large,  angular;  spores 
subglobose,  asperulate,  blackish-brown,  8-1  1m  long; 
stipe  equal  or  slightly  tapering  upward,  sulcate- 
striate  at  the  apex,  densely  floccose-tomentose, 
brown  or  blackish  below,  lighter  above,  solid,  firm, 
fragile,   six  to  twelve  centimeters  long,   one  to  two 
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centimeters  thick;  veil  dense,  cottony,  white  to 
grayish,  adhering  to  the  margin  and  to  the  stipe  in 
mature  plants. 

This  common  edible  species  is  known  by  its  black 
color  and  shaggy  appearance.  Its  flesh  is  white, 
changing  to  reddish  and  finally  to  black  when 
wounded.  It  is  abundant  on  .shaded  banks  in  woods 
throughout  temperate  North  America. 

Ao.w{ic.\CE.B. — Gill-fungi  are  usually  divided  into 
groups  based  on  the  color  of  their  spores  as  .seen  under 
a  microscope  or  in  mass  on  a  piece  of  paper  upon  which 
a  mature  pileus  has  rested,  gills  downward,  for  an 
hour  or  more.  The  spore-prints  thus  obtained  will 
be  found  to  be  variously  colored,  white,  yellowish, 
rosy,  ochraceous,  rusty,  brown,  purplish-brown, 
and  black.  The  white-spored,  brown-spored,  and 
black-spored  groups  contain  most  of  the  recognized 
edible  and  poisonous  species. 

Ch,«*terel  chant.\rellds  (L.)  Murrill.  Edible. 
Cantharellus  cibarius  Fries,  Edible  Chanterel.  (Plate 
E,  Fig.  4.) — Pileus  fleshy,  firm,  turbinate,  nearly  plane, 
sometimes  depressed,  gregarious,  cespitose  at  times, 
three  to  eight  centimeters  broad;  surface  glabrous, 
luteous,  rarely  paler  yellow,  margin  Involute  to 
expanded,  undulate;  context  white,  nutty  or  slightly 
acrid,  edible;  lamellse  thick,  narrow,  distant,  decurrent, 
forked  or  irregularly  anastomosing,  luteous,  or  some- 
times much  paler;  spores  ellipsoid,  somewhat  irregular, 
smooth,  pale-ochraceous,  8-10X4-5^;  stipe  attenu- 
ate below,  glabroiis,  concolorous  or  paler,  solid,  two 
and  one-half  to  five  centimeters  long,  six  to  twelve 
millimeters  thick. 

Common  throughout  temperate  regions  in  decidu- 
ous or  coniferous  woods,  especially  in  dense  evergreen 
thickets,  appearing  in  midsummer.  It  is  egg-yellow 
all  over,  and  has  peculiar  narrow,  blunt,  decurrent 
lamellae.  It  has  long  held  a  high  reputation  for 
edibility,  and  the  only  poisonous  species  with  which  it 
may  easily  be  confused  is  Chanterel  aurantiacus. 
It  should  be  stewed  for  nearly  an  hour  and  seasoned 
with  butter  or  meat  gravy.  It  is  an  excellent  addi- 
tion, also,  to  hashes,  meat  stews,  and  omelets. 

Chanterel  aubantiacus  (Wulf.)  Fries.  Doubtful. 
Orange  Chanterel,  False  Chanterel.  (Fig.  2661.) — Pileus 
compressed,  hemispheric  to  funnel-shaped,  convex  to 
expanded,  plane  to  depressed,  fleshy,  flexible,  gre- 
garious to  subcespitose,  three  to  six  centimeters  broad; 
surface  subtomentose,  pale-orange,  often  darker  at 
the  center,  margin  involute,  entire  to  undulate; 
lamella'  decurrent,  crowded,  narrow,  rather  thin, 
regularly  and  two  to  four  times  dichotomous,  bright 
orange;  spores  ellipsoid,  smooth,  hyaline,  5-7  X3-4/i; 
stijie  usually  central,  cylindric,  enlarged  below, 
slightly  ascending,  two  to  five  centimeters  long,  four 
to  seven  millimeters  thick,  subglabrous  above, 
tomentose  below,  stuffed,  subconcolorous,  varying  to 
pallid  or  dark  brown. 

In  woods,  on  decayed  wood,  or  on  soil  rich  in  humus, 
from  Canada  to  South  Carolina  and  Nevada.  It 
was  long  considered  dangerous,  but  very  recently 
Sartory  investigated  it  in  France  and  declared  it 
harmless.  Later,  Dr.  Peck  tried  it  and  added  it  to  his 
list  of  edible  species.  I  still  believe  it  is  slightly 
poisonous  to  some  and  should  be  eaten  with  caution  if 
at  all,  but  it  is  gratifying  to  know  that  amateur 
mycophagists  may  now  eat  Chanterel  chantarellus 
without  very  much  risk. 

Lactaria. — Many  species  of  this  genus  were  for- 
merly considered  poisonous  on  account  of  their 
acrid  taste,  but,  since  it  has  been  found  that  these 
peppery,  resinous  substances  are  usually  decomposed 
on  cooking,  it  will  be  necessary  to  make  an  experi- 
mental revision  of  the  genus.  Lactaria  rufa  seems  to 
enjoy  the  worst  reputation,  from  all  accounts,  while 
L.  torminosa,  L.  fuliginoaa,  L.  vellerea,  L.  pyrogala, 
and  L.  theiogala  are  either  pronounced  poisonous  or 
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suspicious  by  most  authors.  Care  should  be  exer- 
cised in  collecting  members  of  this  genus  for  the  table. 
The  harmful  species  may  usually  be  distinguished  by 
their  acrid  flavor. 

L.\CT.\RIA  DELicioSA  (L.)  Fries.  Edible.  Delicious 
Laclaria. — Pileus  fleshy,  convex-umbilicate,  becoming 
plane,  then  infundibuliform,  five  to  twelve  centimeters 
broad;  surface  orange,  yellow-orange  or  paler,  zoned 
with  deeper  orange,  becoming  paler  with  age,  some- 
times mixed  with  grayish  and  greenish  tints,  viscid 
when  wet,  glabrous,  somewhat  roughened;  margin 
invohite,  then  arched  and  at  length  upturned, 
glabrous;  context  firm,  yellowish,  often  staining  green- 
ish next  the  lamellae  and  the  exterior  of  the  stipe; 
edible;  latex  orange  to  red-orange,  aromatic  and  some- 
what acrid;  lamellae  deep-orange  with  yellowish  re- 
flections, paler  when  old,  often  becoming  greenish 
with  age  or  where  bruised,  many  forking  near  the 
stipe,  and  shorter  ones  branching  into  longer  ones, 
often  connected  with  cross  veins  at  the  base,  clo.se, 
somewhat  decurrent,  rather  narrow;  stipe  of  the  same 
color  as  the  pileus,  spotted  with  brighter  orange, 
nearly  equal,  glabrous,  or  sometimes  a  httle  tomen- 
tose  at  the  base,  smooth,  stuffed,  becoming  hollow, 
two  and  one-half  to  ten  centimeters  long,  eight  to 
twelve  millimeters  thick;  spores  yellow,  subglobose 
to  ellipsoid,  slightlv  echinulate,  more  or  less  hyaline, 
8-8.5X8-11M. 


strong,  persisting  odor,  edible;  latex  white,  unchanging, 
mild,  sticky,  abundant;  lamella;  creamy-white  or  tinged 
with  the  same  color  as  the  pileus,  becoming  darker 
with  age,  changing  brownish  where  injured,  often 
forking  two  or  three  millimeters  from  the  stipe  or 
midway  to  the  margin,  elo.se,  adnate,  two  to  five 
millimeters  broad;  stipe  of  nearly  the  same  color  as 
the  pileus  but  paler,  nearly  etjual,  glabrous,  pruinose, 
solid,  sometimes  becoming  hollow,  two  to  ten  centi- 
meters long,  one  to  two  centimeters  thick ;  .spores  white, 
globular,  echinulate,  7-10/i  in  diameter;  cystidia 
20-3.V  long,  colorless  or  yellowish. 

Common  in  woods  anri  groves,  e.specially  near  oak 
trees,  throughout  the  eastern  United  States.  When 
raw,  the  flavor  is  .somewhat  unpleasant  and  astringent, 
but  it  is  fairly  good  when  cooked  .slowly  for  forty 
minutes.  It  should  be  very  carefully  distinguished 
from  the  poisonous  Laclaria  rufa,  which  is  bay-red  to 
rufous  and  very  acrid. 

Lactari.\  piper.\t.\  (L.)  Pers.  Edible.  Peppery 
Laclaria.  ((Fig.  2662.) — Pileus  fleshy,  convex-umbili- 
cate, at  length  infundibuliform,  four  to  twelve  centi- 
meters or  more  in  diameter;  surface  white,  azonate, 
dry,  glabrous;  margin  involute  at  first  and  naked,  at 
lengtTi  uplifted;  context  compact,  white,  unchanging 
or  becoming  sordid,  edible;  latex  white,  unchanging, 
very  acrid,  abundant;  lamellie  white  or  creamy-white 
forking  dichotomously,  close,  more  or  less  decurrent 
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Fig.  2661. — Chantcrt-I  aurantiacus. 


In  moist  woods,  especially  under  firs  and  hemlocks, 
in  mountainous  regions  throughout  most  of  the 
United  States,  but  not  so  common  as  in  Europe. 
Long  considered  one  of  the  best  mushrooms  and 
readily  recognized  by  its  orange-red  milky  juice, 
which  becomes  greenish  on  exposure  to  the  air.  It 
should  be  cooked  slowly  for  nearly  an  hour. 

Lact.\ria  l.\ctiflua  (L.)  Burl.  Edible.  Laclaria  vo- 
lema  Fries,  Orange-brownlaclaria.  (Plate  XXXIV,  Fig 
10.) — Pileus  fleshy, convex,  then  nearly  plane  or  slightly 
depressed,  five  to  thirteen  centimeters  broad;  surface 
fulvous,  buff,  or  brownish-terra-cotta  to  brownish- 
orange,  sometimes  much  paler,  azonate,  dry,  glabrous, 
smooth,  or  at  length  rimose-rivulose;  margin  involute 
at  first,  then  extended;  context  firm,  thick,  whitish, 
changing  brown  where  exposed  to  the  air,  having  a 


arcuate  at  first,  then  extending  upward,  only  about 
two  millimeters  broad;  stipe  white,  eiiual.  dry.  often 
pruinose,  solid  and  firm,  two  to  eight  centimeters 
long,  up  to  two  centimeters  thick;  spores  white, 
subglobose,  nearly  smooth,  S-9m  in  diameter. 

Found  in  great  abimdance  in  oak  woods  throughout 
temperate  North  .America.  It  contains  an  acid  and  a 
resin,  "piperon,"  which  is  extremely  acrid  in  the 
fresh  state,  but  is  disorganized  Viy  heat.  This  species  is 
therefore  harmless  when  cooked,  but  is  coarse  and 
poorly  flavored.  If  eaten,  it  must  be  carefully 
distinguished  from  poisonous  species  that  are  acrid  in 
the  fresh  state. 

RrssuLA. — Most  of  the  members  of  this  genus  are 
edible,  and  some  of  them  are  particularly  good,  but 
they  are  usually  scattered,  are  fragile  and  perishable, 
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become  infested  earlv  with  a  variety  of  insects,  are 
eaten  bv  squirrels  and  other  animals,  and  resemble 
one  another  so  closelv  that  it  is  advisable  to  go  to  the 
trouble  of  tasting  "nearly  every  specimen  before 
selecting  it  for  the  table.  There  are  no  violently 
poisonous  species  known  in  this  genus,  and  if  specimens 
have  mild  taste  and  an  agreeable  odor  they  are  prob- 
ably harmless,  but  it  must  always  be  remembered  that 
it  IS  necessarv  to  test  each  new  species  thoroughly 
before  using  "it  in  any  quantity  for  food.  Russula 
emetica  is  poisonous,  containing  choline,  pilz-atropine, 


I'la.  2662.- 


-Lactaria  piperata.     Very  acrid  raw,  but  edible  when 
cooked. 


and  probablv  muscarine;  R.  foelens  is  also  poisonous, 
but  in  a  lesser  degree;  while  R.  nitida,  R.  fragihs,  and 
other  species  belong  to  the  mildly  poisonous  or  sus- 
pected class.  No  experiments  wUl  be  of  great  value 
until  the  genus  is  better  known  botanically. 

Russula  marine  Peck.  Edible.  Mary's  Russula. — 
(Plate  XXXIV,  Fig.  3)  PDeus  fleshy,  convex  and  sub- 
umbilicate  to  depressed,  reachmg  seven  centimeters 
broad;  surface  dry,  rosered  or  purple  with  darker  disc, 
having  a  bloom  like  a  peach,  margin  slightly  striate  at 
times,  especially  in  old  plants;  context  thin,  of  good 
flavor,  white,  pinkish  under  the  cuticle,  odor  not  char- 
acteristic; lamellie  white  or  stramineous,  broad,  sub- 
crowded,  interveined;  spores  subglobose,  minutely 
conic-tuberculate,  yellow,  7m;  stipe  equal,  solid,  rosy, 
sometimes  partly  white,  glabrous,  about  one  and  three- 
tenths  to  one  aiid  one-half  centimeters  thick. 

This  is  one  of  our  prettiest  species,  and  it  may  be 
looked  for  under  oaks  anywhere  in  the  eastern 
United  States  after  summer  rains.  It  is  distinguished 
from  poisonous  species  similar  in  color  by  its  mild 
flavor  when  raw. 

RussuL.'i  EMETICA  Fries.  Poisonous.  Emetic  Rus- 
sula. (Plate  P.  Fig.  1.)— Pileus  regular,  firm  to  fragile, 
convex  to  plane  or  depressed,  five  to  eight  centimeters 
broad;  surface  viscid  when  young,  polished,  red,  often 
fading  to  pallid  or  yellowish,  cuticle  separating  very 
readily ;  context  white,  reddish  under  the  cuticle,  very 
acrid  'to  the  taste;  lamelhe  white,  then  dull-yellowish, 
free,  subdistant,  broad,  equal;  spores  globose,  echinu- 
late,  hvaline,  8-10m;  stipe  rosy  or  whitish,  glabrous, 
spongv-solid,  three  to  seven  centimeters  long,  one 
to  one  and  one-half  centimeters  thick. 

Common  in  woods  throughout  Europe  and  the 
eastern  United  States,  often  growing  where  logs  have 
decaved.  Distinguished  bv  its  red  color,  viscid  sur- 
face," readily  separating  cuticle,  and  very  acrid  taste. 
In  addition" to  its  acrid  quality,  it  is  definitely  poison- 
ous, containing  small  quantities  of  choline,pilz-atropine, 
and  probablv  muscarine.  When  taken  m  any 
quantity,  it  acts  as  a  prompt  emetic.     It  is  mainly 
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because  of  this  species  that  most  specimens  of  Russula 
should  be  tasted  before  selecting  them  for  food. 

Russula  virescens  (Schaeff.)  Fries.  Edible. 
Green  Russula. — Pileus  convex  to  expanded,  at  length 
depressed,  solitary,  five  to  ten  centimeters  broad; 
surface  dry,  greenish,  marked  with  small  angular 
areas  or  patches;  context  white,  firm,  mild-flavored; 
lamella;  adnate,  crowded,  white;  stipe  rather  short, 
white,  glabrous,  two  to  six  centimeters  long,  one  to 
two  centimeters  thick. 

This  beautiful  woodland  species  has  long  enjoyed 
a  reputation  for  edibility,  but,  unfortunately,  it  is 
rather  rare  and  its  flavor  is  not  really  of  first  rank. 
It  mav  be  recognized  by  the  greenish  color  and  warted 
appea"rance  of  its  pileus.  The  pileus  of  Russula 
furcati,  a  bitter  species  formerly  considered  poisonous, 
is  green  but  not  warted.  The  green  form  of  Amanita 
phalloides  and  the  poisonous  Entoloma  lindum,  both 
common  in  Europe,  are  easily  distinguished  by  other 
characters. 

Russula  fcetens  Pers.  Poisonous.  Fetid  Russula. 
(Plate  XXXV,  Fig.  2.) — Pileus  firm,  rather  thin,  glo- 
bose to  plane  or  slightly  depressed,  five  to  ten  centi- 
meters broad;  surface  very  viscid,  slimy,  con.spicu- 
ously  striate-tuberculate,  ochraceous-melleous,  testa- 
ceous-fulvous in  the  center  with  small  bay  or 
blackish  areas;  context  whitish,  tardily  acrid  and 
mucilaginous  to  the  taste,  with  odor  of  prussic 
acid;  lamells  mostly  equal,  adnate  or  adnexed, 
subcrowded,  arcuate,  white,  staining  brownish  when 
injured,  usually  decorated  with  small  drops  of  water 
when  the  air"  is  damp;  spores  globose,  strongly 
echinulate,  hyaline,  10m;  stipe  cylindrie,  equal  or 
somewhat  ventricose,  glabrous  or  subglabrous,  white, 
staining  brownish  when  injured,  hollow,  five  to  eight 
centimeters  long,  one  to  two  centimeters  thick. 

This  conspicuous  species  is  common  under  oaks  in 
groves  or  woodlands  throughout  most  of  Europe 
and  the  United  States,  sometimes  occurring  in  great 
quantity  in  one  spot.  Its  odor  is  similar  to  that  of 
peach  kernels,  and  in  some  specimens  it  is  strong  and 
unpleasant,  although  at  times  it  may  be  scarcely 
noticeable.  This  unpleasant  odor  and  the  very  slimy 
character  of  the  surface  render  the  plant  unattractive 
and  one  would  hardly  collect  it  for  food.  It  is 
known  to  be  definitely  poisonous  to  a  certain  extent 
and  should  always  be  avoided  by  mycophagists. 

Marasmius  oreades  (Bolt.)  Fries.  Edible.  Fairy- 
ring  Mushroom.    Scotch  Bonnets.  (Plate  XXXIV,  Fig. 

g.) Pileus    convex  to    expanded,    often   umbonate, 

slightly  striate  at  times  when  moist,  fleshy-tough, 
drying"  easily,  two  to  five  centimeters  broad;  surface 
glabrous,  buff  or  tawny,  fading  with  age  or  on  dry- 
ing; context  thin,  white,  of  pleasant  odor  and  taste; 
lamella  broad,  distant,  free  or  adnexed,  yellowish- 
white;  spores  subellipsoid,  smooth,  hyaline,  7-9m 
long;  stipe  cvlindric,  rather  slender,  soUd,  tough, 
yellowish-white,  villose-tomentose,  five  to  eight 
"centimeters  long,  two  to  four  millimeters  thick. 

This  very  excellent  little  species  is  to  be  looked  for 
in  pastures  during  spells  of  wet  weather  in  late 
summer  or  autumn.  Its  habit  of  growing  m  circles 
will  aid  one  in  recognizing  it.  -  I  have  found  it 
much  more  abundant  in  England  and  other  parts  of 
Europe  than  in  this  country.  If  found  m  sufficient 
quantity  for  table  use,  it  should  be  cooked  for  some 
time,  o'wing  to  its  tough  texture.  One  shou  d  be 
verv  careful  in  picking  small  fungi  growing  on  lawns 
for' table  use,  to  avoid  getting  Marasmius  urens; 
Inocybe  infida,  a  dangerous  species  with  yellowish- 
brown  spores;  and  certain  species  of  Panaolus  having 
black  spores. 

Pleurotus  sapidus  Kalchb.     Edible.     Sapid  Pleu- 

rotus,   False   Oyster   Mushroom.     (Fig.  2663.)— Pileus 

convex     or     nearly    plane,    irregularly     fan-shaped, 

1   eccentrically   or  laterally  stipitati>,  cespitose,  imbri- 
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SOME  POISONOUS  MUSHROOMS. 

Fig.  1. — Russula  emetica 

Fig.  2. — Russula  fcetens 

Fig.  3. — Suillellus  luridus 

Fig.  4. — Venenarius  phalloides,  yellow  and  brown  forms 

Fig.  6. — Venenarius  inuscarius,  usual  form  and  small  pale  form 

Fig.  6. — Clitocybe  illudens 

Fig.  7. — Venenarius  cothurnatus 

Fig.  8. — Inocybe  infida 

Fig.  9. — Tylopilus  felleus 
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Fig.  2663. — Pleurotua  sapidus. 


cate,  five  to  twelve  centimeters  broad ;  surface  smooth, 
glabrous,  variously  colored,  usually  yellowish  or 
brownish;  context  white,  mild-flavored,  somewhat 
tough;  lamelke  broad,  white,  decurrent,  rather 
di.stant,  reticulate  behind;  spores  white  tinged  with 
lilac  when  shed  on  paper;  stipe  eccentric  or  lateral, 
rather  short,  but  varying  according  to  position  in 
the  cluster. 

Very  common  on  dead  trunks  of  deciduous  trees, 
especially  elm,  from  June  to  November.  In  Hungary, 
it  is  cultivated  on  sections  of  elm  logs.  The  oyster 
mushroom,  Pleurotus  ostreatus,  is  confused  with  it 
in  this  country  and  for  our  present  purpose  need  not 
be  distinguished,  as  its  properties  are  similar.  Both 
species  are  rather  tough  and  lack  flavor  but  they  occur 
in  such  large  masses  and  are  so  readily  recognized 
that  they  are  to  be  recommended  for  general  use  as 
food.  The  young  and  tender  caps  should  be  selected 
and  cooked  slowly  in  a  sauce  pan  for  at  least  twenty 
minutes.  The  only  .similar  poisonous  species  known 
is  the  tiny  Pan  us  styptictis  found  on  the  tops  of  stumps 
and  readily  distinguished  by  its  acrid,  astringent 
taste. 

Clitoctbe  MtTLTicEPs  Peck.  Edible.  Many-headed 
Clitocybe.     (Fig.  2664.) — Pileus  convex  to  expanded. 


Fig.  2U64. — Clitocybe  multiceps. 


cespitose,  three  to  eight  centimeters  broad;  surface 
smooth,  glabrous,  watery-white  to  pale  avellaneous- 
isabelline,  the  disc  more  grayish;  context  milk-white, 
mild,  somewhat  oily,  firm,  "and  persistent;  lamella 
adnate  or  slightly  decurrent,  rarely  sinuate,  white  or 
pale-stramineous,  close,  and  narrow;  spores  globose, 


smooth,  hyaline,  5-7^;  stipe  cylindric,  equal,  solid 
or  stuffed,  firm,  white  or  pale  stramineous,  pruino-se 
above,  five  to  ten  centimeters  long,  seven  to  fifteen 
millimeters   thick. 

This  species  occurs  in  wet  weather  in  dense  clusters 
on  lawns,  especially  in  rather  long  grass,  and  is 
usually  found  in  great  abundance  when  found  at  all. 
Its  context  is  firm,  with  a  slight  oily  flavor,  and 
sporophores  may  be  kept  for  several  days  before 
cooking.  It  is  known  only  from  New  York  and  a 
few  other  states,  but  should  stand  transplanting  in 
sod  rather  easily.  Having  used  it  in  quantity  from 
my  own  lawn,  I  can  recommend  it  as  a  valuable  edible 
species. 

Clitocybe  illudexs  (Schw.)  Sacc.  Poisonous. 
Deceiriiig  Clitocybe.  Jack-my-lanlern.  (Plate  XXXV, 
Fig.  6.) — Pileus  convex  to  plane  or  depressed,  irregular, 
often  umbonate,  densely  cespitose,  ten  to  twenty  centi- 
meters broad;  surface  glabrous,  saffron-yellow;  context 
thick,  white  or  yellowish,  becoming  sordid  with  age, 
with  a  somewhat  disagreeable  or  bitter  flavor  and  at 
times  a  strong  odor;  lamellse  broad,  decurrent,  saffron- 
yellow;  spores  abundant,  globose,  hyaline,  4-.iu;  stipe 
long,  firm,  glabrous,  concolorous,  tapering  toward  the 
base  of  the  cluster. 

This  species  is  readily  recognized  by  its  large  size 
and  brilliant  coloring.  It  occurs  throughout  the 
eastern  United  Stat.es  from  midsummer  to  autumn 
in  large  clusters  about  dying  trunks  and  stumps  of 
deciduous  trees.  On  dark  nights,  these  clusters  and 
also  pieces  of  dead  wood  containing  the  mycelium 
are  usually  conspicuously  pho.sphorescent.  The  plant 
is  di-stinctly  poisonous,  showing  a  muscarine  reaction 
on  the  nerves  of  the  heart,  and  producing  nausea, 
vomiting,  and  diarrhea.  As  shown  in  the  accompany- 
ing graphic  records  (Fig.  266.5),  atropine  is  an  antidote 
for  the  depressing  effects  of  this  poison. 

MEL.\N0LEt7c.\  PERSox.\TA  (Fries)  Murrill.  Edible. 
Tricholoma  personalum  (Fries)  Qu(^l.  Masked  Tricho- 
Inrna.  Bleinls.  (Plate  XXXIV,  Fig.  6.)— Pileus  thick, 
firm,  convex  to  expanded,  five  to  twelve  centimet<'rs 
broad;  surface  moist,  glabrous,  lilac  or  purple,  fading 
to  grayish,  becoming  sliglitly  brownish  on  the  disc; 
margin  inrolled  and  frosted  when  young,  glabrous,  and 
often  irregular  with  age;  context  white,  firm,  pleasant 
to  tlie  taste;  becoming  dull-colored  with  age;  spores 
ollii>soid,  smooth,  dingy-white,  dull-pinkish  in  mass, 
7-l(V  long;  stipe  short,  solid,  often  bulbous  at  the 
ba.se,  fibrillose  to  glabrous,  lilac  or  violet,  three  to  six 
centimeters  long,  one  and  one-half  to  three  centi- 
meters thick. 

This  valuable  species  is  of  excellent  flavor  and  not 
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easily  confused  with  dangerous  species.  It  may  be 
found  in  open  woods  or  among  long  grass  in  rich 
fields  during  the  autumn  months.  Its  large  size  and 
the  violet  or  lilac  tint  of  all  its  parts  should  distinguish 
it  from  most  other  species.  In  large,  mature  speci- 
mens, the  flesh  becomes  soft  and  readily  absorbs 
water  during  wet  weather,  which  somewhat  changes 
the  appearance  of  the  mushroom  and  lessens  its  value 
for  edible  purposes.  Only  one  species  of  Melanoleuca, 
M.  sulphurea,  with  a  strong  and  disagreeable  odor,  is 
considered  to  any  extent  dangerous,  although  not  all 
have  been  tested.  Certain  species  in  other  genera 
resembling  M.  personala  in  color,  Laccnria  laccata, 
Laccaria  ochropiirpurea,  Cortinarius  violaceus,  Corlin- 
arius  alboviolaceus,  and  Laclaria   indigo,  are  all  edible. 

Armillaria  mellea  (Vahl)  Qufl.  Edible.  Honey 
Agaric.  (Plate  XXXIV,  Fig.  13.)— Pileus  convex  to 
expanded,  cespitose,  very  variable,  four  to  twelve  centi- 
meters broad ;  surface  usually  dry,  smooth  or  becom- 
ing striate  toward  the  margin,  pale  honey-yellow  to 
dark  reddish-brown,  usually  adorned  with  minute  tufts 
of  brown  or  blackish  hairs,  which  are  more  abundant 
on  the  disc;  context  white  or  whitish,  somewhat 
acrid  and  unpleasant  to  the  taste;  lamells  adnate  or 
decurrent,  white  or  .whitish,  becoming  discolored  or 
spotted  with  age;  spores  ellipsoid,  smooth,  hyaline, 
7-10m  long;  annulus  white,  cottony,  with  dark  specks, 
or  thin,  arachnoid,  and  evanescent;  stipe  melleous, 
reddish-brown  or  dirty-brown  below,  paler  above, 
nearly  equal,  firm,  fibrous,  spongy  within,  usually 
floccose-scaly  below  the  annulus,  four  to  twelve  centi- 
meters long,  five  to  fifteen  millimeters  thick. 

Very  widely  distributed  and  very  abundant  on 
stump's  and  "buried  roots  of  both  deciduous  and 
evergreen  trees,  on  which  it  grows  as  a  parasite,  the 
sporophores  appearing  in  dense  clusters  in  autumn 
and  the  shining  brown  cords,  or  "rhizomorphs," 
being  often  seen  in  dead  logs  and  stumps.  Al- 
though of  inferior  quality,  it  is  much  used  as  food. 
When  raw,  the  flavor  is  unpleasant,  and  it  w.as  there- 
fore formerly  considered  poisonous.  Only  the  young 
and  tender  caps  should  be  selected. 
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Lepiota  procera  (Scop.)  Qui'"l.  Edilile.  Parasol 
Mushroom.  (Fig.  2666.) — Pileu.s  soft,  fie.shy,  ovoid  to 
expanded,  umbonate,  solitary  or  grcgarioii.s,  eiglit  to 
sixteen  centiiuetor.s  broad;  .surface  radiato-fibrillose 
and  rufescent  beneath  the  cuticle,  the  cuticle  thick, 
at  fir.st  smooth  and  continuous,  whitish  or  rufous  to 
umber  in  color,  at  length  torn  asunder,  except  upon  the 
umbo,  into  large  irregular  scales  which  become  scat- 
tered and  gradually  fall  away,  margin  deHexed,  silky- 
fibrillose;  context  thick,  soft,  white;  lamelhe  Ijroa'd, 
close,  white,  at  times  yellowish  or  pinkish,  tapering 
slightly  behind,  free,  remote;  spores  ellipsoid  or  obo- 
void,  apiculate,  1-2-guttulate,  12-18 X8-12m;  stipe 
tall,  tapering  upward  from  the  bulbous  base,  hollow 
or  fibrous-stuffed,  the  cuticle  thin,  floceulose,  rufous 
or  brownish,  at  length  drawn  apart  into  minute 
scales,  fifteen  to  twenty-five  centimeters  long,  eight 
to  sixteen  millimeters  thick,  the  base  two  to  three 
centimeters  thick;  annulus  thick,  soft,  subcoriaceous, 
movable,  apical. 


white,  free,  clo.se;  s|)ores  subellipsoid,  siu(j(jth,  liyalitie 
uninucleate,  7 .'^-Wx't-lii;  .stipe  thickened  below] 
white,  hollow,  seven  to  twelve  centimeters  long;  veil 
white,  forming  an  apical  annulus. 

A  conspicuous  and  easily  recognized  edible  species 
of  wide  distribution  in  .Vmcrica,  occurring  in  groups 
or  clusters  on  rich  lawns  or  about  old  stumps,  sawdust 
piles,  or  compost  heaps  from  midsummer  to  autumn. 
Lepiola  inorgani,  a  poison<jus  species  resembling  it  in 
shajje,  has  green  spores,  causing  the  lamell  a,>  to  a.ssume 
a  green  color  as  they  mature. 

Lepiota  naucina  (Fri^s)  Qu6l.  Edible.  Smooth 
Lepiola.  (Fig.  2668.) — Pileus  thick,  globose  to  con- 
vex, five  to  eight  centimeters  broad;  surface  drv, 
usually  white  and  smooth,  at  times  slightly  yellowish 
or  granular  on  the  disc;  context  firm,  fleshy,  white, 
mild;  lamclhe  free,  white,  dull  pinkish  with  age; 
spores  usually  white  in  mass,  rarely  tinged  with  pink; 
stipe  white,  smooth,  enlarged  below,  bearing  a  white 


Fig.  26G7. — Lepiota  araericana. 


This  handsome  edible  species  is  found  rather 
sparingly  in  thin  soil  in  meadows,  pastures,  and  open 
woods  from  New  England  to  Alabama  and  west  to 
Nebraska.  It  is  also  widely  distributed  in  Europe 
and  Asia,  where  it  is  highly  esteemed  as  an  article  of 
food,  in  some  places  being  dried  in  quantity  for 
winter  use.  It  should  be  cooked  quickly  with  dry 
heat.  On  account  of  its  scaly  cap  and  bulbous  stem, 
it  must  be  very  carefully  distinguished  from  species 
of  Venenarius.  In  Lepiota,  the  scales  are  a  part  of 
the  cap  and  do  not  separate  readily;  in  Venenarius, 
they  are  fragments  of  the  roof  of  the  volva  and  may  be 
easily  removed  from  the  cap.  The  parasol  mushroom 
also  differs  from  species  of  V enenarius  in  having  a  free 
and  movable,  instead  of  a  fixed,  ring,  and  in  having 
no  cup  nor  fragments  of  a  cup  at  the  base  of  the  stem, 
although  the  base  is  swollen. 

Lepiota  Americana  Peck.  Edible.  American 
Lepiota.  Blushing  Lepiola.  (Fig.  2667.) — Pileus  ovoid 
to  convex  and  at  length  expanded,  umbonate,  five  to 
fifteen  centimeters  broad;  surface  white,  umbo  and 
scales  reddish-brown,  the  entire  i)lant  becoming  red- 
dish-brown   when    wounded  or  on   drying;    lamelhc 


annulus  above,  six  to  ten  centimeters  long,  eight  to 
sixteen  centimeters  thick. 

This  excellent  species  occurs  in  the  autumn  in  lawns 
and  pastures  where  the  common  mushroom  grows 
and  is  often  picked  and  thrown  away  because  the  la- 
mella? are  white.  There  is  no  harm  in  using  it  for 
food  if  the  collector  and  those  who  may  imitate  him 
distinguish  it  carefully  from  the  white  variety  of 
Venenarius  phalloitles,  which  is  so  common  in  this 
region  and  has  been  the  cause  of  most  of  the  deaths 
among  mushroom  eaters  in  the  vicinity  of  New 
York  City.  It  must  be  remembered  that  this 
deadly  species  is  picked  by  some  persons  for  the  com- 
mon mushroom,  in  spite  of  its  white  lamellip  and  bul- 
bous stipe.  How  much  more  easily  might  Lepiola 
naucina,  which  has  both  characters,  be  confused  with 
it!  The  deadly  Amanita  phalloidts  may  be  dis- 
tinguished from  Lepiota  naucina  by  the  "death-cup" 
at  the  base  of  the  stipe,  by  the  longer  and  usually 
more  bulbous  sti|)e,  and  by  the  gills  remaining  white 
instead  of  becoming  slightly  dull  pinkish  with  age. 

Chlorophyi.lum  molybdites  Mass.  Poisonous. 
Lepiota  Morgani  Peck.     Grcen-spored  Lepiola. — Pileus 
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FiQ.  2669. — Vaginata  plumbea. 
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fleshy,  at  first  globose  then  convex  and  expanded  or 
depressed,  gregarious  or  in  rings,  ten  to  twenty 
centimeters  broad;  surface  white  beneath  the  cuti- 
cle, radiate-fibrillose,  the  cuticle  at  first  continu- 
ous, buff  to  pale  umber,  soon  broken  up,  except  in 
the  center,  into  irregular  scales  and  patches,  which 
are  gradually  draw^ii  apart  and  at  length  are  more  or 
less  deciduous;  context  thick,  firm,  white,  changing 
to  reddish  when  bruised,  poisonous  to  some  persons; 
lamellie  rather  Inroad,  ventricose,  close,  remote  from 
the  stipe,  at  first  white  then  changing  to  a  greenisli 
hue,  at  length  dull  green;  spores  in  mass  at  first 
bright  green,  fading  to  dull  green  and  becoming 
sordid  with  age,  subellipsoid,  obli(|uely  apiculate, 
uniguttulate,  7-11X5-6^;  stipe  hard  and  firm, 
tapering  upward  from  the  thickened  base,  fistulose, 
fibrous-stuff'ed,  the  surface  glabrous,  white  or  buiT  to 
pale  umber,  ten  to  twenty  centimeters  long,  one  to 
two  centimeters  thick  at  the  ajiex,  two  to  four  centi- 
meters thick  at  the  base;  aninilus  thick,  ample,  soft, 
subcoriaceous,  movable,  apical. 

Found  in  meadows,  pastures,  fields,  and  open  woods 
from  New  Jersey  to  Iowa  and  southward  to  Texas, 
the  West  Indies,  and  Brazil.  It  sometimes  occurs 
in  large  fairy  rings  on  lawns.  It  may  be  readily 
distinguished  from  Lepiota  atncricana  and  other  species 
of  that  genus  by  its  green  spores,  which  soon  color 
the  lamella'  green.  It  is  harmless  to  some  persons, 
but  distinctly  poisonous  to  others,  though  never 
fatal.  Old  specimens  appear  to  contain  more  poison 
than  young  ones. 

Vaginata  plumbea  (Scha'ff.)  Murrill.  Edible. 
Amanilopsis  vngitmta  P.  Karst.  Sheathed  Amanita. 
(Fig  2669.) — Pileus  thin,  fragile,  campanulate  to  e.\- 
panded,  three  to  eight  centimeters  broad;  surface  dry, 
glabrous,  deeply  striate  on  the  margin,  exceedingly 
variable  in  color,  ranging  from  nearly  white  to  red- 
dish-brown; lamella' free,  fragile,  white;  spores  globose, 
smooth,  hyaline,  8-10m;  stipe  nearly  equal,  scarcely 
enlarged  below,  glabrous  or  adorned  with  minute 
scales,  variable  in  color,  hollow  or  stuffed  within,  six 
to  twelve  centimeters  long,  four  to  eight  millimeters 
thick,  entirely  devoid  of  a  ring,  but  conspicuously 
sheathed  at  the  base  with  a  long,  loose,  white  volva, 
portions  of  which  are  sometimes  carried  up  as  patches 
on  the  cap. 

This  attractive  and  very  variable  species  is  abun- 
dant in  woods  throughout  Europe  and  North  America 
during  summer  and  autumn,  and  possesses  excellent 
edible  cjualities.  It  may  be  distinguished  from 
species  of  Venenarius,  some  of  which  are  deadly 
poisonous,  by  the  total  absence  of  a  ring  on  the  stem, 
although  the  conspicuous  volva  at  the  base  suggests 
its  close  relationship  to  that  genus.  The  variations 
in  color  presented  by  this  species  are  often  very 
bewildering  to  the  beginner,  and  it  must  be  selected 
with  great  care  to  avoid  confusing  it  with  poisonous 
species. 

Vaginata  agglutinata  (Berk.  &  Curt.)  O.  Kuntze. 
Poisonous.  AmanitoTpsis  volvata  (Peck)  Sacc.  Large- 
sheathed  Vaginata.  (Fig.  2670.) — Pileus  hemispheric 
to  plane,  sometimes  slightly  depressed,  very  variable 
in  size,  two  to  eight  centimeters  broad;  surface  dull 
white  or  yellowish,  rarely  reddish-brown  at  the  center 
or  entirely  reddish-brown,  pulverulent,  floccose-squa- 
mose,  or  with  large  volval  patches;  lamella"  free, 
rounded  behind,  broad,  crowded,  white;  spores 
ellipsoid,  smooth,  hyaline,  10-12 x6-7/j;  stipe  very 
variable  in  size,  one  to  seven  centimeters  long,  three 
to  eight  millimeters  thick,  equal  or  tapering  upward, 
enlarged  at  the  base,  whitish,  minutely  flocco.se- 
squamose,  stuffed  or  solid;  volva  unvisually  large, 
firm,  membranous,  persistent,  more  or  le.ss  lobed. 

Found  in  open  woods  and  wood  borders  from  New 
England  to  Alabama  and  west  to  Ohio.  It  varies 
much  in  size,  and  its  surface  may  be  entirely  glabrous 
or  adorned  with  a  few  large  patches  from  the  immense 


volva,    or    covered    with    powder.  Ford    says    it   is 

poisonous,    and,    even    if    it   were  edible,    it    is   t<JO 

much    like    poisonous    species  of  Venenarixis  to    be 
recommended. 


Fig.  2670. — Vaginata  agglutinata. 

Venenarids. — The  genus  Vetienarius  is  di.stin- 
guished  from  all  other  white-spored  genera  by  the 
presence  of  a  universal  veil  which  encloses  the  entire 
sporophore  in  its  young  stage  and  remains  either  at 
the  base  of  the  stipe  or  as  warts  on  the  surface  of  the 
pileus  when  the  sporophore  is  mature.  Over  thirty 
American  species  are  listed,  but  hardly  half  (if 
them  are  worthy  of  the  rank,  and  only  about  half  a 
dozen  of  these  are  known  to  be  deadly  poisonous, 

Venenarius  piialloide.s  (Fries)  Murrill.  Deadly 
Poisonous.  Amanita  phalloides  Fries.  Deadly  Ama- 
nila.  Destroying  Angel.  (Figs.  2671,  2672;  and  Plate 
XXXV,    Fig.   4.) — Pileus     convex  or  campanulate  to 


Fig.  2(i71. — W'liLiKiruKs  ph;LlluidL'6:  wiiite  form,  yiiuug  :jtages, 
stiowing  cap  bursting  fruni  the  volva  and  the  forms  of  the  young 
veil. 

expanded,  three  to  fifteen  centimeters  broad;  surface 

smooth,  slightly  viscid  when  moist,  glabrous  or  decor- 
ated with  scattered  patches  of  the  volva,  varying 
in  color  from  pure  white  to  yellow,  yellowish-green, 
green,  gray,  brown,  or  blackish,  margin  rarely 
striate;  context  extremely  poisonous,  white,  not 
objectionable  to  the  taste  but  having  at  times  a 
somewhat  disagreeable  odor;  lamelhr  whit-e,  un- 
changing,   broad,   ventricose,    rounded    at    the    base 
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and  free  or  adnexed;  spores  globose,  smooth,  hyaline, 
7-10m;  stipe  subequal,  bulbous,  long,  smooth  or  floc- 
cose-scaly,  usually  white,  stuffed  or  hollow,  six  to 
fifteen  centimeters  long,  one-half  to  one  and  one-half 
centimeters  thick;  annulus  superior,  membranous, 
thin,  ample,  persistent  or  at  times  becoming  torn 
away,  usually  white;  volva  white,  adnate  to  the  base 
of  the  large,    rounded   bulb,   the   limb   usually   free, 


Fig.  2672.- 


-Venenarius   phaHoides:   wbite   form   known   as   "the 
destroying  angel." 


conspicuous,  lobed,  thick  and  fleshy,  persistent,  but 
at  times  breaking  partly  or  wholly  into  irregular 
patches  that  are  either  carried  up  on  the  surface  of 
the  pileus  or  remain  at  the  base  of  the  stipe. 

This  most  deadly  species,  for  which  no  antidote  is 
known,  occurs  widely  distributed  in  many  forms  and 
colors,  but  is  always  distinguished  by  the  presence  of 
a  distinct  volva  or  death-cup  at  the  base  of  the  stipe. 
The  principal  poi-son  is  not  accurately  known  chem- 
ically, neither  have  its  exact  effects  on  the  animal 
system  been  determined,  although- many  attempts  to 
do  so  have  been  made  both  by  physiologists  and 
chemists.  It  is  reasonable  to  expect  that  at  no 
very  distant  date  an  antidote  will  be  discovered  for 
the  deadly  amanita,  as  has  been  the  case  with  rattle- 
snake poison  and  the  toxin  accompanying  diphtheria. 
The  effects  of  the  poison  are  rather  slow  to  appear, 
usually  from  six  to  fifteen  hours,  when  there  is 
sudden  and  severe  pain  in  the  abdomen  followed  by 
loss  of  strength  and  of  flesh,  and  the  patient  gradually 
sinks  into  profoiind  coma  and  dies  in  from  three  to 
eight  days  if  the  amount  taken  has  been  sufficient. 
Convulsions  are  not  usual  with  this  kind  of  poisoning. 

It  is  frequently  stated  that  poisons  may  be  re- 
moved from  mushrooms  by  boiling  them  in  water 
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and  throwing  the  water  away.  This  may  be  true 
of  some  species,  but  it  is  by  no  means  true  of  the 
deadly  amanita.  This  species  has  only  recently  been 
subjected  to  severe  tests  with  both  dry  heat  and 
steam  without  disorganizing  or  extracting  the  poison 
from  the  substance  of  the  cap. 

The  variety  of  colors  assumed  by  this  species — 
white,  yellow,  green,  gray,  brown,  blackish — and  the 
fact  that  the  annulus  and  the  limb  of  the  volva  may 
sometimes  be  lost,  make  it  necessary  to  use  great 
caution  in  selecting  any  white-gilled  species  with 
bulbous  stipe  for  food,  whether  an  annulus  is  present 
or  not.  All  species  of  Venenarius  and  Vaginata,  and 
several  species  of  Lepiola,  must  be  examined  with 
great  care. 

Venenarius  muscarius  (L.)  Earle.  Deadly  Poison- 
ous. Amanita  muscaria  iL.)Pevs.  Fly  Amanita.  Fly 
Agaric.  Fly  Poison.  (Plate  XXXV,  Fig.  5.) — Pileus 
globose  to  convex,  at  length  nearly  plane,  eight  to 
twenty  centimeters  broad ;  surface  slightly  viscid  when 
fresh,  red  or  orange  to  yellow,  rarely  paler,  adorned  with 
numerous  whitish  or  yellowish  warts,  margin  slightly 
striate;  context  white,  yellow  under  the  pellicle,  ex- 
tremely poisonous;  lamell  i' white,  rarely  pale  yellow- 
ish, rather  broad,  reaching  the  stipe  and  forming  slight 
decurrent  lines  upon  it;  spores  subglobose  to  ellip- 
soid, 9-10x7-8m;  stipe  subequal,  white  or  pale  yellow- 
ish, stuffed  or  hollow,  usually  rough  with  concentric, 
margined  scales  adnate  to  the  bulbous  base,  eight  to 
twenty-five  centimeters  long,  two  to  three  centimeters 
thick ;  annulus  superior,  large,  membranous,  persistent, 
white;  volva  white  or  yellowish,  usually  entirely 
fragile,  rarely  slightly  margining  the  bulb. 

Widely  distributed  in  woods,  wood  borders,  and 
thickets  throughout  temperate  regions,  being  especi- 
ally abundant  under  and  near  pine  trees.  It  is  a 
strikingly  beautiful  plant  and  all  the  more  dangerous 
because  of  its  beauty.  Its  colors  are  usually  paler 
here  than  in  Europe.  Italians  have  often  mistaken  it 
for  the  royal  agaric,  and  it  is  even  picked  at  times  by 
the  ignorant  for  Agaricus  cam-pester.  The  volva 
usually  breaks  up  very  early,  so  that  a  definite  cup  is 
rarely  seen  at  the  base  of  the  stipe,  but  the  fragments 
of  the  volva  are  conspicuous  on  the  surface  of  the 
pileus. 

This  species  has  been  celebrated  for  centuries  on 
account  of  its  poisonous  properties  due  to  the  alkaloid 
muscarine,  which  affects  the  ganglia  controlling  the 
nerves  of  the  heart  and  thus  retards  and  finally  stops 
its  action  if  taken  in  sufficient  quantity.  Atropine 
has  the  opposite  effect  on  the  heart,  and  has  therefore 
been  successfully  used  as  an  antidote  for  muscarine. 
Other  heart  stimulants  have  also  been  used.  The 
effects  of  the  poison  are  slow  to  appear  unless  taken  in 
quantity.  Convulsions  are  often  among  the  symp- 
toms. Atropine  should  be  administered  by  the 
attending  physician  as  quickly  as  possible.  The 
literature  of  this  species  is  more  extensive  than  that  of 
all  other  poisonous  species  combined.  It  was  form- 
erly widely  used  as  a  fly  poison;  and  is  still  used  in 
certain  parts  of  Russia  as  an  exhilarant.  It  is  cele- 
brated in  history  because  of  its  long  and  distingiiished 
list  of  victims.  It  has  been  chemically  investigated 
more  often  and  more  successfully  than  any  other 
species,  and  a  perfect  antidote  for  its  principal  poison 
has  been  discovered. 

Venenarius  coTiruRNATus  (Atk)  Murrill.  Poison- 
ous. Amanita  cothurnata  Atk.  Booted  Amanita. — 
POeus  globose  to  convex,  at  length  expanded,  three 
to  seven  centimeters  broad;  surface  quite  viscid 
when  moist,  decorated  with  small,  scattered,  soft, 
floccose  warts,  white  or  tinged  with  lemon-yellow,  or 
with  the  center  tawny-olive,  even  or  finely  striate  on 
the  margin;  context  white,  without  odor;  lamellae 
rounded  behind,  crowded,  plane,  white;  spores  globose, 
smooth,  hyaline,  7-9//;  stipe  cylindric,  bulbous, 
flocculose  or  floccose-scaly,  white,   hollow  or  rarely 
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stuffed,  five  to  twelve  centimeters  long,  two-fifths  to 
one  centimeter  thick;  annulus  whit«,  thick,  persistent, 
volva  white,  adnate  to  the  large,  ovoid  bulb,  circum- 
scissile,  breaking  uniformly  and  leaving  an  abrupt 
ring  at  the  top  of  the  bulb. 

Found  in  woods  from  New  York  to  Alabama  and 
west  to  Pennsylvania  and  Tennessee.  I  have 
noticed  that  it  has  the  same  effect  upon  flies  as  V. 
muscarius.  Its  close  relative,  Venenarius  pantherinus, 
is  considered  poisonous  by  all  a\ithors,  causing  in- 
toxication similar  to  that  caused  by  V.  muscarius, 
though  in  milder  form,  and  containing  both  muscarine 
and  choline.  It  is  said  to  be  the  chief  poisonous 
mushroom  of  Japan,  but  has  been  rarely  known  to  be 
fatal. 

VENEN.vRirs  SPRETUS  (Peck)  Murrill.  Poisonous. 
Amanita  spreta  Peck.  Sheathed  Venenarius. — Pileus 
subovoid  to  convex,  at  length  expanded,  seven  to 
twelve  centimeters  broad;  surface  white  or  pale 
grayish-brown,  subviscid,  glabrous  or  with  few  volval 
fragments,  faintly  striate  on  the  margin;  lamella; 
adnexed,  subcrowded,  rather  narrow,  white;  spores 
ellipsoid,  smooth,  hyaline,  10-12 x6-8m;  stipe  cylin- 
dric,  equal,  not  bulbous  at  the  base,  smooth,  nearly 
glabrous,  slightly  pruinose  at  the  apex,  white,  solid,  or 
stuffed,  seven  to  ten  centimeters  long,  about  one  and 
one-half  centimeters  thick;  annulus  membranous, 
persistent,  white,  attached  about  one  to  two  centi- 
meters from  the  apex  of  the  stipe;  volva  thin,  mem- 
branous, ample,  persistent,  closely  sheathing  but  not 
adnate. 

Found  sparingly  in  open  or  bushy  places  from  Maine 
to  Alabama  in  the  eastern  United  States.  This  species 
is  poisonous,  according  to  Ford,  and  it  must  be  re- 
membered when  collecting  Vaginata  plumbea  for  food, 
since  the  sheaths  in  the  two  species  are  very  simOar. 

Venex.vrius  solit.vrics  (Bull.)  Murrill.  Poisonous. 
Amanita  solitaria  Fries.  Amanita  strobiliformis  V'itt. 
Warted  Amanita.  Pine-cone  Amanita. — Pileus  sub- 
globose  or  convex  to  plane,  solitary,  five  to  twenty 
centimeters  broad;  surface  dry,  usually  white  or 
slightly  yellowish,  rarely  cinereous  or  murinous, 
densely  pulverulent,  or  pelliculose  adorned  with 
seceding,  angular  warts  that  may  be  soft,  floccose  and 
flattened,  or  firm  and  erect,  often  becoming  glabrous 
with  age,  margin  smooth,  at  times  appendiculate; 
context  firm,  white,  usually  of  mawkish  flavor  and 
odor  resembling  that  of  chlorine;  lamellse  usually 
adnexed  and  rather  narrow,  occasionally  free  and 
rounded  behind,  more  or  less  crowded,  wliite;  spores 
ellipsoid,  smooth,  hyaline,  very  variable  in  size, 
7-14  X  5-9/1 ;  stipe  subequal,  usually  radicate,  bulbous 
or  enlarged  or  equal  below,  concolorous  or  paler, 
mealy  above,  squamulose  or  imbricate-squamose 
below,  solid  or  slightly  spongy,  four  to  fifteen  centi- 
meters long,  one  to  four  centimeters  thick;  annulus 
white,  apical,  fragile  or  lacerate,  often  appendiculate 
or  evanescent;  volva  white,  usually  friable,  rarely 
remaining  as  concentric,  margined  scales  or  a  short 
limb  at  the  base  of  the  .stipe. 

An  exceedingly  variable  species,  usually  white  and 
scaly  and  often  with  a  chlorine  odor,  occurring  in  the 
open  or  in  thin  woods  throughout  most  of  the  United 
States.  It  has  been  considered  edible,  but  Ford  finds 
that  it  contains  a  small  quantity  of  the  deadly  amanita- 
toxin  found  in  Venenarius  phalloides  and  it  should 
therefore  never  be  eaten. 

Venenarius  rubens  (Scop.)  Murrill.  Edible. 
Amanita  rubescens  Pers.  Blushing  Amanita. — Pileus 
ovoid  to  convex,  at  length  expanded,  six  to  twelve 
centimeters  broad;  surface  adorned  with  numerous 
thin,  floccose  or  farinose  warts,  variable  in  color, 
always  tinged  with  reddish  or  brownish-red,  changing 
slowly  to  reddish  when  bruised,  margin  smooth  or 
faintly  striate;  context  white,  changing  slowly  to 
reddish  when  bruised,  with  a  pleasant  odor  and  taste; 


lamelUe  free  or  slightly  adnexed,  crowded,  nearly 
plane,  white,  characteristically  chalkv-white  when 
dry;  spores  ellip.soid,  smooth,  hyaline,' 10-U  X6-7ji; 
stipe  [equal  or  slightly  tapering  "upward,  asuallv  bul- 
bous, scjuamulose,  whiti-sh  suffu.sed  with  red,  becoming 
reddish  when  bruised,  stuffed,  six  to  twentv  centi- 
meters long,  six  to  twelve  millimeters  thick ;  annulus 
superior,  ample,  white,  easily  torn;  volva  very 
fragile,  most  of  the  fragments  apjiearing  on  the  surface 
of  the  pileus,  while  a  few  remain  clinging  to  the  margin 
of  the  bulb. 

Found  commonly  in  woods  and  groves  from  Maine 
to  Alabama  and  west  to  Ohio.  It  contains  poisons 
when  raw,  but  these  are  disorganized  by  cooking  or 
digestion.  Although  edible,  I  cannot  advise  any  one 
to  eat  it,  since  many  of  its  near  relatives  are  .so  deadly. 
It  might  easily  be  confused  with  V'enenart'its  muscarius, 
for  example. 

Venenarius  c^sareus  (Scop.)  Murrill.  Edible, 
Amanita  cwsarea  Pers.  Caesar's  Agaric.  Royal 
.igaric. — Pileus  hemispheric  to  expanded,  eight  to 
sixteen  centimeters  broad;  surface  red,  orange,  or 
yellow,  rarely  pale  yellow,  smooth,  shining,  oc- 
casionally decorated  with  a  patch  from  the  volva, 
margin  thin,  deeply  striate;  context  yellow,  unchang- 
ing, mild  and  agreeable  to  the  taste,  odor  none; 
lamellae  free,  subcrowded,  bright  yellow;  spores 
ellipsoid,  smooth,  hyaline,  8-10  X 6m;  stipe  cylindric 
or  subventricose,  not  bulbous  at  the  base,  white  or 
pale  yellow,  .slightly  flocculose,  stuffed,  ten  to  sixteen 
centimeters  long,  one  to  two  centimeters  thick; 
annulus  ample,  white  or  ])ale  yellow,  apical;  volva 
large,  membranous,  tovigh,  white,  forming  a  wide, 
free  cup  with  lobed  or  toothed  margin. 

Found  in  woods  throughout  the  eastern  United 
States,  especially  in  Virginia  and  southward.  It  is 
said  that  the  earlier  Italian  immigrants  often  confused 
this  species  with  Venenarius  mu.'icarius,  with  fatal 
results.  The  expert  would  notice  at  once  the  large 
white  volva,  the  yellow  lamellae,  and  the  differently 
colored  pileus;  but  my  advice,  even  to  experts,  is  to 
aroid  all  species  of  Venenarius  when  selecting  fungi 
for  food. 

Pleuropus  abortivus  (Berk.  &  Curt.)  Murrill. 
Edible.  Clitopilus  abortivus  (Berk.  &  Curt.)  Sacc. 
Abortive  Pleuropus.  (Fig.  2673.) — Pileus  of  developed 
form  fleshy,  firm,  convex  to  nearly  plane  or  slightly 
depressed,  usually  entire  on  the  margin,  gregarious  or 
cespitose,  five  to  ten  centimeters  broad,  the  sporophores 
very  commonly  represented  by  subglobose  aborted 
masses  of  cellular  tissue  three  to  six  centimeters  in 
diameter;  surface  of  developed  form  dry,  silky-tomen- 
tose,  becoming  glabrous,  gray  or  grayish-brown;  con- 
text white,  with  farinaceous  odor  and  taste;  lamelte 
adnate,  close,  thin,  strongly  decurrent,  whitish  or 
pale  grayish,  changing  to  salmon-colored;  spores  angu- 
lar, unenucleate,  salmon-colored,  8.5-10 X6-7m;  stipe 
subequal,  solid,  slightly  flocculose,  longitudinally 
striate,  concolorous  or  paler  than  the  pileus,  three  and 
one-half  to  eight  centimeters  long,  five  to  twelve  milli- 
meters thick. 

Common  on  rich  earth  or  much  decayed  wood  in 
woods  during  late  summer  and  autumn,  from  Canada 
to  .Alabama  and  west  to  Wisconsin  and  Mexico.  It 
is  very  abundant  about  New  York  City,  both  in  its 
fully  developed  and  aborted  forms,  and  I  have  seen 
the  Latter  on  sale  in  Mexican  markets.  The  flavor 
is  very  poor,  in  my  opinion,  but  some  special  method 
of  cooking  may  be  found  to  improve  it.  One  must 
not  confuse  it  with  poisonous  species  of  Entoloma, 
nor  with  the  "eggs"  of  certain  phalloids.  Similar 
aborted  forms  are  frequently  found  iu  Armillaria 
mellea,  an  edible  species. 

Two  relatives  of  this  species,  unfortunately  not 
common  in  this  region,  are  considered  delicious. 
The  plum  mushroom,  Pleuropus  prunutus.  is  five  to 
ten  centimeters  broad,  whitish  or  grayish  abo^e  and 
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pinkish  below,  occurring  in  rich  woods.  The  sweet- 
bread mushroon,  Pleuropus  orcella,  occurs  in  more 
open  places,  and  is  smaller  and  more  irregular  but 
■with  the  same  mealy  odor  and  taste.  None  of  the 
species  of  this  genus,  with  pinkish,  decurrent  lamellae, 
are  known  to  be  poisonous. 

Pluteus  cervints  (Schaeff.)  Fries.  Edible.  Fawn- 
colored  Pluteus. — Pileus  rather  thin  and  fragile,  bell- 
shaped  to  expanded,  six  to  ten  centimeters  broad; 
surface  smooth  or  slightly  radiate-fibrillose,  avellane- 
ous  to  subfuliginous,  rarely  white,  sometimes  streaked ; 
context  white,  almost  tasteless;  lamella'  free,  broad, 
white  when  yoimg,  becoming  salmon-piiLk ;  spores 
broadly  ellipsoid,  -smooth,  flesh-colored,  6-8X5-6^; 
cystidia  ellipsoid,  stout,  thick-walled,  hyaline,  forked 
at  the  tip;  stipe  equal  or  enlarged  at  the  base,  white 


cellent  edible  species,  with  tomentose,  reddish-brown 
pileus  and  yellow  lamellie,  is  very  common  on  clay 
banks  along  roadsides. 

Inocybe  iN'FroA  (Peck)  Earle.  Poisonous.  Unsafe 
Inocybe.  (Plate  P,  Fig,  8.) — Pileus  ovoid  to  campanu- 
late,  at  length  expanded,  umbonate,  gregarious,  one 
and  one-half  to  three  centimeters  broad;  surface  silky- 
scaly,  shining,  light  tawny-brown,  sometimes  paler, 
dark  reddish-brown  on  the  umbo,  often  splitting  at 
the  margin;  lamelltc  free,  crowded,  pale  yellowish  to 
grayish-cinnamon;  spores  ovoid,  irregular,  nodulose, 
yellowish-brown,  10-11x6- 7m;  stipe  subequal,  con- 
colorous,  pruinose,  scurfy  above,  three  to  five  centime- 
ters long,  two  to  four  millimeters  thick;  veil  white, 
evanescent,  clinging  in  delicate  threads  to  the  stipe  and 
the  margin  of  the  ^-oung  pileus. 


Fig.  2673. — Pleuropus  abortivus 


above,  more  like  the  cap  below,  usually  glabrous, 
nearly  solid,  brittle,  eight  to  fifteen  centimeters  long. 
This  species  occurs  quite  commonly  in  open  woods 
about  stumps  and  on  decaying  wood  of  various  kinds 
from  June  to  November.  It  is  of  poor  qualitv,  and 
must  be  carefully  distinguished  from  poisonous  species 
of  Entoloma. 

Paxillds  involutus  (Batsch)  Fries.  Edible.  In- 
volute Paxillus. — Pileus  convex  to  expanded  or  de- 
pressed, four  to  eight  centimeters  broad;  surface 
variable  in  color,  grayish,  yellowish-brown,  or 
reddish-brown,  margin  downy  and  inrolled  when 
young;  context  yellowish,  becoming  brownish  when 
bruised;  lamellae  decurrent,  reticulate  on  the  stipe, 
pallid  to  greenish-yellow,  changing  to  brown  when 
bruised;  spores  ovoid,  7-9X-1-5m;  stipe  central  or 
eccentric,  short,  equal,  concolorous,  three  to  five  centi- 
meters long,  one  to  two  centimeters  thick. 

This  species  is  widely  distributed,  occurring  in 
late  summer  and  autumn  on  open  ground  or  on  dead 
logs  and  stumps  in  woods.  In  England  and  in 
Oregon,  where  the  climate  is  moist,  I  have  seen  much 
larger  specimens  than  in  the  eastern  United  States. 
Farther    south,    Paxillus    rhodoxanlhus,    another    ex- 


This  species  occurs  abundantly  every  summer  and 
fall  on  the  lawns  of  the  New  York  Botanical  Garden, 
and  has  been  carefully  studied.  It  is  like  Venenarius 
muscarius  in  its  poisonous  effects.  Inocybe  infelix, 
Inocybe  decipiens,  and  Inocybe  rimosa  are  also  con- 
sidered poisonous.  These  latter  are  mostly  small, 
wood-loving  plants,  but  /.  infida  grows  where  Mar- 
asmius  oreades  does  and  must  be  carefully  avoided. 
Another  lawn-loving  species  that  might  be  picked  by 
mistake  is  Clitocybe  sudorifica  Peck,  apparently  a 
poisonous  variety  of  the  common  Clitocybe  dealbata, 
which  acts  like  a  small  quantity  of  Venenarius 
muscarius,  causing  profuse  perspiration.  It  has 
been  used  to  break  up  a  cold. 

Pholiota  candicans  (Bull.)  Schroet.  Edible. 
Pholiota  prcecox  (Pers.)  Quel.  Early  Pholiota. — 
Pileus  fleshy,  convex  to  plane,  at  times  umbonate, 
solitary  or  gregarious,  three  to  seven  centimeters 
broad;  surface  smooth  or  pitted,  glabrous,  moist, 
whitish,  cream-colored  or  isalielline,  the  center  often 
darker;  lamelhe  adnexed,  crowded,  white,  becoming 
fulvous;  spores  ellipsoid,  smooth,  ferruginous,  7-8  XS^; 
stipe  subconcolorous,  equal,  glabrous,  four  to  eight 
centimeters    long,   three    to   five   millimeters    thick; 
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veil  large,   white,   forming   a   conspicuous   and  per- 
manent annulus  near  the  apex  of  the  stipe. 

This  is  one  of  our  best  edible  species,  and  it  occurs 
quite  abundantly  during  spring  and  summer  in  grassy 
and  open  places  throughout  temperate  regions. 
Pholiota  autumnalis,  recently  found  to  be  poisonous, 
occurs  later  in  the  season.  Most  of  the  ocher-spored 
gill-fungi  that  have  been  tested  are  harmless. 

HYPHOLOiL\  AppENDicuLATTM  (Bull.)  Qu6I.  Edible- 
Appendiculdle  Hypholoma.  (Plate  XXXIV,  Fig.  12) — 
Pileus  fleshy,  fragiel,  thin,  convex  to  expanded,  cespito- 
seor  gregarious,  two  to  six  centimeters  broad;  surface 
glabrous  or  whitish-pulverulent,  rarely  floccose-scaly, 
usually  cracking  with  age,  hygrophanous,  varying  in 
color  from  pale-yellowish  to  light  brown  or  dark  honey- 
yellow,  fading  when  old  or  dry;  lamella;  adnate, 
close,  narrow,  white  or  creamy-white  to  purplish- 
brown;  spores  ovoid,  smooth,  purplish-brown,  7X4^; 
stipe  slender,  equal,  hollow,  white,  glabrous  below, 
pruinose  at  the  apex,  five  to  seven  centimeters  long, 
four  to  six  millimeters  thick;  veil  white,  delicate, 
evanescent,  clinging  to  the  margin  of  young  plants 
as  shred-like  appendages. 

This  is  everywhere  recognized  as  one  of  the  best 
and  most  dainty  edible  species.  It  Is  very  widely 
distributed  and  grows  in  abundance  throughout  the 
season  about  dead  wood  or  in  soil  rich  in  decayed 
wood. 

Hypholoma  PERPLExni  (Peck)  Sace.  Edible.  Per- 
plexing Hypholoma.  (Plate  XXXIV,  Fig.  11) — Pileus 
convex  to  nearly  plane,  cespitose,  slightly  umbonate  at 
times,  five  to  eight  centimeters  broad;  surface  smooth, 
glabrous,  drj-,  latericeous  to  bay,  the  margin  cream- 
colored  to  ochraceous;  context  usually  of  mild  flavor, 
sometimes  bitter,  white  or  nearly  so,  becoming  yellow- 
ish with  age;  lamella  adnate,  somewhat  rounded, 
sometimes  slightly  greenish,  and  finally  purplish- 
brown,  7-8  X4m;  stipe  subequal,  firm,  hollow,  slightly 
fibrillose,  stramineous  above,  ochraceous  or  reddisii 
below,  six  to  ten  centimeters  long,  five  to  seven  milli- 
meters thick,  ornamented  with  an  arachnoid  annulus 
when  young,  which  becomes  conspicuous  by  reason  of 
the  spores  which  collect  upon  it. 

This  species  occurs  abundantly  on  stumps  and  roots 
of  deciduous  trees  in  autumn,  appearing  in  conspicu- 
ous reddish  clusters  of  considerable  size.  It  is  edible, 
but  not  very  good  in  quality,  being  useful  because 
of  its  late  appearance.  Peck  separated  it  from  //. 
sublaieritium  chiefly  because  it  usually  lacks  the 
bitter  taste  ascribed  to  that  species,  of  which  it  may 
be  only  a  form.  In  collecting  this  species  for  food, 
young  and  fresh  specimens  of  mild  flavor  should  be 
selected,  and  they  should  be  cooked  for  at  least  thirty 
minutes.  Soaking  in  water  with  a  little  vinegar  for 
twenty  minutes  before  cooking  improves  the  flavor. 

Agarictjs  campester  L.  Edible.  Common  Mush- 
room. Pasture  Mushroom.  (Plate  XXXIV,  Fig.  1.)  — 
Pileus  convex  to  expanded,  5-9  cm.  broad;  surface 
dry,  silky,  and  whitish  or  floccose-squamulose  and  light 
reddish-brown,  the  color  being  chiefly  in  the  scales; 
context  white,  thick,  solid,  of  mild  flavor,  sometimes 
becoming  reddish  when  broken;  lamella  free,  rounded 
behind,  ventricose,  crowded,  white  when  young, 
becoming  salmon-pink,  and  finally  brown  or  blackish; 
spores  ellipsoid,  smooth,  dark  brown,  10-12^  long; 
annulus  delicate,  inconspicuous,  formed  from  a  thin, 
white  veil,  which  covers  the  lamellse  in  their  younger 
stages;  stipe  smooth,  white,  cylindric,  nearly  equal, 
stuffed  within,  three  to  six  centimeters  long,  one  and 
one-half  to  two  centimeters  thick. 

The  common  mushroona  occurs  in  low  grass  on 
meadows  or  on  rich,  moist,  upland  pastures,  being 
common  after  rains  from  August  to  October  in  this 
latitude.  The  "spawn,"  or  vegetative  portion,  is 
hidden  in  the  soil  and  feeds  upon  the  dead  organic 
matter   found    therein.     In   the    cultivation    of   this 
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species,  bricks  of  spawn  are  planted  in  suitable  soil 
and  the  conditions  of  growth  attended  to  with  great 
care.  This  is  the  mushroom  usually  found  in 
market,  either  in  the  fresh  stage  or  in  cans.  Most 
persons  who  collect  fungi  for  food  in  the  fields  limit 
themselves  to  this  one  species. 

Agarictts  placomycxs  (Peck).  Edible.  Flat-cap 
Mushroom. — Pileus  rather  thin,  convex  to  plane, 
solitary,  five  to  twelve  centimeters  broad;  surface 
whitish  or  grayish,  adorned  with  small  brown  scales, 
darker  at  the  center  and  usually  becoming  brownish 
over  the  whole  surface  with  age;  lamella;  white,  then 
pink,  and  finally  blackish-brown;  spores  brown, 
5-8x3-4^;  stipe  long,  slender,  whitish  or  slightly 
yellowish,  bulbous  at  the  ba.se,  five  to  ten  centi- 
meters long,  five  to  seven  millimeters  thick;  annulus 
superior,  somewhat  double  and  radially  cleft. 

This  .species  resembles  the  common  pa.sture  mush- 
room, but  has  a  longer  stipe  and  grows  in  thin  woods 
or  wood  borders.  It  is  excellent,  but  unfortunately 
not  common. 

Ag.uiicus  ar\-e.vsis  SchaefT.  Edible.  Horse  Mush- 
room. Field  Mushroom.  (Fig.  2674.) — Pileus  large, 
convex,  six  to  fifteen  centimeters  broad ;  surface  white, 


Fig.  2674. — Agahcus  arvensis. 


becoming  yellowish  with  age  or  on  drying;  context 
white,  thick,  highly  flavored,  and  ea.-<ily  digested; 
lamella"  white  to  paie  pinkish  at  first,  at  length  brown; 
stipe  long,  white,  often  enlarged  at  the  base,  five  to  ten 
centimeters  long,  eight  to  sixteen  millimeters  thick; 
annulus  of  two  parts,  membranous  and  white  above, 
radiately  split  and  tinged  with  yellow  below. 

This  species  grows  in  rich  soil  in  pastures,  fields,  and 
wood  borders  from  midsummer  to  early  fall.  It 
resembles  the  common  mushroom,  but  is  larger,  with 
longer  stipe,  paler  lamella>,  and  a  peculiar  double 
annulus.  I  have  often  eaten  it  in  Sweden  and  found 
it  delicious.  A  slender  wood-loving  edible  species, 
Agaricus  silvicola,  can  hardly  be  distinguished  from  it. 

CoPRixr.s. — The  "ink-caps"  are  abundant  and 
excellent,  and  it  is  almost  impossible  to  confuse  them 
with  poisonous  species  on  account  of  the  peculiar  way 
they  have  of  melting  into  a  black  fluid  when  mature. 
The  three  species  here  described  would  constitute  an 
important  addition  to  our  food  supply  if  more  gener.ally 
used.  They  are  very  tender  and  very  digestible,  but 
are  perishable  and  should  be  cooked  promptly. 
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CoPRiNDSMicACEDS  (Bull.)  Fries.  Edible.  Glistening 
Ink-cap.  (Plate  XXXIV,  Fig.  7.)— Pileus  thin,  ovoid 
to  campanulate,  cespitose,  one  and  one-half  to  two  and 
one-half  centimeters  in  diameter,  soon  expanding  and 
becoming  discolored;  surface  striate,  tawny-yellow  or 
tan,  yellowish-orange  on  the  umbo,  usually  covered 
with  minute,  glistening  scales  when  young;  context 
thin,  white,  of  nutty  flavor,  quickly  deliquescing  in  wet 
weather;  lamelli'  white  when  young,  soon  becoming 
purplish-brown  and  finally  black;  spores  ellipsoid, 
dark  brown,  6-7m,  stipe  white,  slender,  fragile,  hollow, 
three  to  ten  centimeters  long. 

The  gli.stening  ink-cap  grows  abundantly  in  dense 
clusters  about  stumps  and  dead  trunks,  especially  of 
elm,  and  appears  very  early  in  the  season,  developuig 
after  rains  from  April  to  November.  It  is  of  small 
size,  but  delicate  in  flavor  and  easily  prepared  in  a 
variety  of  ways.  The  plants  should  be  gathere<J  young 
and  cooked  within  a  few  hours. 

CoPRiNHS  ATRAMENTARius  (Bull.)  Fries.  Edible. 
Common  Ink-cap.  (Fig. 2675.)  —Pileus  ovoid  to  cam- 
panulate, finally  expanding  and  deliquescing,  densely 
cespitose,  three  to  six  centimeters  broad;  surface 
glabrous  or  slightly  scaly,  especially  on  the  disc, 
grayish  or  brownish,  often  with  a  yellowish  tint, 
blackening  with  age;  context  white,  quickly  deliquesc- 
ing; lamelliB  crowded,  white  when  young,  soon  becom- 
ing black  and  dissolving;  spores  ellipsoid,  black, 
7-10^;  annulus  sometimes  apparent  near  the  base  of 
the  stipe  as  an  indistinct  line;  stipe  slender,  smooth, 
white,  hollow,  five  to  ten  centimeters  long. 


Fig.  2675. — Coprinus  atramentariua. 

This  excellent,  edible  species  is  quite  common  in 
rich  soil  on  lawns  and  elsewhere  during  late  summer 
and  autumn.  As  it  appears  in  close  clusters,  it  may 
usually  be  obtained  in  greater  abundance  than  the 
shaggy-mane.  Owing  to  its  deliquescent  character, 
it  must  be  cooked  very  soon  after  it  is  collected. 

Coprinus  coMATUs  (Muell.)  Fries.  Edible.  Shaggy- 
mane.  Maned  Agaric.  Horsetail.  (FiG.  2676.) — Pileus 
at  first  oblong,  subcylindric,  expanding  and  deliquesc- 
ing with  age,  four  to  six  centimeters  in  diameter;  sur- 
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face  shaggy,  white,  with  j'ellowish  or  brownish  scales, 
tinged  with  lilac  in  places,  grayish-black  on  the  margin, 
blackening  with  age;  context  white,  tender,  of  nutty 
flavor;  lamella?  crowded,  white  when  young,  soon 
changing  to  pink,  then  to  black,  and  finally  melting 
away  into  an  inky  fluid;  spores  ellipsoid,  "black,  13 
-16m;  annulus  white,  small,  movable  or  slightly 
adhering,  often  falling  away  at  an  early  stage;  stipe 
slender,  smooth,  white,  hollow,  seven  to  twelve 
centimeters  long. 


Fig.  267G. — Coprinus  comatus. 

The  shaggy-mane  .s  a  very  conspicuous  object  on 
lawns  in  autumn,  although  it  is  not  always  so  abun- 
dant as  might  be  desired.  On  account  of  its  peculiar 
shape  and  decided  colors,  a  single  specimen  rarely 
fails  to  attract  attention.  It  is  considered  one  of  the 
very  best  and  most  digestible  of  the  fungi,  and  is 
often  eaten  raw  by  foreigners.  At  times,  this  species 
occurs  in  enormous  quantities  in  rich,  loose  earth  by 
roadsides  or  in  weedy  places,  and  it  then  becomes  an 
important  source  of  food  supply.  It  requires  little 
cooking,  and  is  best  broiled  and  seasoned  simply. 

PuFPBALLS.— Puff  balls  are  the  safest  of  all  fungi  for 
the  beginner  in  mycophagy,  none  of  them  being 
poisonous;  and  they  are  at  the  same  time  excellent 
and  easy  to  obtain.  Being  tender,  they  cook  quickly 
and  are  easily  digested.  They  should  as  a  rule  be 
cut  open  before  cooking  to  see  that  they  are  not  too 
old  and  that  they  are  really  puflballs.  If  they  are 
white  and  firm  like  cream  cheese  inside,  showing  no 
yellow  or  brownish  discoloration,  they  are  of  the  right 
age  to  use.  If  the  interior  shows  no  special  structures, 
but  is  smooth  and  homogeneous,  then  one  may  be  sure 
he  has  a  puff'ball.  The  "egg"  of  the  deadly  amanita 
contains  the  young  cap  and  stem  inside,  which  is 
readily  seen  when  the  egg  is  cut;  and  the  "egg"  of  the 
stinkhorn  shows  the  stem  and  a  green  mass  inside 
surrounded  by  a  layer  of  jelly-like  substance. 

Puffballs  may  be  cooked  alone  in  various  ways,  or 
used  in  stews,  omelets,  and  for  stuffing  roast  fowls. 
When  used  in  omelets,  they  should  be  stewed  first. 
All  kinds  except  the  very  small  ones  should  first  be 
peeled  and  cut  into  slices  or  cubes,  after  which  they 
may  be  fried  quickly  in  butter,  or  dipped  in  beaten 
egg  and  fried  like  egg-plant,  or  cooked  in  any  of  the 
ways  recommended  for  the  ordinary  mushroom. 
The  smaller  kinds  are  much  inferior  ,in  flavor  to  the 
larger  ones  and  need  a  few  specimens  of  some  good 
mushroom  to  make  them  attractive. 

Lycoperdon  gemmatum  Batsch.  Edible.  Studded 
Puffball.    (FiG.    2377.)  — Peridivnn   turbinate,    subum- 
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bonate,  usually  whitish  or  gray,  two  to  four  centimeters 
in  diameter,  narrowed  below  into  a  short,  stem-like 
base;  cortex  of  long,  erect  spines  or  warts  of  irregular 
shape  scattered  among  small  granular  and  more 
persistent  ones,  all  of  which  finally  fall  away,  leaving 
the  surface  reticulated  witli  fine  dotted  lines;  capilli- 
tium  and  spores  greenish-yellow,  at  length  pale 
brown,  columella  present;  spores  globose,  smooth 
or  slightly  roughened,  about  4m  in  diameter. 


with  the  upper  part  of  the  peridium,  leaving  a  persistent 
cup-shaped  base  with  a  ragged  margin;  spores  sessile, 
globose,  distinctly  echinulate,  purplish-brown,  5-7/* 
in  diameter. 

This  pufri)all  occurs  commonly  in  the  eastern 
United  States  in  meadows  and  pastures  where  the 
common  mushroom  may  be  expected  to  grow,  but 
its  excellent  qualities  ajjpear  to  be  unknown  to  most 
persons.     It   is   the   largest   pufTball    in   this    region 


I'"iu.  12077 — Lycoperdon  gemmatum. 


This  is  a  very  common  .species,  growing  usually  on 
the  ground  in  woods.  Although  extremely  variable, 
it  is  recognized  without  much  difficulty  by  the 
character  of  its  spiny  covering,  the  larger  spines 
somewhat  resembling  the  shape  of  cut  gems.  The 
plants  generally  grow  near  together  and  are  occasion- 
ally eespitose,  but  are  rarely  so  crowded  as  in  the  case 
of  the  pear-shaped  pufTball,  Lycoperdon  pyriforme,  a 
small  species  of  poor  quality  occurring  in  great  abun- 
dance on  decaying  wood  or  sawdust. 

Ltcoperdon  ct.\thiforme  Bosc.  Edible.  Large 
FieldPuffhall.     Common  PnMurePuffhnll.  (Fig.  267.S.)— 


Fig.  267S. — Lycoperdon  cy:ithiforme. 


Peridium  large,  subglobose  to  turbinate,  five  to  fifteen 
centimeters  in  diameter,  the  base  short  and  thick ; 
surface  smooth,  glabrous  or  finely  floccose,  whitish- 
gray  or  brow-n,  becoming  purijlish  and  rimose-areolate 
above  with  age,  cuticle  thin,  easily  separating;  capilli- 
tium  and  spores  purplish-brown,  falling  away  in  age 


except  the  giant  pufTball,  which  is  much  rarer.  Bosc 
originally  described  it  from  the  cup-shaped  sterile 
base,  hence  the  specific  name  is  hardly  appropriate. 
It  sometimes  grows  in  circles,  and  it  has  been  known  to 
be  so  abundant  as  to  seriously  injure  lawns. 

The  giant  pufTball,  Lycoperdon  giganleum,  may  be 
readily  recognized  by  its  large  size,  usually  about  the 
size  of  a  man's  head,  and  its  smooth,  white  appearance. 
It  occurs  infrequently  in  fields,  pa.stures,  or  woods 
throughout  most  of  tlie  United  States. 

Scleroderma  aurantium  (L.)  Pers.  Inedible. 
Common  Scleroderma.  Hard-skinned  Puffholl. — Per- 
idium depressed-globose,  subsessile,  radicate,  often 
eespitose,  two  and  one-half  to  eight  centimeters  in 
diameter,  thick,  corky,  usually  pale  with  yellow 
shades,  or  orange,  sometimes  brown,  mostly  covered 
with  large  warts;  gleba  at  first  white,  then  vinaceous 
to  bluish-black,  finally  greenish-gray,  lines  of  trama 
whitish;  spores  dark,  globose,  wartcd,  7-12^- 

A  very  common  and  widely  di.stributed  species 
growing  in  dry  woods,  especially  under  chestnut 
trees.  I  have  eaten  the  young  sporophores,  but  do 
not  consider  them  attractive.  Persons  have  brought 
them  to  me  thinking  they  were  truffles.  This  and 
related  species  were  formerly  considered  poisonous 
but  are  now  believed  to  be  harmless,  although  not 
desirable  for  food.  They  may  be  readily  distin- 
guished from  the  true  puffballs  by  their  black  interior 
and  hard  skin. 

PHALLoms. — Remarkably  little  is  definitely  known 
regarding  the  properties  of  the  phalloids,  the  only 
suspected  group  of  the  Ga.steromycetes.  It  seems 
that  the  strong  and  disagreeable  odor  of  many  of  these 
plants  has  discouraged  experimentation  in  this 
line,  and  certainly  no  one  would  use  them  for  food 
unless  by  mistake.  Phallus  hnpii<ticiis,  Diclyophora 
duplicala,  Clathrus  cancellaliis,  and  other  .species  have 
been  usually  considered  poisonous.  Macllvaine  has 
tested  the  "eggs"  of  a  few  species  and  considers  them 
harmless,  while  mature  specimens  are  said  to  be 
uniformly  fatal  to  swine.  If  the  ''eggs''  of  all  species 
should  be  found  to  be  harmless,  the  danger  of  con- 
fusing pulTballs  with  poisonous  fungi  would  be  re- 
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duced  to  distinguishing  the  undeveloped  stages  of 
species  of  Venenarius,  wliich  on  sectioning  show  the 
tiny  pileus  and  stipe  within  the  membranous  wrapper. 

DicTYOPHORA  DUPLiCATA  (Bosc)  Ed.  Fisch.  Con- 
sidered Poisonous.  Veiled  Stinkhorn.  (Fig.  2679.) — 
Pileus  campanulate,  five  centimeters  long,  the  surface 
appearing  strongly  reticulate-pitted  after  the  fetid, 
olivaceous  gleba  has  been  devoured  by  flies  or  washed 


Fia.  2679. — Dictyophora  dupUcata. 

away  by  rains;  apex  truncate,  perforate ;  spores  oblong- 
ellipsoid,  4X2m,  involved  in  mucus  at  maturitv;  stipe 
fusiform-cylindric,  tapering  at  each  end,  cellular- 
spongy,  white,  hollow,  ten  to  twenty  centimeters  high, 
two  and  one-half  to  three  centimeters  thick;  veil 
white,  reticulate,  variable  in  length,  sometimes  much 
expanded,  always  conspicuous,  fragile;  volva  globose, 
nearly  white,  very  poisonous,  five  to  seven  centi- 
meters in  diameter. 

This  very  conspicuous  and  objectionable  species 
occurs  in  the  United  States  about  buildings  and  near 
stumps  in  fields  and  in  the  edges  of  woods.  It  may  be 
easDy  recognized  by  its  conspicuous  veil,  which  is 
attached  near  the  apex  beneath  the  pileus  and  hangs 
down  to  the  middle  of  the  stipe  or  lower.  The  mature 
gleba  is  extremely  fetid,  proving  attractive  to  flies, 
which  probably  disseminate  the  spores.  A  similar 
species,  D.  ravenelii,  possessing  similar  properties, 
occurs  in  abundance  in  old  sawdust  piles  and  about 
rotting  logs  and  stumps  in  woods  and  fields  in  the 
eastern  United  States  and  Canada.  It  may  be 
readily  distinguished  from  the  veiled  stinkhorn  by  the 
absence  of  a  conspicuous,  reticulate  veil;  its  cap  is  also 
smooth  instead  of  coarsely  pitted,  and  its  odor  is  less 
penetrating  and  disagreeable. 
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.\dnate,  attached  squarely  to  the  stipe. 

Adnexed,  attached  slightly  to  the  stipe. 

Annulus,  the  ring  or  collar  on  the  stipe. 

Appendiculate,  hanging  in  small  fragments  to  the  margin. 

Avellaneous,  drab. 

Bulbous,  with  a  bulb-like  swelling  at  the  base. 

Cespitose,  clustered. 

Circumscissile.  splitting  transversely  at  the  middle. 

Context,  the  substance  of  the  pileus, 

Decurrent,  extending  downward  on  the  stipe. 

Dimidiate,  semicircular  or  nearly  so. 

Disc,  the  central  part  of  the  surface  of  the  pileus. 

Distant,  said  of  lamellae  when  they  are  far  apart. 

Eccentric,  not  centrally  attached. 

Echinulate,  minutely  spiny. 

Equal,  said  of  the  stipe  when  of  uniform  thickness. 

Floccose,  clothed  with  hairs. 

Free,  not  attached  to  or  not  reaching  the  stipe. 

Fuliginous,  sooty  or  dark  brown. 

Fulvous,  tawny. 

Fumosus,  smoky. 

Furfuraceous,  clothed  with  numerous  minute  scales. 

Glabrous,  devoid  of  hairs  or  scales. 

Gleba,  the  spore-bearing  tissue  of  puffbalU  and  their  allies. 

Gregarious,  growing  in  groups. 

Hygrophanous,  as  though  water-soaked. 

Hymenium,  the  fruiting  surface  or  layer. 

Hymenophore,  the  fruit-body. 

Imbricate,  overlapping  like  tiles  on  a  roof. 

Involute,  rolled  inward. 

Isabelline,  light  leather-colored. 
Lamellae,  the  gills  of  a  mushroom. 
Latericeous,  brick-colored. 
Luteous,  egg-yeliow. 

Melleous,  honey-yellow. 

Miniatous,  scarlet. 

Murinous,  mouse-colored. 

Mycelium,  the  vegetative  part  of  a  fungus,  made  up  of  delicate 
threads. 

Ochraceous,  ocher-yellow. 
Ochroleucous,  yellowish-white. 
Ocreate,  fitting  like  a  stocking  or  boot. 
Peridium,  the  wall  of  puffballs. 
Pileus,  the  cap  of  a  mushroom. 
Pulverulent,  covered  with  powder  or  dust. 
Reticulate,  net-like  or  marked  with  net-like  lines. 
Sinuate,  notched  where  they  join  the  stipe. 
Sporophore.  the  fruit-body,  or  part  bearing  the  spores. 
Squamose,  scaly. 
Stipe,  the  stem. 

Superior,  said  of  the  annulus  when  near  the  apex  of  the  stipe. 
Testaceous,  pale  brick-colored. 
Tomentose,  clothed  with  dense,  matted  hairs. 
Umbilicate,  slightly  and  abruptly  depressed  at  the  center. 
Umbo,  an  elevation  at  the  center  of  the  pileus. 
Veil,  a  membrane  at  first  covering  the  gills,  at  length  forming  the 
ring. 

Ventricose,  enlarged  at  the  middle. 
Virgate,  streaked. 

Volva,  a  membrane  covering  the  entire  fruit-body  when  young, 
at  length  forming  a  cup  at  the  base  of  the  stipe  or  distributed  in 
fragments  over  the  surface  of  the  pileus  or  stipe. 

William  A.  Mdbrill. 

Fungous  Foot. — See  Mycetoma. 

Fungus  Chirurgorum. — Spunk. — Surgeons'  Ag- 
aric, Touchwood.  The  prepared  tissue  of  Polyporus 
fomentarius  or  of  P.  igniarius  Fries  {la,xa.  Agarn,cinece). 
These  are  rather  large  species  of  fungi,  parasitic 
upon  the  trmiks  of  forest  trees,  especially  of  oaks 
and  beeches.  They  are  attached  by  broad  bases  and 
expand  horizontally  in  large,  roundish,  hoof-shaped 
masses  of  corky  texture  and  reddish  or  grayish- 
brown  color.  The  upper  surface  is  convex  and 
marked  by  a  series  of  distinct  concentric  rings,  each 
indicating  a  year's  growth.  The  under  side  is  flat. 
The  first-named  species  is  said  to  yield  the  best 
product.  The  fungus  has  its  upper  and  lower 
surface  trimmed  off,  is  softened  in  water,  beaten  with 
a  wooden  mallet  into  a  tough,  soft,  and  flexible  buck- 
skin-like sheet,  and  dried.  In  this  condition  it  will 
absorb  more  than  twice  its  weight  of  water.  The 
uses  of  spunk  are  purely  surgical.     Before  the  days 
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of  modern  styptic  and  absorbent  appliances,  it  was 
largely  depended  upon  for  checking  hemorrhage, 
through  its  mechanical  properties,  as  lint  and  similar 
substances  are  now  used.  Its  softness  and  flexibility 
also  adapted  it  well  to  use  for  padding  purposes.  In 
this  country  its  use  has  almost  entirely  ceased. 

Soaked  in  a  solution  of  niter  or  chlorate  of  potassium, 
it  becomes  very  inflammable,  and  such  a  preparation 
was  enormously  used  as  tinder  before  the  days  of 
matches.  W.  P.  Bolles. 


Funiculitis,  Endemic, — A  name  given  by  Cas- 
tellani  to  a  suppurative  phlebitis  or  cellulitis  of  the 
spermatic  cord  which  is  observed  with  some  fre- 
quency in  Ceylon  and  elsewhere  in  the  tropics. 

There  is  an  infection,  generally  with  diplococci  or 
streptococci,  no  single  bacterium  having  been  iden- 
tified as  specially  causative.  The  manner  of  infec- 
tion is  unknown.  The  whole  cord  is  inflamed, 
infiltrated  and  much  swollen.  The  epididymis  is 
often  involved,  the  testicle  proper  very  seldom. 
The  disease  is  usuallv  unilateral. 

The  onset  is  sudden  and  the  patient  is  apt  to  at- 
tribute it  to  some  slight  injury  or  overexertion,  or 
chilling.  The  disease  is  dangerous  and  often  fatal 
within  a  few  days,  if  not  relieved  promptly  by  exten- 
sive free  incisions  and  open  dressing.  It  is  sometimes 
necessary  to  extend  the  incisions  as  far  as  the  internal 
ring,  and  orchiotomy  or  orchidectomy  may  be 
required. 

In  two  untreated  and  rapidly  fatal  cases  which 
came  to  autopsy  during  the  writer's  service  in  the 
Canal  Zone,  suppuration  of  testicles  and  cords  on 
both  sides,  and  of  the  inguinal  and  retroperitoneal 
glands  had  occurred,  and  the  cases  bore  a  considerable 
postmortem  resemblance  to  bubonic  plague.  In 
one  of  these  cases  the  pus  showed  only  the  pneu- 
mococcus  in  pure  culture;  the  lungs  showed  no 
involvement.  J.  F.  Leys. 


HC-CH 
Furfurol. —     ii       ll  This  substance    occurs 

HC-C-CHO 
as  the  constituent  of  many  vegetable  oOs  and  is 
formed  in  the  distillation  or  heating  of  most  carbo- 
hydrates and  glucosides.  It  may  be  formed  also 
in  the  cleavage  of  different  animal  nucleic  acids 
and  from  glyeuronic  acid.  It  is  strongly  toxic  for 
man,  acting  principally  upon  the  central  nervous 
system.  It  is  a  colorless  easilj-  volatile  fluid  with  an 
odor  resembling  oil  of  bitter  almonds.  The  boiling 
point  is  161°  C.  F.  P.  U. 

Furuncle. — See  Boil. 

Qad-flies. — Tabanida,  a  family  of  biting  flies. 
These  insects  are  distributed  widely  over  the  world. 
They  are  in  the  habit  of  coming  to  the  water  to  drink 
and  "hence  may  be  killed  by  sprinkling  the  water  with 
kerosene.  The  eggs  are  attached  to  aquatic  plants 
and  the  lar\'a?  live  in  the  water  or  in  damp  earth.  It 
is  possible  that  these  flies  disseminate  trj-panosomes, 
Filaria,  and  other  parasites.     See  Insects,  parasilic. 

A.  S.  P. 


Qairdner,  Sir  William  Tennant. — Born  in  Edin- 
burgh, Scotland,  November  S,  1824.  He  received  the 
degree  of  Doctor  of  Medicine  from  the  university  of 
that  city  in  1845,  and  soon  afterward  began  the  prac- 
tice of  his  profession.  In  1853  he  accepted  a  call  to 
fill  the  (Thair  of  Medicine  in  Glasgow.  _  After  the 
death  of  Laycock  he  was  chosen  Physician-in-Ordinary 
to  the  Queen.  In  189S  he  was  made  a  K.  C.  B. 
(Knight  Commander  of  the  Bath).     He  died  in  1907. 

Of  his  published  writings  the  following  deserve  to 


receive  special  mention:  "On  the  Function  of  .\rticu- 
late  Speech,  and  on  its  Connection  with  the  Mind  and 
the  Bodilv  Organs,"  Glasgow,  1866;  "The  Glasgow 
Ilcaltli  Lectures,"  1877-1881;  "Medical  Education, 
Character,  and  Conducted,",  Glasgow,  188.3;  and 
The  "  Phvsician  as  Naturalist,  "  1889.     A.  H.  B. 


Ualactagogues. — (Gr.  ~,d\a,  mUk,  and  i-ifm,  to 
lead.)  The  .section  of  milk  is  nonnally  as.sociated 
with  pregnancy,  but  may  occur  in  pseudocyesLs,  and 
in  ovarian  and  uterine  tumors.  It  is  often  seen 
during  the  first  week  of  life,  in  both  male  and  female 
children.  The  secretion  of  rnilk  may  be  established 
and  maintained  by  the  application  of  a  nursing  child 
to  the  breast  of  a  woman  who  is  not  at  the  time  and 
never  has  been  pregnant.  In  one  ca.se  a  child  eight 
years  old  nursed  her  mother's  infant  for  some  months, 
and  in  another  a  woman  fifty-nine  years  old,  ten  years 
after  the  cessation  of  menstruation,  nursed  a  child 
for  some  time. 

The  length  of  time  during  which  the  milk  may 
continue  to  be  secreted  varies  from  nine  to  sixteen 
months,  but  in  rare  ca.ses  this  period  may  be  pro- 
longed for  as  long  a  time  as  five  years,  if  the  child 
be  allowed  to  nurse. 

The  causes  of  defective  lactation  are  various  in 
character.  Thus,  for  example,  there  may  be  some 
mechanical  interference  with  the  escape  of  the  milk, 
as  when  the  lactiferous  tubes  and  acini  are  not  devel- 
oped, or  the  epithelial  cells  are  imperfect,  or  a  pre- 
vious injury  or  disease  has  cau.sed  total  destruction 
of  the  glandular  tissue.  These  conditions  are  not 
amenable  to  treatment.  On  the  other  hand,  when 
there  is  simply  a  lack  of  development,  or  the  gland 
and  nipple  have  received  some  trifling  injury,  the 
condition  should  be  investigated  and  treated  before 
the  end  of  gestation.  The  breast  of  every  pregnant 
woman  should  be  examined  by  her  physician  three  or 
four  months  before  the  expected  confinement,  and  if 
the  breasts  are  foimd  to  be  small  and  poorly  developed 
and  the  nipples  fissured  or  depressed,  appropriate 
treatment  should  be  instituted.  If  the  nipples  are 
hard,  the  application  of  some  bland  aseptic  oil  or 
ointment — e.g.  castor  oQ  or  castor  oil  and  subnitrate 
of  bismuth,  lanolin  and  boric  acid — will  Ije  found 
useful  as  a  means  of  softening  them.  The  breast 
should  be  massaged,  and  at  the  same  time  the  nipples 
should  be  drawn  out  by  grasping  them  between  the 
thumb  and  finger,  while  with  the  other  hand  the 
breast  is  stroked  toward  the  nipple.  This  should 
be  done  daily  for  five  or  ten  minutes  at  a  time.  The 
adoption  of  these  measures  will  enable  the  child,  when 
placed  at  the  breast — which  should  be  done  as  soon 
after  labor  as  the  mother's  strength  will  permit — to 
grasp  the  nipple  effectively.  After  this  first  attempt 
at  nursing,  the  child  should  be  placed  at  each  breast, 
alternately,  every  four  hours.  Should  the  child  be 
unable  to  grasp  the  nipple,  the  latter  should  be  drawn 
out  with  the  breast  pump  or  a  clay  pipe,  and,  if  this 
does  not  prove  sufficient,  a  gla.ss  nipple  shield,  with 
rubber  nipple,  should  be  employed.  The  sucking  of 
the  child  is  the  best  stunulus  to  the  flow  of  milk, 
and  should  always  be  obtained  if  possible;  but,  if 
the  child  cannot  be  made  to  nurse,  then  suction  will 
have  to  be  made  with  the  breast  pimip  for  five  or  ten 
minutes  every  four  hours.  The  breast  at  the  birth  of 
the  child  contains  colostrum,  and  at  the  end  of  from 
thirty-six  to  sixty  hours  ripe  milk.  During  the  first 
period  the  child  should  be  nursed  every  four  hours, 
but  afterward,  on  the  appearance  of  ripe  milk,  it 
should  be  nursed  every  two  to  three  hours. 

Another  cause  of  defective  lactation  is  a  plethoric 
state  of  the  body,  a  condition  which  readily  responds 
to  treatment,  'the  diet  should  be  carefully  regulated, 
milk  being  made  one  of  its  chief  constituents,  and  all 
stimulants  shovild  be  avoided.  The  extract  of  thyroid 
gland  should  also  be  prescribed  in  one  to  five-grain 
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doses,  three  times  a  day.  Under  this  plan  of  treat- 
ment, combined  with  the  occasional  administration 
of  a  dose  of  castor  oil,  the  obstruction  to  the  flow  of 
milk  should  soon  disappear.  In  these  eases  the 
use  of  the  thyroid  gland  extract  not  only  Increases  the 
flow  of  milk,"  but  at  the  same  time  improves  its  nutri- 
tive quality. 

Torpor  of  the  mamma?  is  another  cause  of  inactivity 
of  their  secretory  apparatus,  and  when  this  is  the  case 
great  benefit  may  be  derived  from  the  application  of 
electricity.  Both  poles  having  been  moistened,  the 
positive  one  is  placed  deep  in  the  axilla  or  on  the  back, 
while  the  negative  one  is  applied  gently  over  the  nipple. 
The  current  employed  should  be  no  stronger  thaii  is 
agreeable  to  the  patient,  and  this  mode  of  appl>ing 
it  should  be  continued  for  about  two  minutes.  After- 
ward, the  negative  pole  should  be  glided  along  the 
sides  of  the  breast,  in  a  stroking  fashion,  for  another 
two  minutes.  Then,  finaUy,  the  poles  should  be  ap- 
plied to  the  sides  of  the  breast  for  the  same  length  of 
time.  Electricity  may  be  applied  in  this  manner  once 
a  day  for  a  period  of  four  or  five  days;  and  usually  it 
will  be  found  that  a  single  such  seance  will  fill  the 
breasts  after  the  milk  has  disappeared  for  some  days. 

Among  the  other  local  therapeutic  methods  which 
have  been  used  with  varying  success  may  be  mentioned 
the  application  of  warm  poultices  made  of  a  weak 
mixture  of  mustard  (not  strong  enough  to  burn)  or  of 
calabar  bean,  or  of  the  leaves  of  the  castor-oil  plant. 
Gentle  massage  alone  will  often  suffice  to  start  the 
flow,  or  we  may  combine  with  it  inunction  of  olive  oil 
or  of  castor  oil.  Repeated  applications  of  the  breast 
pump  and  enveloping  the  breast  with  warm  cloths  are 
also  very  efficient  methods. 

The  internal  administration  of  drugs,  for  their 
galactagogue  action,  has  not  proved  very  satisfactory- . 
Pituitrin  given  intravenously  or  subcutaneously  in 
doses  of  1  c.c.  of  a  solution  containing  0.1  gram  of  the 
posterior  lobe  of  the  hypophysis  will  increase  the  flow 
of  milk  in  a  few  minutes.  This  is  caused  by  a  rise 
in  the  general  blood  pressure  (due  to  the  contraction 
of  peripheral  arterioles)  and  the  contraction  of  the 
muscle  fiber  of  the  breast.  Its  continued  use  will 
diminish  the  flow  of  milk  as  less  blood  will  be  supplied 
to  the  breast  under  its  action.  The  quantity  of  milk 
does  not  seem  to  be  affected.  Jaborandi  will,  it  is  true, 
increase  the  flow  of  milk,  but  its  action  is  only  tem- 
porary and  cannot  be  depended  upon  when  a  prolonged 
effect  is  needed.  It  is  best  given  in  the  form  of  the 
fluid  extract  of  pilocarpus,  in  half -dram  doses;  this 
preparation  being  less  nauseating  then  the  jaliorandi 
itself.  Or  the  effects  of  the  drug  may  be  obtained  from 
hypodermatic  injections  of  pilocarpine  hydrochlorate, 
in  gr.   ,V  doses. 

Physostigmine  increases  temporarily  the  flow  of 
milk.  So  also  do  the  preparations  of  ammonia — the 
carbonate  and  the  acetate — when  given  in  moderately 
large  and  continued  doses.  The  alcoholic  stimulants, 
such  as  ale,  porter,  and  beer,  and  the  malt  preparations 
possess  the  power  of  increasing  the  quantity  of  milk 
secreted,  but  the  quality  is  thereby  deteriorated.  To 
such  a  degree  is  this  true  that  they  should  rarely  be 
used  except  in  small  quantities.  Lactagol,  an  ex- 
tract of  the  grains  of  cotton  seed,  seem  to  increase  the 
flow  of  milk  and  improve  the  quality  by  increasing 
fats  and  casein.  The  volatile  oils,  especially  the  oil 
of  anise,  impart  a  pleasant  flavor  to  the  milk,  and  in 
consequence  the  child  will  be  likely  to  draw  much  bet- 
ter. In  this  indirect  manner  they  may  serve  to  in- 
crease the  flow  of  milk. 

The  most  usual  cause  of  defective  lactation  is 
anemia.  It  is  a  well-known  fact  that  the  functional 
activity  of  an  organ  is  directly  proportional  to  the 
supply"  of  blood  furnished  to  that  organ,  and  this  is  a 
very  important  law  to  remember  when  we  are  dealing 
with  such  a  gland  as  the  mammary.  We  may  there- 
fore expect  to  secure  the  greatest  improvement  in  the 
secretion  of  milk  from  the  taking  of  those  substances 


and  the  adoption  of  those  hygienic  measures  which 
tend  to  increase  the  supply  of  blood  and  to^  improve 
its  nutritious  qualities.  The  mother  should  be  in 
the  best  possible  condition  before  and  after  the 
arrival  of  the  child,  and  this  result  should  be  secured 
by  the  administration  of  tonics,  such  as  iron,  arsenic, 
nux  vomica,  and  quinine,  and  by  the  patient's  taking 
proper  food  and  exercise.  The  diet  suitable  for  a 
nursing  mother  should  be  nutritious  and  easily  di- 
gested. For  the  first  few  days  of  the  puerperal  period 
the  mother  should  have  milk,  animal  teas  and  broths, 
eggs,  gruel,  soups  of  beans  and  peas,  and  small 
amounts  of  tea,  cocoa,  or  coff'ee,  with  toast  and 
crackers.  It  is  well  to  avoid  the  limited  diet  of  tea 
and  toast  which  so  many  women  take  at  this  time. 
Later  on  in  this  period  and  during  that  of  lactation, 
the  mother  should  have  an  abundant  supply  of  water, 
soups,  meats,  milk,  eggs,  and  vegetables.  Of  the 
latter,  turnips,  carrots,  beets,  potatoes,  spinach, 
asparagus,  and  lettuce  will  aid  in  the  formation  of 
milk.  The  mothers  of  the  working  class  will  be 
found  to  give  milk  in  larger  quantity  and  of  a  better 
quality  than  do  those  who  live  under  higher  social 
conditions.  This  is  due  to  their  simple  mode  of 
living  and  to  their  outdoor  life. 

Systematic  exercise  in  the  open  air  should  be  taken 
as  soon  after  confinement  as  the  mother's  condition 
will  permit,  for  by  this  means  the  proteids  will  be 
diminished  in  amount  and  the  fat  increased,  thus 
creating  a  milk  which  is  easily  digested  by  the  child. 

The  mother  should  at  the  same  time  avoid  those 
drugs  which  decrease  the  milk  supply,  namely,  bella- 
donna, when  taken  in  large  amounts  or  used  locally, 
and  saline  and  hydragogue  purgatives;  for  the 
removal  of  large  amounts  of  fluid  from  the  body  will 
greatly  diminish  the  supply  of  milk.  It  is  also 
desirable  to  prevent,  as  far  as  possible,  any  nervous 
shock  or  worriment,  for  the  effect  upon  the  mother  is 
likely  to  be  such  that  her  milk  will  be  rendered  unfit 
or  tlie  child. 

The  proper  care  of  the  breast  during  lactation  is 
important.  The  nipple  and  breast  should  be  washed 
with  a  saturated  solution  of  boric  acid  both  before 
and  after  nursing,  and  these  parts  should  be  kept 
covered  with  soft  sterile  lint  or  gauze  held  in  place 
by  a  breast  binder  which  gives  support  and  ease  to 
the  breast.  If  this  course  is  adopted  there  will  be 
fewer  cracked  nipples  and  abscesses  of  the  breast. 
In  cases  in  which  fever  occurs  during  lactation  it  is 
often  possible  to  retain  the  secretion  of  mUk  for  three 
or  four  weeks,  if  the  breasts  are  gently  massaged  and 
emptied  three  or  four  tunes  a  day  with  the  breast 
pump.  Then,  when  the  temperature  returns  to 
norm.al,  the  child  may  again  be  put  to  the  breast. 
In  those  cases  in  which  there  has  been  an  abscess 
of  the  breast  in  early  infancy,  or  during  a  former 
lactation,  the  danger  of  the  formation  of  a  fresh  abscess 
is  only  slightly  greater  than  it  is  in  a  perfectly  normal 
breast.  If  care  is  taken  to  keep  the  parts  thoroughly 
clean,  and  if  they  are  not  allowed  to  become  en- 
gorged, we  may  rightly  expect  that  such  a  breast  will 
furnish  a  sufficient  supply  of  good  milk. 

Stricker  Coles. 


Galactose. — CeHuOs.  This  is  a  monosaccharide 
sugar  obtained  from  the  hydrolytic  cleavage  of 
milk-sugar  and  by  hydrolysis  of  many  other  carbo- 
hydrates, especially  various  gums  and  mucilages. 
It  is  also  formed  from  cerebrin,  a  nitrogenous  ghico- 
side-like  body  prepared  from  brain  tissue,  by  treating 
with  dilute  mineral  acids.  F.  P.  U. 


Qalanga;  Qalangal. — Lesser  Galangal.  The  rhi- 
zome of  Alpinia  officinarum  Hance  (fam.  Zingibera- 
cea),  a  perennial  herb  of  flag-like  habit  and  the  floral 
peculiarities  of  ginger  and  cardamom  plants.     It  is  an 
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inhabitant  of  Hainan  and  other  parts  of  Southern 
China,  where  it  is  also  cultivated  as  an  article  of  com- 
merce. Galanga  has  been  long  known  in  Europe,  as 
well  as  in  Asia,  and  was  formerly  esteemed  as  a 
domestic  spice  or  flavor. 

The  dried  rhizome  is  cylindrical,  often  branched, 
about  as  large  as  the  little  finger,  and  in  pieces  two  or 
three  inches  in  length.  The  nodes  are  close  together 
and  very  prominent,  as  slender  annulations.  Texture 
hard,  tough;  color  deep  brown;  odor  aromatic, curcuma- 
like; taste  pungent.  It  contains  an  essenlial  oil  to 
which  its  odor  is  due,  and  probably  some  pungent 
resin.  The  oil  is  reddish-yellow,  with  the  odor  of 
cajeput  and  the  taste  of  camphor.  It  has  a  specific 
gravity  of  0.921,  and  contains  cineol.  Its  qualities  as 
a  medicine  are  essentially  those  of  ginger.  As  a  medi- 
cine galanga  is  obsolete  in  Europe,  and  nearly  so  as  a 
spice,  although  it  is  said  to  be  used  with  other  things 
in  flavoring  cordials,  in  veterinary  mixtures,  etc. 

Henry  H.  Rusby. 


Galbanum. — "A  gum-resin  obtained  from  Ferulo 
galbaniflua  Boiss.  et  Buhse  (fam.  Umbellifera),  and 
probably  from  other  species"  of  Ferula  (B.  P.;  no 
longer  official  in  the  United  States).  It  is  not  certain 
whether  the  product  of  the  "other  species"  always 
comes  separately,  as  it  certainly  sometimes  does,  or 
whether  the  drug  is  sometimes  a  mixed  product.  The 
plants  are  huge  perennial  herbs  of  Persia  and  the 
adjacent  region. 

The  galbanum  exists,  like  other  gum  resins,  in  the 
plant  as  a  fragrant  creamy  latex,  and  exudes  spontane- 
ously from  the  crown  and  stem,  or  flows  upon  punc- 
ture, in  white  drops  that  soon  become  thick  and  sticky, 
and  finally  hard  and  brittle,  by  the  action  of  the  air. 
As  they  dry,  they  also  turn  to  a  light  yellow-brown 
or  bufT  color.  These  drops  or  tears,  collected  when 
nearly  dry  and  not  sticking  together,  compose  the 
"Galbanum  in  tears";  when  collected  in  a  softer  state, 
and  running  more  or  less  completely  into  a  granular 
or  even  homogeneous  mass,  they  are  the  more  common 
"galbanum  in  mass."  The  pharmacopanal  descrip- 
tion was  as  follows:  "In  tears  from  the  size  of  a  pin's 
head  to  that  of  a  pea,  and  larger;  mostly  agglutinated, 
forming  a  more  or  less  hard  mass;  externally  yellowish, 
or  pale  brown;  internally  milk-white,  bluish-white,  or 
yellowish,  with  a  waxy  luster;  odor  peculiar,  balsamic; 
taste  bitter  and  acrid.  When  moistened  with  alcohol, 
galbanum  acqviires  a  purple  color  on  the  addition  of  a 
Uttle  hydrochloric  acid." 

Like  other  substances  of  its  class,  galbanum  makes 
a  yellowish  emulsion  w-ith  water,  and  contains  a  vary- 
ing amount  of  essential  oil  (six  per  cent.,  more  or  less) 
according  to  its  freshness  and  softness.  It  consists, 
besides,  of  about  three-fourths  resin  and  one-fourth 
gum,  excluding  a  variable  amount  of  coarse  impurities. 
The  oil  is  a  colorless,  pleasant-smelling  hydrocarbon 
of  the  turpentine  type.  It  is  an  article  of  commerce, 
and  described  bv  Schimmel  as  having  a  normal  specific 
gravity  of  0.930,  boiling  between  1(35°  and  300°  C., 
and  containing  cadincne.  The  resin  is  a  yellowish- 
white  amorphous  substance,  soluble  in  alcohol,  and 
remarkable  for  yielding  by  dry  distillation  a  brilliant 
blue,  rather  thick  essential  oil  (see  German  Chamomile 
for  similar  substance),  and  the  crystalUne  substance 
called  Umbelliferon,  which,  in  its  turn,  melted  with 
potash,  yields  the  derivative  resorcin. 

Galbanum  was  used  by  the  ancient  Hebrews  as  an 
ingredient  of  some  incenses.  Along  with  other  gum 
resins  it  has  had,  in  its  day,  some  reputation  as  an 
emmenagogue  and  antispasmodic,  and  it  is  still 
occasionally  given  with  these  qualities  in  view.  _  Some- 
what more  often  it  is  administered  in  chronic  bron- 
chitis or  larj-ngitis  as  an  expectorant.  Rarely  it  is 
given  in  rheumatism,  with  probably  no  benefit.  The 
principal  present  employment  of  this  antiquated  medi- 
cine is  as  an  ingredient  of  stimulating  plasters. 


It  should  be  heated  and  strained,  to  separate  dirt 
and  refuse,  before  employment  in  pharmacy.  A  full 
dose  is  gr.  x.-xx.  (0.6-1.2),  which  can  be  administered 
in  pill  form  or  as  an  emulsion. 

Henky  H.   Rubby. 


Galbraith  Springs. — Hawkins  County,  Tennes- 
see. 

Post-office. — Galbraith  Springs.  Hotel  and  cot- 
tages. 

ACCE.S.S. — Via  Southern  Railroad  to  Russell ville, 
Hamblen  County,  thence  9  miles  north  by  private 
conveyance  to  Springs.  Motorists  from  Knoxville, 
Chattanooga  and  other  points  .south  will  find  an  easy 
route  to  Galbraith  Springs  via  Jefferson  City,  Morris- 
town,  Russpllville.  and  Red  Bridge  Ferry. 

For  the  la.st  three-fourths  of  a  century  these  Springs 
have  been  known  and  resorted  to  by  the  inhabitants 
of  the  surrounding  districts.  In  ante-bellum  days  they 
were  frequented  by  hundreds,  who  made  their  tem- 
porary abodes  in  pole  cabins  around  the  Springs. 
The  location  is  in  a  broken,  mountainous  country, 
1,400  feet  above  the  sea-level.  The  immediate  sur- 
roundings of  the  Springs  are  uniquely  charming  in 
their  wealth  of  vale  and  wood,  brooks,  rivulets,  and 
waterfalls,  and  other  features  to  please  the  fancy. 
The  situation  of  the  Springs  is  one  mile  di.stant  from 
the  Holston  River,  in  a  romantic  glen,  330  feet  above 
the  base  of  Short  Mountain.  A  path  leads  to  the 
United  States  Signal  Station  on  the  top  of  Short 
Mountain,  which  is  1,302  feet  above  the  Springs  and 
2,702  feet  above  the  sea-level.  From  this  point  one 
of  the  most  extended  and  charming  views  to  be  found 
among  the  mountains  of  East  Tennessee  is  revealed  to 
the  eye.  The  hotel  is  a  very  comfortable  establish- 
ment, where  the  visitor  will  soon  learn  that  all  the 
needful  arrangements  for  his  comfort  and  diversion 
are  at  hand.  Among  the  amusements  at  Galbraith 
Springs  may  be  mentioned  bowling,  dancing,  and 
music.  Hunting  and  fishing  may  also  be  indulged  in. 
The  springs  are  four  in  number.  An  analysis  of 
Galbraith  chalybeate  water  was  made  in  1884  by 
Prof.  W.  A.  Noyes,  of  the  University  of  Tennessee, 
with  the  following  results: 


Light  Calcic-chalybe.\te. 
One  United  St,\te8  G.\llon  Contains: 

Solids.  Grains. 

Calcium  carbonate 3.84 

Calcium  sulphate 92 

Calcium  nitrate Trace. 

Calcium  phosphate Trace. 

Magnesium  carbonate 47 

Lithium  carbonate Trace. 

Sodium  sulphate 26 

.Sodium  chloride 07 

Potassium  sulphate .16 

Iron  carbonate .41 

.\lumina 03 

Silica ■. 68 

Total .•.  .     6.84 

Temperature  of  water.  55°  F. 

This  analysis  shows  a  very  light  mineralization,  yet 
the  water  seems  to  possess  considerable  merit  as  a 
ferruginous  tonic,  and  can  be  taken  in  large  quantities. 
It  is  also  an  excellent  table  water. 

The  spring  at  Mooresburg  near  Galbraith's  Springs 
is  the  source  of  G.albraith's  Ep.som  Lithia  Water 
considered  to  have  excellent  medicinal  qualities.  The 
following  analysis  was  made  in  1903  by  Prof.  Charles 
A.  Mooers,  chief  chemist  of  the  University  of  Tennes- 
see: 
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Magnesia 72.730 

Lime «.422 

Soda 3.550 

Potash 5.649 

Silica 1-890 

Chlorine 1  ■  566 

Sulphuric  acid 180. 110 

Carbonic  acid 19 .  514 

Lithia Trace. 

Total  grains  per  gallon 329.431 

The  combinations  may  be  made  as  follows: 

Magnesium  sulphate 217.303 

Calcium  sulphate ^"^  ■  ^ '  ** 

Potassium  sulphate 10.451 

Sodium  sulphate ■ 4  .  988 

Sodium  chloride 2 .  584 

Calcium  carbonate '• 44.387 

Silica 1»90 

Lithia Trace. 

Total  grains  per  gallon 329 .  077 

This  is  an  unusually  rich  Epsom  Water.  It  is  free 
from  organic  matter  and  is  thoroughly  wholesome  and 
well  adapted  to  medicinal  purposes.  Taken  in  small 
doses  it  is  a  gentle  laxative.  Taken  in  large  doses  it 
is  a  purgative.  It  has  also  a  tonic  and  alterative 
action.  These  waters  are  used  in  the  treatment  of 
the  diseases  of  the  stomach,  liver,  kidneys,  bowels, 
diseases  of  women,  in  scrofula,  rheumatism,  gout, 
malaria,   and  in   skin  diseases. 

Emma  E.  W.^lker. 


Gale,  Thomas. — Born  in  England*  in  1507.  He 
studied  medicine  under  Richard  Ferris,  who  after- 
ward became  Queen  Elizabeth's  physician.  Gale 
was  one  of  Henry  the  Eighth's  surgeons  at  the  battle 
of  Montreuil,  in "1.544;  and  thirteen  years  later  (1557) 
he  served  in  the  same  capacity  under  Philip  II.,  King 
of  Spain,  at  the  battle  of  St.  Quentin.  The  date  of 
his  death  is  not  known.  He  was  still  living,  however, 
as  late  as  1586.  He  shared  with  Richard  Wiseman 
the  honor  of  bearing  the  surname  of  the  Ambroise  Par<i 
of  England.  His  most  important  published  writing 
bears  the  following  title:  "An  Enchiridion  of  Chirur- 
gerie,"  etc.,  London,  1563.  A.  H.  B. 


Galenus,  Claudius. — Born  about  130  A.  D.  in 
Pergamos,  a  city  of  Asia  Minor.  He  began  the  study 
of  medicine  at  the  age  of  seventeen.     When  he  reached 


Fig.  2680. — Claudius  Galenus. 

his  thirty-third  vear  he  visited  Rome  and  remained  in 
practice  "in  that  "city  for  four  or  five  years.  Although 
he  had  been  very  fortunate  in  his  surgical  work  at 
home,  in  Pergamos,  he  confined  himself  in  Rome 
strictly  to  the  practice  of  medicine.     Among  his  not- 


able successes  he  cured  the  Emperor  Marcus  Aurelius 
of  a  stomach  disorder  which  he  contracted  during  the 
campaign  in  Germany.  Galen  died  in  Rome  at  the 
age  of  seventy,  during  the  reign  of  Septimus  Severus, 
in  the  year  201. 

Over  five  hundred  treatises  on  a  great  variety  of 
topics  (in  the  domains  of  medicine,  philosophj',  gram- 
mar, and  geometry)  were  attributed  to  Galen's  pen, 
but  very  many  of  them  were  destroyed  in  the  fire 
which  consumed  the  Temple  of  Peace  in  Rome. 
Nevertheless,  many  of  his  writings  have  come  down 
to  our  time.  Gaien's  system  of  medicine  reigned 
despotically  over  the  civiUzed  world  for  more  than 
thirteen  centuries.  For  a  description  of  the  outlines 
of  this  system  the  reader  is  referred  to  the  article,  on  the 
History  of  Medicine  in  a  later  volume  of  this  Handbook. 
According  to  Withington,  his  chief  physiological  work 
was  in  relation  to  the  nervous  system.  "  He  distin- 
guished sensory,  motor,  and  mixed  nerve  trunks, 
traced  the  connection  between  the  vagus  and  the 
sympathetic,  showed  the  importance  of  the  recurrent 
nerves  for  the  production  of  voice,  and  above  aU 
pointed  out  that  the  nerves  have  no  power  in  them- 
selves but  merely  conduct  impulses  to  and  from  the 
brain  and  spinal  cord."  He  classified  the  muscles 
according  to  their  fimctions  as  flexors,  extensors,  etc., 
he  refuted  the  doctrine  held  at  that  time  that  the 
arteries  contain  air,  showing  that  they  were  filled  with 
blood,  and  he  asserted  that  the  heart  was  a  muscle, 
although  he  does  not  appear  to  have  had  any  notion 
of  the  circulation  of  the  blood. 

From  the  long  list  of  published  writings  which  m.ay 
unquestionably  be  attributed  to  Galen,  the  following 
four  or  five  may  be  selected  as  of  special  importance: 
"  De  anatomicis  administrationibus  libri  IX.,  Paris, 
1531;  "De  nervorum  dis.seetione, "  Paris,  1526;  "De 
usu  partium  corporis  humani  libri  XVIL, '  Basel, 1531; 
"De  locis  adfectis  libri  sex,"  Paris,  1513;  and  "Ars 
medica,"    Venice,  1483.  A.  H.  B. 


Gall,  Franz  Joseph. — Born  March  9,  1758,  in 
Tiefenbrunn,  Duchy  of  Baden,  Germany.  He  studied 
medicine  at  Strasbourg  and  received  the  degree  of 
Doctor  of  Medicine  in  Vienna,  in  1785. _  He  began  the 
practice  of  his  profession  in  the  latter  city,  but  his  pre- 
dilection for  the  philosophy  of  medicine  soon  led  to  his 
giving  a  great  deal  of  thought  to  the  subject  of  crani- 
oscopy  and  intellectual  physiology.  As  soon  as  he  be- 
gan to  promulgate  his  views  on  this  subject  the  Aus- 
trian Government  took  alarm  and  forbade  his  further 


Fig.  2681. — Franz  Joseph  Gall. 

lecturing.  On  April  3,  1805,  he  held  in  BerUn,  before 
an  audience  of  500  persons,  the  first  of  a  series  of 
seances  on  plirenologv.  The  course  proved  extremely 
popular.  In  1807,  after  lecturing  in  nearly  all  the 
important  cities  of  Europe,  he  settled  permanently  in 
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(iail-bladdrr  and  Gall-Dacts, 
Olsease')  of 


Paris.    His  death  occurred  at  Montrouge  near  Paris, 
August  22,  1828. 

For  an  exposition  of  the  peculiar  views  held  by  Gall 
the  reader  is  referred  to  the  following  published  work, 
in  four  volumes,  the  first  two  of  which  were  WTitten 
by  Gall  and  Spurzheim  conjointly:  "Anatomic  et 
physiologie  du  systeme  nerveux  en  g<^n<!ral,  et  du  cer- 
veau  en  particulier,  avec  des  observations  sur  la 
possibilite  de  reconnaitre  plusieurs  dispositions  intcl- 
lectuelles  et  morales  de  I'homnie  et  des  animaux,  par 
la  configuration  de  leurs  tetes,  Paris,  1810-1820. 

A.  H.  B. 


Galla. — NuTGALL. — Galls;  Galhe;  Galla  halapensis; 
G.  Turcica;  G.  levanlica;  G.  tinctorin;  G .  quercina.  Ex- 
crescences on  Quercus  lusitanicn  Lam.  [Q.  infcctoria; 
Olivier,  fam.  Fagacecc),  caused  by  the  punctures  and 
deposited-  ova  of  Cynips  {Diplolepia,  Latreille)  Galke 
tinctorice,  Olivier. 

The  species  of  oak  here  named  is  very  variable  and 
widely  disseminated,  growing  over  the  greater  part  of 
Southern  Europe,  in  the  Levant,  and  in  Western  Asia. 
The  variety  which  produces  the  galls  is  usually  a  mere 


Fig.  2682. 


-The  Nutgall  Oak,  Showing  Leaves,  Acorns,  and  One 
Nutgall.      (Baillon.) 


shrub  less  than  six  feet  high.  The  insect  named  is  a 
small,  wasp-like  fly.  The  female  punctures  certain  of 
the  unexpanded  buds,  leaving  a  single  egg  in  each,  thus 
causing  it  to  develop  into  a  gall,  instead  of  a  leafy 
branch.  A  spherical  cavity  is  formed  by  the  growth  of 
the  gall,  its  lining  being  of  a  different  structure  from 
that  of  the  remainder  of  the  gall.  The  larva,  when  fully 
developed,  gnaws  its  way  out,  leaving  a  pinhole  per- 
foration. After  this  occurrence  the  gall  presents'quite 
a  different  appearance,  being  larger,  lighter  in  color 


and  weight,  and  less  rich  in  active  constituents,  such 
palls  being  distinguished  in  commerce  as  White  galls, 
and  less  highly  esteemed  than  those  collected  at  an 
earlier  period. 

Description. — Nearly  .spherical,  about  2. .5  centi- 
meters (1  in.)  or  less  in  diameter,  with  a  short  stipe, 
the  surface  smooth,  except  for  a  number  of  short, 
tliick  tubercles  toward  the  summit;  externally  deep 
greenisli-  or  bhiish-gray  or  blackish;  heavy  and  hard, 
but  readily  broken  with  a  hammer,  exhibiting  a  more 
or  less  dense  granular  fracture,  sometimes  with  a 
waxy  luster;  internally,  yellowish  or  pale  brownish- 
gray,  with  a  central  nucleus  or  a  cavity  containing  the 
more  or  less  perfectly  developed  insect.  The  granular 
tissue  of  the  nucleus  is  mostly  filled  with  small  starch 
granules  and  surrounded  by  a  layer  of  thick-walled 
cells  forming  a  shell,  on  the  outside  of  which  is  the 
cellular  tissue  containing  the  tannin.  This  tissue  has 
often  a  radiated  appearance  near  the  shell,  and  con- 
tains toward  the  surface  small  scattered  bundles  of 
vascular  tissue.  Nutgalls  are  nearly  inodorous  and 
have  a  very  astringent  taste.  Light,  spongj',  and 
whitish-colored  nutgalls  should  be  rejected. 

Nutgalls  are  distinguished  in  commerce  according 
to  their  color,  the  blue  or  black  galls  of  Syria  (Aleppo) 
being  preferred.  Smyrna  galls  are  usually  of  a  grayish 
olive  green,  more  spongy  in  texture  and  intermixed 
with  u-hile  galls. 

Many  other  varieties  of  galls,  especially  the  Chinese 
variety,  have  a  similar  compositiim  and  uses,   though 
substitution  or  adulteration  of  the  medicinal  article  is 
hardly  to  be  looked  for.     Chinese  galls  are  large,   oc- 
casionally three  inches  in    length,  oblong-ovoid  and 
somewhat  flattened,  coarsely  tuberculate,  the  tuber- 
cles very  irregular  in  size  and  often  prolonged 
into  branches.    This  gall  is  of  a  yellowish-gray 
color,  densely  and  softly  tomentose  or  velvety, 
light  in  weight  and  hollow,  the  wall  being  thin 
and  crust  aceous. 

Nutgalls  contain  upward  of  sixty  per  cent. 
ot  gallotannic  acid,  two  or  three  per  cent,  of 
gallic  acid,  occurring  as  a  natural  derivative 
of  the  former,  and  small  amounts  of  resin, 
fugar,  and  starch. 

Action  and  L'ses. — The  properties  of  nut- 
gall  are  those  of  tannic  and  gallic  acids,  in  a 
degree  corresponding  with  their  percentages  as 
stated  above,  and  the  reader  is  referred  to  those 
drugs  for  an  account  of  its  action  and  uses. 

The  official  preparations  of  nutgall  are  the 
tincture,  containing  twenty  per  cent,  of  nutgall 
with  ten  per  cent,  of  glycerin,  and  the  oint- 
ment, which  consists  of  twenty  per  cent,  of  the 
drug  rubbed  up  with  eighty  per  cent,  of  ben- 
zoinated  lard.  Henry  H.  Rusby. 


Qallanol — gallic  acid  anilid,  gallanilid  [CsHsNH.- 
C0.C«H2(0H):,]— is  obtained  by  heating  at  150°  C. 
gallic  acid  and  anilin.  It  occurs  as  colorless  or  gray- 
ish crystals,  slightly  soluble  in  cold  water  or  readily 
soluble  in  boihng  water,  alcohol,  chloroform,  and  ether. 
It  has  been  used  in  cases  of  psoriasis,  chronic  eczema, 
and  other  skin  diseases.  It  is  used  in  the  form  of  an 
ointment,  or  solution,  or  dusting  powder,  in  strengths 
varying  from  five  to  twenty  per  cent.  Before  this 
remedy  is  applied,  the  skin  should  always  be  cleansed 
with  an  alkaline  soap  solution. 

W.    A.    B.ISTEDO. 

R.  J.  E.  Scott. 


Gall-bladder  and   Gall-ducts,   Diseases   of. — 

Cat.vrrhal  Infl.\.nlmation. — Synonyms:  Catarrhal 
jaundice;  Icterus  simplex;  Icterus  cat^arrhalis;  Icterus 
gastroduodenalis.  Since  the  investigations  of  Wyss, 
Charcot,  Legg,   and  others,   a    broader    significance 
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has  been  given  to  catarrh  of  the  bile  ducts  than  for- 
merly; and  at  the  present  time  pathologists  are  wont 
to  include  in  the  term  all  forms  of  jaundice  save  that 
due  to  stenosis  and  non-inflammatory  occlusion  of 
the  ducts  (by  foreign  bodies,  growths,  external  pres- 
sure, etc.),  or  to  a  narrowing  occurring  as  a  sequeenc 
of  a  previous  inflammation — catarrhal,  suppurative, 
or  exudative  (see  the  section  on  Stenosis,  below). 
For  a  full  discussion  of  these  questions,  see  Jnu/idice; 
suffice  it  to  say  that  to  a  catarrh  of  the  finer  bile  ducts 
has  been  attributed  the  jaundice  of  acute  yellow  atro- 
phy of  the  liver,  of  phosphorus  and  other  forms 
of  poisoning,  and  of  the  various  fevers,  thus  narrowing 
the  limits  of  the  so-called  hematogenous  jaundice. 
This  section  will  be  devoted  only  to  an  account  of 
catarrhal  inflammation  of  the  bile  ducts  in  the  common 
acceptation  of  the  term. 

Etiology. — A  predisposition  to  catarrh  of  the  bile 
ducts  is  said  to  exist  in  persons  of  a  bilious  tempera- 
ment. Persons  liable  to  catarrh  of  other  mucous 
membranes  are  prone  to  this  affection.  It  arises 
very  frequently  from  an  extension  of  catarrhal  in- 
flammation from  the  stomach  and  duodenum,  and 
the  causes  which  excite  the  latter  condition  are 
prominent  in  the  etiology  of  the  former.  Hence  an 
attack  may  occur  as  the  result  of  exposure  to  cold  and 
dampness,  of  checking  of  the  perspiration,  of  errors  in 
diet,  of  overeating,  and  of  the  ingestion  of  rich  or 
fatty  food  and  of  acrid  sub.stauces,  as  well  as  of  certain 
drugs  and  stimulants.  A  debauch  is  often  followed  by 
an  attack,  and  the  inhalation  of  noxious  vapors  and 
foul  gases  has  been  known  to  excite  the  disease.  The 
so-called  "epidemic"  jaundice  is  thought  to  be  due  to 
a  poison  introduced  from  without,  through  the  food 
drink,  or  air.  Lesage,  Demelin,  and  Thompson' 
consider  such  cases  as  of  purely  intestinal  origin. 
Some  epidemics,  however,  have  the  characteristics 
of  an  acute  infectious  disease  and  are  attended  with 
considerable  mortality.  Mennert's  report  of  the 
Saxony  epidemic  of  1889  includes  518  cases,  of  which 
seventy-three  per  cent,  were  in  children.  There  were 
thirty  deaths.  Weil's  disease  (infective  jaundice) 
has  been  considered  by  some  to  be  a  modified  typhoid 
infection  and  RoUeston  describes  it  as  an  infection 
due  to  the  Bacillus  proteus.  The  writer  has  seen  a 
case  clinically  Weil's  disease  from  which  Fried- 
lander's  bacillus  was  cultivated.  It  is  probably 
more  correct  to  consider  Weil's  disease  as  a  separate 
infective  clinical  condition.  Several  cases  of  typhoid 
fever  with  marked  jaundice  at  the  onset  have  been 
reported  by  OgUvie,-  and  their  resemblance  to  this 
disease  noted.  The  Widal  reaction  should  be  of 
great  value  in  this  regard.  Dalgleish'  speaks  of  an 
extensive  epidemic  of  catarrhal  jaundice,  at  Bloom- 
fontein,  which  bore  a  strange  relation  to  the  prevalent 
typhoid  and  dysentery.  Whole  families  might  be 
attacked,  but  more  frequently  it  was  seen  that  one  or 
two  of  a  household  might  have  jaundice  while  the 
others  would  be  affected  with  typhoid  or  dysentery. 
The  disease  in  most  instances  ran  an  afebrile  course, 
was  atten  ded  with  marked  gastric  symptoms,  and 
was  not  of  as  long  diiration  as  simple  catarrhal  jaundice. 
The  possibility  of  this  epidemic  being  a  modified 
typhoid  infection  has  not  escaped  notice.  It  is  to  Ije 
remembered  that  jaundice  is  not  a  common  condition 
in  typhoid  fever,  and  that  cases  of  jaundice  not 
infrequently  give  a  Widal  reaction  with  concentrated 
sera. 

An  extensive  epidemic  occurred  in  Michigan  dur- 
ing the  summer  and  fall  of  1897.  Six  hundred  and 
Beventy-five  cases  were  observed,  mostly  in  children. 
The  affection  was  commonly  more  severe  in  adults. 
Whole  families  w-cre  attacked.  Usually  after  a  few 
days  of  indisposition,  light  fever,  gastrointestinal 
disturbances,  and  jaundice,  more  or  less  marked, 
would  appear,  the  symptoms  then  abating.  Jaundice 
in  this  epidemic  was  always  of  short  duration.  The 
liver  was  rarely  enlarged.'' 
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In  addition  to  the  causes  which  set  up  the  catarrh 
of  the  bile  ducts,  either  coincidently  with,  or  second- 
arily to,  the  gastroduodenal  catarrh,  there  are  other 
local  causal  conditions  existing  in  disturbances  of  the 
portal  circulation.  Obstructive  cardiac  disease  and 
impeded  pulmonary  circulation  from  lung  disease  or 
feeble  heart  lead  to  hepatic  congestion,  venous  stasis, 
and  consequent  catarrh  of  the  mucous  membranes. 
Tumors  in  the  abdominal  cavity,  enlarged  glands,  or 
the  enlargement  of  any  of  the  organs,  by  interfering 
with  the  portal  circiilation,  may  set  up  a  catarrh. 
Dutton  Steele  reported  a  case  of  jaundice  apparently 
due  to  kinking  and  obstruction  of  the  bile  duct  from 
extreme  gastroptosis  and  enteroptosis. 

Catarrhal  inflammation  of  the  bile  ducts,  with  or 
without  gastroduodenal  catarrh,  is  caused  by  malaria, 
liy  syphilis  (in  the  secondary  stage),  and  by  gout 
(Murchison).  Acute  phosphorus  poisoning  and  lead 
poisoning  are  often  attended  with  gastrohepatic 
catarrh.  The  jaundice  that  accompanies  cholera, 
typhus,  typhoid,  pneumonia,  pyemia,  septicemia, 
and  other  fevers,  may  be  due  to  a  catarrh  of  the  bile 
ducts,  through  an  active  hemolytic  process  with  deposi- 
tion of  the  blood  pigment  in  the  liver  and  tissues  ia 
considered  now  the  more  probable  condition. 

Direct  irritation  of  the  mucous  membrane  of  the 
ducts  by  mechanical  causes,  as  by  the  passage  of  gall- 
stones or  by  the  presence  of  parasites,  frequently 
causes  a  catarrh  which  may  be  local  or  diffused. 
Finally,  it  is  said  that  pathological  states  of  the  bile 
itself  irritate  and  excite  inflammation  of  the  ducts. 
In  persons  who  are  starving,  from  choice  or  necessity, 
it  is  said  that  the  bUe,  which  is  retained  in  the  gall- 
bladder, becomes  acrid  and  sets  up  an  active  in- 
flammation. The  jaundice  that  in  rare  cases  ac- 
companies cirrhosis,  amyloid  and  fatty  liver,  is  due  to 
a  catarrh  of  the  ducts,  brought  about  by  the  intra- 
hepatic obstruction  of  the  biliary  canaliculi. 

The  season  of  the  year  is  believed  to  have  some  in- 
fluence on  the  production  of  biliary  catarrh — spring 
and  autumn  being  the  favorable  periods;  hence  the 
terms  icterus  vernalis,  autumnalis,  etc.  Sex  exercises 
no  influence  on  the  frequency  (Ewald,  von  Schiippel); 
yet,  in  our  cases,  excluding  "epidemic"  jaundice, 
the  males  were  largely  in  preponderance.  The  disease 
is  most  frequently  seen  in  the  early  period  of  life,  and 
after  forty  a  jaundice  is  not  likely  to  be  due  to  primary 
catarrh,  although  in  a  case — under  the  care  of  Dr. 
Musser,  the  patient  was  seventy  years  of  age.  Fire- 
men, puddlers,  stokers,  and  laborers  who  are  exposed 
to  extremes  of  temperature  are  liable  to  the  affection. 

Morbid  Anatomy. — In  the  milder  forms  post- 
mortem inspection  reveals  nothing,  for,  as  we  often 
find  in  a  laryngitis  so  severe  as  to  cause  stenosis,  the 
congestion  and  edema  sub.side  after  death.  In  the 
more  severe  varieties,  redness,  swelling,  and  ecchy- 
mosis  of  the  mucous  membrane  are  observed.  The 
lumen  of  the  ducts,  if  not  occluded  by  the  flaccid 
lining  membrane,  is  filled  with  proliferated  epithelium 
and  mucus.  The  latter  may  be  bile-stained,  especially 
at  first,  or  may  be  clear  and  viscid.  A  plug  of  firm 
mucus  often  stops  the  orifice.  The  papilla  stands  out 
prominently  on  the  duodenal  mucous  membrane  and 
is  red  and  softened,  but  a  probe  readily  penetrates 
the  duct,  and  bile  may  be  forced  out  by  pressure  of 
the  hand  on  the  gall-bladder,  although  the  feeble 
vis  h  tergo  of  the  biliary  secretion  during  life  is  not 
sufficient  to  overcome  the  obstruction.  The  duct, 
beyond  the  seat  of  the  catarrh,  is  stained  with  bile. 
In  the  more  advanced  or  prolonged  cases  the  ducts 
are  completely  blocked  by  a  somewhat  firm,  gray 
mucus,  intermingled  with  proliferated  epithelium  and 
leucocytes,  the  congestion  is  more  intense,  ecchymoses 
are  more  common,  and  a  more  marked  thickening  of 
the  mucous  membrane  is  observed,  due  to  cellular 
infiltration.  Denudation  of  the  epithelial  surface  may 
take  place,  ulcerations  develop,  and  the  terminal  ducts 
undergo  inflammation  and  dilatation  from  retention 
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of,  and  irritation  caused  by,  the  imprisoned  l)ile.  Ana- 
tomically, catarrhal  inflammation  of  the  ducts  may 
be  divided  into  an  acute  form  of  ten  days'  duration 
(no  lesions  after  death,  or  only  congestion  and  edema), 
a  subacute  form,  lasting  from  two  to  six  weeks  (with 
the  above  lesions,  cell  proliferation  and  mucus  for- 
mation in  abundance),  and  a  chronic  form,  continu- 
iDg  from  two  to  six  or  eight  months  (excessive  catarrh, 
abrasion,  ulceration,  dilatation,  stricture,  and  reten- 
tion abscesses  or  cysts).  Catarrhal  inflammation 
results  either  in  the  return  of  the  parts  to  a  normal 
condition,  or  in  a  stricture  of  the  ducts  (see  the  section 
on  Stenosis  of  the  Ducts,  below)  and  its  sequences, 
or  in  a  "bUiary"  or  "hypertrophic"  cirrhosis  of  the 
liver.*  Dropsy  of  the  gall-bladder  occurs  also  as  a 
sequence  of  catarrh  of  the  cystic  or  common  duct,  with 
occlusion. 

The  seat  of  the  catarrhal  inflammation  may  be 
limited  to  the  finer  ducts,  to  the  common  duct,  or 
to  the  cystic  duct  and  gaU-bladder.  Thudichum 
(1863),  and  in  recent  times  Draper,^  Mc.\rthur, 
Hawkes,  RoUeston'  describe  a  catarrhal  inflammation 
of  the  finer  ducts  in  which  perfect  biliary  casts  and 
Btones  are  formed.  Meckel  regards  such  casts  as 
frequently  forming  the  nuclei  of  gallstones  and  has 
given  the  name  of  "lithiatic  catarrh"  to  the  condition. 
Robson  suggests  the  term  "desquamating  angio- 
cholitis."  The  pars  intestinalis  was  formerly  con- 
sidered to  be  the  only  portion  of  the  common  duct 
involved  in  catarrhal  icterus.  If  the  finer  ducts  are 
the  seat  of  catarrh,  as  in  phosphorus-poisoning,  the 
larger  ducts  are  pale  and  covered  with  a  film  of  mucus 
or  a  small  amount  of  thin  bile.  If  the  gall-bladder 
is  the  exclusive  seat,  its  mucous  membrane  undergoes 
changes  similar  to  that  of  the  duct;  its  contents  are 
a  dark-colored  inspissated  bile  and  mucus  in  abun- 
dance, or  a  thin,  watery  mucus  or  muco-pus  fills  the 
bladder.  According  to  Mayo  Robson,  catarrhal 
cholecystitis,  or  chronic  catarrh  of  the  gall-bladder, 
without  jaundice,  forms  a  distinct  and  definite  dis- 
ease frequently  mistaken  for  cholelithiasis  and  only 
recognizable  at  operation,  when  nothing  but  thick, 
ropy  mucus  is  found  in  the  bladder  or  ducts.  This 
mucus,  often  in  the  form  of  sago-like  plugs,  gives  rise, 
in  its  passage,  to  the  gallstone-like  attacks.  In  these, 
as  a  rule,  medical  treatment  is  sufficient,  but  in  per- 
sistent attacks,  in  which  no  gallstones  are  passed  in 
the  feces,  no  jaundice  develops  and  no  tenderness  is 
present  in  the  gaU-bladder  region,  the  operation  of 
opening  and  draining  the  gall-bladder  is  urged.  Rob- 
son early  reported  the  cure  of  several  cases  by  this 
procedure  and  at  present,  drainage  of  the  gall-bladder 
or  even  at  times  cholecystectomy  is  freely  practised 
in  chronic  gall-bladder  cases. 

The  hi,stological  changes  in  the  parenchyma  of  the 
liver  vary.  Either  the  appearances  of  a  liver  long 
stained  with  bile  are  fovmd,  or  the  atrophic  and  degen- 
erative alterations  seen  in  stenosis  of  the  ducts  are 
observed,  or  a  "biliary"  cirrhosis  develops. 

Symptoms,  Course,  and  Duration. — These  depend 
upon  the  cause ;  if  this  be  one  that  is  readily  removed  or 
that  passes  off  quickly,  the  symptoms  are  mild  and 
the  duration  is  brief,  as  in  the  catarrh  that  succeeds  the 
passage  of  a  gallstone.  If  the  affection  arise  from 
obstructive  heart  or  lung  diseases,  the  symptoms  are 
mild,  but  the  duration  is  long.  The  catarrh  that  ac- 
companies a  gastroduodenitis  is  the  most  severe  and 
protracted.  The  mode  of  onset  also  varies  with  the 
cause.  The  ga.stroduodenohepatic  form  is  usually 
preceded  by  gastric  symptoms  for  three  or  four  days; 
■while  those  due  to  other  causes  follow  the  usual  mani- 
festations of  these  causes. 

The  description  which  follows  is  that  of  a  catarrhal 
inflammation  of  the  ducts  supervening  upon  duodenal 
catarrh,  which  may  be  regarded  as  a  type  of  the  disease 
under  consideration.  The  affection  may  begin  in  any 
of  several  different  ways: 

The  gastroduodenal   symptoms  may  precede  the 


hepatic  by  three  or  four  days;  or  the  first  observed 
symptom  may  be  jaundice;  or  the  attack  may  be 
ushered  in  by  a  chUl,  f(jIlowed  by  fever  with  ga'-strie 
symptoms  and,  in  a  few  days,  by  jaundice,  tos.s  of 
appetite,  a  tongue  covered  with"a  heavy  yellow  fur, 
pasty  and  bitter  buccal  secretions,  and  an  offensive 
breath,  are  prominent.  Nausea  in  the  mornings  or 
at  the  sight  of  food,  and  vomiting  of  a  glairy  mucu.s 
or,  early  in  the  attack,  of  a  bitter,  bile-stained,  acrid 
fluid  may  occur.  At  the  same  time  there  are  epi- 
gastric di.stress,  weight  and  fulness,  some  tenderness 
on  pressure,  soreness,  or  even  marked  pain.  Later, 
there  are  pain  and  tenderness  in  the  right  h>-pochon- 
drium  and  over  the  liver.  It  is  denied  by  some  author- 
ities that  the  liver  and  gall-bladder  are"  enlarged,  but 
I  have  observed  enlargement  of  the  former  constantly 
in  chronic  cases.  The  abdomen  is  usually  distended 
with  gas,  and  eructations  of  gas  and  acid  gastric  juice 
may  occur.  The  bowels  are  constipated,  or  a  diarrhea 
from  indigestion  may  occur  in  the  early  stage.  In  a 
few  days  jaundice  appears;  first  the  conjunctiva, 
then  the  face,  and  in  a  short  time  the  entire  body  is 
discolored.  The  icterus  varies  in  extent  and  degree. 
The  conjunctiva  alone  may  be  affected,  and  it  may  lie 
merely  of  a  faint  yellow  tinge  or,  in  chronic  cases,  of 
a  deep  bronze.  The  fever,  which  is  from  100°  to 
103°  F.,  generally  subsides  with  the  advent  of  the 
jaundice,  but  it  may  continue  for  ten  days  or  two  weeks 
as  a  simple  continued  fever,  the  sb-called  "gastric" 
or  catarrhal  fever.  The  well-known  symptoms  and 
effects  of  obstructive  jaundice  are  present  (see  article 
on  Jaundice). 

It  is  important,  to  remark  the  uniform  persist- 
ence of  the  jaundice.  Probably  the  most  charac- 
teristic symptom  is  the  slow  pulse,  which  often 
distinguishes  this  form  from  other  varieties  of  jaun- 
dice. Fagge  calls  particular  attention  to  this  symp- 
tom. Headache  is  present  often  in  the  beginning, 
with  or  without  vertigo.  After  the  jaundice  becomes 
developed,  the  usual  nervous  symptoms  of  the  dis- 
ease are  manifested. 

If  the  case  be  a  mild  one,  the  ga.stric  symptoms  fir.st 
subside,  and  the  jaundice  gradually  disappears,  with- 
out any  serious  disturbances  of  nutrition.  In  the 
more  protracted  cases,  however,  anemia,  emaciation, 
and  prestation  are  marked,  the  degree  depending  on 
the  duration  of  the  disease. 

The  mild  idiopathic  cases  continue  for  from  ten 
days  to  three  weeks,  the  more  severe  ones  for  from 
six  to  ten  weeks,  and  the  more  obstinate  cases  as 
long  as  five  or  six  months. 

Should  stricture  of  the  duct  take  place  as  a  sequence 
of  the  catarrh,  and  should  suppuration  of  the  ducts 
occur,  and  abscesses  form,  fever  of  an  irregular  type, 
often  with  chills,  and  with  exhaustive  sweats,  will 
usually  be  present.  In  these  instances  the  liver  and 
gall-bladder  are  enlarged,  and  inflammation  of  the 
latter  organ  may  take  place. 

Catarrhal  inflammation  of  the  gall-bladder  alone 
is  characterized  by  pain  and  tenderness  in  the  right 
hypochondrium,  by  enlargement  of  the  gall-bladder, 
and  by  slight  fever,  with,  at  times,  nausea.  Jaundice 
may  not  be  present,  but  in  many  cases  an  accom- 
panying gallstone  in  the  gall-bladder  or  cy.stic  duct 
may  give  rise  to  jaundice  from  an  inflammatory  oc- 
clusion of  the  common  bile  ducts  by  extension. 
Riedel  is  quoted  liy  Clumprecht'  as  stating  that  two- 
fifths  of  the  cases  of  jaundice  in  cholelithiasis  arise 
in  this  way  (Mayo  Robson). 

Diagnosis. — The  presence  of  one  of  the  causes  or 
antecedent  pathological  conditions  just  noted,  the 
early  age  and  previous  good  health  of  the  patient,  the 
sudden  and  uniform  development  and  persistence  of 
the  jaundice,  and  the  ab.sence  of  the  physical  signs  of 
organic  disea.se  of  the  liver,  clearly  indicate  simple 
catarrhal  icterus.  Care  must  be  t.aken  not  to  con- 
found it  with  the  jaundice  of  acute  yellow  atrophy,  and 
it  must  not  be  forgotten  that,  in  apparently  the  most 
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simple  jaundice,  grave  cerebral  and  other  sj-mptoms 
due  to  acute  atrophy  may  arise.  Acute  yellow  atrophy 
may  occur  at  an  early  age  in  the  pregnant  female;  the 
more  marked  epigastric  pain,  the  jaundice  of  the  upper 
portion  of  the  body,  the  vomiting  of  blood,  the  cere- 
bral symptoms,  and  the  alterations  in  the  size  of  the 
liver  and  spleen  serve  to  distinguish  it. 

The  jaundice  due  to  obstruction  by  gallstones 
develops  quickly,  is  quite  marked,  and  varies  in  its 
intensity  from  time  to  time;  paroxysmal  and  persistent 
pain  is  more  pronounced  than  in  the  simple  form;  the 
patient  is  usually  a  woman,  and  the  attacks  occur  late 
in  life.  The  diagnosis  must  be  made  between  jaundice 
from  simple  obstruction  and  that  caused  Ijy  pressure 
on  the  ducts.  The  physical  signs  and  clinical  history 
of  the  many  forms  of  external  pressure  must  be 
considered  (see  section  on  Stenosis).  Pain,  fever, 
sweats,  increase  in  size  and  tenderness  of  the  liver  and 
gall-bladder,  with  prostration  and  emaciation,  occur- 
ring late  in  the  disease,  indicate  stricture  and  the  for- 
mation of  abscesses,  or  purulent  inflammation  of  the 
ducts.  If  the  jaundice  continues  longer  than  two 
months,  if  the  pulse  is  frequent  from  the  first,  if 
sweats  are  marked,  if  emaciation  rapidly  ensues,  and 
if  the  patient  is  over  thirty  years  of  age,  it  is  more  than 
possible  that  some  affection  other  than  simple  cat- 
arrh, and  not  revealed  by  physical  signs,  is  present. 
An  important  observation  in  this  connection  is  that 
frequently,  in  malignant  disease  of  the  liver  or  bile 
ducts,  jaundice  due  merely  to  an  associated  catarrli 
may  disappear  under  treatment,  the  disease  meanwhile 
persisting  and  progressing.  The  jaundice  due  to 
pressure  or  obstruction  will  be  little,  if  at  all,  influ- 
enced by  any  means  (Mayo  Robson).  It  has  been 
suggested  that  the  existence  of  a  diarrhea  in  the 
course  of  catarrh  of  the  bile  ducts  would  indicate 
closure  at  the  orifice;  for  then  the  pancreatic  duct 
would  likewise  be  occluded,  and  diarrhea,  a  well- 
known  symptom  of  pancreatic  disease,  would  ensue. 
The  presence  of  fat  in  the  stools  would  also  point  to 
this  conclusion. 

Prognosis. — This  is  usually  favorable,  but  depends 
more  or  less  on  the  cause.  Gastrohepatic  catarrh 
terminates  favorably.  The  presence  of  symptoms 
indicating  purulent  inflammation  of  the  duct  renders 
the  prognosis  grave.  Prolonged  jaundice,  with  the 
advent  of  marked  cerebral  symptoms,  is  very  serious. 
The  possibility  of  the  development  of  icterus  gravis 
should  not  be  forgotten.  The  prognosis  is  seriously 
modified  by  inactivity  of  the  kidneys;  cerebral  symp- 
toms are  not  so  liable  to  occur  if  the  renal  secretion 
is  abundant.  Hemorrhage,  in  any  of  its  forms,  is  a 
bad  omen. 

Treatment . — The  line  of  treatment  to  be  adopted 
depends  entirely  on  the  cause  of  the  catarrhal  in- 
flammation. If  it  arise  from  cold  and  exposure  and 
is  seen  early,  a  warm  bath  or  a  vapor  bath,  saline  ca- 
thartics or  of  small  doses  of  tartar  emetic,  are  of 
service.  Full  doses  of  quinine  and  Dover's  powder 
at  bed-time,  with  a  light  purge  in  the  morning,  will 
often  relieve  the  general  symptoms  of  "cold,  and 
exert  a  favorable  influence  upon  the  local  catarrh.  If 
the  cause  of  the  disease  is  a  coexisting  gastroduodenal 
catarrh,  a  thorough  lavage  is  often  followed  b.v  good 
results.  Large  draughts  of  hot  water,  either  at  bed- 
time or  repeated  throughout  the  day,  are  grateful  and 
beneficial.  They  are  made  more  palatable  by  the 
addition  of  some  one  of  the  alkaline  citrates.  At  the 
same  time  an  alkaline  purgative,  largely  diluted, 
should  be  employed,  and  later  gastric  sedatives  or  the 
mineral  acids.  Patients  with  catarrhal  jaundice 
rarely  apply  for  treatment  luitil  some  time  after  the 
jaundice  has  appeared,  and  as  this  is  generally  due 
to  a  gastro-intestinal  catarrh,  a  system  of  treatment 
that  has  usually  been  successful  in  these  cases  may  here 
be  presented.  First,  in  the  acute  form:  a  mercurial 
purgative  is  administered.  I  usuall.v  prescribe  from 
one-twelfth  to   one-third  of  a   grain   of  calomel,   in 


combination  with  from  three  to  ten  grains  of  bicar- 
bonate of  sodium  every  two  hours,  until  eight  or 
twelve  powders  are  taken.  If  the  bowels  are  not  acted 
onfreely  by  this  combination,  it  should  be  followed  by 
a  saline  laxative.  At  the  same  time  light  sinapisms 
are  applied  to  the  epigastrium.  After  the  bowels  are 
freely  opened,  it  will  often  be  found  that  the  tongue 
has  already  become  somewhat  cleaner,  and  the  bad 
taste,  the  nausea,  and  the  vomiting  have  been  relieved. 
In  the  more  chronic  cases  in  which  the  ga.stroduodenal 
catarrh  has  subsided,  we  have  other  conditions  to  deal 
with,  and  the  indications  are  to  remove  the  obstruct- 
ing mucus  and  reduce  the  inflammation  and  thick- 
ening of  the  ducts.  These  indications  may  be  met  by 
remedies  that  in  a  measure  increase  the  secretion  of 
bile  and  thereby  drive  away  the  obstruction,  or  by 
drugs  that  render  the  mucus  less  viscid  and  that  relieve 
the  congestion.  Among  the  remedies  of  this  latter 
class  the  alkalies  are  of  great  service,  and  may  be 
given  in  the  form  of  the  alkaline  efl'ervescing  waters, 
as  the  Carlsbad,  Vichy,  or  Hathorn  waters,  or  the 
salts  of  ammonium,  sodium,  or  potassium  may  be 
used.  Bartholow  advocates  the  phosphate  of  sodium 
in  dram  doses;  Guiteras,  iodide  of  potassium  in  small 
doses  freely  diluted,  and  taken  fasting.  The  muriate 
of  ammonium  is  one  of  the  most  reliable  alkalies;  it 
may  be  given  in  ten-  or  twenty-grain  doses,  three  or 
four  times  daily,  combined  with  an  equal  quantity  of 
powdered  licorice,  and  dissolved  in  water.  Ipeca- 
cuanha has  been  advocated  in  small  doses,  as  one-half 
grain  or  one  grain,  frequently  repeated,  for  the  same 
purpose. 

To  increase  the  secretion,  nitrohydrochloric  acid, 
the  vegetable  hepatic  stimulants,  benzoate  and  sali- 
cylate of  sodium,  and  alkaline  waters  are  of  service. 
The  alkalies  should  be  taken  in  a  large  amount  of 
water,  preferably  hot,  on  an  empty  stomach,  and  by 
slowly  sipping  the  fluid.  Emetics  have  been  used  for 
their  mechanical  effect,  but  care  must  be  observed  lest 
their  too  free  use  incite  a  fresh  catarrh  or  aggravate 
the  one  already  existing;  thorough  lavage  is  preferable. 

Mosler  and  Krull  have  successfully  treated  catarrhal 
jaundice  with  enemata  of  cold  water.  Once  in  twenty- 
four  hours,  they  inject,  slowly  from  one  to  four  pints 
of  cold  water  (59°  F.)  into  the  rectum,  and  require  the 
patient  to  retain  it  as  long  as  possible.  With  each  in- 
jection the  temperature  of  the  water  is  gradually 
raised. 

By  pressure  on  the  fundus  of  the  gall-bladder,  if 
it  can  be  readily  grasped,  directing  the  force  toward 
the  vertebral  column,  Gerhardt  has  succeeded  in  over- 
coming the  obstruction  and  relieving  the  jaundice. 
Such  a  procedure  must  undoubtedly  be  a  dangerous 
one  as  the  gall-bladder  wall  is  thinned  and  weakened. 
No  doubt  Kussmaul's  treatment  of  intestinal  obstruc- 
tion by  washing  out  the  stomach,  would  be  of  service 
in  this  affection. 

The  diet  should  be  bland  and  non-irritating.  Fats, 
sugars,  and,  as  a  rule,  starches,  should  be  excluded, 
as  well  as  spirituous  or  malt  liquors.  Light  broths, 
beef-tea,  milk,  and  later,  meats,  fish,  eggs,  and  oysters 
should  be  the  chief  articles  of  diet.  Afterward 
tomatoes,  lettuce,  spinach,  celery,  and  the  like  may 
be  used. 

The  troublesome,  and  at  times  serious,  effects  of 
the  jaundice  will  be  treated  of  under  that  heading. 
(See  Jaundice.) 

Purulent,  Ulcerative,  and  Croupous  Inflamma- 
tion.— Synonyms:  Cholecystitis  et  cholangitis  sup- 
purativa, diphtherica,  exulcerans,  or  crouposa 
(Schiippel);  Exsudative  Entziindung  der  Gallenwege 
(Frerichs). 

Etiology. — According  to  Bloch,  in  disease  of  the 
gall-bladder  and  bile  ducts  the  bile  soon  becomes  in- 
fected with  various  microorganisms,  principally  B. 
typhosus,  B.  coli  eommunis,  staphyloccoci,  strepto- 
cocci, and  pneumococci.     Any  condition  obstructing 
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the  flow  of  bile  invites  bacterial  infection  (Charcot 
and  Gombaiilt,'  Netter,'"  Terrier")-  Hence  foreign 
bodies,  such  as  gallstones  or  parasites,  in  the  biliary 
passages,  stenosis  and  occlusion  of  the  ducts  in  any 
part  of  their  course,  readily  pave  the  way  for  any 
infecting  agent. 

Futterer  has  shown  that  in  a  very  few  minutes  after 
the  injection  of  organisms  into  the  circulation  they 
appear  in  the  bile.  Flexner  and  Chiari  have  demon- 
strated the  con.stant  presence  of  typhoid  bacUli  in 
the  bile  in  patients  dying  of  typhoid  fever,  the  latter 
observer  describing  acute  inflammatory  lesions  in 
thirteen  of  nineteen  such  cases  without  any  gross 
obstruction  in  the  biliary  passages  Camac  records 
an  instance  of  acute  cholecystitis  ■n'ith  operation  in 
the  first  few  days  of  an  attack  of  typhoid  fever.  Cases 
of  acute  cholecystitis  due  to  the  Bacillus  typhn.sua 
without  pre%aous  history  of  typhoid  fever  are  reported 
by  Gushing  and  MitcheU.  Hunner  describes  an- 
other occurring  eighteen  years  aft-er  an  attack  of 
typhoid,  with  operation,  and  isolation  of  the  typhoid 
bacillus.  It  can  safely  be  assumed  that  bacterial 
infection  exists  in  all  cases,  and  that  acute  inflam- 
matory infection  of  the  biliary  passages  may  occur 
without  obstruction  in  many  of  the  acute  infectious 
diseases.  Cases  of  acute  phlegmonous  cholecystitis 
and  gangrenous  cholecystitis  are  probably  only  in- 
stances of  very  severe  infection,  which  may  spread 
so  rapidly  that  general  peritonitis  may  occur  in  a  few 
days.  Pratt,^^  shows  the  frequency  of  cholecystitis 
due  to  the  Bacillus  typhosus.  It  therefore  seems 
probable  that  cholecystitis  may  begin  as  a  primary 
local  tv^phoid  infection.  Pearce"  has  described 
an  instance  of  the  presence  of  a  leptothrix  in  an  acute 
cholecystitis,  the  organism  being  also  found  in  gall- 
stones present  in  the  gall-liladder. 

Ulcerations  of  the  biliary  passage  are  most  fre- 
quently due  to  gallstones.  Carcinoma  is  a  common 
cause,  and  ulcerations  have  been  met  with  in  typhoid 
fever  and  in  cholera.  The  sequelae  of  ulcerations,  stric- 
ture, perforation,  fistula,  etc.,  make  the  condition 
more  serious  than  it  might  otherwise  be. 

Croupous  or  membranous  inflammation  of  the  gall- 
bladder and  ducts  may  occur  as  the  result  of  irritation 
from  the  passage  of  a  gallstone,  or  it  may  be  a  further 
stage  of  catarrhal  inflammation.  Powell'^  noted  that 
membranous  enteritis  was  frequently  accompanied 
by  gallstone-like  attacks,  and  it  has  been  suggested 
that  gallstone  colic  may  be  the  exciting  cause  of 
membranous  enteritis.  Robson  thinks  a  membranous 
or  croupous  formation  in  the  gall-bladder  or  ducts, 
with  passing  of  the  membrane  or  pieces  thereof, 
accounts  for  the  painful,  gallstone-like  attack?. 
Fen^ick'"  discovered  a  true  cast  of  the  gall-bladder  in 
the  feces  twenty-four  hours  after  a  very  severe  attack 
of  hepatic  colic.  A  similar  cast  had  been  found  twQ 
weeks  previously  under  similar  conditions.  In  all 
suspected  gallstone  attacks,  in  which  no  stones  are 
found  in  the  feces,  search  should  also  be  made  for 
fleshy,  tube-like  structures  or  fragments  thereof,  as 
they  alone  may  be  responsible.  Robson  is  of  the 
opinion  that  the  gallstone-like  attacks  seem  not 
infrequently,  in  subjects  of  membranous  enteritis,  to 
indicate  involvement  of  the  biliary  passages  in  a  sim- 
ilar condition.  Extension  of  purulent  inflammation 
from  adjoining  veins  or  from  hepatic  abscesses 
appears  to  have  been  the  cause  in  some  instances. 
It  io  certainly  true  that  a  multiform  inflammation  of 
the  ducts  may  occur  by  extension  of  inflammation 
from  some  one  localized  focus,  as  an  ulceration  due 
to  gallstone.  This  form  of  biliary  inflammation  is 
usually  met  with  in  advanced  life.  Croupous  inflam- 
mation of  the  biliary  passages  is  also  caused  by  gall- 
stones. 

Morbid  Anatomy. ^The  cases  that  have  been 
observed  by  the  writer  presented  nearly  all  the  ana- 
tomical appearances  that  occur  in  cholangitis  and 
cholecvstitis. 


There  are  obsen'ed  a  swollen,  thickened  mucous 
membrane,  of  a  pale  ashen  or  slate-gray  color;  uniform 
or  saccular  dilatation  of  the  duct*;  and  abscesses  in 
the  periphery  of  the  duct  or  along  its  course.  Often 
a  gangrenous  appearance  of  the  duct  wall  is  seen.  The 
dilated  canals  and  the  abscesses  contain  yellowish- 
green  bile  and  pus,  sometimes  thick  and  ropy,  and 
often  ichorous.  Ulcers  are  often  found,  superficial 
in  character,  large  and  irregular,  or  quite  deep  and 
small.  From  the  healing  of  the  ulcers  and  the  con- 
traction of  the  cicatrix,  the  ducts  beyond  the  obstruc- 
tion are  obliterated.  This  may  also  occur  after 
exudative  inflammation ;  and  in  the  liver  fibrous  bands, 
the  remains  of  the  biliary  channels,  are  often  seen. 
The  tissue  of  the  liver  beyond  becomes  sclerosed,  and 
the  cells  proper  undergo  atrophy  and  degeneration. 
The  abscesses  of  the  liver  may  extend  into  a  contiguous 
vein,  or  may  ulcerate  toward  the  surface;  hence  a 
perihepatitis  is  often  seen.  Sometimes  one  large 
abscess  alone  is  found;  rarely  do  abscesses  become 
encapsulated.  The  ulcers  that  have  formed  are  often 
covered  with  a  gray,  gangrenous  detritus,  which  is 
removed  with  difficulty.  In  these  inflammations  of 
the  ducts,  fibrin  cylinders,  well  moulded  and  easily 
removed,  are  found.  The  hepatic  structure  undergoes 
some  changes:  in  the  mild  forms  either  a  connective- 
tissue  overgrowth  lights  up,  or  a  diffuse  hepatitis 
arises;  in  the  chronic  forms  with  jaundice  the  liver 
cells  are  icteric,  compressed  into  various  shapes,  and 
present  the  appearances  of  having  undergone  fatty  or 
granular  degeneration. 

As  a  sequence  of  purulent  or  exudative  inflammation 
of  the  gall-bladder,  marked  phenomena  are  observed. 
The  mucous  membrane  undergoes  the  usual  changes, 
the  walls  become  thickened,  and  the  cavity  is  filled 
with  pus,  muco-pus,  or  pus  and  bile.  Ulcerations 
are  formed,  and  may  penetrate  to  the  peritoneal 
cavity. 

Adhesions  take  place  between  the  gall-bladder  and 
neighboring  structures,  fistiil^  develop,  and  often  the 
adjacent  tissues  are  filled  with  pus.  The  ulcers  are 
.single  or  multiform.  In  mild  cases  a  fibrous  thicken- 
ing of  the  walls  of  the  gall-bladder  and  its  surroundings 
takes  place,  followed  by  contraction  and  obliteration 
of  the  organ.  Frequently  the  gall-bladder  is  found 
firmly  contracted  around  imprisoned  gallstones.  On 
the  other  hand,  the  gall-bladder  may  undergo  extreme 
dilatation  and  enlargement,  producing  an  empyema. 
If  the  phlegmonous  inflammation  be  confined  to  the 
walls,  this  structure  may  undergo  calcareous  degenera- 
tion (so-called  "ossification"). 

Sytnploms,  Course,  Duration. — The  symptoms  are 
those  of  the  causal  condition — as  one  of  the  infective 
fevers,  gallstones,  etc.— combined  with  the  local  in- 
flammatory manifestations.  Often  the  condition  is 
not  recognized  during  life,  or  there  may  be  present 
only  an  irregular  fever  with  rigors.  If,  after  an 
attack  of  hepatic  colic,  fever  of  an  irregular  typo, 
chilly  sensations,  or  sharp  rigors  occur,  and  prostra- 
tion ensues,  independently  of  any  p.aludal  affection, 
we  may  suspect  an  infective  inflammation  of  the  bile 
ducts.  In  these  cases,  the  jaundice,  which  is  usually 
present,  deepens,  pains  in  the  hepatic  region  are 
marked,  and  a  fixed  local  pain  in  the  right  hypochon- 
drium  is  complained  of.  If  the  gall-bladder  is  in- 
volved, the  physical  signs  of  enlargement  of  that 
organ  are  observed  (see  the  section  on  Enlargement 
of  the  Gall-bladder).  As  the  inflammation  and  infec- 
tion progress  the  symptoms  of  perihepatitis,  intra- 
hepatic suppuration,  local  or  general  peritonitis, 
occur.  In  addition  to  pain  in  the  region  of  the  gall- 
bladder, we  have  pain  and  tenderness  frequently  in 
the  epigastrium.  With  or  without  this  local  inflam- 
mation, vomiting  is  frequent,  hemorrhages  occur 
from  the  stomach  and  bowel,  and  often  a  diarrhea 
is  started.  Budd  believed  that  many  cases  recovered. 
If  .so,  there  must  have  been  spontaneous  emptying 
of  the  ducts  into  the  intestine,  or  an  ulceration  and 
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perforation  into  the  intestinal  tract  somewhere  in 
its  course.  An  increase  of  local  tenderness  and  the 
presence  of  tumefaction  and  redness  show  that  the 
direction  which  the  pus  is  taking  is  toward  the  surface. 
Discharge  of  the  abscess  in  this  position  leads  to  the 
formation  of  a  cutaneous  biliary  fistula.  Broncho- 
biliary  fistulEe  are  recorded,  with  prolonging  of  life 
from  the  discharge  of  pus  in  this  ununsual  manner. 
If  these  fortunate  terminations  do  not  occur,  and  in 
cholangitis  they  are  not  to  be  expected,  the  fever  contin- 
ues, the  gastrointestinal  system  gives  way  completely, 
septicemia  and  cholemia  frequently  occur,  and  finally 
death.  A  fatal  result  may  occur  from  exhaustion, 
due  to  the  combined  influences  of  the  fever,  the  sup- 
puration, the  gastrointestinal  disturbances,  and  the 
jaundice;  or  a  peritonitis  from  perforation  or  rupture 
of  the  gall  ducts  or  a  pylephlebitis  may  hasten  the 
fatal  termination.  Hemorrhages  are  also  liable  to 
occur  if  the  jaundice  is  of  long  duration,  and  they  will 
add  to  the  extreme  debility.  Cholecystitis,  due  to 
foreign  bodies  or  to  obstruction  of  the  cystic  duct, 
may  run  its  course,  and  the  contents  of  the  bladder 
be  discharged  into  the  neighboring  hollow  viscera 
or  externally,  without  the  supervention  of  grave 
general  symptoms  local  phenomena  and  physical 
signs  alone  indicating  its  presence.  The  lodging  of  a 
gallstone  in  the  common  duct  is  often  and  usually 
associated  with  a  peculiar  fever  and  train  of  symptoms, 
the  so-called  hepatic  intermittent  fever  of  Charcot. 
Osier,  Fenger,  and  Courvoisier  describe  a  ball-valve 
action  of  gallstones  lodged  in  the  diverticulum  of 
Vater,  the  bUe  readily  flowing  by  the  stone  but 
becoming  easily  obstructed  and  infected  under  certain 
circumstances,  producing  the  characteristic  ague-like 
paroxysms  which  may  be  frequently  repeated  (the 
recurring  jaundice  deepening  with  each  attack),  or 
may  occur  at  intervals  of  months  or  years.  Each 
attack  probably  represents  a  mild  infective  cholan- 
gitis which  may  quickly  subside  or  may  run  into  the 
more  serious  conditions  already  mentioned  as  occur- 
ring in  infection  of  the  biliary  passages.  Leucocytosis, 
more  or  less  marked,  absence  of  the  malarial  parasite 
in  the  blood,  resistance  to  quinine,  the  irregularity  of 
the  paroxysms,  and  the  deepening  jaundice  should 
distinguish  the  conditions  from  malaria.  Moynihan"* 
states,  however,  that  in  twenty-five  per  cent,  of  his 
cases  jaundice  was  completely  ab.sent.  There  is 
usually  a  history  of  previous  gallstone  colic.  Robson 
states  that  in  his  experience  several  impacted  stones 
were  as  frequently  found  as  a  single  stone,  freely 
movable  and  acting  like  a  ball-valve. 

Diagnosis  and  Prognosis. — The  diagnosis  is  uncer- 
tain, and  when  the  symptoms  are  latent  it  is  mani- 
festly impossible  to  make  a  diagnosis.  Pain  and 
Bweliing  of  the  liver,  with  tenderness  on  pressure, 
irregular  chills  and  fever  in  a  person  who  is  jaundiced 
or  who  has  had  an  attack  of  gallstones,  are  strong 
evidences  of  exudative  inflammation.  Cholecystitis 
may  be  recognized  by  local  symptoms  (see  section  on 
Enlargement  of  the  GaU-bladder).  The  prognosis 
is  very  unfavorable  on  account  of  the  many  accidents 
that  may  arise.  Intrahepatic  suppuration  is  almost 
invariably  fatal.  A  single  accessible  area  of  suppura- 
tion offers  a  chance  for  surgical  relief,  external  biliary 
fistulfe  are  occasional  examples  of  natural  cure. 

Treatment. — Medical  treatment  is  powerless  to  aid. 
Unless  the  disease  shows  signs  of  resolution  it  is  now 
generally  advised  to  open  and  drain  the  gall-bladder 
in  all  cases  of  cholecystitis.  In  infective  and  sup- 
purative cholangitis,  opening  of  the  gall-bladder  offers 
the  only  chance  and  is  followed  in  many  cases  by  cure. 
Terrier"  and  Robson  insisted  upon  the  value  of  this 
proceeding,  and  it  is  now  recognized  as  the  only  ra- 
tional procedure;  areas  of  suppuration  on  the  liver  sur- 
face are  opened  and  drained.  Removal  of  etones  from 
the  common  duct  is  performed  and  is  indicated  in 
persisting  evidence  of  obstruction  and  infection 
(Halsted). 
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Stenosis  and  Occlusion  op  the  Gall-ducts. — The 
canal  is  occluded  when  it  is  completely  closed;  partial 
closure,  sufficient  to  cause  obstruction,  is  denomi- 
nated stenosis.  These  conditions  may  be  congenital 
or  acquired;  the  acquired  forms  alone  are  treated  of  in 
this  connection.  The  causes  are  the  same  in  both 
cases,  and  the  results  are  similar. 

The  obstruction  may  be  due  to  foreign  bodies 
within  the  duct,  to  diseases  of  the  duct  walls,  or  to 
external  pressure. 

1.  The  foreign  bodies  which  may  find  lodgment 
within  the  ducts  are  gallstones,  parasites,  or,  in  rare 
cases — if  the  orifice  of  the  duct  is  very  patulous,  aa 
occurs  after  the  passage  of  a  gallstone — cherry  pits, 
plum  stones,  or  raisin  seeds.  The  gallstones  are  gen- 
erally impacted  in  the  cystic  duct,  or  at  the  mouth  of 
the  common  duct.  The  common  round  worm  haa 
been  found  in  the  lumen  of  the  duct.  The  liver  fluke 
also  causes  stenosis,  but  complete  obstruction  is  not 
effected  without  the  intervention  of  local  inflammatory 
symptoms.  The  rupture  of  an  echinococcus  sac  into 
the  ducts  and  the  discharge  of  the  vesicles  cause 
temporary  oljstruction.  Complete  closure  may  be 
caused  by  multilocular  echinococcus  tumors,  which 
cause  infiltration,  thickening,  and  ulceration  of  the 
wall  of  the  duct.  The  hepatic  and  cystic  ducts  are 
chiefly  involved. 

2.  The  obstruction  may  be  due  to  chronic  catarrhal 
inflammation,  to  purulent  and  ulcerative  inflamma- 
tion, to  carcinoma  or  other  morbid  growths  of  the 
ducts,  or  to  a  perihepatitis  with  thickening  of  the 
investing  membrane,  leading  to  hypertrophy  of  the 
subserous  connective  tissue,  and  occlusion  of  the  duct. 
In  the  inflammatory  forms,  granulations  in  apposition 
coalesce,  and  the  formation  of  a  stricture  ensues. 
When  ulceration  has  previously  occurred,  the  stenosia 
is  due  to  the  contraction  of  the  cicatrix.  The  causea 
mentioned  in  the  sections  treating  of  those  aff'ectiona 
are  the  primary  causes,  therefore,  of  the  stenosis. 
The  lumen  of  the  duct  becomes  absolutely  imper- 
forate in  the  inflammatory  varieties,  and  the  occlusion 
may  extend  over  a  variable  length,  though  it  most 
frequently  exists  in  the  common  duct.  The  lumen 
is  not  completely  occluded  in  cicatricial  stricture, 
but  is  impermeable,  and  is  not  unlike  a  urethral 
stricture.  Local  or  extended  thickenings  of  the  duct 
causing  stenosis  are  due  to  a  connective-tissue  hyper- 
plasia, which  originates  in  a  previous  catarrhal  in- 
flammation. The  cicatrix  of  a  duodenal  ulcer  some- 
times includes  in  its  grasp  the  duodenal  opening  of  the 
common  bile  duct. 

Carcinoma  of  the  biliary  passages  will  be  treated 
of  in  a  separate  section.  The  perihepatitis,  which 
includes  in  its  course  the  investment  membrane  of  the 
ducts,  is  caused  by  general  peritonitis,  by  right-sided- 
purulent  pleurisy,  by  affections  of  the  liver  and  adja- 
cent organs,  which  set  up  irritation  (as,  for  example, 
cancer,  cirrhosis,  ulceration,  etc.).  As  the  peritoneal 
thickening  and  the  new  inflammatory  tissues  grow  in 
age,  they  contract  and  thus  encroach  on  the  lumen  of 
the  ducts.  SyphUis  is  said  to  be  a  cause  of  this  local 
inflammation. 

3.  External  pressure  is  caused  by  disease  or  dis- 
placement of  contiguous  organs.  Named  in  their 
order  of  frequency,  it  is  often  found  that  affcctiona 
of  the  pancreas  or  of  the  lymphatic  glands  in  the 
hepatic  fissure,  the  duodenum,  the  stomach,  the  omen- 
tum, and  the  kidney  are  the  sources  of  pressure.  Car- 
cinoma or  hypertrophy  of  the  pancreas;  carcinoma, 
tuberculosis,  or  lymphosarcoma  of  the  lymphatic 
glands;  carcinoma  of  the  stomach,  duodenum,  or 
omentum,  and  tumors  of  the  kidney  (hydronephrosis, 
sarcoma,  or  carcinoma)  are  the''essential  pathological 
conditions  which  lead  to  the  occlusion.  Aneurysms  of 
the  aorta  (Hatton)  and  of  the  hepatic  artery  (Gaird- 
ner)  cause  obstruction.  Very  rarely  tumors  of  the 
ovary  and  uterus,  and  fecal  tumors,  are  the  cause  of 
occlusion. 
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The  anatomical  sequences  of  occlusion  and  stenosis 
of  the  biliary  passages  are  dUatation  of  the  ducts  or 
gall-bladder  behind  the  obstruction,  catarrhal  or 
suppurative  inflammation  of  the  ducts,  enlargement 
of  the  liver,  at  first  from  the  excessive  dilatation  of 
the  canals  and  then  from  a  hypertrophic  or  biliary 
cirrhosis,  and  subsequent  atrophy  of  the  liver  from 
pressure  of  the  ducts  on  the  secreting  tissue  or  de- 
struction of  the  cells  by  the  connective-tissue  over- 
growth. 

The  dilatation  of  the  duct  is  often  extreme,  par- 
ticularly in  cases  not  associated  with  gallstones. 
(See,  however,  Robson'"  and  Swain.")  The  common 
and  hepatic  ducts  may  be  as  large  as  the  intes- 
tine, and  their  walls  thin,  although  rupture  rarely 
takes  place.  The  ducts  in  the  liver  are  also  dilated 
to  the  size  of  the  finger  throughout  their  extent,  even 
to  the  surface,  causing  it  to  have  a  vesicular  appear- 
ance. The  walls  are  not  greatly  thickened,  and  are 
lined  with  columnar  epithelium.  The  mucous  mem- 
brane is  pale  and  smooth.  The  ducts  terminate  in 
large  pouches,  and  numerous  recesses  are  seen  in  the 
course  of  the  cylindrical  canal.  Retention  cysts  are 
often  found.  At  first  the  biliary  channels  are  filled 
with  bile  only,  but  after  a  time  this  fluid  is  replaced 
by  a  secretion  from  the  glands  of  the  mucous  mem- 
brane, which  is  limpid,  viscid,  and  serous  in  character. 
The  chemical  and  microscopical  examination  of  the 
fluid  gives  no  indication  of  bile  constituents.  The 
reaction  of  the  fluid  is  neutral;  it  contains  albumin. 
When  this  fluid  is  found  in  the  bile  duct-s,  bile  is  not 
secreted  in  them,  and  the  mucous  membrane  of  the 
ducts  is  in  truth  a  cyst  wall.  Whatever  bile  is  se- 
creted is  at  once  absorbed. 

The  liver  is  icteric  and  anemic;  flaccid  at  first, 
cirrhotic  afterward.  The  cells  undergo  atrophy  and 
contain  bile  pigment  and  minute  oil  globules,  and 
cloudy  swelling  of  the  protoplasm  is  observed.  The 
changes  peculiar  to  biliary  cirrhosis  are  observed  later. 

A  description  of  the  changes  in  the  gall-bladder  is 
reserved  for  the  section  on  Enlargement  of  the  Gall- 
bladder. 

The  Symptoms  are  complex,  and  include  the  symp- 
toms of  the  primary  cause  and  those  of  biliary  ob- 
struction. Aside  from  the  physical  signs  and  symp- 
toms of  the  causal  disease,  jaundice  is  the  first  symp- 
tom. As  a  rule,  the  yellowish  tinge  gradually  changes 
to  a  deep  olive-green  color,  and  with  it  the  changes  in 
the  urine  take  place;  gastrointestinal  dyspepsia  is 
developed,  and  finally  a  veritable  catarrh  supervenes, 
with  its  full  train  of  symptoms.  Early  in  the  dis- 
ease weight  and  tension  in  the  epigastrium  and  hypo- 
chondriac region  are  complained  of,  and  enlargement 
of  the  liver  and  gall-bladder  is  observed.  After  a  time 
pruritus  comes  on,  and  in  from  two  to  four  months 
hemorrhages  ensue.  Loss  of  flesh  and  strength 
rapidly  takes  place.  Soon,  if  death  has  not  in  the 
mean  time  resulted  from  the  original  cause  or  from 
some  intercurrent  disease,  the  symptoms  of  cholemic 
intoxication  are  likely  to  arise,  and  death  results  from 
this  condition. 

One  cannot,  within  the  limits  of  this  article,  discuss 
in  detail  all  the  forms  of  biliary  stenosis  and  occlusion, 
and  their  diff'erential  diagnosis;  persistent  jaundice,  the 
absenceof  bile  in  the  stools  and  its  presence  in  the  urine 
clearly  indicate  an  obstructive  condition  of  the  bile 
duct.  There  are  some  organic  diseases  of  the  liver, 
however,  which  give  rise  to  jaundice  in  some  other  way 
than  by  means  of  occlusion.  They  should  be  dis- 
tinguished from  common  forms  of  obstructive  jaundice, 
on  account  of  the  opposite  methods  adopted  for  their 
treatment.  Reference  is  made  to  atrophic  and  hyper- 
trophic cirrhosis,  to  carcinoma,  to  syphilis,  to  tubercvi- 
losis,  to  simple  and  multiple  abscesses,  to  simple  and 
multiform  hydatid  disease,  and  to  amvloid  disease. 
The  recognition  of  any  of  tliese  is  not  diffic\ilt.  Tlie 
atrophic  variety  of  cirrhosis  is  ea.sily  recognized  by 
its  well-known  symptoms,  but  not  so  the  so-called 


hypertrophic  cirrhosis.  The  jaundice  is  intense,  the 
liver  enlarged  and  smooth,  ascites  is  absent,  parox- 
ysmal pains  occur,  and  irregular  fever  is  present 
(Mu.sser'J.  In  the  jaundice  due  to  obstruction  the 
liver  is  not  so  large,  the  gall-bladder  is  enlarged,  while 
a  di.stinct  cau.se  for  the  jaundice — as,  for  example,  a 
tumor — may  be  discovered. 

Having  discussed  the  question  of  occlusion  due  to 
any  one  of  the  etiological  factors  previously  noted, 
we  may  now  be  permitted  to  refer  briefly,  for  diagnos- 
tic purposes,  to  these  cau.sal  conditions. 

1.  Fortign  Bodies. — If  the  ol)s-truction  be  due  to 
worms,  the  latter  may  be  suspected  if  parasites  or 
ova  are  seen  in  stools  or  vomit.  In  the  case  of  hydatid 
cy.sts,  which  at  times  may  burst  into  the  bile  ducts, 
with  symptoms  of  hepatic  colic,  the  diagnosis  may  be 
more  readily  made:  first,  by  the  previous  hi.story  and 
physical  signs  of  an  hydatid  tumor;  second,  by  the 
disappearance  of  the  tumor  after  the  colic;  third,  by 
the  subsequent  occurrence  of  fever  and  local  inflam- 
mation; and  lastly,  by  the  appearance  of  sacs  or 
hooklets  in  the  feces  or  aspirated  matter. 

Gallstones. — It  is  of  the  utmost  importance  to 
determine  the  presence  of  biliary  calculi.  To  accom- 
plish this  is  sometimes  a  very  difficult  matter;  in 
fact,  it  is  often  a  task  impossible  of  accomplishment. 
The  varying  sj-mptoms  of  cholelithiasis  are  so  many 
that  it  is  not  possible  to  name  one  of  them,  or  to 
present  a  group  of  them,  for  the  purpose  of  making  a 
diagnosis,  without  being  able  to  give  an  exception  to 
each  and  every  one.  The  only  absolutely  definite 
sign  is  to  see  or  feel  the  calculus,  or  to  have  it  well 
demonstrated  by  an  x-ray  picture.  If  one  has 
been  passed  by  the  rectum,  it  probably  was  the  cause 
of  the  obstruction;  if  it  have  facets,  a  fellow-calculus 
may  be  the  cause.'  If  it  is  not  detected  in  the 
stools  and  the  obstruction  is  persistent,  exploration 
of  the  gall-bladder  and  bile  duct-s  may  be  resorted  to 
by  opening  the  abdominal  cavity.  A  hi.story  of  the 
so-called  "Hepatic  intermittent  fever"  having  pre- 
ceded a  persistent  jaundice  would  suggest  occlusion 
by  impaction  of  a  stone  in  the  diverticulum  of  Vater. 

Aside  from  these  positive  methods,  a  correct  con- 
clusion cannot  be  arrived  at  without  a  study  of  the  case 
in  its  entirety;  the  age  and  sex  of  the  patient,  the 
habits,  the  family  history,  the  temperament,  all  are 
important  elements  to  be  considered.  If  these  cir- 
cumstances are  favorable,  and  if,  in  addition,  the 
patient  has  had  previous  attacks  of  hepatic  colic, 
followed  by  jaundice  and  the  .symptoms  of  duodenal 
catarrh;  if  constipation  and  putty-colored  stools 
accompany  the  jaundice,  the  diagnosis  is  very  prob- 
able. Then  if,  after  impaction  of  a  stone  has  taken 
place,  the  nutrition  of  the  patient  remains  good  for 
some  time  and  the  liver  enlarges  only  slightly,  while 
the  gall-bladder  does  not  increase  appreciably  in  size, 
it  is  scarcely  possible  to  name  any  other  affection  as 
the  probable  cause  of  the  symptoms. 

Campbell  suggests  that  if,  after  aspiration  of  the 
gall-bladder,  bilious  stools  are  present,  calculi  may 
be  assumed  to  be  the  cause  of  the  obstruction.  The 
relief  of  the  tension  aUows  the  stone  to  recede  and  the 
bile  to  escape. 

2.  Diseases  of  the  Ducts. — (a)  Congenital  closure. 
In  an  infant,  a  jaundice  that  continues  for  over  four 
weeks,  with  supervening  cholemia.  is  due  most  fre- 
quently to  this  condition,  (h)  Closure  of  the  ducts 
by  chronic  catarrh  l)f  the  duodenum,  by  adhesive 
inflammation  of  the  ducts,  by  the  cicatrization  of  an 
ulcer  in  the  duct  or  at  the  duodenal  orifice,  and  by 
fibrous  bands.  The  fir.st  may  be  recognized  partly 
by  the  history  of  the  case  and  partly  by  the  exclusion 
of  attacks  of  catarrhal  jaundice.  Adhesive  inflamma- 
tion of  the  ductus  is  due  either  to  the  pa.ssage  of  biliary 
calculi  or  to  a  previous  catarrh:  cicatricial  stenosis  of 
the  ducts  as  a  result  of  gallstone  laceration  is  surpris- 
ingly rare  (RoUeston").  The  respective  symptoms 
of  the  two  must  be  considered  in  each  case. 
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Ulcers  in  the  bUe  ducts  are  due  to  gallstones  or  are 
secondary  to  cancer  or  an  infectious  fever,  as  typhoid 
or  cholera.  Robson"  says  it  has  yet  to  be  proved  that 
typhoid  ulceration  causes  obliteration  and  stricture 
of  the  ducts.  In  the  former  ease,  in  addition  to  the 
symptoms  of  gallstones,  we  have,  accompanying  the 
ulceration,  irregular  chills  and  fever  and  extreme 
exhaustion,  conditions  not  likely  to  be  present  in  the 
early  stages,  at  least,  of  simple  impaction.  If  the 
symptoms  of  occlusion  become  developed  after  such 
phenomena  or  after  an  infectious  fever,  the  exciting 
cause  is  probably  the  cicatrization  of  an  ulcer  in  the 
duct.  The  well-known  symptoms  of  duodenal 
ulceration  precede  for  a  long  time  the  symptoms  of 
obstruction  of  the  biliary  passages  from  this  cause, 
and  while  it  may  be  said  that  the  gall-bladder  is 
enlarged  under  such  circumstances,  it  is  not  necessarily 
so  when  the  seat  of  ulceration  is  in  the  duct.  Closure 
of  the  ducts  by  fibrous  bands  may  be  inferred,  if  the 
cause  (as  syphilis)  and  the  symptoms  indicate  a  peri- 
hepatitis, and  if  other  evidence  of  previous  inflamma- 
tory trouble  be  present,  as  atrophy  of  the  liver  or 
ascites,  due  to  pressure  on  the  portal  veins. 

3.  JDiseases  Eilernal  to  the  Ducts. — (a)  Carcinoma 
and  other  neoplasms  of  the  liver  and  surrounding 
organs.  A  recognition  of  these  affections  can  be 
obtained  by  the  exclusion  of  other  causes  of  obstruc- 
tion, by  the  presence  of  tumors  or  nodules,  and  by  the 
physical  signs  discoverable  on  palpation,  etc.;  also, 
when  these  are  pre.sent,  by  the  alterations  of  the  func- 
tions of  adjacent  organs,  and  by  the  presence  of  the 
sj-mptoms  of  malignant  disease  of  these  organs;  and 
finally  by  the  duration  of  the  disease,  the  stenosis 
from  carcinomata  being  of  shorter  course  than 
that  due  to  other  causes,  (b)  Enlarged  lymphatic 
glands.  Obstruction  from  this  cause  is  probable, 
if  there  be  elsewhere  present  any  of  the  well-known 
causes  of  hypertrophy  of  these  glands,  as  carcinoma, 
tuberculosis,  amyloid  disease,  etc.  Amyloid  disease 
but  rarely  causes  jaundice,  except  in  this  way;  its 
symptoms  are  too  well  known  to  be  detailed  in  this 
article,  (c)  Aneurysm.  This  rare  form  of  occlusion 
may  be  recognized  by  the  pressure  symptoms  of  a 
tumor  located  in  the  region  of  the  duodenum,  and  by 
the  physical  signs  of  aneurysm. 

The  course  of  the  disease,  in  occlusion  of  the  biliary 
duct,  is  a  chronic  and  most  frequently  a  progressive 
one.  It  is  a  gradual  march  to  death,  except  in  cases 
in  which  foreign  bodies  cause  the  occlusion.  Under 
the.se  circumstances  their  removal  by  ulceration  or 
the  escape  of  bile  around  them  may  be  followed  by 
recovery.  Death  is  the  result  of  the  original  cause  of 
the  disease  in  many  cases.  Exhaustion  or  cholemia 
often  brings  about  a  fatal  termination.  The  duration 
varies  with  the  cause,  and  is  modified  by  the  onset  of 
accidental  complications.  Complete  occlusion  may 
terminate  in  recovery  even  after  a  lapse  of  six  years, 
probably  by  some  accident  such  as  the  ulcerating 
through  the  intestinal  and  duct  walls  by  an  impacted 
stone.  Treves  operated  successfully  upon  a  jaundice 
of  sixteen  years  standing  and  found  obliteration  and 
absence  of  the  lower  end  of  the  bile  duct.  The 
prognosis  is  unfavorable,  depending  on  the  nature  of 
the  causal  lesion.  Hemorrhages  render  the  prognosis 
very  grave.  The  supervention  of  symptoms  of 
cholemia  is  serious.  The  return  of  color  to  the  stools 
is  of  more  favorable  import  than  is  a  change  in  the 
skin  discoloration. 

The  treatment  is  mainly  directed  to  the  relief  of 
symptoms.  Medicinal  remedies  are  of  but  little 
avail,  and  resort  must  be  had  to  surgical  measures. 
The  regulation  of  the  diet  is  of  the  utmost  importance 
to  the  conservation  of  life  (see  section  on  Catarrhal 
Inflammation).  Means  must  be  t.aken  to  overcome 
the  gastrointestinal  symptoms  that  result  from  the 
absence  of  bile  in  the  intestines.  The  bowels  mu.st  be 
regulated,  the  secretion  of  the  kidneys  kept  active, 
and  the  activity  of  the  cutaneous  glands  promoted. 


Cholecystotomy,  with  the  establishment  of  a  per- 
manent fistula,  may  be  resorted  to,  and  it  may,  by 
relieving  pressure  in  some  cases  of  gallstone  or  para- 
sitic obstruction,  promote  a  cure.  Cholecystoduo- 
denostomy  has  resulted  in  success  in  some  instances 
and  the  advisability  of  resorting  to  it  should  be 
considered  in  a  case  of  complete  occlusion. 

IV.  Enlargement  of  the  Gall-bladder. — Under 
this  caption  all  forms  of  enlargement  of  the  gall- 
bladder will  be  described,  as  it  is  by  the  clinical  study 
of  this  manifestation  of  the  disease  that  we,  to  a  large 
extent,  determine  the  nature  of  the  aOment  and  the 
indications  for  treatment. 

The  gall-bladder  is  enlarged  from  the  accumulation 
within  it  of  bile,  of  pus,  of  mucus,  and  of  gallstones, 
and  from  disease  of  its  walls — carcinoma.  Increase 
in  size  from  bile,  pus,  or  serum  is  usually  styled 
simple  dilatation.  Carcinoma  of  the  bUiary  passages 
will  be  treated  of  in  a  separate  section.  Accumulation 
of  the  fluids  just  indicated  is  due  either  to  obstruction 
of  the  duct,  or,  in  rare  cases,  to  a  paralysis  of  the  mus- 
cular coat  of  the  gall-bladder  from  overdistention. 
The  dilatation  from  bile  or  pus  may  be  temporary, 
and  in  such  a  case  is  caused  Ijy  an  obstruction, 
catarrhal  in  nature,  or  by  the  presence  of  a  gallstone, 
which  acts  as  a  ball-valve  in  the  lumen  of  the  ducts. 
Enlargement  from  accumulation  of  bile  is  not  common, 
but  may  occur  with  a  concretion  in  the  common  duct. 
In  this  case  it  is  usually  of  short  duration,  the  bile  be- 
ing absorbed  and  replaced  by  mucus  and  the  gall-blad- 
der ([uickly  shrinks. 

The  walls  of  the  gall-bladder  are  imiformly  dis- 
tended and  thinner  than  normal,  the  mucous  mem- 
brane is  smooth,  and  there  are  no  adhesions  to  the 
surrounding  parts.  Sometimes  the  dilatation  is  ex- 
treme. From  a  patient  of  Babington's,  three  wash- 
basinfuls  of  fluid  were  withdrawn,  and  in  another 
case  the  gall-bladder  was  so  distended  as  to  give  the 
patient  the  appearance  of  having  an  ascites  (Coupland). 
Lawson  Tait  and  Kocher  report  cases  in  which  dis- 
tended gall-bladders  were  mistaken  for  ovarian  cysts. 
Waring  mentions  a  specimen  in  which  the  lower  end 
of  a  distended  gall-bladder  formed  the  contents  of  a 
sac  of  a  femoral  hernia.  The  contents  may  consist 
at  first  of  bile,  but  as  the  obstruction  continues,  this 
becomes  more  and  more  intermingled  with  mucus. 

If  serum  accumulates,  causing  enlargement  (hy- 
drops cystidis  felleoe),  the  ob.struction  is  usually  one 
that  has  existed  for  a  long  time.  The  inner  surface 
of  the  mucous  membrane  is  like  a  serous  membrane 
in  appearance,  and  the  accumulated  fluid  is  the  result 
of  secretion  from  this  membrane.  Adhesions  are  usu- 
ally absent  in  dropsy  of  the  gall-bladder,  and  the  walls 
of  the  organ  are  much  attenuated.  It  is  usually  found 
that  in  cases  of  obstruction  by  gallstone  in  the  com- 
mon duct  the  gall-bladder  is  small  and  contracted, 
due  probably  to  repeated  irritations  from  stones,  the 
subsequent  fibroid  changes  successfully  resisting  dis- 
tention. Distention  of  the  gall-bladder  associated 
with  marked  jaundice  is  more  frequently  met  with 
in  new  growths  of  the  bile  ducts  or  of  the  head  of  the 
pancreas.  The  chemical  character  of  the  fluid  has 
already  been  described  in  the  section  on  Stenosis. 

Empyema  or  abscess  of  the  gall-bladder  results 
from  an  infection  by  microorganisms,  either  following 
upon  some  obstruction  or  irritation,  or  developing 
spontaneously.  The  condition  is  most  frequently 
associated  with  gallstone,  but  tumors  of  the  bile  duct, 
typhoid  and  other  fevers  may  be  predisposing  factors. 
Robson  considers  that  "infection  by  pyogenic  organ- 
isms is  probably  in  every  case  the  true  exciting  cause." 
The  same  anatomical  changes  are  presented  as  have 
been  described  in  the  section  on  Purulent,  Ulcerative, 
and  Croupous  Inflammation  of  the  Gall-bladder. 
The  walls  of  the  organ  are  friable  and  easily  ruptured. 
Adhesions  to  the  surrounding  parts  are  usualy  formed, 
and  a  fistula  is  established.     Pus,  or  pus  and  bile,  and 
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almost  always  gallstones,  make  u\>  the  c-untcnts. 
The  accunuilation  of  gallstones  in  the  gall-bladder, 
causing  enlargement,  is  not  uncommon. 

,Symi)li>i>i!i. — The  presence  of  a  tumor  in  the  region 
of  the  gall-bladder  is  common  to  all  forms  of  enlarge- 
ment. The  nature  of  a  tumor  observed  in  this  region 
is  determined  by  its  position,  size,  and  shape,  by  the 
characters  revealed  by  palpation,  and  by  the  nature 
of  its  contents.  The  gall-bladder  may  be  known  to 
be  enlarged  when  it  is  situated  under  the  free  border 
(if  the  ribs,  at  a  point  where  it  is  crossed  by  a  line  drawn 
from  the  tip  of  the  right  shoulder  to  the  symphysis 
pubis  (Janeway).  As  enlargement  progresses,  the 
direction  which  it  takes  is  usually  toward  the  um- 
bilicus, or  into  the  iliac  fossa,  the  intestines  are  never 
ill  front  of  it.  The  tumor  may  be  pyriform,  oval, 
semiglobular,  reniform,  or  heart-shaped".  The  size  of 
the  tumor  varies  from  that  of  a  walnut  to  that  of  a 
child's  head;  it  may  even  distend  the  ribs  on  both 
sides  (Coupland).  On  palpation,  the  tumor  may  be 
found  to  be  fixed  or  movable,  tender  on  pressure, 
firm,  elastic,  and  fluctuating.  If  enlarged  by  gall- 
stones, a  grating  sensation  may  be  experienced  on 
palpation,  and  the  ma.ss  will  be  hard  and   firm. 

The  general  condition  of  the  patient  and  the  symp- 
toms presented  depend  on  the  cause  of  the  obstruction 
(see  the  .section  on  Purulent  Inflammation). 

Diagnosis. — A  differential  diagnosis  must  be  made 
between  enlargement  of  the  gall-bladder  and  many 
forms  of  abdominal  tumors — hepatic,  gastric,  duode- 
nal, renal,  pancreatic,  and  lymphatic  tumors  (see  sec- 
tion on  Occlusion,  etc.).  Abscess  of  the  liver  and  hy- 
datid di.sease  must  be  excluded.  In  the  former,  the 
cause,  the  general  and  local  S3Tnptoms,  the  position 
the  induration,  and  then  the  softenmg  and  fluct- 
uation of  the  swelling,  shoidd  be  noted.  The  painless, 
slow  course  of  hydatid  disease,  the  broad  base  of  the 
cyst,  the  fremitus,  and  the  result  of  tapping  will  serve, 
if  taken  with  the  negative  symptoms  of  enlargement 
of  the  gall-bladder,  to  render  the  recognition  of  this 
disease  possible.  In  multilocular  hydatid  disease  the 
tumor  resembles  an  enlarged  gaU-bladder  containing 
calculi;  like  the  latter,  it  is  nodulated,  hard,  and  tender, 
but  it  is  associated  with  early  jaundice,  ascites,  an 
enlarged  spleen,  edema  of  the  lower  e.velids,  great 
emaciation  and  prostration,  with  rapid  decline  of  the 
patient's  general  health — conditions  which,  excepting 
jaundice,  are  not  likely  to  be  present  in  gaU-stones. 
Floating  kidney  and  renal  and  ovarian  tumors  have 
been  mistaken  for  enlargement  of  the  gall-bladder. 
Such  an  error  will  not  often,  be  made  if  it  be  remembered 
that  the  enlarged  gall-bladder  is  more  movaljle  at  the 
lower  than  at  the  upper  portion;  that  one  end  is 
larger  and  more  rounded  than  the  other;  that  fluctua- 
tion may  be  present,  and  that  biliary  symptoms 
generally  exi.st.  Tapping,  if  it  could  be  always  safely 
done,  would  also  be  invaluable  as  an  aid.  In  .sarcoma 
of  the  kidney,  in  hydronephrosis,  and  in  pyonephrosis, 
there  are  changes  in  the  urine  to  call  attention  to  them. 
Those  renal  tumors  at  first  always  have  the  intestines 
in  front  of  them ;  they  are  not  regularly  influenced  by 
resj^iratory  movement,  nor  is  their  area  of  dulness  on 
percussion  continuous  with  that  of  the  liver;  in  hydro- 
nephrosis a  previous  renal  colic  and  possibly  frequent 
discharges  of  urine  followed  by  diminution  in  size  of 
the  tumor  occur.  These  questions  of  diagnosis  arose 
in  the  study  of  the  ca.se  of  Kocher.  He  relied  much 
on  the  results  of  exploratory'  puncture,  as  previously 
discussed.  A  connection  between  the  tumor  and 
the  uterine  appendages  and  the  seat  of  origin  and  direc- 
tion of  development  of  the  growth  are  the  points  in 
favor  of  ovarian  tumor;  in  addition  to  which,  if  the 
fluid  be  characteristic,  the  diagnosis  of  such  a  tumor 
would  be  doubtless  correct.  A  recognition  of  the 
various  forms  of  enlargement  of  the  g.all-bladder  can 
often  be  made  by  attention  to  the  results  of  palpation 
and  by  a  consideration  of  the  history  of  the  case.  A 
cancerous  tumor  of  the  gall-bladder  is  fixed,  painful, 
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not  very  large,  and  is  attended  by  gastric  symptoms 
and  cachexia. 

Course,  Duration,  Prognosis. — These  all  depend 
upon  the  cau.se.  Abscess  of  the  gall-bladder  in  mani- 
fested by  active  symptoms  and  runs  a  rapid  course. 
It  may  terminate  favorably  by  communicating  with 
the  exterior,  the  .stomach,  the  intestines,  although 
long-continued  discharge  from  the  fistula  might 
be  .serious.  The  prognosis  of  this  condition  depends 
on  the  direction  in  which  the  pus  may  burrow.  Ac- 
cumulations of  bile  are  .serious,  on  account  of  the 
cause  of  the  collection,  and  the  course  and  prognosis 
depend  upon  the  concomitant  pathological  phe- 
nomena. Dropsy  of  the  gall-bladder  is  latent  and 
chronic;  the  prognosis  is  not  unfavorable. 

Treatment. — Tapping  of  the  gall-bladder  i.s  no  longer 
performed,  for  in  cases  of  accumulation  of  bile,  serum, 
or  pus,  a  .surgeon  will  prefer  to  oiicn  directly  into  the 
gall-bladder;  purulent  collections  a  re  practically  always 
to  be  treated  in  this  manner.  At  the  .same  time  a 
supporting  and  .stimulating  line  of  treatment  must  be 
carried  out.  The  .same  indications  are  to  be  met  in 
accumulations  of  bile  in  the  gall-bladder  as  in  occlusion 
of  the  biliary  passages. 

MoRBro  Growths  of  the  G.vll-bl.\dder  .\n"d  Gall- 
duct. — Here  and  there  may  be  found  an  isolated 
report  of  a  case  of  polypus,  lipoma,  fibroma  (sub- 
mucous), myxoma,  or  tuberculosis  of  the  biliary 
channels,  but  they  are  uncommon.  RoUeston  reports 
an  instance  in  which  a  papilloma  of  the  bile  duct  in 
intimate  association  with  a  stone  was  removed;  some 
months  later  the  patient  returned  with  a  growth  in 
the  same  region,  probably  malignant.  Bishop" 
described  a  large,  non-malignant,  cystic  growth  of 
the  gall-bladder  and  cy.stic  duct.  The  epithelial 
lining  of  the  cavities  was  regularly  formed  and  no  sign 
of  cancerous  formation  could  be  detected.  Kelynaek^" 
has  collected  in.stances  of  tibrom.a,  myxoma,  ade- 
noma, and  papilloma,  though  he  considers  most  of 
the  latter  to  have  been  epitheliomata.  Futcher-' 
describes  an  instance  of  chronic  jaundice  due  to  xan- 
thelasmata  in  the  bUe  ducts.  Primary  cancer  is  more 
frequent  than  is  generally  supposed,  the  secondary 
form  is  very  common.  ^Iusser  (Sr.)  has  tabulated 
seventy-eight  cases  of  primary  cancer  of  the  gall- 
bladder, and  ten  cases  of  cancer  of  the  bile-ducts. 
Kelynack  among  4,278  cases  of  cancer  finds  8 
instances  of  the  former  and  2  of  the  latter.  Fiitterer 
(1897)  and  Rolleston--  have  reviewed  this  question. 

Primary  Cancer  of  the  Gall-hlafidcr  (Musser)-'. 
— Etiology. — The  a^c  was  not  recorded  in  S  cases.  Two 
cases  occurred  imder  thirty;  13  between  forty  and 
fifty;  19  between  fifty  and  sixt.v;  14  between  sixty 
and  seventy;  13  between  seventy  and  eighty,  and  1  in 
a  patient  over  eighty  years  of  age.  The  variety  of 
carcinoma  was  not  recorded  m  28  instances.  In  the 
remainder,  at  no  period  of  life  was  there  any  remark- 
al)le  tendency  to  one  variety  rather  than  to  another. 
The  extreme  age  at  which  the  growths  were  found  is 
noteworthy.  The  sex  was  recorded  in  75  cases  of 
which  61  were  in  females  and  14  in  males.  The  varie- 
ties were  equally  distributed  among  the  men.  .-Vmong 
the  women,  18  had  encephaloid,  S  scirrhus.  6  epi- 
thelioma, 5  colloid,  and  2  villous  carcinomata;  2 
others  had  sarcomata.  Occupation,  heredity,  and 
habits  plaved  no  part  in  the  etiology.  Nor  did  pre- 
vious health,  mental  states,  or  accidents  in  any  way 
predispose  to  the  disease.  Four  cases  were  recorded 
with  antecedent  history  of  gallstones.  In  the  reports 
of  the  autopsies,  however,  it  is  noted  that  in  52  of 
the  78  ca.ses  gallstones  were  found.  Kelynack 's 
article-"  includes  the  most  valuable  collections  of 
cases  up  to  this  time;  very  complete  statistical 
reports  are  given.  Fiitterer  in  1900  had  collected 
268  cases. 

l^ymptoms. — Jaundice  was  present  in  51  of  78  cases. 
It  developed  rapidly  in  1,  was  slight  in  6,  recurring  in 
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1,  and  continued  for  periods  varying  from  one  week  to 
three  months.  The  cancerous  cachexia  was  observed 
in  12  cases.  Pain  was  present  in  .39  instances.  It 
was  seated  in  the  right  hypochondrium  in  22  cases. 
Nine  suffered  from  epigastric  pain.  It  was  described 
as  colicky  (8  cases),  as  lancinating,  as  paroxysmal,  as 
wandering,  as  constant,  and  as  severe.  Tenderness 
on  pressure  was  elicited  in  a  few  instances.  Fever 
was  present  in  a  large  number,  viz.,  in  13  cases;  it 
was  intermittent  in  2,  continued  in  the  others. 

The  gastrointestinal  symptoms  were  marked. 
Nausea  was  noted  in  5  cases,  and  vomiting  in  30. 
The  appetite  was  lost  in  14;  constipation  was  present 
in  19  eases,  diarrhea  in  11.  Ascites  developed  in  16 
cases;  edema,  appearing  late  in  the  disease,  In  9. 
Exhaustion  ensued  in  15;  emaciation  continued  and 
became  excessive  in  36  instances.  Hemorrhages 
occurred  late  in  the  disease  in  5  cases,  and  grave 
cerebral  symptoms  in  7.  Physical  signs:  A  tumor 
was  observed  in  34  instances;  hard  and  firm,  19  times; 
irregular  and  nodular,  8;  round,  oval,  pyriform, 
cylindrical,  and  smooth,  were  the  terms  used  to  de- 
Bcribe  it.  In  8  it  was  movable,  in  6  fixed.  It  disap- 
peared on  pressure  La  1  instance.  It  varied  in  .size 
from  a  hazelnut  to  a  child's  head.  Ten  times  a 
record  of  pain  in  the  tumor  was  made;  4  times  the 
tenderness  was  marked.  The  tumor  was  said  to  be 
situated  in  the  region  of  the  gall-bladder  (10),  in  the 
umbilical  region  (7),  in  the  right  hypochondrium  (10), 
or  in  close  proximity  to  these  situations.  The  liver 
was  enlarged  (21),  atrophied  (1),  hard  (2),  irregular 
(2),  nodular  (3),  or  tender  (2).  The  veins  over  the 
surface  were  enlarged  in  2  instances. 

In  fine,  emaciation,  jaundice,  cachexia,  pain  in  the 
region  of  the  gall-bladder,  with  fever,  nausea,  vomit- 
ing, and  loss  of  appetite,  with  or  without  diarrhea, 
are  the  prominent  symptoms  of  cancer  of  the  gall- 
bladder. To  corroborate  the  surmise  of  its  presence, 
a  tumor  in  the  right  hypochondrium,  tender  on 
Dressure,  and  the  seat  of  pain,  and  nodular  in  char- 
acter, would  usually  be  found.      (Musser.-^) 

Morbid  Anatomy. — The  encephaloid  variet}'  is  found 
most  frequently,  the  scirrhous  next,  and  then  the 
epitheliomatous,  colloid,  and  villous.  Kelynack  gives 
epitheliomatous  growths  the  first  place  in  order  of 
frequency,  with  scirrhous  next.  The  growth  begins 
at  the  junction  of  the  cystic  duct  with  the  bladder  and 
involves  the  entire  organ,  leaving  scarcely  a  trace  of 
it,  or  infiltrates  the  coats  and  encroaches  on  the 
cavity.  Again,  a  few  nodules  are  seen  underneath  the 
mucous  membrane,  or  a  dense  thickening  of  the  walls, 
caused  by  new  formations,  takes  place,  especially  at 
the  cystic  duct,  or  finally  the  gall-bladder  is  repre- 
sented by  a  nodular  mass.  The  mucous  membrane 
is  destroyed  entirely  or  ulcerated  at  various  points 
over  the  cancer,  or  is  the  seat  of  intense  inflammation. 
Fungoid  cauliflower  or  villous  excrescences  grow  into 
the  cavity  of  the  bladder,  or  the  surface  of  the  mass 
may  be  covered  with  papilla;  with  bulbous  extremities. 
The  tumor  may  be  dense,  firm,  without  juice,  or  a 
soft,  pulpy  mass.  In  some  instances  the  gall-bladder 
is  reduced  in  size,  very  often  it  is  enlarged,  even 
enormously  distended.  The  peritoneal  investment 
is  intimately  adherent  and  thickened;  subperitoneal 
nodules  are  seen,  or  the  external  surface  in  the  colloid 
variety  partakes  of  its  peculiar  characters.  Adhe- 
sions are  formed  between  the  diseased  gall-bladder  and 
the  adjacent  organs;  degeneration  of  the  walls,  and 
at  times  rupture,  take  place.  Ulceration  and  per- 
foration are  very  common.  Fistulous  communication 
is  thus  established  between  the  gall-bladder  and  the 
duodenum,  the  colon,  or  the  stomach.  In  the  course 
of  the  disease  gallstones  are  often  discharged  in  this 
way.  The  center  of  the  carcinomatous  mass  is  made 
up  of  soft,  pulpy  detritus,  or  of  a  thick,  creamy 
matter.  In  it  gallstones  are  also  found,  sometimes 
firmly  encapsulated  by  the  growth;  or,  if  the  cavity  of 
the  gall-bladder  remains,  it  is  filled  with  calculi,  with 
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pus,  bile,  blood,  or  mucus,  singly  or  combined.  In 
52  instances  out  of  78,  gallstones  were  present.  The 
new  formation  spreads  to  contiguous  structures — 
thus  the  liver,  colon,  stomach,  etc.,  may  be  involved. 
Changes  are  found  in  the  liver  and  in  the  ducts,  due 
to  obstruction  of  the  large  bile  ducts.  (See  Sections 
on  Purulent  Inflammation  and  on  Stenosis,  for  descrip- 
tion.) Peritonitis  (local)  is  usually  present;  an  acute 
inflammation  is  set  up  by  rupture.  Secondary 
deposits  may  al.so  be  fovmd  in  the  abdominal  lym- 
phatic glands,  the  omentum,  the  suprarenal  bodies, 
and  the  pleura. 

Diagnosis. — The  marked  symptoms  detailed  in  the 
clinical  history  are  to  be  borne  in  mind.  The  char- 
acter of  the  tumor,  its  seat,  its  mode  of  growth,  its 
immobility,  pain,  and  tenderness,  are  important. 
The  occurrence  of  jaundice  and  vomiting,  the  passage 
of  calculi  (by  a  fistula  leading  to  the  colon)  per  rectum, 
without  relief  to  obstnu^tion,  and  the  occurrence  of 
emaciation,  make  a  diagnosis  almost  positive.  The 
age  and  the  sex  are  important  factors,  and  a  history 
of  the  jaundice  is  of  aid  in  the  diagnosis. 

Relation  of  Gallstones  to  Carcinoma. — This  is  be- 
lieved to  be  causal.  The  frequent  occurrence  of  this 
disease  in  the  same  sex  in  which  biliary  calculi  are  most 
common,  is  strong  evidence.  But  a  case  of  Quetsch's-' 
confirms  this  opinion  more  decidedly  than  does  any 
previous  clinical  evidence.  The  patient,  a  female, 
was  subject  to  biliary  calculi,  and  a  biliary  cutaneous 
fistula  had  been  formed.  Subsequently,  a  carcinoma 
of  the  gall-bladder  developed  in  the  presence  of  the 
calculi  which  did  not  pass,  and,  no  doubt,  were  the 
cause  of  the  local  irritation.  Zenker  found  gallstones 
in  eighty-five  per  cent,  of  cases  of  cancer  of  the  gall- 
bladder. Similarly  high  percentages  were  found  by 
Musser,  Courvoisier,  Brodowski,  Gayle,  Bertrand,  and 
others;  Siegert,  in  ninety-five  per  cent,  of  primary 
carcinomas  of  the  gall-bladder,  found  stones  associ- 
ated, but  in  only  fifteen  to  sixteen  per  cent,  of  secondary 
carcinomas  was  this  the  case.  In  four  cases  of  primary 
carcinoma  of  the  liver,  reported  by  Beadles,  stones  were 
also  present,  while  none  were  seen  in  thirty-six  sec- 
ondary hepatic  carcinomatous  growths.  Slade^* 
foimd  carcinoma  of  the  gall-bladder  in  ten  of  seven- 
teen cases  of  gallstones  dying  from  the  effects  of  the 
stones;  the  malignancy  was  only  evident  under  the 
microscope.  In  333  cases  of  gallstones  in  the  post- 
mortem records  of  Guy's  hospital  there  were  forty- 
five  cases  of  carcinoma  of  gall-bladder  or  ducts 
(Ticehurst  quoted  by  Hale  White^'').  Others  believe 
that  the  calculi  develop  secondarily  from  stagnation 
of  the  bUe  and  precipitation  of  its  constituents. 

Duration. — This  has  been  placed  at  several  years 
by  VUlard ;  in  other  cases  death  occurred  within  three 
months  after  the  first  symptoms  developed. 

The  prophylactic  treatment  consists  in  the  removal  of 
or  the  prevention  of  formation  of,  the  calculi,  and  the 
treatment  of  the  disease,  after  it  is  once  manifested,  is 
purely  symptomatic.  Robson,  however,  has  removed 
the  gall-bladder  and  part  of  the  liver  in  five  cases,  with 
more  or  less  encouraging  results  in  four  of  them.  As 
one  of  the  cases  was  shown  at  operation  to  be  a  chronic 
inflammatory  condition  of  ducts,  gall-bladder,  and 
adjoining  viscera  instead  of  carcinoma,  the  value  of 
an  exploratory  operation  is  certainly  suggested. 

Primary  Cancer  of  the  Gall-ducts. — It  may  develop 
within  the  liver  or  in  the  larger  ducts.  The  most 
common  point  of  origin  is  at  the  mouth  of  the  common 
duct  or  at  the  junction  of  the  cystic  and  hepatic  ducts. 
A  firm  ma.ss  of  newly  formed  tissue  surrounds  the 
duct  or  invades  its  walls.  The  huuen  is  almost  or 
completely  obliterated;  its  inner  surface  is  the  seat 
of  ulceration,  at  certain  points,  or  of  papillary  growths. 
A  fungous  growth  projected  from  the  mouth  of  the 
common  duct  in  a  case  reported  by  Stokes.  The  an- 
atomical changes  of  occlusion  and  steno.sis  are  seen  in 
the  liver  and  ducts.  Secondary  deposits  are  found 
generally  in  the  liver  only,  along  the  ducts.     Kely- 
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nack^°  discusses  primary  cancer  of  the  ducts  and  has 
collected  twenty-six  cases.  A  diffuse  growth  was 
most  frequently  met  with  postmortem.  Edes-'  and 
Rolleston-*  are  more  recent  contributors  to  the  Kuh- 
ject,  dealing  particularly  with  cancer  of  the  extreme 
end  of  the  common  bile  duct.  Halsted-'  has  removed 
a  columnar-celled  carcinoma  from  the  ampulla  of 
Vater. 

The  symptoms  common  to  carcinoma  and  to  Idli.iry 
obstruction  are  present.  Rarely  is  the  growtli  large 
enough  to  be  recognized  by  palpation.  Death  is 
rapid  and  due  to  occlusion  of  the  ducts,  leading  to 
bile  intoxication  or  puriilent  inflammation. 

Congenital  Defects. — The  gall-bladder  may  be 
absent  entirely,  without  serious  inconvenience;  a 
shrivelled  pouch  or  a  contracted  tube  takes  its  place. 
In  atresia  of  the  ducts,  jaundice,  umljilical  hemorrhage, 
and  marasmus  are  present  during  life.  The  jaundice 
is  present  at  birth,  or  makes  its  appearance  a  few 
days  afterward,  persists,  and  deepens.  The  stools  show 
an  absence  of  bile;  the  urine  is  bile-tinged.  There  is 
from  the  first  a  tendency  to  hemorrhages,  and  with 
this  ecchj-moscs  under  the  skin  and  bleedings  from 
the  mouth,  nose,  or  bowels  take  place. 

Umbilical  hemorrhage,  occurring  after  the  separa- 
tion of  the  cord,  is  especially  marked.  As  the  child 
grows  older  it  loses  in  flesh,  becomes  extremely  weak- 
ened, and  dies  of  cholemia  or  exhau.stion,  in  spite  of 
an  ability  to  take  much  nourishment.  At  first  the 
liver  is  normal,  but  if  the  child  lives  it  becomes  very 
large,  and  the  spleen  is  likewise  increased  in  size. 
Ascites  may  develop.  If  hemorrhages  do  not  occur 
the  child  lives  many  months.  In  a  case  reported  by 
Lotze,  the  child  lived  seven  months. 

R.  Lomer'°  reports  a  curious  case.  It  was  one  of 
congenital  obliteration  of  the  right  hepatic  and  the 
cystic  ducts.  The  whole  right  lobe  had  undergone 
cystic  degeneration  and  was  shrunken,  the  gall-bladder 
was  obliterated,  but  the  left  lobe  remained  normal. 
He  analyzes  a  series  of  cases,  and,  from  the  fact  that 
usually  the  parents  are  syphilitic  and  several  of  their 
children  are  similarly  diseased,  he  holds  that  an  intra- 
uterine hepatitis  of  syphilitic  origin  is  the  cauoO  of  the 
disease.  This  is  the  usually  accepted  explanation  of 
the  pathology  of  congenital  disease  of  the  ducts.  The 
obstruction,  which  is  fibrous,  may  be  in  a  m.ain  duct 
or  in  one  of  its  branches.  The  gall-bladder  maj'  be 
normal,  but  contains  a  serous  fluid.  It  may  be  ob- 
literated or  remain  as  a  fibrous  cord.  The  ducts 
in  the  liver  may  be  dDated,  or  some  may  appear  like 
fibrous  cords.  Sometimes  the  portal  fissure  is  the 
seat  of  local  perihepatitis,  and  usually  the  surface  of 
the  liver  is  involved.  The  liver  is  icteric,  the  scat  of 
connective-tissue  overgrowth,  or  atrophied.  Some 
parts  become  cystic.  Rolleston  and  Ha.vnc^'  describe 
a  congenital  obliteration  of  the  bile  ducts  giving  rise 
to  an  advanced  hepatic  cirrhosis;  Thompson'  has  col- 
lected fifty  such  cases.  Ford'-  gives  cases  of  congenital 
obstruction  producing  the  so-called  biliary  cirrliosis. 
An  article  by  Howard  and  Wolbach''  should  be  con- 
sulted for  recent  literature  and  theories  on  the  subject. 

The  jaundice  due  to  congenital  defects  of  the  ducts 
is  to  be  distinguished  from  that  jaundice-like  discolora- 
tion of  the  integuments,  conjunctiva,  etc.  that  is 
physiological.  In  this  condition,  which  is  common 
in  new-born  infants,  bOe  is  present  in  the  stools. 
Jaundice  of  the  simple  catarrhal  variety  also 
occurs  in  infants.  It  usually  responds  promptly 
to  treatment,  and  has  not  the  malignant  aspect  of 
disease  dependent  upon  deficiency  of  the  ducts. 
Then,  again,  a  pylephlebitis  occurs  sometimes  in 
infants.  In  this  case  fever  and  the  usual  evidences 
of  p\'emia  are  present. 

Pah.\sites. — They  may  develop  within  the  biliary 
passages  (distoma),  they  may  emigrate  from  the 
intestines  (round  worm,  psorosperms),  or  they  may 
find  their  wav  into  the  ducts  bv  ulcerative  action 


(echinococcus).     Rarely,    the  latter    develop    within 
the  ducts. 

1.  DUlomum  hepaticum  (large  liver  fluke);  Distomum 
lanceolatum  {small  liver  fluke). — Common  in  sheep  and 
cows,  rare  in  man.  The  large  fluke  is  found  in  the 
gall-bladder  or  large  bile-ducts;  the  small  one  generally 
in  the  finer  ducts.  Both  species  may  occur  in  the 
same  subject.  The  latter  variety  produces  the  most 
notable  changes  in  the  liver.  Dinlomum  sinense 
{lanccolntiuti)  is  a  common  parasite  of  human  beings 
in  Japan,  China,  India,  and  the  East. 

The  presence  of  these  parasites  sets  up  a  chronic 
catarrhal  and  suppurative  inflammation  of  the  ducts. 
Enlargement  of  the  gall-bladder  and  ducts  occurs 
secondarflv.  A  fibrous  inflammation  of  the  walls 
takes  place,  with  secondary  calcanMjus  degeneration 
of  the  products  of  inflammation;  the  ducts  become 
much  enlarged  and  thickened,  and  the  lumen  is 
dilated.  Occlusion  of  the  ducts  results  on  account 
of  the  inflammatory  disease  and  the  presence  of  the 
parasites  in  the  canal.  By  necessity,  therefore,  we 
have  the  symptoms,  previously  noted  in  this  section, 
of  the  above  anatomical  changes,  and  of  obstructive 
jaundice.  In  addition,  ner\-ous  symptoms  of  a  re- 
flex nature — as  syncope,  convulsions,  or  aphonia — 
may  be  present.  A  positive  diagnosis  can  be  made 
only  by  finding  the  parasites  in  the  vomited  matter, 
or  in  the  feces.  Death  occurs  sometimes  on  account 
of  the  inflammatory  complications,  or  from  exhaustion. 

2.  Round  Worins  (Ascaris  lumbricoides). — They 
usually  wander  from  the  intestines,  and  are  found 
with  their  head  toward  the  liver.  Rarely,  after 
adhesive  inflammation  and  fistulous  communication 
between  the  gall-bladder  or  ducts  and  the  intestine, 
worms  are  found  in  the  bUiary  passages.  The  number 
of  them  varies — from  one  to  three  or  four,  usually. 
They  are  often  found  alive  on  making  an  autopsy, 
or  have  died  before  the  death  of  the  patient,  and  are 
soft  and  macerated.  Their  presence  excites  catarrhal 
inflammation,  causes  occlusion  and,  secondarily,  a 
purulent  cholangitis,  a  dilat.ition  of  the  ducts,  andsub- 
sequent  atrophy  of  the  liver,  or  the  formation  of 
multiple  abscesses.  When  limited  to  the  gafl-bladder, 
they  cause  enlargement  and  inflammation  of  that 
organ.  The  dOatation  of  the  ducts  is  usually  general; 
sometimes  local  sacculated  dilatations  are  observed, 
in  which  worms  lie  rolled  up. 

The  symptoms — if  the  worm  has  recently  migrated 
into  a  duct — are  like  those  of  hepatic  colic.  Later, 
the  symptoms  and  signs  of  obstructive  jaundice  occur, 
and  then  those  of  purulent  cholangitis.  A  history 
of  an  attack  of  worms,  the  presence  of  the  parasite 
in  the  ejecta,  and  the  age  of  the  patient  furnish 
valuable  corroborative  evidence.  Further,  intestinal 
and  nervous  symptoms  due  to  worms  are  said  to 
be  present.  Invasion  of  the  liver  by  psorosperms 
(psorospermosis)  is  rare,  but  twenty  cases  were 
reported  in  1S98  (McFarlane'').  The  symptoms  are - 
those  due  in  general  to  infections  and  obstructions  of 
the  ducts.  The  coccidial  parasites  are  taken  in  with 
the  food. 

Echinococcus  (Hydatid  Disease  of  the  Bile-ducts). — 
Either  an  hydatid  cyst  may  press  upon  one  or  more  of 
the  ducts,  causing  occlusion  of  them,  or  complete 
obliteration  of  their  lumen,  or  entire  destruction 
their  (Leroux);  or  the  sac  may  vilcerate  into  the  ducts 
or  bladder,  and  the  vesicles  pass  by  this  route  into 
the  intestines,  with  symptoms  of  hepatic  colic;  or, 
finally,  it  may  cause  occlusion,  dilatation,  and  inflam- 
mation of  the  biliary  passages.  This  process  may 
terminate  in  suppuration  and  gangrene  of  the  cyst, 
and  is  usually  fatal.  The  symptoms  of  obstructive 
jaundice  of  a  high  degree,  and  of  the  local  inflam- 
matory changes,  indicate  this  pathological  condition 
The  presence  of  hydatid  hooklets  in  tlie  ejecta  from 
the  stomach  or  bowels,  a  pre\-ious  history  of  a  painless 
enlargement  of  the  liver,  and  the  results  of  cxplorat-ory 
operation  would  confirm  one's  opinion  of   the   pres- 
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ence  of  hydatid  disease.  P'inally,  the  gall-dueta  are 
seriously  invaded  in  that  rare  manifestation  of  hydatid 
disease  known  as  mnltilocuhir  echinococcus.  In  this 
instance  the  walls  of  the  ducts  are  thickened,  hard, 
and  rigid  and  the  lumen  is  effaced  by  the  presence 
of  the  vesicles  in  the  tissues.  Secondary  inflammation , 
suppuration,  dilatation,  etc.,  may  arise  in  these 
cases.  The  symptoms  of  this  manifestation  have  been 
considered  in  the  section  on  Occlusion  of  the  Ducts. 

Santonin  may  be  given  for  round  worms.  If  signs 
of  infection  of  "the  ducts  arise  they  shovild  be  cut 
down  upon  and  drained.  Norman  B.  Gwtn. 
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Gallic  Acid. — By  exposure,  to  the  atmosphere,  of 
galls  in  the  presence  of  water,  chemical  conversion  of 
the  tannic  acid  of  the  galls  takes  place,  resulting  in  the 
formation  of  gallic  acid,  CeH,  (0H)3.  COOH-f-HjO. 
This  body  is  official  in  the  United  States  Pharmaco- 
poeia under  the  title  AcidumGaUicum,  GaUic  Acid,  and 
presents  itself  as  "white,  or  pale  fa^\•n-colored,  silky, 
interlaced  needles,  or  triclinic  prisms;  odorless;  having 
an  astringent  and  slightly  acidulous  taste;  permanent 
in  the  air.  Soluble  in  8.3.7  parts  of  water,  and  in  4.14 
parts  of  alcohol  at  25°  C.  (77°  P.);  in  3  parts  of  boiling 
water,  and  in  1  part  of  boiling  alcohol;  also  soluble  in 
40  parts  of  ether,  and  in  12  parts  of  glycerin;  very 
slightly  soluble  in  chloroform,  benzene  or  petroleum 
benzin"  (U.  S.  P.).  On  heating,  the  acid  first  loses  its 
water  of  crj-stallization,  then  melts,  and  finally  is  de- 
composed, and  consumed  without  residue. 

Gallic  acid  is  purel.v  but  feebly  astringent,  and  seems 
practically  devoid  of  any  other  phj'siological  property. 
Taken  internally,  it  does  not  poison,  or  constipate,  or 
even  disorder  the  stomach  unless  in  excessive  dosage. 
It  does  not  coagulate  albumin,  and  so,  when  swallowed, 
is  readil.v  absorbed.  After  absorption  it  appears 
speedily  in  the  urine,  as  is  demonstrable  by  chemical 
tests.  TherapeuHcalh/,  the  only  reputation  of  gallic 
acid  is  for  internal  giving  for  the  control  of  hemor- 
rhages from  inaccessible  p.arts — for  which  purpose  the 
efficacy  of  the  medicine  is  esteemed  very  differently  by 
different  practitioners.     Full  and  frequent  doses  are 
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required  for  this  purpose.  Gallic  acid  has  been  given 
without  untoward  effect  in  dosage  of  0.6.5  gram  (gr.  x.) 
every  three  hours,  unremittingh-,  for  three  weeks.  It 
has  also  been  used  to  check  the  night-sweats  of 
phthisis;  but  evidence  of  real  value  is  lacking.  The 
pharmacopa'ial  dose  is  one  gram  (15  gr).  It  may  be 
prescribed  in  pill,  powder,  or  mixture.  Locally,  it  has 
been  applied  in  the  form  of  ointment  in  cases  of  ex- 
ternal hemorrhoids.  Gallic  acid  is  incompatible  with 
spiritus  ietheris  nitrosi  and  with  the  salts  of  iron. 

Edw.\rd  Curtis. 

R.  J.  E.  Scott. 

Qallicin,  CcHo  (0H)3  COO.CH3,  or  gallic  acid 
methyl  ester,  is  prepared  by  heating  a  methyl  alcohol 
solution  of  gallic  acid  with  strong  sulphuric  acid.  It 
crystallizes  in  rhombic  prisms  or  fine  needles,  which  are 
freely  soluble  in  water  and  alcohol.  It  is  used  as  an 
antiseptic,  non-toxic  dusting  po%vder,  and,  in  solution, 
in  conjunctivitis.  W.  A.   B.\stedo. 

R.  .1.  E.  Scott. 

Qallinipper. — A  name  often  given  to  mosquitos 
in  some  parts  of  America.     See  Insects,  Parasitic. 

Qallobromol — dibromogallic  acid  [C6Br2(0H)3- 
COOH] — is  a  bromine  substitution  product  of  gallic 
acid.  It  occurs  as  white  crystalline  needles  or  a  light 
brown  powder,  and  is  readily  soluble  in  alcohol,  ether, 
and  boiling  water,  but  is  sparingly  soluble  in  cold 
water.  It  has  been  used  as  a  nerve  sedative  in  epilepsy 
and  chorea,  and  also  locally  as  an  astringent  and  anti- 
septic in  eczema  and  other  skin  diseases.  It  has  also 
been  used  as  an  injection  in  (strength  of  one  to  four  per 
cent.)  in  gonorrhea  and  cvstitis.        W.  .A.  B.^stedg. 

R.  J.  E.  Scott. 

Qalton,  Sir  Francis. — English  anthropologist. 
Born,  February  16,  1822.  He  studied  at  first  with  the 
intention  of  becoming  a  practitioner  of  medicine,  but 
soon  abandoned  the  idea  and  devoted  himself  to  travel 
and  pursuits  of  a  purely  scientific  nature.  He  paid 
much  attention  to  the  subject  of  finger-prints  and  to 
their  employment  as  a  means  of  identifying  criminals. 
He  was  also  greatly  interested  in  eugenics,  a  term 
which  he  was  the  first  to  employ  (1884).  His  death 
occurred  in  1911.  -A.  H.  B. 

Galvani,  Luigi. — Born  at  Bologna,  Italy,  Septem- 
ber 9,  1737.  He  received  the  degree  of  Doctor  of 
Medicine  in  1762,  and  was  soon  afterward  chosen 
Professor  of  Anatomy.  Although  Galvani  was  chiefly 
interested  in  the  physical  sciences,  he  devoted  himself 
very  conscientiousl}'  to  the  practice  of  medicine,  and 
was  known  as  an  experienced  obstetrician  and  a  skilled 
surgeon.     He  died  December  4,  1798. 

In  vol.  ^■^i.  (1791)  of  the  Transactions  of  the  Bologna 
Institute  is  printed  Galvani's  report  of  his  experi- 
ments with  the  electric  current  upon  the  nerves  and 
muscles  of  frogs.  In  another  volume  of  the  same 
transactions  he  gives  a  description  of  the  anatomy  of 
the  kidneys  and  ureters  of  birds;  and  in  a  third  volume 
he  reports  the  results  of  his  investigations  into  the 
anatomj'  of  the  organ  of  hearmg  of  birds.  He  had 
been  working  on  this  subject  for  three  ye.ars  when 
it  came  to  his  knowledge  that  Scarpa  had  already  at 
an  earlier  date  gone  over  the  same  field  in  a  most 
thorough  manner,  and  he  accordingly  abandoned  all 
further  work  in  this  direction.  A.  H.  B. 

Gamasidse. — The  beetle  mites.  In  this  family 
of  Acarina  the  skin  is  leathery,  but  reinforced  by 
chitinous  plates;  maxillae  filiform;  stigmata  lateral; 
no  eyes.  Tliough  these  mites  are  most  frequently 
found  on  insects,  Dermanyssus  gallinir  (the  Poultry 
Mite)  and  D.  hirundinis  (the  Swallow  Mite)  are 
sometimes  troublesome  to  man.     See  Arachnidn. 

A.  S.  P. 
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Qamasoidea. — A  superfamily  of  ticks,  in  which 
there  is  a  small  hypostonie  without  teeth.  It 
includes  three  families:  Dermani/snidir,  parasitic  on 
vertebrates,  Uropodida:,  and  CamasidiE  or  beetle 
mites.     See  Arachnida. 

Qambir. — Pale  Cnlcchu.  Terra  Japnnica.  An  ex- 
tract jjreiiared  from  the  leaves  and  young  shoots  of 
Ourouparia  ganihier  (Hunter)  Baill.     (Fam.  Rahiace(r.) 

The  gambir  plant  is  a  native  of  the  East  Indies  and 
is  a  woody  vine,  climbing  by  means  of  stout,  and  sliarp 
hooks.  It  has  recently  been  introduced  to  cultiva- 
tion by  the  British  Government  in  many  of  its 
tropical  provinces.  The  gambir  is  preijared  by  boiling 
the  leafy  twigs  in  w.ater  and  evaporating  the  decoction. 
For  medicinal  use,  the  decoction  is  carefully  filtered, 
but  much  of  that  used  for  tanning  leather  is  very 
coarse  and  impure,  frequently  adulterated.  The  latter 
occurs  in  large  blocks,  or  masses,  as  it  is  solidified  in 
the  containers. 

Medicinal  gambir  occurs  mostly  in  cubes  of  about 
an  incli  sc|uare,  sometimes  in  thin  cakes.  It  is  of  a 
dull,  dirty  gra.v  brown  color,  often  streaked  with 
darker  brown  and  with  a  slightly  rough  or  granular  sur- 
face. Its  fracture  is  not  so  brittle  as  that  of  catechu, 
nor  is  it  so  porous.  The  inner  color  is  rather  lighter 
than  the  outer.  It  is  of  low  specific  gravity.  Under 
the  microscope,  it  shows  numerous  fine  needle-shajjed 
cr3'tals.  Tissue  fragments  should  be  few  and  small, 
if  any.  It  should  yield  less  than  live  per  cent,  of  ash 
if  of  first  cjuality.  It  is  mostly  soluble  in  cold  water 
and  almost  wholly  so  in  alcohol,  the  solution  being 
clear.  With  hot  water  the  solution  is  turbid.  It  is 
nearly  odorless  and  of  a  sw'eetish  and  very  astringent 
taste.  Its  composition  is  almost  identical  with  that 
of  catechu.  From  one-fourth  to  one-third  of  it  is 
catechutannic  acid  and  there  is  rather  less  of  cateehin. 
It  is  less  subject  to  adulteration  than  catechu.  Its 
properties  are  those  of  a  pure  coagulating  astringent 
and  its  uses  and  dosage  arc  exactly  the  same  as  those 
of  catechu.  Henby  H.  Rusby. 

Qamboge. — See  Cambogia. 

Qanglion. — See  Bursilis. 

Qangosa. — The  feminine  form  of  a  Spanish  ad- 
jective meaning  "nasal-voiced."  This  word  has  been 
erroneously  used  as  a  name  for  the  disease  Rhinopha- 
ryngitis nmtilans,  q.v.  J.  F.  L. 

Gangrene. — The  term  gangrene,  and  its  synonyms, 
mortification  and  sphacelus,  are  employed  by  the  sur- 
geon to  denote  the  death  and,  in  most  cases,  the  sub- 
sequent decomposition  of  a  circumscribed  portion  of 
tissue  on  some  exposed  part  of  the  body.  Necrosis  is 
a  term  extensively  used  by  surgeons  to  denote  the  death 
of  a  circumscribed  portion  of  bone,  while  pathologists 
employ  it  to  express  the  death  of  a  portion  of  tissue, 
belonging  to  some  internal  organ,  that  has  been  cut  off 
from  its  necessary  blood  supply.  Such  necrosis  is  unac- 
companied by  bacterial  decomposition;  it  is  absorbed 
and  replaced  by  the  formation  of  blood-vessels  and 
new  tissue. 

Mortification  is  a  term  used  by  lay  people  referring 
to  gangrene.  Slough  and  sloughing  are  terms  ajjplied 
to  dead  masses  of  tissue  which  form  during  ulceration 
or  severe  inflammation  as  in  abscess  or  the  core  in  a 
boil.  A  dark  slough  is  often  referred  to  as  a  process 
of  gangrenous  sloughing. 

Mummification  or  anthraconecrosis  is  synonymous 
with  the  term  gangrene.  Mummification  is  often 
observed  in  the  gangrene  of  the  aged. 

Ulceration  is  molecular  death  and  it  occurs  in  an 
open  suppurating  process. 

Necrobiosis  oceiirs  in  tissues  of  low  vitality  and 
poorly  nourished  ending  in  local  death  of  the  ])art. 

Etiology  and  P.\thology. — .\  general  division  of 
the  causes  of  gangrene  into  traumatic,  physical,  and 


infectious  may  be  made,  but  it  is  evident  that, 
whether  the  local  death  of  a  part  i.s  produced  by 
mechanical  violence  or  by  other  causes,  the  result 
must  be  the  same —namely,  an  interference  or  arrest 
of  the  nutrition  of  the  part  due  to  (jbstruction  of  the 
circulation.  Nutrition  is  interfered  with,  or  arrested, 
by  ohxtrnctioji  in  tlir;  arteries,  such  as  occurs  in  cases 
of  gunshot  woiinds;  by  ruptures  due  to  mechanical 
violence;  by  compression  of  ligature;  by  di.sease  of 
the  arterial  coats;  by  pressure  of  a  tumor  in  the 
adjacent  tissues,  or  by  a  thrombus;  by  obstruction  in 
the  eajyillnries,  which  ni.ay  produce  complete  anemia 
of  the  jjarl,  and  which  is  due  to  pressure  upon  the 
capillary  walls  by  tumors,  by  extravasated  blood  or 
fibrin,  or  by  superficial  pressure  from  banrlaging.  The 
observation  that  tight  bandaging  would  occasionally 
produce  gangrene  is  as  old  as  nii)i)ocrates,  who  dis- 
tinctly refers  to  it.  Anything,  therefore,  which  will 
produce  long-continued  stasis  in  the  ca))illary  circula- 
tion of  a  part — whether  it  be  mechanical  violence, 
inflammatory  change,  the  internal  administration  of 
certain  drugs,  the  action  of  chemicals,  or  some 
obstruction  in  the  veins  sufficiently  pronounced  to 
prevent  completely  the  return  circulation — must 
necessarily  result  in  gangrene  of  that  part. 

Let  us  now  examine  these  causative  states  somewhat 
in  detail.  Obstruction  to  the  arterial  circulation 
occurs  in  consequence  of  gunshot,  lacerated,  and  in- 
cised wounds,  whenever  the  artery  is  torn  or  cut,  and 
this  obstruction  results  in  gangrene  whenever  the 
collateral  circulation  fails  to  become  established. 
Plate  XXXVI.,  Fr:.  2,  and  PLate  XXXVIl.,  from  the 
"  Medical  and  Surgical  History  of  the  War  of  the  Rebel- 
lion," show  cases  of  this  kind  with  great  distinctness. 
Pressure  upon  arteries  during  the  treatment  for  aneu- 
rysm has  also  produced  gangrene.  Surgeon  Fessenden, 
of  the  Marine  Hospital  Service,  has  reported  a  case 
(U.  S. Marine  Hospital  Reports,  1SS2,  pp.  160-162.) 
in  which  compression  was  ajjplied  to  the  popliteal 
artery,  just  above  an  aneurysm  of  that  vessel,  for  one 
hour,  when  puls.ation  ceased  in  the  tumor;  three  days 
later,  it  was  noticed  that  sensibility  was  lost  in  the 
foot  and  leg,  which  became  very  much  discolored, 
and  there  occurred  blebs  on  the  foot;  a  day  later  the 
entire  foot  and  leg  were  gangrenous,  and  amputation 
was  performed. 

Coagula  (thrombi)  may  form  in  the  arteries  as  a 
result  of  chronic  endocarditis  or  endarteritis.  Ob- 
struction to  the  capillaries  is  a  prolific  source  of  gan- 
grene. It  is  in  them  that  the  effect  of  diminished 
cardiac  power  is  most  manifest,  especially  in  the  parts 
remote  from  the  heart.  Chronic  exhaustive  diseases, 
senile  and  general  debility,  therefore,  are  important 
factors  in  the  production  of  gangrene.  Gangrene 
from  the  administration  of  ergot  is  produced  by  the 
effect  of  the  drug  on  the  arterioles  through  the  vaso- 
motor nerves,  whoreb}'  these  vessels  are  i)ermanently 
diminished  in  caliber.  The  ex]jeriments  of  Holmes 
(1870)  showed  the  effect  of  ergot  upcni  animals  to  be 
manifested  in  the  capillaries,  as  witnessed  in  frogs,  and 
Peton  (1S7S)  observed  the  contraction  of  the  setinal 
vessels  in  man.  Peton  believes  that  this  effect  is 
produced,  independently  of  any  influence  upon  the 
vasomotor  system,  l)y  the  direct  action  of  the  drug 
upon  the  muscular  fibers.  Nikit,  however,  in  1S7S, 
denied  this,  and  his  investigatiiuis  have  led  him  to 
confirm  the  usually  accepted  theory.  In  recent  years 
we  have  learned  to  distinguish  some  infectious  causes 
of  gangrene,  and  also  to  recognize  the  fact  that 
carbolic-.acid  solutions  are,  in  certain  cases,  competent 
to  induce  this  condition.  Farther  on,  we  will  con- 
sider these  matters  more  in  detail. 

Ergotism,  .as  si  cause  of  certain  'epidemics  of  gan- 
grene in  man,  was  first  described  bv  Dodard  in  lti7(i, 
then  by  Saviard  in  li;04,  and  by  Xoel  in  1710.  The 
disease  appeared  in  Switzerland  in  1()7().  according 
to  Langius  and  (luas^ond.  It  also  ap))eared  in 
Dauphine    in    1709.     Duhamel,    in    the    "  Memoires 
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de  I'Academie  Royale  de  Paris"  for  1748,  states  that 
the  disease  was  accompanied  by  very  great  mortality, 
"not  more  than  four  or  five  out  of  one  hundred  and 
twenty  who  had  been  attaclced  escaped  with  Hfe." 

Pcreira  (1840)  thinl^s  that  this  affection  was  known 
at  a  still  earlier  period,  and  he  quotes  a  passage  from 
Sigebert  to  support  his  views  (South):  "1089,  a 
pestilential  year,  especially  in  the  western  parts  of 
Loraine,  where  many  persons  become  putrid  in  con- 
sequence of  their  inward  parts  being  consumed  by 
St.  Anthony's  fire.  Their  limbs  were  rotten  and 
became  coal-blaclc,  they  either  perished  miserably  or, 
deprived  of  tlieir  hands  and  feet,  were  reserved  for  a 
more  miserable  life."  It  is  stated  that  "the  bread 
which  was  eaten  at  this  period  was  remarliable  for  its 
deep  violet  color." 

Notwithstanding  the  general  concurrence  of  opinion 
as  to  the  effects  of  ergotism  on  man,  it  has  often  been 
denied  that  it  produced  any  such  effect  upon  animals. 
Block,  in  1811,  fed  nine  pounds  of  ergot  daily  to 
twenty  sheep  for  four  weeks  without  any  visible 
effect,  and  twentj^  sheep  of  another  lot  ate  thirteen 
and  a  half  pounds  daily  for  two  months  without 
injury.  Thirty  cows  took  twenty-seven  pounds 
daily  for  three  months,  and  tlie  only  apparent  effect 
was  to  injure  the  quality  of  the  cream  (Pereira). 
Tessier,  however,  in  1776,  visited  those  countries  in 
which  the  epidemic  had  prevailed,  or  was  then 
present,  and  found  that,  although  the  quantity 
necessarUy  varied,  yet  it  finally  produced  the  gan- 
grenous affection  ("ISlcmoires  de  la  Societe  Royale  de 
]\Iedicine,  "1776,  1777-78).  Instances  are  not 
wanting  of  the  prevalence  of  gangrene  as  an  epidemic 
among  animals  in  the  United  States.  Dr.  Salmon, 
Chief  of  the  Bureau  of  Animal  Industry  of  the 
Agricultural  Department,  in  a  report  on  this  subject 
(188.5)  showed  conclusively  that  many  so-called 
epidemics  of  the  foot-and-mouth  disease  of  cattle 
are  really  epidemics  of  ergotism.  He  found  much 
ergot  in  the  heads  of  "red-top"  grass,  in  timothv, 
and  in  the  chess  or  "cheat,"  as  well  as  in  rye;  and  in 
the  particular  epidemic  in  Kansas  which  called  out 
the  inquiry,  the  ergot  was  found  in  the  hay  fed  to 
the  diseased  animals  in  the  proportion  of  about  one 
to  every  seventy-five  pounds.  In  these  cases  there 
were  sloughing  ulcers  of  the  mouth,  ulcers  in  the 
rectum,  with  diarrhea,  a  temperature  of  101°  to  104° 
F.,  and  a  line  of  demarcation  above  the  hoof  in  some 
cases  as  high  as  the  middle  of  the  leg,  and  not  infre- 
quently the  ends  of  the  tails  became  gangrenous  and 
dropped  off.  In  an  exhaustive  review  of  the  history 
of  epidemics  of  gangrene  from  ergotism.  Dr.  Salmon 
cites  many  instances  to  show  that  nearly  all  the 
domesticated  animals  have  suffered  from  the  effects  of 
this  poison.  As  bearing  upon  the  question  of  treat- 
ment, it  is  interesting  to  note  that  Dr.  Salmon 
considers  that  ergot  in  hay  may  be  prevented  by 
cutting  the  grass  before  the  seeds  have  formed. 

The  first  effect  of  extreme  cold  upon  the  tissues  is 
the  contraction  of  the  capillaries  to  the  smallest 
practicable  degree.  A  certain  amount  of  blood  serum 
is  actually  frozen  and  the  capillary  is  ruptured,  the 
circulation  is  not  resumed  when  the  parts  are  thawed, 
and  gangrene  results.  Gangrene  thus  produced  is 
usually  of  the  dry  variety,  although,  when  the 
venules  or  the  larger  venous  trunks  are  frozen,  by 
reason  of  the  failure  of  the  return  circulation,  moist 
gangrene  is  produced.  Direct  destruction  of  cells 
by  caustic  chemicals  may  produce  gangrene  of  distal 
parts  through  failure  of  both  supply  and  return  of 
blood.  Gangrene  of  the  perineum  may  occur  from 
extravasated  urine  (Green,  1884),  as  even  normal 
urine  is  highly  irritating;  but  in  such  cases  there 
must  have  been  local  inflammation  and  consequent 
death  of  the  adjacent  cells.  Urine  which  has  under- 
gone putrefaction,  being  loaded  with  the  putrefactive 
bacteria,  is  often  very  speedy  in  its  action,  especially 
as  the  tissues  themselves  are  weak  in  their  power  of 
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resistance;  while  not  absolutely  devitalized,  they  are 
yet  in  a  state  of  extreme  inertia.  It  is  well  known 
that  the  power  of  resistance  to  the  entrance  and 
subsequent  development  of  the  pathogenic  bacteria  is 
variable,  and  that,  for  instance,  in  cases  of  con- 
valescence from  such  exhaustive  diseases  as  tj-phoid, 
typhus,  and  the  severer  exanthemata,  fatal  forms  of 
so-called  blood-poisoning  are  apt  to  make  their 
appearance;  this  condition,  while  perhaps  im- 
mediately dependent  upon  diminished  cardiac  power, 
is  one  of  deficient  innervation;  for  insufficient  nutri- 
tion of  the  nerve  centers  is  necessarily  manifested  m 
weakness  of  muscular  tissues  throughout  the  body. 

Obstruction  of  the  veins,  it  will  be  seen,  is  very 
rarely  a  direct  cause  of  gangrene;  pressure  or  occlusion 
of  the  superficial  veins  alone  will  scarcely  produce  it, 
unless  there  is  constitutional  predisposition,  as  above 
set  forth,  for  the  deep  veins  will  still  carry  away  a 
large  share  of  the  return  blood  current.  When 
gangrene  does  result  from  compression  or  ligature  of 
superficial  veins,  it  is  by  the  production  of  stasis  in  the 
capillaries;  to  this  cause  we  must  refer  the  cases 
produced  by  tight  bandaging,  and,  indeed,  all  of 
similar  character,  except  tliose  of  venous  thrombi. 

Moist  G.mjgeene. — This  form  of  gangrene,  also 
called  acute  gangrene,  hot  gangrene,  inflammatory 
gangrene,  is  always  preceded  by  inflammation.  The 
part  is  at  first  swollen  and  painful,  there  is  almost 
always  inflammation  of  the  veins  (phlebitis),  and  the 
moist  condition  depends  upon  the  construction  to  the 
return  circulation,  by  which  the  water  is  left  in  the 
tissues. 

Dry  G.\xgrexe. — In  this  form  of  gangrene  there  is 
neither  venous  obstruction  not  failure  of  the  lymphat- 
ics, and  the  fluids  of  the  part  are  carried  back  into  the 
system  as  fast  as  formed.  As  the  arterial  supply  is 
gradually  cut  off,  a  drying  or  mummification  of  the 
tissues  results.  This  condition  frequently  occurs  in 
those  who  are  suffering  from  starvation  or  who  are 
subject  to  gout  (Chelius);  it  also  occurs  in  those  who 
have  exhausted  themselves  by  excessive  debauchery. 
There  is  frequently  an  absence  of  inflammatory 
symptoms,  and  the  gangrene  may  develop  suddenly 
without  premonition.  There  is  usually  organic  dis- 
ease of  the  heart  and  arteries.  This  is  the  chronic 
gangrene  of  Travers  (South). 

Senile  G.vxgren"E. — This  gangrene,  which  is  usually 
of  the  dry  variety,  is  almost  wholly  due  to  arterial 
obstruction,  the  pathology  of  which  has  already  been 
discussed;  but  the  obstruction  is  long  in  forming,  and 
the  progress  of  the  disease  is  slow.  The  description 
which  Percival  Pott  gave  of  the  affection,  as  it  occurs 
in  the  foot,  was  so  striking  that  for  a  long  time  it 
was  known  as  Pott's  disease  of  the  toe;  but,  as  the 
disease  occasionallj'  attacks  the  hands,  the  name  was 
manifestly  inappropriate.  The  condition  of  the  ar- 
teries in  these  cases  is  one  of  "ossification,  "  or,  rather 
of  calcification,  which  results  in  a  complete  loss  of 
elasticity  of  their  walls,  and  consequent  diminution 
of  the  blood  supply.  The  bead-like  feel  of  the  radial 
pulse,  in  the  aged,  gives  the  observer  a  palpable  object- 
lesson  in  senile  calcification.  The  statement  has 
been  made  that  certain  seasons  specially  predispose 
to  senile  gangrene,  and  the  winter  is  alleged  to  be 
the  season  most  favorable  to  its  production  owing  to 
the  astringent  effect  of  the  cold;  but  there  are  no 
statistics  to  bear  out  this  assertion,  and  the  writer 
considers  the  case  by  no  means  made  out. 

Symptoms. — After  some  months  or  weeks  of  pain  or 
otherwise  unpleasant  sensations  in  the  part,  a  small 
bluish  spot  appears  on  one  of  the  toes,  frequently  at 
the  root  of  the  nail,  and  the  spot  becomes  black ; 
from  this  point  the  discoloration  slowly  spreads  to 
the  adjoining  toes,  and  finally,  if  the  patient  survive 
long  enough,  the  whole  foot  and  leg  become  involved. 
Sometimes  the  line  of  demarcation  is  formed  near 
the  center  of  the  foot,  but  more  often  the  patient  sue- 


'EFERENCE  Handbook 

OF    THE 

Medical   Sciences. 


PLATE  XXXVI. 
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cuiubs  under  the  combined  influence  of  the  nervous 
exhaustion  produced  hy  the  ]);un  and  the  faihire  of 
the  digestion.  The  pain  accompanying  the  disease  is 
a  prominent  symptom,  and  gives  the  patient  more 
immediate  concern  than  the  fear  of  losing  the  limb, 
or  even  hfe  itself.  The  accompanying  figure,  taken 
from  the  photograph  of  a  patient  under  the  care  of 
Dr.  John  B.  Hamilton,  at  the  Providence  Hospital, 
shows  the  stage  of  the  disease  at  the  time  of  her  death. 

The   notes   are  as  follows:  Elizabeth  B ,   aged 

eighty-five,  admitted  to  hospital  .Vpril  13,  for  a  contusion 
of  the  knee,  which,  however,  had  left  no  trace;  the  pain 
in  the  toes  and  foot  had  been  constant  and  harassing. 
Three  weeks  later,  a  blue  spot  was  noticed  on  the 
dorsum  of  the  second  toe.  The  spot  gradually  spread 
until  it  included  the  great  toe  as  shown  in  the  photo- 
graph, and  the  patient  died  July  20,  1885. 


Fig.  2683. — Dr.  Hamilton's  Case  of  Senile  Gangrene. 

Treatment. — This  has  been  well  formulated  by  Van 
Buren.  "The  treatment  of  senile  gangrene  is  limited 
to  a  judicious  husbanding  of  the  patient's  vital  re- 
sources, looking  to  a  possible  self-limitation  of  the 
disease,  after  which  a  cure  maj'  be  completed  by  am- 
putation." To  husband  the  patient's  resources  it 
is  necessarj^,  along  with  stimulating  and  supporting 
measures,  to  control  the  pain.  In  these  cases,  as  in 
the  foregoing  varieties  of  gangrene,  external  heat  will 
be  found  advantageous. 

In  a  case  of  a  toe  that  is  dead  or  undergoing  death 
from  senile  gangrene,  the  indication  is  to  prevent  in- 
fection. To  this  end  wet  dressings  should  be  avoided 
and  reliance  should  preferably  be  placed  upon  dry 
antiseptic  dressings  like  boric  acid  powder  on  dry 
cotton  loosely  applied  to  permit  evaporation.  Am- 
putation should  be  deferred  until  the  toe  becomes 
loose  enough  to  be  removed  by  slight  torsion  with  for- 
ceps. It  is  better  to  do  this  than  operate  too  soon  when 
there  is  danger  of  extension  of  the  gangrenous  process 
which  often  requires  a  more  extensive  amputation. 

If  the  gangrenous  process  has  invaded  the  dorsum  or 
sole  of  the  foot  the  trunk  should  be  amputated  above 
or  just  below  the  knee  according  to  circumstances,  and 


great  care  should  be  exercised  in  the  use  of  antiseptic 
details  and  unnecessary  traumatism  to  the  ti-ssues. 

Spontaneous  .non-senile,  or  presenile  gangre.vb 
are  terms  used  in  connection  with  gangrene  that 
occasionally  develops  in  young  or  middle  aged  subjects. 
Its  etiology,  clinical  history  and  treatment  are  the 
same  as  the  senile  form. 

Raynaud's  Disea.se,  Symmetrical  Gangrene. — 
This  affection,  probably  first  accurately  described  by 
Raynaud  ("De  I'Asphyxie  locale  et  de  la  Gangrdne 
.symindtrique  des  Extremities,"  1862),  is  exceedingly 
rare.  According  to  Raj-naud,  the  disease  occurs  chiefly 
in  chlorotic  and  nervous  individuals  of  early  adult 
life,  patients  in  convalescence  from  typhoid  fever 
and  similar  exhausting  disease.  Moore  ("Inter- 
national Encyclopedia  of  Surgery")  has  seen  a  case 
presumably  dependent  upon  this  cau.se,  and  the 
appearance  of  the  parts  affected  is  shown  in  the 
plate  which  accompanies  the  doctor's  article. 

"The  disease  most  frequently  attacks  the  fingers — 
rarely  the  toes,  ti|)  of  the  nose,  and  external  ear;  often, 
for  months  beforehand,  the  affected  parts  suddenly 
become  while,  bloodless,  without  feeling,  dead;  the 
skin  is  strongly  wrinkled  and  shrunken,  the  ends 
of  the  fingers  appear  thin  and  conical.  The  tempera- 
ture of  the  parts  is  sunken,  and  the  muscular  move- 
ment is  as  though  paralyzed.  If  this  state  extend 
over  a  whole  extremity,  the  pulse  becomes  imper- 
ceptible. After  a  variable  time  there  follows  a  pain- 
ful reaction;  itching  arises,  and  the  feeling  of  over- 
filling of  blood;  the  skin  becomes  bluish-red.  Severe 
pains  precede  the  proper  outbreak  of  gangrene.  The 
extremities  become  bluish-white,  violet,  dark,  livid, 
marbled;  they  are  insensible  but  very  painful,  and 
icy  cold;  then  small  vesicles  appear  which  fill  with 
seropurulent  liquid,  and  are  usually  destroyed,  so  that 
the  cutis  becomes  laid  bare.  Even  now,  the  part 
may  be  restored;  but  for  the  most  part,  after  a  time 
the  attack  returns,  and  then  the  fingers  show  numer- 
ous small,  white,  dejjressed,  and  hard  cicatrices  on 
their  extremities,  which  are  found  especially  in  front 
of  and  beneath  the  nails,  and  form  conical  callosities. 
If  the  ischemia  is  of  longer  duration,  there  follows 
from  the  consecutive  hyperemia  a  true  mummifica- 
tion, which  terminates  with  the  falling-o£f  of  the  last 
phalanx"  (Wagner). 

According  to  recent  investigations  with  the  Roent- 
gen ray  Ra.vnaud's  disease,  or  symmetric  gangrene 
as  it  is  called  is  associated  with  certain  bone  changes 
(Carl  Beck).  It  is  also  suspected  that  Raynaud's 
disease  has  not  infreciuently  been  confounded  with 
senile,  presenile,  or  diabetic  gangrene.  The  cases  of 
Raynaud's  disease  in  which  absence  of  vascular  changes 
cannot  be  demonstrated  are  becoming  infrequent. 
We  know  also,  that  symmetric  nodular  arteriosclerosis 
is  much  more  common  in  the  j'oung  than  was  formerly 
supposed.  Again,  the  early  clinical  history  of  Ray- 
naud's disease  and  that  of  senile  and  presenile 
gangrene  is  very  much  the  same. 

The  treatment  is  the  same  as  that  employed  in 
senile  gangrene. 

Di.\betic  g.vngrene  is  a  misnomer.  It  was 
formerly  thought  that  diabetes  mellitus  caused  gang- 
rene but  the  occurrence  of  gangrene  in  diabetics  is 
(())  always  associated  with  the  senile  and  presenile 
condition  of  the  arteries;  (h)  it  is  probably  more  cor- 
rect to  state  that  the  disease  favors  nodular  arterio- 
sclerosis, and  that  the  sugar  in  the  tissues  particularly 
promotes  the  growth  of  microorganisms;  (c)  the 
tissues  of  a  diabetic  subject  having  poor  resistance 
are  specially  susceptible  to  traumatisms  and  mortifi- 
cation from  microbic  invasions. 

Syiiiploins. — The  symptoms  are  quite  similar  to 
those  of  spontaneous,  senile,  or  jiresenile  gangrene. 
The  gangrenous  part  is  prone  to  infection  which 
spreads  rapidly. 
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Treaiment. — The  treatment  is  the  same  as  that 
recommended  for  senile  gangrene.  The  usual  treat- 
ment for  diabetics  should  be  pursued  unremittingly. 
Owing  to  the  rapid  spread  of  infection,  and  the  low 
vitality  of  the  tissues,  if  the  gangrene  spreads  beyond 
a  toe  or  a  small  area  with  the  presence  of  constitutional 
symptoms,  amputation  high  up,  in  the  lower  third  of 
thigh,  should  be  performed  at  once.  Sutures  should 
not  be  tied  tightly  and  provision  for  drainage  .should  be 
invariably  made.  To  avoid  mutilation  of  the  tissues 
the  Esmarch  bandage  should  not  be  used  but  digital 
compression  of  the  main  artery  should  be  relied  on. 

It  is  preferable  to  amputate  when  the  amount  of 
sugar  is  low,  and  operation  should  be  withheld  if 
acetone  bodies  exceed  0.02  gram  in  50  c.c.  of  urine, 
otherwise  postoijerative  coma  is  apt  to  supervene 
(Kelly). 

Albumin  in  the  urine  adds  to  the  danger  of  opera- 
tion. Notwithstanding  the  objections  to  the  presence 
of  sugar  and  albumin,  they  do  not  absolutely  contra- 
indicate  operation,  since  well  declared  diabetic  gang- 
rene is  almost  invariably  fatal  without  amputation. 
Sugar  and  albumin  may  diminish  after  operation  and 
they  both  disappear  for  a  time  in  a  certain  percentage 
of  operated  cases. 

MiCROBIC     or   TR.\U.\IATIC  SPREADING   GANGRENE     is     a 

form  of  gangrene  due  to  different  kinds  of  gas-pro- 
ducing microorganisms.  The  literature  treats  of 
this  form  of  gangrene  under  a  variety  of  names  aside 
from  those  above  stated,  viz.,  gaseous  gangrene,  trau- 
matic emphysema,  gangrenous  septicemia,  acute 
gangrenous  edema,  gas  phlegmon,  gangrenous  cellulitis, 
etc.  Although  caused  by  different  microorganisms, 
clinically,  anatomically  and  histologically,  the  disease 
is  the  same  in  type.  The  chief  characteristics  of 
the  disease  are  profound  to.xemia,  and  the  rapid 
formation  of  gas  in  the  tissues.  The  disease  is 
most  frequently  caused  by  the  Bacillus  aerogenes 
capsulatus  of  Welch  and  Nutall,  but  it  is  at  times 
due  to  the  presence  of  Bacterium  pseudo-oedematis 
maligni,  Proteus  vulgaris,  colon  bacillus. 

Symptoms. — Gangrene  from  the  gas-producing 
microbes  is  prone  to  occur  in  wounds  exhibiting  much 
laceration,  contusion,  hematomata  and  coagulation 
necrosis,  although  it  occasionally  commences  in  trivial 
wounds.  The  colon  bacillus  grows  rapidly  in  the 
traumatisms  of  diabetic  subjects  when  infection  takes 
place.  The  bacillus  aerogenes  cajjsulatus  is  most 
frequently  associated  with  compound  fractures  and 
next  it  is  most  frequently  found  in  gunshot  wounds 
(Shattuck  Lectures  by  Welch).  This  bacillus  is 
found  in  the  intestinal  tract.  One  of  the  author's 
cases  developed  in  an  old  fistula  in  ano,  and  its 
presence  was  not  detected  until  the  time  of  operation. 

Gangrene  from  gas  bacilli  spreads  rapidly  from 
which  it  derives  its  name  gangrene  foudroyanle  or 
lightning  gangrene.  In  this  the  infection  is  seen  pri- 
marily and  not  secondarily  as  in  the  other  forms  of 
gangrene.  There  is  no  tendency  to  a  line  of  demarca- 
tion.    A  whole  limb  may  become  involved  in  one  day. 

The  skin  is  at  first  dusky  red,  then  brown  and  next 
blackish  green;  the  Ij'mphatic  vessels  are  early 
involved  as  shown  by  red  lines  running  up  the  limb 
to  adjoining  glands  which  enlarge  rapidly.  The 
member  becomes  very  much  swollen,  and  the  tissues 
become  filled  with  the  rapidly  forming  gas  w'hich  is 
revealed  by  crepitation  on  pressure,  and  when  the 
skin  is  incised  a  dark  watery  fluid  will  be  liberated 
containing  gas  bubbles.  Ciangrenous  connective 
tissue  will  be  apparent  here  and  there  in  the  incision. 
The  muscles  are  disintegrated  and  pulpy  from  the 
gangrenous  process. 

Autopsy  show-s  cloudy  swelling  of  the  internal 
organs.  A  condition  of  "foamy  organs"  is  noted  if 
the  microorganisms  have  invaded  the  blood-vessels 
after  death.  I 

There  is  profound  sepsis  as  a  rule;  a  weak  rapid  I 
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pulse;  subnormal  temperature,  facies  express  anxiety 
the  capillary  circulation  of  the  surface  is  sluggish. 
Death  occurs  in  fifty  per  cent,  of  the  cases. 

Treaiment. — Early  and  prompt  amputation  where 
this  can  be  practised  is  the  only  safe  rule  of  treatment. 
The  amputation  should  be  made  through  sound 
tissues.  In  parts  where  amputation  cannot  be  prac- 
tised, numerous,  deep,  free  incisions  to  admit  air  to 
the  tissue  should  be  made.  The  incised  surfaces 
should  be  irrigated  freely  with  antiseptic  solutions  and 
kejjt  covered  by  moist  dressings.  A  hot  bichloride 
bath  1  to  6,000  has  yielded  good  results.  Nourishing 
and  stimulating  food  should  be  given,  water  should 
be  administered  freely  per  os,  and  copious  injections 
of  physiological  salt  solution  per  rectum  should  be 
employed  several  times  per  day. 

No.MA. — This  is  a  gangrene  affecting  the  pudenda 
and  cheeks  of  young  children  from  the  age  of  weaning 
to  that  of  puberty.  Nurslings  seem  to  have  an 
immunity  from  it.  When  confined  to  the  cheeks  and 
mouth,  it  is  variously  termed  gangrenous  stomatitis, 
gangro'na  oris,  cancrum  oris,  necrosis,  necrosis  infantilis, 
buccal  anthrax,  water  canker,  sloughing  phagedena  of 
the  mouth,  and  by  the  Germans  Noma  and  Wasserkrebs; 
Ijy  the  French  gangrene  de  la  bouche.  The  disease  has 
been  known  for  a  long  period,  and  was  first  described 
by  Carolus  Battus,  of  Amsterdam.  Van  Swieten  ( 1G99) 
recognized  the  disease  as  gangrene.  Wiseman  (1676) 
mentions  the  disease  as  noma,  w-hich  he  describes  as 
"a  deep  Ulcer  that  eats  and  spread  without  Tumor, 
but  hath  a  Rottenness  and  Putrefaction  joined  with 
it." 


Fig.  26S4. — G.ingrenous  .Stomatitis  (Noma).     (Cabot. ) 

The  disease  is  attended  by  great  mortality,  but  as  it 
usually  comes  on  while  the  patient  is  suffering  from 
some  other  affection,  it  is  difficult  to  determine  its 
relative  fatality  with  precision.  The  affection, 
whether  it  appear  on  the  cheek  or  on  the  vulva,  is 
almost  invariably  unilateral.  It  begins  as  an  in- 
flammation attended  by  great  exudation,  ulceration  is 
set  u]),  the  exudate  dies,  and  the  general  appearances 
of  circumscribed  gangrene  due  to  obstruction  of  the 
arterioles  are  present.  In  the  mouth  the  disease 
usually  begins  at  the  frenum  of  the  lip,  but  rarely  on 
the  outside  of  the  cheek  (Chelius),  and  as  the  edema- 
tous inflammation  extends  the  ulcerative  process  is 
carried  down  to  the  bone  and  alongside  of  the  nose,  and 
frequently  involves  the  whole  Schneiderian  membrane. 
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OccasioiKilly  the  disease  begins  on  tlio  gums  at  the 
alveolar  border  (Cohen.)  At  the  pudenda  the  disease 
usually  commences  a1  the  labial  margin,  and  exicnds 
to  the  clitoris,  nym])ha\  and  hymen,  and  sometimes 
to  the  vu'cthra,  when  the  pain  on  micturition  is  acute; 
the  iulhunmation  is  rapid,  and  the  tissues  spci^dily 
fall  out  by  sloughing,  the  disease  spreads  to  the 
perineum,  to  the  anus,  the  thigh,  and  to  the  mons 
Veneris,  and,  as  is  the  ease  when  the  disease  affects 
the  mouth,  the  sloughing  is  dee])  and  frequentlj- 
extends  quite  to  the  bone.  Sometimes  the  affection 
beginning  at  the  mouth  is  later  on  developed  at  the 
vulva,  and  frequently  the  noma  is  ushered  in  with 
general  constitutional  symptoms,  such  as  rigors  with 
fever;  but  more  commonly  its  onset  is  masked  by  the 
particular  affection  from  which  the  child  has  been 
suffering;  but  always,  in  the  later  stage  of  the  affec- 
tion, there  is  great  prostration,  with  feeble  pulse  and 
chlorotic  countenance.  When  the  affection  is  on  the 
pudenda,  there  is  great  pain  in  all  movements  of  the 
lower  extremities,  and  the  child  usually  assumes  of  its 
own  accord  the  dorsal  decubitus,  and  the  legs  are 
widely  separated.  There  are  retention  of  urine, 
owing  to  the  severity  of  the  urethritis,  and  constipa- 
tion. There  is  rapid  emaciation,  and  the  patient 
sinks  under  the  "typhoid  condition"  so  constantly 
present  in  the  later  stages  of  the  other  forms  of 
gangrene.  Cohen  remarks  that  in  noma  of  the  mouth 
pulmonary  gangrene  is  often  observed  as  a  com- 
plication, as  is  also  enterocolitis.  When  noma  affects 
the  mouth  alone,  there  is  great  variability  in  the  degree 
of  constitutional  sympathy,  some  patients  being  able 
to  sit  up  and  play,  while  others  are  hopelessly  coma- 
tose from  the  outset.  Hemorrhage  from  the  facial  or 
from  the  pudendal  branches  of  the  pudic  may  occur; 
but  in  this  variety,  as  in  other  forms  of  gangrene,  the 
arteries  are  plugged  by  septic  thrombi  long  in  ad- 
vance of  the  loss  of  tissue.  The  disease  is  of  microtic 
origin,  although  the  specific  organism  causing  it  has 
not  yet  been  isolated.  Many  cocci  and  bacilli  have 
been  found  in  the  sloughs  and  buccal  cavity.  Blumer 
and  McFarlane  and  others  have  called  special  atten- 
tion to  a  species  of  leptothrix  wdiich  is  very  much  like 
the  spirochete  of  necrosis  described  by  Herman. 
Some  observers  have  advanced  the  theory  that  noma 
and  the  hospital  gangrene  of  our  Civil  War  are 
identical.  The  appearances  and  symptoms  of  the  two 
diseases  are  quite  similar. 

TreatmcnI. — The  treatment  of  noma  is  prophylactic 
and  curative.  The  mouths  of  children  suffering  from 
infections,  especially  measles  or  other  debilitating 
diseases,  should  be  kept  specially  clean.  Any  sore  or 
ulcer  in  the  buccal  cavity  should  be  promptly  cauter- 
izefl  with  a  stick  of  nitrate  of  silver  or  pure  carbolic 
acid. 

When  the  gangrenous  process  commences  to  spread 
it  is  to  be  treated  by  one  of  three  methods,  viz.,  the 
disease  may  be  extirpated  with  a  knife;  it  may  be 
curetted  and  the  surface  treated  antiseptically;  or 
preferably,  it  should  be  burnt  out  with  the  actual 
cautery.  Unless  the  infected  area  is  radically  re- 
moved until  sound  tissue  is  exposed,  the  disease  will 
continue  to  spread.  Although  burning  with  the 
cautery  sacrifices  extensive  are.as  of  tissue,  the  harm 
done  by  burning  will  be  far  less  than  that  produced 
by  the  disease  unless  it  is  cut  short. 

Hospital  Gangrene. — This  form  of  gangrene, 
known  also  under  the  various  names  of  hospital 
phfiriedctui,  gangrfrna  nosocoiiiialif,  and  pourriliire  ilcs 
liupitaux,  was  the  scourge  of  military  hospitals  in  the 
proantiseptie  era.  To-day  it  is  absolutely  unknown, 
the  vast  majority  of  living  surgeons  having  had  no 
clinical  experience  with  it.  Whether  its  spread  was 
due  to  the  agency  of  a  specific  microorganism,  or  to 
an  acquired  virulence  of  the  well-known  pathogenic 
microbes  in  victims  rendered  specially  susceptible 
by   lowered   vital   resistance,   remains   a   matter   for 


speculation.  Because  of  its  great  rarity  we  must 
turn  to  the  writings  of  the  older  aiitliors  for  a  clinical 
picture  of  the  disease.  Mr.  Guthrie  graphicallv  de- 
scribes it  as  follows:  "A  wound  attacked  by  hospital 
gangrene  in  its  most  concentraterl  aiirl  active  form 
I)rcsents  a  horrible  aspect  after  the:  first  forty-eight 
hiMirs.  The  whole  surface  has  become  of  a  dark-red 
color,  of  a  ragged  api)earance,  with  blood  j)artly 
coagulated,  and  apparently  half  putrid,  aflhering  a't 
every  point.  The  edges  are  everted,  the  cuticle 
separating  from  half  to  three-fourths  of  an  inch 
around,  with  a  concentric  circle  of  inflammation  ex- 
tending an  inch  or  two  beyond  it;  the  limb  is  usually 
swollen  for  some  distance,  of  a  white,  shining  color, 
not  i)eculiarly  sensible  except  in  spots,  the  whole  of  it 
being  edematous  and  pasty.  The  jjain  is  burning  and 
unbearable  in  the  part  itself,  while  the  extension  of  the 
disease,  generally  in  a  circular  direction,  may  be 
marked  from  hour  to  hour;  so  that  in  from  another 
twenty-four  to  forty-eight  hours  nearly  the  whole  of  a 
calf  of  a  leg,  or  the  muscle  of  a  buttock,  or  even  the 
wall  of  the  abdomen  may  disappear,  leaving  a  deep 
great  hollow  or  hiatus  of  the  most  (lestructive  char- 
acter, exhaling  a  pcculi;ir  stench  which  can  never  be 
mistaken,  and  spreading  with  a  rapiditj-  quite  awful 
to  contemplate.  The  great  nerves  and  arteries 
appear  to  resist  its  influence  longer  than  the  muscular 
structures,  but  these  at  last  yield;  the  largest  nerves 
are  destroyed,  and  the  arteries  give  way,  frequently 
closing  the  scene,  after  repeated  hemorrhages,  by  one 
which  proves  the  last  solace  of  the  unfortunate  sufferer. 
.  .  .  .The  joints  offer  little  resistance;  the  capsular 
and  .synovial  mcmliranes  are  soon  invaded,  and  the 
ends  of  the  bones  laid  bare.  The  extension  of  this 
disease  is  in  the  first  instance  through  the  cellular 
structures.  The  skin  is  undermine<l  and  falls  in,  or 
a  painful  red  and  soon  black  pat-h  is  perceived  at 
some  distance  from  the  original  mischief,  preparatory 
to  the  whole  becoming  one  mass  of  putriditj',  while 
the  sufferings  of  the  patient  arc  extreme." 

The  surface  of  the  wound  soon  becomes  a  sticky, 
pulpy  mass  of  a  grayish  color.  This  sub.stance  cannot 
be  wiped  off,  and  it  resists  the  usual  washings.  If.  at 
this  stage,  the  further  progress  of  the  disease  be  not 
arrestecl,  the  patient  succumbs,  as  from  a  fatal  form 
of  septicemia.  The  disease  was  very  prevalent  in  the 
military  hospitals  of  our  Civil  War;  an  extended 
accoimt  of  it  may  be  found  in  the  surgical  volumes  of 
the  "  Medical  and  S\irgical  Historv  of  the  War  of  the 
RelM'lHon, "  by  Otis  (see  Plate  XX.XVI.,  Figs.  1  and  3). 

Tridlmrnt. — The  treatment  should  be  prophylactic, 
constitutional,  and  local.  The  first  of  these  should 
have  reference  to  the  rules  of  antiseptic  and  aseptic 
wound  treatment  and  to  the  rules  of  hygiene  that  bear 
on  the  subject  of  overcrowding;  and  when  the  disease 
first  appears  in  the  wards  containing  other  wounded, 
it  is  important  promptly  to  isolate  those  who  are 
affected.  The  constitutional  treatment  should  be 
directed  to  the  free  use  of  stimulants  and  good  nutri- 
tious food.  The  local  treatment  directed  to  the  gang- 
rene when  it  invades  the  wounds  should  be  of  the 
most  radical  kind.  The  slouging  tissues  should  be 
removed  by  means  of  the  curette  and  scissors,  and  the 
actual  cautery  should  be  applied  freely.  Bromine, 
fuming  nitric  acid,  and  subnitratc  of  mercury  were 
extensively  and  successfully  used  by  the  older 
surgeons. 

G.\NGRENE      IX     CONNECTION     WITH      GOFT,      BrIGHT's 

DISEASE,  .\XD  SYPHILIS  is  closclv  allied  to  senile  and 
presenile  gangrene  since  the  vascular  changes  are 
common  to  both. 

Gangrene  from  Ergot. — This  form  of  gangrene 
arLses  from  eating  bread  from  spurred  rye,  as  stated 
above. 

The  symptoms  are  very  much  the  same  as  those  of 
senile  and  other  forms  of  spontaneous  gangrene.  The 
pathology  with  reference  to  the  vascular  changes  is 
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also  similar.     The  treatment  is  the  same  as  that  laid 
down  for  the  senile  and  allied  forms  of  gangrene. 

Gangrene  from  Frostbite. — This  is  similar  to  other 
forms  of  mortification.  Death  of  the  tissues  occurs 
from  direct  action  of  cold  on  the  protoplasm  of  the 
cells,  and  from  ischemia  due  to  vascular  spasm  and 
thrombosis  from  a  roughening;  of  the  intima  and 
deposition  of  clots  either  hyaline  or  fibrous.  The 
mortification  of  frostbite  is  quite  similar  to  senile 
andp  resenile  gangrene  except  that  the  process  is 
acute  in  frostbite. 

Treatment. — The  victim  of  frostbite  should  be  placed 
in  a  cool  room,  and  the  frozen  part  should  be  gently 
rubbed  with  snow  or  cloths  wrung  out  of  ice  water  with 
due  care  not  to  break  t  he  skin .  There  should  be  a  grad- 
ual elevation  of  the  temperature  of  the  air  in  the  room 
and  that  of  the  water.  If  the  circulation  is  restored 
the  limb  should  be  elevated  and  wrapped  in  cotton. 
If  mortification  sets  in,  the  member  should  be  wrapped 
in  a  clean  antiseptic  dressing  to  avoid  infection.  A 
dry  dressing  is  preferable  since  it  promotes  dryness 
of  the  tissues  which  in  itself  affords  protection 
against  microbic  invasion.  To  this  end  the  liberal  use 
of  boric  acid  as  a  dusting-powder  is  to  be  recom- 
mended. 

Amputation  is  to  be  deferred  until  a  line  of  demar- 
cation has  been  established.  Amputation  should  be 
prompt  if  moist  gangrene  sets  in  and  commences  to 
spread. 

Postfebrile  Gangrene. — Mortification  will  some- 
times occur  as  a  complication  of  typhoid  fever  and 
other  debilitating  diseases  like  measles,  diphtheria, 
scarlatina,  etc.  In  all  such  cases  the  gangrene  is  the 
result  of  obstruction  of  the  blood  supply  due  to  throm- 
bosis. It  is  most  frequently  noted  in  the  extremities, 
but  it  attacks  the  nose,  ears,  face,  anus,  perineum, 
genitalia  and  the  skin  of  the  trunk. 

Treatment  consists  in  prophylactic  measures  calcu- 
lated to  build  up  the  resistance  of  the  patient.  Now 
that  it  is  proper  to  feed  fever  patients,  the  debilitating 
influences  of  prolonged  sickness  do  not  end  in  compli- 
cations like  gangrene  as  often  as  formerly. 

When  gangrene  sets  in  the  parts  should  be  wrapped 
in  a  dry  antiseptic  dressing  which  permits  evapora- 
tion. Amputation  should  be  deferred  until  a  line  of 
demarcation  has  been  established. 

AiNHTOi. — This  is  a  form  of  gangrene  of  unknown 
origin,  more  frequently  seen  in  men  than  in  women. 
It  has  been  met  with  in  the  East  and  West  Indies  and 
Brazil,  but  it  is  more  frequently  observed  among 
negroes  on  the  west  coast  of  ,\frica.  The  affection  is 
usually  limited  to  the  little  toe,  although  it  has 
occasionally  been  observed  in  the  little  finger.  It 
begins  by  the  occurrence,  on  the  plantar  surface,  of  a 
fissure  which  encircles  the  toe  near  the  web.  As  the 
fissure  deepens,  gangrene  of  the  soft  parts  occurs, 
with  a  raref.ving  osteitis  of  the  bones.  The  disease  is 
very  gradual,  the  process  lasting  as  much  as  ten  years 
in  .some  instances.  It  usually  ends  in  spontaneous 
amputation. 

C.uiBOLic-AciD  Gangre.xe. — The  watery  solutions 
of  this  antiseptic  drug  used  in  surgical  practice  have 
been  known  to  cause  gangrene  when  persistently 
applied,  especially  to  fingers  and  toes.  The  evapora- 
tion of  the  water,  in  the  solution,  which  takes  place 
during  the  prolonged  application  of  compresses  so 
saturated,  tends  to  concentrate  the  agent  in  the 
dressings;  hence  the  well-known  effects  of  the  strong 
s:)lutions,  such  as  blanching,  numbing,  etc.,  which 
lead  ultimately  to  gangrene.  So  manv  cases  of 
gangrene  from  this  source  have  been  reported  in 
recent  medical  literature  that  topical  applications 
of  the  drug  to  the  parts  mentioned  should  be  prac- 
tised with  extreme  caution. 

Louis  A.  LaG.vrde. 
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Qarlic— .\llium.— The  bulb  of  Allium  sativum  L. 

(Fam.  Liliacece). 

Garlic  is  a  compound  bulb,  globose-ovoid,  an  inch  or 
two  in  diameter,  of  a  white  or  red-brown  color  and  a 
very  strong  alliaceous  odor  and  taste.  The  drug  pro- 
ceeds whoU}'  from  cultivated  plants. 

Garlic  contains  as  its  active  principle — either  al- 
ready formed  or  produced,  as  in  mustard,  etc.,  by  the 
addition  of  water — a  very  irritating,  pungent,  and  vol- 
atile oil,  sulphide  of  allyl,  similar  to  that  of  the  onion 
and  others  of  the  genus  and  belonging  to  the  same 
group  with  the  oils  of  mustard  and  other  Cruciferce. 

It  is  now  and  then  given  with  some  advantage,  as  an 
antispasmodic,  and  sometimes  as  an  expectorant  in 
chronic  bronchitis  and  pharyngeal  or  laryngeal  catarrh. 
Interna.lly  taken,  garlic,  like  the  onion,  etc.,  is  an 
aromatic  and  carminative,  and  scents  the  breath  with 
sulphur  compounds  during  elimination.  Recently, 
it  has  been  claimed  that  the  free  use  of  garlic  has  "a 
tendency  to  inhibit  the  development  of  tuberculosis. 

The  syrup,  of  twenty-per-cent.  strength,  should  be 
made  from  the  fresh  bulbs.  Of  this  the  dose  is  a  half- 
ounce.  The  fresh  juice  is  also  often  given  in  half- 
drachm  doses.  The  fresh  bulb  is  sometimes  crushed 
and  applied  to  the  chest  as  a  rubefacient. 

Henry  H.   Rusbt. 


Qarrigues,  Henry  Jacques. — Born  in  Copen- 
hagen, Denmark,  on  June  6,  1S31.  He  was  graduated 
in  medicine  in  1S69  from  the  University  of  Copen- 
hagen when  thirty-eight  years  old.  Six"  years  later, 
1875,  he  came  to  America  and  began  practice  in  New 
York  City,  where  he  lived  until  his  retirement  from 
professional  work.  He  died  at  Trvon,  N.  C.  on 
July  7,  1913. 

Dr.  Garrigues'  first  appointment  in  New  York 
was  as  G.vnecologist  to  the  German  Dispensary  in 
1879;  and  in  1881  he  became  Obstetric  Surgeon  to"  the 


Fig.  26So. — Henry  Jacques  Garriguea. 

New  York  Maternity  Hospital;  he  was  then  succes- 
sively Attending  Physician  to  the  New  York  Infant 
Asylum  and  Gynecologist  to  the  German  Hospital, 
Professor  of  Obstetrics  at  the  New  York  Post- 
graduate Medical  School  and  Ho.spital,  Gynecologist 
to  St.  Mark's  Hospital,  Consulting  Surgeon  to  the 
New  York  Maternity  Hospital,  Professor  of  Gvne- 
cology  and  Obstetrics  in  the  School  of  Clinical 
Medicine,  Consulting  Phvsician  to  the  Mother's 
Home  and  Maternity  Hospital,  and  Consulting 
Gynecologist  to  St.  Slark's  Hospital.  He  was  a 
member  of  many  medical  societies;  in  1901  he  was 
made  an  Honorary  Fellow  of  the  American  Gvne- 
cological  Society,  and  in  1902  an  Honorary  Fellow  of 
the  Obstetrical  Society  of  Edinburgh. 

Dr.  Garrigues  was  not  only  a  prolific  writer  in  the 
medical  journals,  but  the  author  of  several  books, 
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the  best  known  of  which  are  Diagnosis  of  Ovarian 
Cysts,  published  in  1882;  Practical  Guide  to  Antiseptic 
Midwifery,  1886;  Text-book  of  Diseases  of  Women, 
1894,  1897,  and  1900;  Text-book  of  Obstetrics,  1902, 
1907;  Medical  and  Surgical  Gj-necology,  1905.  In 
addition  he  contributed  the  article  on  the  Develop- 
ment of  the  Female  Genitals  and  Malformations  of  the 
Female  Genitals  in  1887  to  the  System  of  G\iiecology 
by  American  Authors;  and  in  1889  he  wrote  the  article 
on  Puerperal  Infection  and  Diseases  of  the  Breasts 
in  the  System  of  Obstetrics. 

Up  to  1883  puerperal  fever  was  a  common  oc- 
currence in  the  obstetric  ward.s  of  hospitals  and  the 
resultant  deaths  were  far  too  numerous.  At  this 
time  Dr.  Garrigues  introduced  into  the  wards  of  the 
New  York  Maternity  Hospital  a  plan  of  rational 
antisepsis  which  has  revolutionized  the  practice  of 
obstetrics  and  reduced  to  a  minimum  the  deaths 
from  puerperal  fever.  In  the  world  of  medicine  Dr. 
Garrigues'  name  stands  for  the  ideal  of  surgical 
cleanliness  in  obstetrical  work.  E.  L.  J. 

Qas,  Illuminating  (Fuel  Gas,  Coal  Gas). — These 
names  are  applied  to  complex  mixtures  of  gases, 
made  from  coal,  wood,  oils,  resin,  petroleum,  shales, 
etc.,  by  a  process  of  destructive  distillation.  The 
most  of  these  gases  contain  more  or  less  of  the  oxides 
of  carbon,  especially  of  CO,  and  in  this  country  they 
are  the  most  frequent  sources  of  poisoning  by  carbon 
monoxide.  Much  of  what  has  been  said  as  to  the 
effects  of  this  gas  applies  to  illuminating  gas.  (See 
article  on  Carbon,  Oxides  of.) 

Coal  gas  was  first  used  for  house  lighting  by 
William  Murdock  in  London  in  1792.  It  was  first 
used  for  .street  lighting  in  London  in  1812,  and  in 
Paris  in  1S1.5.  In  this  country,  especially  in  the 
larger  cities  and  in  some  towns,  the  so-called  umler 
gas  enriched  with  naphtha  has  nearly  replaced  coal 
gas.  The  complete  apparatus  for  its  preparation 
consists  of:  1.  A  set  of  semi-cylindrical  iron  or  clay 
retorts,  set  horizontally  in  a  furnace.  2.  A  series  of 
horizontal  and  upright  iron  pipes  acting  as  condensers, 
in  which  the  liquid  products  of  the  distillation  are 
condensed  and  separated  from  each  other,  and  from 
the  gases.  3.  One  or  more  purifiers,  which  consist 
of  upright  stacks,  containing  moistened  coke,  freshly 
slaked  lime,  ferric  hydroxide,  or  mixtures  of  these 
with  sawdust.  The  object  of  these  purifiers  is  to 
absorb  the  most  of  the  carbon  dioxide,  sulphureted 
hydrogen,  etc.,  before  the  gas  is  stored  for  use.  4.  A 
gasometer  or  gas-holder,  which  consists  of  an  inverted 
iron  tub  of  large  size  floated  in  a  well  of  water.  The 
gas  is  conducted  into  this  gasometer  by  a  pipe  lead- 
ing from  below  and  terminating  above  the  water, 
where  it  is  stored  ready  for  use. 

The  coal  is  heated  in  the  retorts  to  a  cherry-red 
heat,  or  about  1,.500°  F.  This  temperature  breaks  it 
up  into  coke  (which  remains  in  the  retort),  liquid  and 
volatile  products,  and  gases.  Ordinary  bituminous 
coals  yield  about  ten  thousand  cubic  feet  of  rather 
poor  gas  per  ton.  It  is  a  common  practice  to  mix 
with  these  coals  about  five  to  ten  per  cent,  of  a  rich 
boghead  or  cannel  coal,  to  improve  the  illuminating 
power  of  the  gas  produced. 

Composition. — The  gas  ordinarily  used  is  a  mechan- 
ical mixture  of  various  gases,  some  of  which  are 
illuminating  agents,  while  others  have  no  value  in 
this  respect,  iDut  are  combustibles  furnishing  con- 
siderable heat,  while  there  are  usually  some  present 
which  are  inert  either  as  combustibles  or  as  illuminants. 
Besides  the  true  gases,  there  are  present  vapors  of 
certain  hydrocarbons,  which  are  of  value  as  illuramat- 
ing  agents.  The  chemical  composition  of  the  gas 
varies  with  the  coal  used,  and  the  temperature  to 
which  it  is  subjected.  The  chief  constituents  of  coal 
gas,  with  the  quantities  of  each,  are  given  in  the  fol- 
lowing table  from  Letheby: 


Volume  per  cent. 

1.  Hydrogen 25  to  50 

2.  .Marsh  en9 35  to  52 

3.  Condensiljlc     hydrocarbona:     Olcfiant 

gaa  (CjHi)",  propylene  (CiHi).  buty- 

lenc  (C.Hs) 3  to  20 

4.  Benzol  and  its  series (?) 

5.  .\cetylene  (CsHj) (?) 

6.  .Naphthalene  (CioH«) (?) 

7.  Carbon  dioxide  (COj) 0  to  2 

8.  Carbon  monoxide  (CO) 5  to  9 

9.  Cyanogen  (CNj) Traces. 

10.  .\mmonia  (XHs) 0  to  0.06 

1 1 .  Bisulphide  of  carbon  (CSi) 0 ,  004  to  0 .  05 

12.  .\queou9  vapor  (HsO) 0.6  to  2 .  5 

13.  Oxygen 0  to  10 

14  Nitrogen   .  0  to  8 

15.  Sulphocyanogen Traces. 

It  will  he  seen  that  this  table  presents  wide  varia- 
tions as  to  the  percentage  of  the  various  gases.  The 
illuminating  power  of  the  gas  varies  with  the  propor- 
tion of  ethane,  CiHe,  ethylene  (ethene),  C2H4,  acety- 
lene, C.,.H;.  and  benzene,  CsHe,  and  their  homologues, 
and  the  heating  value  with  the  hydrogen,  marsh  gas, 
and  carbon  monoxide  present.  The  specific  gravity 
of  coal  gas  is  from  0.400  to  0.650,  air  being  taken  as 
1.000. 

The  illuminating  power  of  gas  is  measured  by 
comparison  with  a  standard  spermaceti  candle  of  six 
to  the  pound,  and  consuming,  as  near  as  may  be,  one 
hundred  and  twenty  grains  of  spermaceti  per  hour. 
It  is  assumed  that  the  light  given  off  is  in  direct  pro- 
portion to  the  sperm  consumed.  The  gas  to  be 
tested  is  to  be  burned  at  the  rate  of  five  feet  per  hour. 
Such  a  burner  should  give  as  much  liglit  as  sixteen  or 
eighteen  standard  candles.  It  may  reach  as  high  as 
twenty-five  or  thirty  candle-power. 

W.\TER  G.\s  may  be  referred  to  here  as  a  gas  manu- 
factured and  sold  for  the  same  purposes  as  coal  gas. 
Its  manufacture  is  conducted  on  a  large  scale  in  most 
cities,  and  to  a  large  extent  it  has  taken  the  place  of 
coal  gas. 

This  gas  is  manufactured  as  follows:  Steam  from  a 
boiler  is  forced  through  a  bed  of  glowing  anthracite 
coals,  previously  heated  to  a  very  high  temperature  by 
an  air  blast.  The  steam  from  the  boiler  is  passeH 
through  pipes  or  flues,  over  the  fire  box  so  as  to  super- 
heat it  to  a  temperature  of  800°  to  900°  F.  In  passing 
this  hot  steam  through  the  coals  the  water  is  decom- 
posed, the  oxygen  combines  with  the  carbon  of  the 
coal  to  form  carbon  dioxide,  which  is  reduced,  by  the 
heated  coal  above,  to  the  monoxide:  (1)  C+2H.O  = 
C0o+2H..  (2)  C02  +  C  =  2CO.  The  hydrogen  of  the 
steam  remains  in  a  free  state.  After  the  steam  has 
passed  through  the  coal  for  about  sis  minutes,  the 
latter  cools  off  and  the  process  stops.  The  air  blast 
is  now  turned  on  until  the  coal  is  again  heated  to  the 
required  degree — i.e.  for  about  eight  minutes — 
when  the  steam  is  again  passed  into  it.  It  is,  there- 
fore, an  alternating  process.  The  gas  thus  produced 
has  very  little  illuminating  power,  but  answers  well 
for  heating  purposes.  To  give  illuminating  power  it 
nmst  be  charged  with  hydrocarbons.  This  is  ac- 
complished as  follows:  The  decomposition  jiroduct-s 
from  the  above  process  are  conducted  through  an 
upright  cylinder  containing  heated  fire  brick,  into 
which  a  small  stream  of  oil  is  running.  The  nu'sture 
of  oil  vapor  and  decomposition  products  is  passed 
through  another  heated  cylinder  to  render  the  vapor 
permanent  gases  instead  of  condensible  vapors. 
By  this  Lowe  process  the  carbureted  gas  is  made 
in  one  operation  instead  of  in  two,  as  above  described. 
Water  gas  is  cheaper  and  usually  of  higher  illuminat- 
ing power  than  coal  gas,  and  is  consequently  super- 
seding the  latter.  In  many  cities  in  this  country 
coal  gas  and  water  gas  are  made  bj-  two  plants  anil 
mixed  in  the  same  gas-holder. 

The  principal  diflferences  in  the  chemical  composi- 
tion of  coal  gas  and  water  gas  are,  that  the  latter,  as 
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usually  manufactured,  contains  a  larger  percentage  of 
illuminating  agents  and  of  carbon  monoxide  than  the 
former. 

The  following  analyses  of  the  two  gases,  by  Pro- 
fessor Remsen  and  Dr.  Love,  will  serve  to  illustrate 
these  differences: 


Remsen. 

Love. 

Constituents. 

Coal 
gas. 

Water 
gas. 

Water 
gas. 

0.0 

4.3 
7.9 

SO. 2 

29.8 

7.8 

0.3 

12.85 
28.25 
30.30 
21.45 
6.85 

0.0 

Illuminants   (ethylene,  propylene,  buty- 

lene,  ethane,  propane,  butane) 

Carbon  monoxide 

Hydrogen 

Marsh  gas  (methane) 

Nitrogen ... 

"^^ ■ 

15,75 
21.51 
46.49 
11.75 
4.30 
0.20 

Oil  G.A.S  is  now  largely  made  by  heating  petroleum, 
tar,  or  shale  oils  in  a  retort  to  a  temperature  of  about 
1,000°  C.  This  gas,  especially  that  made  by  the 
Pintsch  process,  is  much  used  in  lighting  cars.  Oil 
gas  is  frequeutlj'  used  to  enrich  other  gases  of  low 
illuminating  power. 

Air  gas,  so-called,  is  produced  by  passing  air 
through  layers  of  very  light  petroleum  distillates, 
known  as  gasolene,  when  it  takes  up  enough  of  the 
light  hydrocarbons  to  form  a  combustible  mixture. 
Air  gas  is  much  used  where  other  gas  is  not  available. 
It  cannot  be  stored  long  or  piped  a  long  distance 
because  of  the  condensation  of  the  illuminants. 

Acetylene,  CoH.,  is  used  as  an  illuminant  in  small 
lamps.     It  is  prepared  by  treating  calciiiin  carbide  with 
water,  when  the  following  reaction  takes  place: 
CaC,  -|-2H,0  =  Ca  (OH),  -hC^H.. 

The  calcium  carbide  is  prepared  by  heating  .a 
mixture  of  powdered  coke  and  lime  in  an  electrical 
furnace.  One  ton  of  calcium  carbide  of  eighty  per- 
cent, purity  is  said  to  produce  1,000  cubic  feet  of 
acetylene  gas.  Its  illuminating  power  is  very  high, 
and  when  burned  in  an  ordinary  burner  it  gives  off 
considerable  soot.  When  burned  in  a  specially  con- 
structed burner  it  gives  a  light  of  great  brillianc.v. 
Acetylene  combines  w-ith  copper  and  silver,  forming 
acetylides,  which  are  explosive.  It  combines  with  the 
hemoglobin  of  the  blood,  and  thus  acts  as  a  poison. 
The  gas  has  a  pungent,  suffocating,  disagreeable  odor, 
by  which  its  presence  in  the  air  can  usually  be 
detected. 

Fuel  Gas  and  Furnace  Gases. — Gases  of  more  or 
less  poisonous  character  are  produced  during  various 
smelting  and  roasting  processes  and  which  may  be 
the  cause  of  serious  accidental  poisoning.  The  most 
commonly  met  with  are  arsine  (arseniureted  hydro- 
gen), stibine  (antimoniureted  hydrogen),  and  sul- 
phurous oxide,  obtained  by  roasting  ores  containing 
arsenic,  antimony,  or  sulphur,  and  CO2  and  GO  ob- 
tained in  smelting  processes  generally. 

Carbon  monoxide  is  an  important  constituent  of 
fuel  gas  or  producer  gas.  Producer  gas  is  made  by 
forcing  air  through  a  bed  of  incandescent  coal  or  coke 
in  specially  constructed  furnaces.  It  contains  from 
twenty-five  to  thirty  per  cent,  of  CO,  to  which  it 
owes  its  value  as  a  fuel.  It  also  contains  some  CO2 
and  free  nitrogen.  In  another  form  of  furnace  steam 
is  forced  through  the  heated  coal,  when  CO  and 
hydrogen  are  produced,  as  in  making  irater  gas.  It  is 
needless  to  say  that  both  these  gases  are  poisonovis. 

Natural  gas  is  so  called  because  it  exists  already 
formed  in  the  earth  whence  it  issues  spontaneously, 
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or  is  obtained  by  boring  wells.  The  gas  is  found 
chiefly  in  localities  where  petroleum  is  found.  It  was 
used  as  an  illuminating  gas  as  early  as  1821  in 
Fredonia,  N.  Y. 

The  "Burning  Springs"  of  Baku,  on  the  Caspian  Sea, 
have  been  known  since  the  sixth  century  b.  c.  The  com- 
position of  natural  gas  is  fairly  uniform,  and  consists 
of  about  ninety  per  cent,  of  marsh  gas  (methane)  with 
small  quantities  of  ethane,  CoHs,  propane,  CsHs,  and 
other  paraffin  hydrocarbons,  hydrogen,  carbon  mon- 
oxide, and  carbon  dioxide. 

It  is  a  valuable  fuel,  burning  with  a  feebly  luminous 
flame,  but  giving  out  an  intense  heat.  "  In  many 
localities  it  is  the  chief  fuel.  When  heated  in  a 
suitable  furnace  with  petroleum  or  the  higher  hydro- 
carbons, its  illuminating  power  may  be  greatly  in- 
creased and  it  is  then  used  for  illurninating  purposes. 

Poisonous  Action  op  Illuminating  Gases. — All 
forms  of  illuminating  gas  are  irrespirable  and  more 
or  less  poisonous.  They  are  irrespirable  because 
thoy  do  not  furnish  oxygen.  The  chief  poisonous 
agents  are  carbon  monoxide  and  the  heavier  hydrocar- 
bons mentioned  above  underthe  name  of  illmninants. 

The  physiological  action  of  carbon  monoxide  has 
already  been  discussed  in  the  article,  Car?)o?i,  Oxides  0/. 

The  heavy  hvdrocarbons  are  more  or  less  poisonous 
wlien  mixed  with  air.  The  symptoms  produced  are 
dizziness,  headache,  nausea,  and  prostration.  These 
compounds  are  more  deleterious  than  is  the  lighter 
marsh  gas,  but  their  exact  physiological  action  is  ncit 
well  understood.  The  physiological  effects  of  illumi- 
nating gas  are  due  not  alone  to  the  carl^on  monoxide, 
as  some  have  supposed,  but  to  the  combined  effect  of 
this  gas  and  the  heavier  h^'drocarbons,  together  with 
the  loss  of  oxygen  due  to  the  displacement  of  air  by  the 
gas. 

Symptoms. — The  sjinptoms  of  acute  poisoning  by 
ordinary  illuminating  gas  are:  headache,  dizziness, 
nausea,  a  staggering  gait,  great  muscular  weakness, 
pro.stration,  loss  of  memory,  and  finally,  unconscious- 
ness and  comijlete  asphyxia.  Convulsions  frequentl_v 
end  the  scene.  There  is  usually  little  difficulty  iii 
making  the  diagnosis,  as  the  circumstances  under 
which  the  patient  is  found,  the  odor  of  the  gas,  etc., 
will  prevent  deception.  The  only  diseases  likely  to  be 
confounded  with  this  form  of  poisoning  are  cerel^ral 
apoplexy  and  uremic  coma.  Should  the  physician 
not  see  the  patient  before  the  odor  of  the  gas  has 
escaped,  such  difficulty  might  arise.  In  both  of  these 
diseases  the  symptoms  are  pretty  constant,  while  in 
coal-gas  or  itmier-gas  poisoning  they  are  apt  to  fluctu- 
ate; the  patient  will  frequently  rouse  up  for  a  time,  and 
answer  questions  intelligently,  and  then  lapse  into 
unconsciousness,  or  be  seized  with  convulsions. 

A  marked  difference  in  the  symptoms  will  be  noted, 
dependent  upon  whether  the  gas  is  admitted  into  the 
air  rapidly  or  slowly.  In  the  fir.st  condition  the 
person  rapidly  becomes  unconscious,  and  recovers 
rapidly  when  removed  into  fresh  air.  When  the  gas  is 
admitted  to  the  air  of  a  room  slowly,  the  headache, 
dizzmess,  nausea,  and  muscular  weakness  are  the 
prominent  symptoms,  and  they  are  remarkalily 
persistent.  The  condition  of  the  patient  often  seems 
to  remain  constant  for  days  after  the  accident;  and 
when  entire  unconsciousness  has  occurred,  recovery  is 
very  tinusual.  We  .should  distinguish  between  as- 
phyxia by  illuminating  gas  and  poisoning  by  carbon 
monoxide  obtained  by  breathing  the  diluted  gas. 
The  first  is  produced  by  a  rapid  displacement  of  the  air 
of  the  room  with  the  gas,  while  the  second  results  from 
a  slower  and  very  gradual  admixture  of  gas  with  the 
air. 

Fresh  air  and  stimulation  will  usuallv  .suffice  to 
restore  the  patient  in  the  first  ca.se;  but  in  the  second, 
while  these  measures  should  not  be  neglected,  they 
are  much  less  useful,  and,  when  the  time  of  exposure 
has  been  considerable,  of  slight  benefit. 
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It  may  be  well  to  name  here  some  of  the  sources 
of  coal-gas  poisoning  other  than  leakages  directly  from 

fixtures  in  the  room. 

The  odor  of  tlie  gas  is  so  characteristic  that  this  will 
in  most  cases  give  its  warning.  Repeated  instances, 
however,  prove  that  people  may  be  killed  In-  this  gas 
without  detecting  the  odor. 

Cases  of  poisoning  have  occurred  when  tlie  leak  in 
the  pipes  occurred  in  an  adjoining  room,  or  in  a  collar 
or  other  room  underneath.  JMost  of  such  accidents 
occur  in  the  night  while  the  victims  are  asleep,  even 
though  they  were  exposed  to  the  same  influences  during 
the  preceding  day. 

It  should  be  known  that  these  poisonous  gases  may 
diifuse  themselves  through  walls,  soil,  and  partitions. 
It  should  also  be  remembered  that  the  odorovis  vapors 
may  be  almost  entirely  removed  by  diffusion  through  a 
thick  wall  or  several  feet  of  soil.  The  gas  deprived  of 
its  odor  may  thus  pervade  the  air  of  a  sleeping-  or 
sitting-room,  and  give  no  warning  of  its  presence. 

In  winter,  when  the  ground  is  frozen,  and  the  upper 
layers  are  impervious  to  the  gas,  this  may  diffuse  itself 
several  feet  laterally  from  a  broken  street  main,  reach 
the  cellar,  pass  thence  to  the  rooms  above,  and  so  do  its 
deadly  work  unperceived.  That  this  accident  has 
frequently  occurred  is  shown  by  abundant  evidence 
taken  from  the  statistics  of  any  large  city.  Aside 
from  the  fatal  cases  of  poisoning  from  this  source, 
we  can  easily  see  that  there  must  be  a  much  larger 
number  of  cases  in  which  headache,  dizziness,  loss  of 
appetite,  general  debility,  anemia,  etc.,  may  be 
dependent  upon  a  smaller  amount  of  the  same  gas 
continually  finding  its  way  into  the  air  of  houses. 

It  is  evident,  from  the  above,  that  cases  of  poisoning 
may  occur  in  houses  where  gas  is  not  used,  and  where 
the  pipes  do  not  even  enter  the  house. 

There  has  been,  at  various  times,  not  a  little 
discussion  as  to  the  relative  poisonous  effects  of  coal 
gas  and  water  gas.  This  question  has  been  made  the 
subject  of  a  great  numljer  of  investigations.  The 
weight  of  experimental  evidence,  however,  goes  to  show 
that  water  gas  is  decidedly  more  dangerous  than  coal 
gas. 

With  a  given  amount  of  gas,  the  danger  line  is 
reached  sooner  with  water  gas;  and,  indeed,  in  man\- 
rooms  it  is  not  easy  to  get  a  fatal  mixture  of  coal  gas 
and  air  with  the  escape  from  a  single  burner  jet, 
owing  to  natural  ventilation  through  walls,  floors, 
windows,  etc.  That  is,  dogs,  cats,  rabbits,  and 
pigeons  will  endure  almost  indefinitely  an  atmosphere 
containing  one  per  cent,  of  coal  gas,  while  the  same 
animals  die  in  from  five  to  eight  hours  when  exposed 
to  an  atmosphere  containing  one  per  cent,  of  water 

The  postmortem  appearances,  in  cases  of  poisoning 
hy  illminating  gas,  are  similar  to  those  found  after 
poisoning  with  carbon  monoxide.  There  is  generally 
an  odor  of  the  gas  about  the  body,  especially  on 
compressing  the  chest,  so  as  to  expel  the  residual  gas 
from  the  lungs. 

The  countenance  may  be  pallid,  pink,  or  purple, 
varying  in  different  cases.  Frequently  more  or  less 
froth  will  be  found  issuing  from  the  mouth,  due 
probably  to  the  nausea  which  precedes  death,  and 
which  is  one  of  the  marked  symptoms.  Occasionally, 
rose-colored  patches  will  be  found  on  the  thighs  or 
other  parts  of  the  body. 

When  the  body  is  opened  the  blood  will  generally  be 
found  everywhere  in  a  fluid  condition,  and  uniformly 
of  a  light  "red  color  on  both  sides  of  the  heart.  It 
shows  the  soectroscopic  bands  of  carbon-monoxide 
hemoglobin,  (see Fig.  1192,  Vol.  II,  p.  624)._  The  lungs 
will  usually  have  a  brilliant  red  hue,  while  the  bron- 
chial tubes  will  be  filled  with  a  frothy  mucus.  The 
venovis  sinuses  of  the  brain  anrl  the  vertebral  nervous 
system  will  be  found  engorged  with  blood. 

The  above  appearances  are  not  always  foimd,  how- 
ever, for  there  is  great  variation  in  this  form  of  [joison- 


ing,  both  as  to  the  symptoms  and  as  to  the  postmortem 
appearances.  These  variations  are  probably  ex- 
plained by  the  fact  that  in  some  instances  the  cause  of 
death  is  a  true  asphyxia,  while  in  others  it  is  CO 
poisoning.  In  the  former  we  may  expect  a  livid  hue 
of  skin,  (lark,  clotted  blood,  and  engorgement  of  the 
venous  sinuses;  while  in  the  latter  we  may  expect 
the  light,  fluid  i)lood,  the  ro.se-colored  spots  upon  the 
skin,  a  lingering  death,  etc.  More  careful  observa- 
tion is  needed  upon  these  points. 

Trealmcni. — We  have  inciflentally  mentioned  nearly 
all  that  can  be  said  of  the  treatment  of  coal-gas 
poisoning.  If  the  case  is  one  of  suffocation,  and  the 
time  of  exposure  has  not  been  too  long,  fresh  air  or 
pure  oxygen  inhalations,  stimulants,  and  rest  will 
usually  suffice  to  restore  the  patient  to  consciousness. 
When  the  exposure  to  the  gas  has  exceeded  five  or 
six  hours,  recovery  can  scarcely  be  expectcfl,  because 
of  the  degree  of  saturation  of  the  hemoglobin  of  the 
blood  with  CO,  and  its  inability  to  combine  with 
oxygen. 

No  antidote  for  poisoning  by  the  gas  is  known. 
Transfusion  of  blood  has  been  tried  with  apparent 
success. 

In  experiments  upon  the  lower  animals  the  intro- 
duction of  normal  salt  solution  into  the  veins  has 
occasionally  been  succes.sful  in  saving  life. 

Inhalations  of  oxygen  have  often  been  tried,  with 
temporary  benefit,  but  it  does,  not  .seem  to  expel  the 
carbon  monoxide  from  the  blood.  If  persisterl  in, 
and  especially  if  combined  with  artifical  rcsjjiration  bj' 
means  of  the  pulmotor,  it  may  save  life  when  the 
blood  is  not  too  nearly  saturated  with  the  gas. 

Eli.is  H.  Bartlet. 

Qasser,  Johann  Lorenz. — An  Austrian  anatomist 
of  the  eighteenth  ccntviry  of  whom  little  is  known.  To 
him  is  attributed  the  discovery  of  the  seiniUmar 
ganglion,  but  the  true  discoverer  was  Hirsch,  a  pupil  of 
Gasscr's,  who,  in  order  to  perpetuate  the  name  of  his 
master,  called  this  ganglion  the  Gasserian  ganglion. 

E.  L.  J. 

Gasserian     Ganglion,     E.\cision    of    the. — See 

Brain,  Surgery  of  the. 

Qastein  (Wilbad-Qastein). — A  mo\intain  valley 
in  the  Austrian  Aljjs  at  the  upper  end  of  which  is 
situated  Bad  Gasteia  at  an  altitude  of  32.")0-34.30 
feet  above  sea  level.  It  is  connected  by  rail  with 
Salzburg  from  which  it  is  .sixty-six  miles  distant.  The 
river  Ache  runs  through  the  village,  which  forms  two 
waterfalls,  one  of  which  is  270  feet  in  height,  the  roar 
of  which  is  sometimes  disturbing  to  nervous  people 
at  night.  The  situation  in  the  midst  of  mountains 
and  in  the  near  region  of  glaciers  is  grand  and 
picturesque. 

The  season  extends  from  May  to  October,  and  the 
climate  during  this  period  is  of  an  Alpine  character, 
fresh  and  invigorating.  Frequent  and  sudden  changes 
of  temperature,  however,  occur,  and  there  are  many 
cool  and  showery  days,  even  in  July  and  .\ugust,  but 
the  showers  do  not  last  long.  It  is  claimed  that  the 
thermometer  has  never  gone  above  86°  F.  in  summer 
and  seldom  above  70°. 

The  permanent  number  of  inhabitants  is  about  800 
and  the  annual  number  of  visitors  exceeds  11,000. 

The  springs,  eighteen  or  twenty  in  number,  are 
warm,  of  a  temperature  of  87°  to  160°,  and  are  of  the 
class  of  indifferent  thermal  waters  feebly  mineralized, 
containing  small  amounts  of  sodium  sulphate,  calcium 
carbonate  and  sodium  chloride.  They  are  employed 
almost  entirely  for  bathing,  for  which  purpose  the 
equipment  is  excellent,  there  being  many  public  and 
private  bath  establisliments. 

The  waters  have  been  known  and  used  since  the 
seventh  century,  and  this  resort  is  now  one  of  the  most 
famous  watering-places  in  Europe. 
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The  baths  are  employed  for  nervous  aflfect.ions  of 
various  kinds,  both  functional  and  organic :  Neuralgia, 
gout,  rheumatism,  chronic  metritis  and  pelvic  exuda- 
tions, disorders  of  nutrition,  anemia,  and  in  senile 
deljility.  Their  beneficial  effects  in  this  latter  con- 
dition has  given  them  the  name  of  "old  folks'  baths." 

Gastein  is  also  recommended  on  account  of  its 
mountain  climate  as  an  after-cure  to  a  course  at  Carls- 
bad, Marienbad,  and  other  springs. 

In  IS'JS  radium  was  first  discovered  in  these  waters 
and  they  are  said  to  surpass  those  of  any  other  spa  in 
quality  of  radioactivity,  and  it  may  be  that  it  is 
owing  to  this  radioactive  element  that  the  beneficial 
results  obtained  are  due.  The  radioactivity  is 
manifest  in  a  gas-like  substance  called  "emanation" 
which  is  regarded  as  exercising  the  chief  therapeutic 
influence  of  this  strange,  powerful  metal.  It  has  been 
observed  that  radium  "emanation"  exercises  no 
evident  influence  upon  persons  in  health,  but  in 
certain  pathological  conditions  a  definite  reaction 
follows  an  "emanation"  bath. 

The  accommodations  are  excellent  and  abundant 
and  there  are  warm  liaths  in  the  hotels.  There  are 
reliable  physicians,  an  English  Church  service,  and 
the  usual  attractions  found  in  bath  resorts.  There 
are  many  pleasant  promenades  and  walks,  and  al- 
though the  latter  are  mostly  up-hill,  there  are  plenty 
of  benches  to  rest  upon. 

Life  is  quiet  here,  as  the  frequenters  are  mostly 
nervous  and  elderly  people.  It  is  a  good  place  in 
which  to  renew  one's  strength  or  conserve  what  is 
left.  Edward  O.  Otis. 

Qastrectomj'. — See  Stomach,  Surgery  of  the. 

Gastric  Juice. — Prior  to  the  middle  of  the  eight- 
eenth century  little  was  known  concerning  the  nature 
and  action  of  gastric  juice.  The  theories  advanced 
to  explain  the  digestion  of  food  in  the  stomach  were 
numerous  and  varied.  Thus  Hippocrates  likened  this 
process  to  one  of  coction,  the  change  in  the  food 
materials  being  induced  Isy  the  influence  of  heat. 
Asclepiades  considered  the  process  similar  to  tritura- 
tion, the  stomach  alternately  contracting  and  relax- 
ing, thus  mechaiucally  reducing  the  food  under  the 
influence  of  heat  to  a  fluid  condition  in  which  form  it 
was  distributed  to  all  parts  of  the  body.  To  van 
Helmont  belongs  the  credit  of  introducing  the  idea 
of  fermentation  as  explanatory  of  digestive  action. 
"  Under  the  influence  of  the  archaeus — as  he  termed  the 
vital  principal  which  presided  over  the  processes  of  the 
organism,  shaping  its  elements  into  the  various  forms 
of  matter  which  compose  its  tissues  and  organs — 
there  is  generated  in  the  stomach  a  ferment,  whereby 
an  acid  is  produced  which  brings  about  the  solution 
of  the  food." 

In  17.52  the  French  naturalist  Reaumur  demon- 
strated that  meat  is  dissolved  in  the  stomach  of  a 
tame  buzzard.  In  order  to  obtain  the  substance 
effecting  this  solution  R6aumur  placed  pieces  of 
sponge  in  small  metallic  tubes.  The  buzzard,  like 
other  birds  of  pvey,  possesses  the  power  of  regurgitat- 
ing indigestible  materials,  hence  when  the  metallic 
tubes  were  ejected,  the  enclosed  sponge  contained  an 
iicid  fluid  with  considerable  antiseptic  properties. 
Stevens  (1777)  came  to  essentially  the  same  conclu- 
sions by  experimenting  on  a  human  being  who  pos- 
sessed the  power  of  regurgitation,  and  he  was  the  first 
to  carry  out  digestion  experiments  outside  the  body 
by  means  of  the  gastric  juice  of  the  dog.  The  re- 
searches of  Spallanzani  (1777-83)  showed  conclu- 
sively that  gastric  juice  was  capable  of  effecting  the 
same  transformations  when  removed  from  the  body, 
if  the  conditions  for  its  activity  were  favorable,  as 
in  the  stomach  itself.  Attention  was  called  to  the 
antiseptic  nature  of  the  fluid,  and  without  knowing 
the  cause  of  the  acidity  of  the  gastric  juice  he  yet 
recognized  it  and  asserted  that  the  acid  reaction  ceases 
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when  digestion  is  completed.  It  was  he  who  first 
gave  the  name  gastric  juice  to  the  secretion  of  the 
stomach. 

The  early  history  of  the  knowledge  concerning 
gastric  juice  closes  with  Spallanzani.  After  him 
came  Tiedemann  and  Gmelin,  and  Leuret  and  Las- 
saigue  who  especially  turned  their  attention  to  the 
acidity  of  gastric  juice.  Then  followed  the  classic 
observations  of  Beaumont  (1825-33),  a  surgeon  in  the 
United  States  Army,  and  his  contributions  may  justly 
be  called  the  most  important  ever  made  to  the  science 
of  gastric  digestion.  His  experiments  were  made 
upon  a  Canadian,  Alexis  St.  Martin,  in  whom  a 
permanent  gastric  fistula  remained  after  a  gunshot 
wound.  The  gastric  juice  was  described  as  "a  clear, 
transparent  fluid,  inodorous,  a  little  saltish,  and  very 
perceptil:>ly  acid.  Its  taste  when  applied  to  the  tongue 
is  simUar  to  thin  mucilaginous  water  slightly  acidu- 
lated with  muriatic  acid."  He  further  described  it  as 
powerfully  antiseptic,  and  an  effectual  solvent  of  food. 

In  the  winter  of  1832-33  Beaumont  sent  a  samjjle 
of  gastric  juice  contaminated  with  a  little  mucus  for 
examination  to  Professor  Dunglison  of  the  University 
of  Virginia.  Dunglison  in  collaboration  with  Pro- 
fessor Emmett  reported  that  he  liad  found  the  gastric 
juice  to  contain  "free  muriatic  and  acetic  acid, 
phosphates  and  muriates,  with  bases  of  potassa,  soda, 
magnesia,  and  lime,  and  an  animal  matter  soluble  in 
cold  water,  but  insoluble  in  hot." 

Front  in  1824  had  already  declared  that  the  acidity 
of  the  gastric  juice  was  due  to  free  hydrochloric  acid, 
and  Eberle  in  1834  announced  the  interesting  fact 
that  by  acting  upon  the  stomach  mucous  meniljrane 
with  dUute  hydrochloric  acid  a  fluid  may  l>e  obtained 
whose  action  upon  the  food  coincided  with  that  of  the 
natural  gastric  juice.  Soon  afterward  (183G)  Schwann 
concluded  that  the  gastric  juice  owed  its  digestive 
power  to  some  unknown  active  principle  to  which  he 
gave  the  name  pepsin.  Schwann  was  unable  to  isolate 
the  active  substance  as  a  distinct  chemical  entity. 
Wassmann,  however,  in  1839,  prepared  an  impure 
pepsin  as  a  yellowish  powder  soluble  in  water. 

Lab  ferment,  or  rennin,  was  discovered  and  isolated 
(also  in  impure  form)  by  Hammarsten  in  1872. 

The  observations  of  Beaumont  on  Alexis  St.  Martin 
led  to  the  suggestion  that  gastric  fistulas  be  made 
on  animals,  and  in  1842  Bassow  first  performed  this 
operation.  Since  then  many  such  operations  have 
been  made  on  man  and  annuals  and  recently  Pawlow 
has  greatly  improved  the  surgery  of  gastric  fistula 
and  has  added  many  valuable  facts  to  the  study  of 
gastric  juice,  particularly  concerning  the  secretion 
of  this  fluid.  Although  it  was  assumed  by  the  older 
investigators  that  the  secretion  of  gastric  juice  is 
under  the  control  of  the  nervous  system,  the  actual 
demonstration  of  this  fact  is  the  work  of  Pawlow  and 
his  pupils.  They  have  especially  investigated  this 
point  through  the  establishment  of  a  gastric  fistula 
in  dogs  already  possessing  an  esophageal  fistula.  In 
this  way  it  became  possible  to  study  the  influence  of 
nerve  stimulation  on  the  one  hand  and  the  direct 
action  of  food  on  the  mucous  membrane  of  the  stomach 
on  the  other,  and  this  arrangement  also  afforded  an 
excellent  opportunity  for  the  collection  of  gastric 
juice  free  from  food  and  saliva.  Following  a  method 
suggested  by  Heidenhain  they  also  formed  in  other 
dogs  a  blind  sac  or  little  stomach  by  partial  dessection 
of  the  fundus  portion  of  the  stomach,  and  in  this  sac 
the  secretory  processes  could  be  studied  while  diges- 
tion was  going  on  in  other  parts  of  the  stomach. 

Gastric  secretion  is  under  the  direct  influence  of  the 
nervous  system  and  the  secretory  fibers  are  contained 
in  the  vagus  nerve,  for  a  secretion  of  gastric  juice  may 
be  induced  by  direct  stimulation  of  the  jjeripheral 
end  of  the  cut  vagvis.  As  further  proof  of  the  influ- 
ence of  the  vagus  on  gastric  secretion  Pawlow  per- 
formed the  following  experiments:  To  a  dog  with  an 
esophageal  and  gastric  fistula  food  was  given.     The 
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animal  thus  had  the  pleasure  of  eating  without  food 
entering  the  stomach,  fur  as  soon  as  the  bolus  was 
swallowed,  it  was  discharged  to  the  exterior  through 
the  esophageal  fistula.  The  investigator  called  such 
feeding  sham  feeding  (Scheinfiitterung).  So  Jong  as 
the  vagus  was  intact  sham  feeding  caused  an  abundant 
secretion  of  gastric  juice.  As  soon,  however,  as  this 
nerve  was  severed  gastric  juice  failed  to  be  secreted 
under  the  above  conditions.  It  is  apparent  therefore 
that  the  sensations  of  taste,  odor,  etc.,  induced  during 
the  processes  of  mastication  and  swallowing  bring 
about  a  reflex  stinudation  of  the  vagus  nerve.  A 
secretion  brought  about  in  this  way  is  called  a  psy- 
chical secretion  by  Pawlow  and  it  is  implied  that  the 
reflex  is  attended  by  conscious  sensations.  Such  a 
secretion  may  continue  for  a  long  period  after  the 
stimulus  has  ceased.  Under  similar  conditions  Horn- 
borg  has  shown  that  comparable  results  may  be  ob- 
tained. Thus  in  a  boy  with  a  stricture  of  the  esophagus 
and  a  gastric  fistvila  food  chewed  and  swallowed  was 
regurgitated,  and  although  none  of  it  reached  the 
stomach,  an  active  psychical  secretion  of  gastric  juice 
fowUoed. 

The  modern  idea  concerning  the  secretion  of  gastric 
juice  is  as  follows:  The  mechanical  factor  of  food  as  a 
factor  in  gastric  secretion  may  be  eliminated  since 
Pawlow  has  definitely  demon.strated  that  it.is  without 
influence  in  this  direction.  Under  ordinary  circum- 
stances gastric  secretion  is  first  started  by  the  sensa- 
tions of  eating,  that  is,  by  psychical  stimulation  and 
is  a  reflex.  The  psychical  stimulation  therefore 
starts  gastric  digestion  which  is  continued  by  an  action 
occurring  in  the  stomach  itself.  It  has  been  demon- 
strated that  certain  foods  contain  substances  which 
act  specifically  in  calling  forth  a  secretion  of  gastric 
juice  when  taken  into  the  stomach.  Other  foods  do 
not  possess  these  bodies,  these  secretagogues  as  they 
are  designated.  Bread  and  egg  white  contain  little 
or  no  secretagogues,  milk  causes  some  secretion,  but 
meat  extracts,  meat  juices,  and  soups  are  particularly 
rich  in  secretagogues.  Again,  those  foods  which 
may  not  contain  ready  formed  secretagogues  may 
form  them  since  it  has  been  shown  c|uite  clearly  that 
the  products  of  gastric  digestion  induce  a  copious 
secretion  of  gastric  juice.  The  way  in  which  secreta- 
gogues induce  a  flow  of  gastric  juice  is  not  definitely 
settled  but  Edkins  has  suggested  that  secretagogues, 
whether  preformed  in  the  food  or  formed  during  diges- 
tion, act  upon  the  pyloric  mucous  membrane  in  such  a 
manner  that  a  new  substance  is  formed,  namely, 
gastrin  or  gastric  secretin.  This  substance  is  ab- 
sorbed into  the  blood,  is  carried  to  the  gastric  glands 
and  stimulates  them  to  action.  This  type  of  action 
is  comparable  to  the  way  in  which  pancreatic  secretion 
is  induced  and  one  may  therefore  assume  the  inter- 
vention of  a  nervous  stimulation  and  a  chemical 
stimulation  in  the  secretion  of  gastric  juice.  Gastrin 
or  gastric  secretin  belongs  to  the  group  designated  by 
Starling  as  chemical  messengers  or  hormones  (which 
see). 

The  work  of  Pawlow  has  also  indicated  that  the 
quantity  and  character  of  the  gastric  juice  is  closely 
related  "to  the  kind  of  food  eaten.  In  the  first  place 
the  c)uantity  of  juice  secreted  is  proportional  to  tlie 
amount  of  food  ingested.  The  juice  obtained  with 
various  kinds  of  food  varies  in  acidity  and  digestive 
power,  thus  the  acidit.y  is  greatest  with  a  meat  diet 
and  lowest  with  bread;  the  quantity  of  enzyme  is, 
on  the  contrary,  highest  with  a  bread  diet  and  lowest 
with  a  milk  diet.  It  has  also  been  demonstrated  by 
the  same  investigator  that  gastric  secretion  may  be 
influenced  by  the  small  intestine,  and  in  this  way 
the  fats  have  a  retarding  action  upon  the  secretion  of 
juice  and  upon  digestion  by  acting  reflexly  upon  the 
duodenal  mucosa.  If  fat  is  fed  with  food  containing 
starch  the  secretion  of  gastric  juice  remains  reduced 
during  the  entire  period  of  feeding.  F.at  in  connection 
with  protein  food  has  a  similar  influence,  with  the  ex- 


ception, that  under  these  circumstances  the  retarding 
action  is  observed  only  during  the  first  hours  of 
digestion. 

Human  gastric  juice,  which  can  seldom  be  obtained 
pure  and  free  from  residues  of  food  or  from  mucus 
and  saliva,  Ls  a  clear,  or  only  very  faintly  cloudy,  and 
nearly  colorless  fluid  of  an  insipid  acid  ta.ste  and 
strong  acid  reaction.  It  contains  as  form  element.s 
glandular  cells  or  their  nuclei,  nuicous  corpuscles,  and 
more  or  loss  changed  columnar  epithelium. 

The  acidity  of  gastric  juice  Ls  due  to  the  presence  of 
free  hydrochloric  acid.  .Although  there  are  numerous 
theories  to  account  for  the  formation  of  hydrochloric 
acid  in  the  stomach  none  Ls  satisfactory.  After 
partaking  of  food  rich  in  carbohydrates,  lactic  and 
sometimes  acetic  and  butyric  acids  may  be  present. 
The  quantity  of  hydrochloric  acid  varies  greatly 
according  to  the  period  of  digestion,  but  since  it  has 
been  possible  to  obtain  pure  human  gastric  juice  the 
researches  of  Umber,  Hornborg,'Iiickel,  and  Sommer- 
feld  have  shown  that  the  amount  Ls  about  four  to 
five  per  niille.  There  Ls  little  doubt  that  a  portion 
of  the  hydrochloric  acid  exists  combined  with  organic 
substances,  especially  proteins,  and  hence  does  not 
exist  free  in  the  ordinary  .sense. 

The  specific  gravity  of  gastric  juice  varies  from 
1.001  to  1.010  and  is  correspondingly  low  in  solids. 
Albu  found  in  the  ash  of  pure  human  gastric  juice 
3.56.2  per  mille  KiO;  226..5  per  mille  Xa,0,  and  497.-3 
per  mille  CI.  The  amount  of  salts  in.soluble  in  water 
was  23.9  per  mille. 

Besides  the  free  hydrochloric  acid,  pepsin,  rennin, 
and  a  lipase  are  the  other  recognized  physiologically 
important  constituents  of  gastric  juice. 

Pepsin  is  a  typical  proteolytic  enzyme  possessing 
the  peculiarity  of  acting  only  in  an  acid  medium, 
and  hence  protein  digestion  in  the  stomach  Ls  the 
result  of  the  combined  action  of  pepsin  and  hydro- 
chloric acid.  Pepsin  Ls  present  in  new-born  infants 
although  this  is  not  true  for  the  young  of  some  animals. 
In  man  the  enzyme  Ls  suppo.sed  to  Ije  formed  in  the 
chief  cells  of  the  gastric  tubules  and  is  present  in  the 
cells  as  a  precursor  or  zymogen — pepsinogen  which  is 
readily  transformed  into  active  pepsin  by  hydro- 
chloric acid.  Like  all  enzymes  pepsin  is  sensitive 
to  changes  in  temperature — low  temperatures  retard 
and  may  even  suspend  activity  without,  however, 
necessarily  destroying  the  enzyme— high  temperatures 
tend  to  accelerate  pepsin  action — the  optimum  tem- 
perature being  from  37°  C.  to  40°  C.  Heating  to 
80°  C.  for  some  time  will  result  in  the  total  destruction 
of  pepsin  if  it  is  in  a  moist  condition.  Pepsin  has 
never  been  isolated  in  a  pure  condition.  It  is  prob- 
able that  pepsin  is  not  a  protein.  It  is  soluble  in  water 
and  glycerin  and  may  be  precipitated  from  its  solu- 
tions by  alcohol  and  is  slowly  destroyed  thereby. 
Pepsin  is  exceedingly  sensitive  to  the  influence  of 
alkalies,  being  made  inactive  by  these  substances. 
The  only  known  property  of  pepsin  is  that  it  dis.solves 
proteins  in  an  acid  medium  with  the  production  of 
proteoses  and  peptones. 

So  fur  as  our  knowledge  goes  the  action  of  rennin 
is  confined  to  milk — cau.sing  a  coagulation  in  neutral 
solutions.  Rennin  is  just  as  difficult  to  obtain  pure  as 
other  enzymes  and  in  general  presents  characteristics 
typical  of  enzymes  as  behavior  toward  changes  of 
temperature,  etc.  Pure  rennin  solutions  fail  to  yield 
protein  reactions.  There  is  some  evidence  that 
rennin-like  enzymes  from  different  sources  are  not 
identical.  Thus  the  active  principle  obtained  from 
the  calf's  stomach,  called  rennin  or  chymosin,  is  un- 
like that  found  in  the  stomach  of  the  pig  and  man. 
The  latter  enzyme  has  been  named  parachymosin. 
For  general  purjioses  the  terni  rennin  is  used  indLs- 
criminately.  A  question  which  has  been  subjected 
to  much  controversy  is  whether  the  pepsin  and 
rennin  action  are  induced  by  two  distinct  enzymes, 
or  represent  two  enzyme  actions,  or  whether  there  is 
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only  one  enzyme,  the  pepsin,  which  possesses  both 
activities.  The  fact  that  enzymes  having  a  proteo- 
lytic and  rennin  action  occur  simultaneously  in  both 
tlie  plant  and  animal  kingdoms  indicates  either  an 
identity  of  enzymes  or  at  least  a  parallelism  of  their 
actions.  Although  the  views  put  forth  relative  to  this 
question  are  many  and  varied,  perhaps  the  most 
generally  accepted  theory  is  that  of  Nencki  and  Sieber 
who  regard  pepsin  as  a  great  molecule  with  many  side 
chains  one  of  which  digests  protein  in  acid  solution, 
the  other  causes  milk  to  coagulate  in  neutral  solutions. 
This  view  agrees  fairly  well  with  most  of  the  obser- 
vations thus  far  made. 

In  1900  Volhard  observed  that  gastric  juice  has  a 
strong  fat-splitting  action  when  the  fat  is  in  fine 
emulsion  as  in  the  yolk  of  egg,  in  milk  or  in  cream. 
Although  a  great  deal  of  controversy  has  been  aroused 
by  this  discovery  its  importance  is  still  problematical 
and  e\'en  though  its  existence  has  been  denied  there 
is  little  question  that  a  gastric  lipase  occurs  and  is 
secreted  with  the  gastric  juice. 

Frank  P.  I'ndehhill. 
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Gastritis. — See  Stomach,  Diseases  of  the. 

Gastrodiscus. — .\  genus  of  flukes  in  which  the 
body  is  slender,  broadened  posteriorly  into  a  large 
concave  disc  at  the  posterior  border  of  which  the  small 
ventral  sucker  lies.  G.  (Amphistomu)n)  hominis  has 
sometimes  lieen  found  in  great  numbers  in  natives 
in  India.  This  species  is  believed  to  occur  normally 
in  the  horse.     See  Trematoda. 


Gastrula. — (Dim.  of  L.  gaster  from  the  Greek 
yaar'^p,  belly,  stomach.)  The  gastrula  is  a  stage  in 
the  embryonic  development  of  a  least  one  repre- 
sentative   of   nearly   every   great    group   of   animals 


Fig.  26S6. — Section  of  a  Gastrula  of  a  Sea-Urchin,  Toxopneustes 
lividus.  (After  Selenka.)  Highly  magnified,  ec.  Ectoderm:  en, 
endoderm;  meSt  mesenchyme:  M,  blastopore. 

above  the  Protozoa.  Moreover,  those  forms  which 
do  not  possess  a  typical  gastrula  stage  are  found 
on  careful  examination  to  exhibit,  with  few  excep- 
tions, structures  or  modes  of  development  which  may 
be  interpreted  as  vestiges  of  this  stage. 

62i 


In  holoblastic  eggs  with  equal  cleavage  (see  article 
Segmentation  of  the  Ovum)  the  cleavage  results  in  the 
formation  of  a  typical  blastula.  This  is  a  rounded 
body  composed  of  cells,  the  blastomeres,  forming  a 
continuous  membrane,  which  encloses  a  cavity,  the 
blastocoel.  This  first  embryonic  stage  is  said  to  be 
monodermic,  because  it  consists  essentially  of  a  single 
layer  of  similar  cells.  In  its  simplest  form  this  layer 
is  one  cell  thick,  but  it  maybe  many  cells  in  thickness. 

The  next  stage  is  the  gastrula,  which  is  formed  from 
the  blastula  usually  by  the  invagination  of  its  wall 
on  one  side.  By  this  process  the  blastoderm  becomes 
differentiated  into  the  two  primary  germ  layers.  The 
gastrula  stage  is  therefore  essentially  didermic.     The 


Fig.  2687. — Sagittal  Section  of  a  Gastrula  of  Amphioxus  at 
4  \.  M.  a,  .\nterior  pole:  d,  dorsal  lip  of  the  blastopore;  r.  ventral 
lip.  Reduced  from  camera  drawing  made  with  Zeiss  4,  oil  im- 
mersion 2  mm.      (.\fter  Morgan  and  Hazen.) 

part  which  remains  on  the  outside  is  the  ectoderm, 
and  the  part  which  is  invaginated  is  the  endoderm. 
(See  Germ  Layers.)  In  most  animals  the  cells  of  the 
blastula  are  not  all  alike,  those  on  one  side,  the  animal 
pole,  being  smaller  and  containing  less  deutoplasm 
(yolk  granules)  than  those  on  the  other  side,  the 
vegetal  pole,  which  are  in  many  cases  verv  large  and 
heavily  laden  with  deutoplasm.  When  such  differ- 
entiation obtains  it  is  always  the  cells  of  the  vegetal 
pole  that  are  invaginated  to  form  the  endoderm. 

The  nearly  typical  gastrula  of  a  sca-iwchin  is  repre- 
sented in  longitudinal  section  in  Fig.  2686.  This 
embr.vo  contains  two  cavities — one  a  closed  cavity, 
the  blastocoel,  lying  between  the  ectoderm  {cc)  and 
the  endoderm  (en),  and  the  other,  the  primitive 
stomach,  or  archenteron,  a  cavity  entirely  surrounded 
by  endoderm,  except  at  one  side,  where  it  opens  to 
the  exterior  by  the  primitive  mouth,  or  blastopore 
(M).  At  the  lips  of  the  blastopore  the  ectoderm  and 
endoderm  are  continuous.  This  embryo  is  not  quite 
a  typical  gastrula  on  account  of  the  presence  in  the 
blastoccel  of  mesenchyme  cells  (mes),  which  in  most 
animals  appear  at  a  somewhat  later  stage. 

Gastrulas  of  this  same  general  type  are  to  be  met 
with  in  the  sponges,  celenterates,  echinoderms,  nemer- 
tians,  annelids  (Eupomatus),  sipunculids,  ohetog- 
naths,  Crustacea  (Lucifer),  moUusks,  and  chordata 
(tunicates  and  Amphioxus). 

Of  these  various  forms,  the  one  of  most  interest  to  us 
is  the  gastrula  of  .Amphioxus.  If  one  were  to  draw  a 
diagram  to  show  the  essential  structures  of  a  verte- 
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brate  reduced  to  their  simplest  forms,  the  drawiiiK 
with  slight  alterations  could  be  made  to  represent  an 
amphioxus.  This  is  a  little  tish- 
like  animal  an  inch  or  two  in 
length,  that  lives  in  the  sand  in 
shallow  arms  of  the  sea  in  various 
parts  of  the  world.  It  is  found 
in  the  Chesapeake  Bay,  in  (he 
lagoons  of  the  Bahamas,  and  the 
writer  has  gathered  hundreds  of 
specimens  on  the  sand  fiats  by 
the  railroad  wharf  at  Port 
Tampa,  Florida.  The  Am- 
pliioxus,  having  little  more  than 
a  notochord  by  way  of  skeleton, 
has  left  no  fossil  remains,  but  its 
habitat  is  exactly  similar  to  that 
in  which  countless  generations 
of  Lingula  have  dwelt  with 
practically  no  change  of  struc- 
ture, so  far  as  we  can  see,  since 
lower  Silurian  times.  So  it  is 
not  impossible  that  we  may  be 
right  if  we  infer  from  its  struc- 
ture that  Amphioxus  is  also  of  a 
very  ancient  type,  and  is  a  living 
representative  of  our  ancestors, 
that  lived  before  the  appearance 
of  the  earliest  fishes.  For  this 
reason  the  embryology  of  this 
form  is  of  special  interest.  This 
proves  to  be  just  as  diagram- 
maticalh'  primitive  as  the  adult 
structure  and  confirms  our  infer- 
ence from  comparative  anatomy. 
The  gastrula  of  Amphioxus 
(Fig.  26S7)  is  a  typical  one  of 
the  embolic  type.  That  is,  the 
archenteron  is  formed,  as  in  the 
sea-urchin,  by  the  invagination 
of  the  endoderm.  This  is  con- 
trasted with  the  epibolic  type  of 
gastrula  in  which,  owing  to  the 
large  size  of  the  slowly  dividing  endodermal  cells, 
heavily  laden  with  yolk,  an  invagination  is  impossible, 


Fig.  26S8.  —  Four 
Stages  in  the  Develop- 
ment of  the  Gastrula 
and  Closure  of  Blasto- 
pore of  .\niphioxus. 
Sagittal  sections.  a. 
Ventral  hp  of  blasto- 
pore: fc,  anterior  pole: 
c,  dorsal  hp.  (.^ter 
Morgan  and  Hazen.) 
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Fig.  2689. — Sagittal  Section  of  a  Gastrula  of  Forty  Hours  of  the 
Garpike,  Lepidosteus.  c,  Endoderm:  sU  dorsal  lip  of  blastopore;  s. 
blastocCBl:  **,  innermost  limit  of  archenteron.  (.\fter  Dean,) 
X  30. 


and  the  smaller  and  more  active  ectodermal  cells  form 
the  gastrula  by  growing  over  and  around  the  large  and 
less  active  endodermal  cells.     These  types  of  gastrula 


grade  into  one  another,  so  that  in  some  cases  it  is  diffi- 
cult to  tell  to  which  type  the  gastrula  belongs. 

Fig.  2687  represents  a  vertical  longitudinal  .section  of 
a  gastrula  of  .■\mphioxus.  The  archenteron  Ls  large 
and  the  endoderm  is  so  clo.sely  pressed  against  the 
ectoderm  that  the  blastoca-l  is  obliterated  except  in  a 
small  space  near  each  lip  of  the  blastopore,  which  at 
this  stage  is  widely  open.  The  development  of  the 
gastrula  of  this  species  is  represented  in  Fig.  2688. 


Fig.  2690. — Sagittal  Section  of  the  Clastrula  of  a  Tree-toad, 
Chorophilus.  arch,  ,\rchenreton:  a~b,  "tongue"  of  uncleft  yolk 
in  front  of  archenteron:  ti.l.,  dorsal  lip;  r./.,  ventral  lip.  s.c,  blaa- 
tocel;  X.  space  produced  artiGcially.  (.-Vfler  H.  V.  Wilson.) 
Camera  drawing,  Zeiss  A,  2. 

The  eggs  of  Amphioxus  are  laid,  according  to 
Wilson,  as  a  rule,  between  five  and  six  in  the  afternoon. 
Cleavage  results  in  the  formation  of  a  globular  blas- 
tula;  and  about  midnight,  according  to  Morgan, 
gastrulation  begins  by  the  flattening  of  one  side  of  the 
blastula.  This  side  may  be  distinguished  from  the 
other  by  the  presence  of  larger  cells  more  completely 
filled  with  yolk  granules.  About  two  hours  later  the 
flattened  side  has  pushed  inward  until  the  endoderm 
nearly  touches  the  ectoderm  and  the  embryo  has 
become  saucer-shaped  (Fig.  2688,  a).  From  this  time 
on  there  is  a  gradual  closing  of  the  blastopore  accom- 
panied by  the  growth  of  its  lips,  until,  when  the  blasto- 
pore is  nearly  closed,  the  embryo  has  the  shape  of  a 
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Fig.  2691. — Sagittal  Section  of  the  Gastrula  of  a  Tree-toad- 
Chorophilus.  Later  stage  than  that  shown  in  Fig.  2690.  Refer 
cnce  letters  the  same,     (.\fter  H.  V.  Wilson.)     Zeiss  A,  2. 

football  (Fig.  2688,  d),  the  small  opening  being  a  slight 
distance  from  the  posterior  end  of  the  h)ng  axis  of  the 
embryo  and  on  the  dorsal  side  of  it.  The  end  of  the 
gastrula  stage  is  marked  by  the  closure  of  the  blast- 
opore from  direct  communication  with  the  exterior. 
But  for  a  long  time  the  inner  i)art  of  it  forms  a  passage- 
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way  from  the  archenteron  into  the  developing  neural 
tube,  it  is  then  called  the  neurenteric  canal. 

The  simplest  form  of  gastrula  to  be  found  in  the 
true  vertebrates  is  of  the  type  observed  in  the  cyclo- 
stomes,  ganoids  (Fig.  2689),  and  amphibians  (Figs. 
2690  and  2691).  In  the  eggs  of  these  forms  the  cleav- 
age is  always  unequal  and  may  be  holoblastic  as  in 
the  frog  or  "meroblastic  as  in  the  gar-pike.  In  either 
case  it  results  in  the  formation  of  a  blastula  in  which 
the  blastocoel  is  excentric,  lying  near  the  upper  pole. 
In  either  case  the  roof  of  the  blastocoel  is  composed  of 
one  or  more  layers  of  small  cells,  while  its  floor  is 
composed  of  large  cells  or  imperfectly  divided  yolk. 
The  development  of  the  gastrula  begins  by  the  appear- 
ance of  a  slight  groove  on  one  side  below  the  edge  of 
the  area  of  small  cells.  The  formation  of  the  groove 
seems  to  be  due  to  an  invagination  of  cells  of  the 
vegetal  pole.  The  upper  edge  of  this  groove  is  the 
dorsal  lip  of  the  blastopore.     The  ends  of  the  groove 


similar  to  the  gastrula  of  Amphioxus,  except  that  in 
these  forms  the  endoderm  forming  the  ventral  and 
anterior  wall  of  the  archenteron  is  greatly  thickened 
so  as  nearly  to  fill  the  cavity  of  the  archenteron  and 
to  protrude  through  the  blastopore. 

In  the  Sauropsida,  reptiles  and  birds,  we  find  an 
enormous  increase  in  the  proportion  of  yolk  in  the  egg. 
Nevertheless,  there  is  a  stage  in  the  development  of 
these  forms  that  may  be  regarded  as  a  gastrula.  The 
best  account  of  avian  gastrulation  is  Patterson's 
(1907)  description  of  the  gastrulation  of  the  pigeon. 
Cleavage  begins  and  the  egg  passes  through  the  blas- 
tula stage  while  in  the  oviduct.  The  germinal  area 
at  the  close  of  segmentation  is  three  to  four  cells  deep, 
except  at  the  edges.  The  first  step  toward  the  gas- 
trula stage,  is  a  thinning  out  of  the  germinal  disc, 
accompanied  by  an  increase  in  area  and  the  deepening 
of  the  subgerminal  cavity  lying  between  it  and  the 
yolk.     The    thinning    takes    place    chiefly    in    the 
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FiQ.  2692. — Sagittal  Section  through  the  Blastoderm  of  a  Hen's  Egg  Incubated  Sii  Hours.  Ach,  Archenteron;  hi,  dorsal  lip  of 
blastopore;  Ec,  ectoderm;  En,  endoderm;  ku\  germinal  wall;  vies,  marginal  rim;  Vi,  Yolk.  (After  Duval,  from  Minot.)  £),  X 
about  40;  A,  B,  C,  details  of  D  more  highly  magnified. 


extend  in  a  circle  until  they  meet,  completing  the 
blastopore  at  its  ventral  lip.  Within  the  blastopore 
there  is  a  mass  of  large  endodermal  cells,  the  so-called 
yolk-plug.  The  formation  of  the  blastopore  has  been 
observed  in  living  eggs  of  a  number  of  amphibians 
by  several  investigators.  The  observations  of  H.  V. 
Wilson  upon  a  tree  frog  {Chorophilus  feriarum)  are  of 
special  interest  because  by  the  skilful  use  of  an  inverted 
microscope  he  was  able  to  watch  the  changes  in 
uninjured  eggs  in  their  normal  position.  He  finds  that 
all  parts  of  the  edge  of  the  blastopore,  as  soon  as  they 
are  formed,  begin  to  grow  over  the  yolk  cells.  During 
this  process,  not  only  the  yolk  cells  disappear  under 
the  advancing  edge  of  the  blastopore,  but  cells  outside 
of  the  blastopore  are  seen  to  move  to  the  edge  and  then 
to  roll  over  and  disappear  beneath  it  so  that  there  is 
here  a  combination  of  overgrowth  (epiboly)  and  in 
rolling  {involution).  The  dorsal  lip  being  the  first  to 
form,  Wilson  finds  that  it  grows  over  an  angular  dis- 
tance of  25°  before  the  ventral  lip  starts,  at  which 
time  the  width  of  the  blastopore  is  95°.  After  that 
the  rate  of  closure  is  equal  on  all  sides. 

When  the  blastopore  has  been  reduced  to  a  very 
small  opening,  the  overgrowth  stops  at  the  dorsal 
and  ventral  sides,  but  continues  laterally,  so  that  the 
blastopore  finally  becomes  a  mere  slit  and  at  length 
the  lips  fuse  in  the  middle,  leaving  a  minute  opening 
at  each  end.  The  dorsal  one  is  the  neurenteric 
canal,  and  the  ventral  one  may  or  may  not  persist 
as  the  permanent  anus. 

Figs.  2689,  2690,  and  2691  represent  sagittal  sec- 
tions of  gastrulas  of  the  gar-pike  and  the  tree  frog. 
Comparing  these  with  Fig.  2687  we  see  that  they  are 
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posterior  quadrant  of  the  germinal  disc,  and  gastrula- 
tion seems  to  begin  by  an  inrolling  of  the  thin  free 
edge  of  the  posterior  margin  of  the  blastoderm.  In 
this  region  of  invagination  or  involution  there  is  a 
rapid  thickening  of  the  margin  which  results  in  a 
condition  similar  to  that  described  by  Duval  in  the 
chick. 

Fig.  2692  represents  a  sagittal  section  through  a 
late  gastrula  stage  of  the  hen's  egg  and  may  be  com- 
pared with  the  dorsal  half  of  the  gastrula  of  the  frog. 
Fig.  2691.  At  the  anterior  end  of  the  section  the 
ectoderm  is  seen  to  be  growing  over  the  yolk  while  the 
endoderm  below  is  continuous  with  the  yolk  (kw), 
while  at  the  posterior  end  the  endoderm  and  ectoderm 
are  continuous  with  one  another  and  separated  from 
the  yolk  by  a  slit  (6^,  which  connects  with  the  archen- 
teron and  may  be  regarded  as  homologous  with  the 
blastopore  of  the  frog. 

In  the  mammalia,  although  the  egg  is  minute  and 
undergoes  a  holoblastic  cleavage,  the  development  of 
the  embryo  is  a  very  complex  process,  to  be  explained 
probably  by  the  supposition  that  the  ancestors  of  the 
mammals  had  eggs  with  a  large  amount  of  yolk.  In 
this  group  the  gastrula  stage  has  almost  entirely 
disappeared,  the  stage  figured  by  Haeckel  as  such  not 
being  a  gastrula  at  all.  Hubrecht,  however,  described 
structures  in  the  primitive  streak  of  the  shrew  (Sorex) 
that  resemble  what  is  found  at  the  lip  of  the  blastopore 
of  the  frog,  and  he  finds  there  a  minute  canal  that  he 
reg.ards  as  a  vestige  of  the  neurenteric  canal. 

So  far  we  have  treated  gastrulation  as  chiefly  a 
process  of  invagination  that  results  in  the  conversion 
of   a   monodermic   into    a   didermic    embryo.     This 
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correctly  describes  the  process  that  results  in  the 
typical  gastrula  of  invertebrates.  But,  as  first 
pointed  out  by  Hubrccht,  gastrulation  in  the  verte- 
brates is  a  more  complex  process.  It  is  divided  into 
two  phases.  These  are  most  evident  in  flic  develop- 
ment of  the  Sauropsida,  but  they  may  be  distingui.shed 
in  all  other  vertebrates,  including  Amphioxus.  The 
first  phase,  or  ga.strulation  jjroper,  results  in  the  di- 
dermic  condition,  in  whicli  ectoderm  and  endoderm 
are  distinctly  difTerentiatcd.  Above  Amphioxus, 
delamination,  or  splitting,  replaces  invagination 
more  and  more  as  the  method  of  formation  of  the 
endoderm,  until  in  many  vertebrates  no  invagination 
can  be  observed.  The  second  phase,  called  nolo- 
genesis  by  Hubrecht  (1908),  results  in  the  formation  of 
groups  of  cells  from  which  are  to  arise  the  notochord 
and  the  mesoderm.  It  is  associated  with  the  closure 
of  the  blastopore  and  the  formation  of  the  primitive 
streak  (see  articles  Area  cmbryonalis  and  Blaslopare .) 

The  gastrula  has  been  a  stage  of  more  than  ordinary 
interest  to  embryologists  because  of  the  importance 
attributed  to  it  in  the  Gaalrwa  Theory  of  Haeckel. 
This  theory  is  based  primarily  upon  the  discovery 
made  by  Huxley  in  1849:  "That  a  Medusa  consists 
essentially  of  two  membranes  enclosing  a  variously 
shaped  cavity,  inasmuch  as  its  various  organs  are  so 
composed";  and  that  "a  complete  identity  of  struc- 
ture connects  the  foundation  membranes  of  the 
Medusa  with  corresponding  organs  in  the  rest  of  the 
series;  and  it  is  curious  to  remark,  that  throughout 
the  outer  and  inner  membranes  appear  to  bear  the 
same  physiological  relation  to  one  another  as  do  the 
serous  and  mucous  layers  of  the  germ;  the  outer 
becoming  developed  into  the  muscular  system  and 
giving  rise  to  the  organs  of  offence  and  defence;  the 
inner,  on  the  other  hand,  appearing  to  be  more  closely 
subservient  to  the  purposes  of  nutrition  and  genera- 
tion." To  these  two  layers  Allman  in  1853  gave  the 
names  ectoderm  and  endoderm,  respectively.  Later, 
Alexander  Kowalevsky,  beginning  in  1866,  made  a 
brilliant  series  of  observations  upon  the  embryonic 
development  of  a  large  number  of  inverteb.-ates, 
corals,  hydromedusiB,  scyphomedusae,  ctenophores, 
worms,  Phoronis,  brachiopods,  echinoderms,  mollusks, 
and  insects,  and  also  upon  various  lower  chordata, 
including  tunicates,  Amphioxus,  and  fishes.  He 
concluded  that  in  all  the  invertebrates  that  he  had 
studied,  two  germ  layers  are  formed  at  the  beginning 
of  development,  and  that  in  mo.st  cases  there  is  formed 
at  first  a  vesicle  of  cells,  one  side  of  which  becomes 
invaginated,  forming  a  double  cup  with  a  central 
cavity  opening  to  the  exterior.  He  found  a  similar 
condition  in  tunicates  and  Amphioxus  and  by  com- 
parison of  their  subsequent  stages  of  development 
demonstrated  the  affinity  of  the  tunicates  with  Amphi- 
oxus and,  through  that  form,  with  the  true  vertebrates. 

In  1872  Haeckel  published  a  description  of  the  two- 
layered,  cup-shaped  larva  of  the  calcareous  sponges, 
and  asserted  that  this  stage,  to  which  he  gave  the 
name  Gastrula,  is  a  fundamental  one  for  all  metazoa. 

In  1874  and  1875  he  elaborated  more  fully  the 
theory  that  the  gastrula  represents  the  type  of  the 
most  primitive  metazoan,  the  common  ancestor  of 
the  whole  great  group  of  animals  above  the  protozoa. 
To  this  hypothetical  ancestor  he  gave  the  name 
Gastrcea.  As  already  indicated,  this  generalization 
of  Haeckel  has  been,  in  the  main,  confirmed  by 
subsec)uent  investigations. 

Robert  Payne  Bigelow. 
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Qaulthcria. — Wintergreen,  Partridge  Berry,   Tea 

Berry,  Box  Berry. 

The  dried  leaves  of  Gaullherin  procumbens  L.  (fam. 
Ericacew).  This  plant  is  a  little  evergreen  under- 
shrub,  with  slender,  weak,  creeping  or  subterranean 
stems,  which  are  at  intervals  ascending  or  erect; 
branches  from  two  to  four  inches  higli,  each  bearing 
three  or  four  leaves  and  a  few  axillary,  nodding  flowers; 
leaves  oval  or  obovate,  thick,  leathery,  almost  entire, 


Fig.  2693. — Wintergreen;  Leaves  and  Berries.     (Baillon.) 

bright-green  and  shining  above,  paler  beneath,  with 
slightly  revolute  margins,  fragant  when  crushed,  and 
pleasantly  aromatic  to  the  taste.  Flowers  small, 
calyx  five-toothed,  enclosing  the  small  capsule,  be- 
coming fleshy  as  it  ripens,  and  forming  the  principal 
portion  of  the  fruit.  Corolla  ovoid,  five-toothed; 
stamens,  ten;  pistil,  one,  with  five-celled  ovary;  pod, 
five-celled,  many-seeded,  surrounded  by  the  juicy 
calyx.  The  berry,  which  is  edible  and  occasionally 
found  in  the  markets,  is  about  a  fourth  of  an  inch  in 
diameter,  pink  or  red  in  color,  of  a  sweetish,  aromatic, 
birch-like  taste. 

Gaultheria  is  a  native  of  North  America,  growing 
in  dry  woods  and  plains.  It  is  in  many  parts  of  the 
United  States  very  abundant,  carpeting  the  ground 
under  trees  and  bushes,  and  is  collected  in  large  quan- 
tities both  for  use,  dried,  and  for  immediate  distilla- 
tion. All  parts  are  aromatic,  the  leaves  and  stems 
astringent  as  w-cll,  and  owe  their  value  to  an  essential 
oil  ipieum  Gaidlherice,  U.  S.  P.)  of  birch-like  flavor, 
consisting  mostly  of  methyl  salicylate,  with  about  one- 
tenth  of  a  peculiar  hydrocarbon,  gaulhcrileiie.  Oil  of 
wintergreen  is  a  colorless,  yellow  or  reddish  liquid 
(according  to  age),  of  a  peculiar  strong  and  aromatic 
odor,  a  sweetish,  warm,  and  aromatic  tiiste.  and  ii 
slightly  acid  reaction.  Sijccific  gravitv  1.172  to  1.180 
at  25°"C.  (77°  F.)  Its  boiling  point  is  218°  to  221°  C. 
(424.4°  to  429.8°  C).  It  is  slishtlv  levogj'rate.  up  to 
-1°  in  a  100-min.  tube,  .at  25°  C.  (77°  F.").  In  other 
respects  it  is  identical  with  artificial  methyl  salicylate. 
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Like  sassafras,  cinnamon,  and  other  pleasant  aro- 
matics,  wintergreen  is  very  largely  used  as  a  flavor, 
and  enters  into  several  official  preparations  for  that 
purpose.  Its  relation  to  salicylic  acid  has  led  to  its 
employment  in  rheumatism.  The  discussion  is  very 
animated  as  to  whether  oil  of  wintergreen,  oil  of  birch, 
and  pure  methyl  salicylate  are  identical  in  physio- 
logical action.  By  many  the  natural  oil  of  winter- 
green is  preferred  to  either  of  the  others.  Dose  of  the 
leaves,  gr.  xv.-lx.  (1.0-4.0);  of  the  oil,  gtt.  v.-xx. 
(0.3-1.2). 

Preparations:  Of  the  oil,  spirit  (SpiritusGaiillhericB. 
V.  S.  p.)  0.05  in  alcohol.  Hexry  H.  Rusbt. 


Gaylord  and  Gulick  Mineral  Springs. — (For- 
merly Blossburg  Mineral  Springs.)  Tioga  County, 
Pennsylvania. 

Post-office. — Blossburg.     Hotels  in  the  village. 

.\ccESS. — Via  Tioga  branch  of  Erie  Railroad  to 
Blossburg;  also  via  Northern  Central  Railroad  to 
Roaring  Branch,  and  thence  liy  conveyance  over  the 
mountains. 

These  springs  are  located  in  a  picturesciue  mountain 
region  1,500  feet  above  the  sea-level  and  are  within 
half  a  mile  of  the  railroad.  They  are  surrounded  by  a 
charming  tract  of  woodland  containing  213  acres, 
from  which  a  fine  view  of  the  valley  of  the  Tioga  may 
be  obtained.  The  place  offers  many  attractions  as 
a  summer  resort.  The  springs  are  two  in  number, 
and  flow  about  1,800  gallons  of  water  per  hour.  The 
following  analysis  was  made  bv  Prof.  F.  A.  Genth  in 
1879- 

SuLPHATED  Acid  Chalybeate. 

One  United  States  G.^llo.v  Contains: 

Solids.  Grains. 

Magnesium  sulphate 13. 10 

Calcium  sulphate 23 .  13 

Lithium  sulphate 0. 12 

Sodium  sulphate 0 .  27 

Potassium  sulphate 0.24 

Sodium  chloride 0. 10 

Manganese  sulphate 1 .  83 

Cobalt  sulphate 0. 03 

Nickel  sulphate 0.36 

.\luminum  sulphate 6.  58 

Iron  sulphate 31 .31 

Iron  phosphate 0 .  32 

Sulphuric  acid ' 5 .  64 

Silicic  acid 2.15 

Total 85 .  18 

This  analysis  shows  a  sulphated  acid  chalybeate 
water  of  great  potency.  It  is  remarkably  rich  in 
ferruginous  ingredients,  and  contains  a  considerable 
proportion  of  the  sulphate  of  magnesia  or  Epsom  salt. 
The  analysis  also  shows  appreciable  quantities  of  the 
rare  ingredients  manganese,  nickel,  and  cobalt.  The 
water  possesses  excellent  properties  as  a  tonic  and 
reconstructive,  and  has  been  found  very  useful  in 
conditions  characterized  by  anemia  and  general 
debility.  It  is  also  used  in  dyspepsia  and  intestinal 
disorders.  Locally  it  has  decided  astringent  and 
stimulant  effects,  and  as  such  is  recommended  as  a 
douche,  spray,  gargle,  or  lotion.  The  water  is  used 
commercially.  A  mineral  water  of  this  .strength  should 
alwaj'S  be  taken  under  the  direction  of  a  physician. 

Emma  E.  Walker. 


Qegenbaur,  Karl. — Born  in  Wiirzburg,  Germanv, 
August  21,  1820.  During  the  years  1845-1850  he 
studied  chiefly  under  \'irchow  and  Koelliker.  From 
1850  to  1852  lie  was  an  assistant  in  the  Julius  Hospital ; 
and  during  the  following  year  (1852-18.53)  he  devoted 
his  time  to  the  study  of  the  lower  orders  of  marine 
animals  of  the  Mediterranean  on  the  coast  of  Sicily. 
During  the  next  twenty  years  he  taught  anatomy  and 


physiologj',  first  in  Wiirzburg  and  next  in  Jena.  In 
1873  he  was  called  to  Heidelberg  as  Professor  of  An- 
atomy and  Director  of  the  Anatomical  Institute, 
both  of  which  positions  he  held  up  to  the  time  of  his 
death  in   1903. 

Of  his  published  writings  the  following  deserve  to 
receive  special  mention:  "  Untersuchungen  iiber  Ptero- 
poden  und  Heteropoden,"  Leipzig,  1855;  "I'nter- 
suchungen  der  vergleichenden  Anatomic  der  Wirbel- 
thiere, "  1864-1872;  "Grundziige  der  vergl.  Anato- 
mic," Leipzig,  1870;  and  "Lehrbuch  der  Anatomic 
des   Menschen,"   Leipzig,    1883   (7th    edition,  1899). 

A.  H.  B. 

Qeissopermum. — Pao  Pereira  Bark.  The  bark 
of  one  or  more  species  of  Geissospermum  (fam. 
Apocynace<r),  G.  Icrve  Miers  being  the  important  one, 
used  in  Brazil  as  a  febrifuge.  Three  alkaloids  have 
been  reported,  geisospermine,  percirine  (this  is  not  the 
only  alkaloid  of  this  name),  and  vellosine  (from  G. 
Vellosn  Allem).  _  The  drug  and  its  alkaloids  have 
been  used  experimentally,  especially  in  Europe,  but 
have  found  no  accepted  position  in  medicine. 

Henry  H.  Rdsbt. 

Qelanthum  isamixtureof  tragacanth,  gum  acacia, 
gelatin,  glycerin,  and  water,  with  a  little  thymol.  It 
is  used  as  a  basis  for  various  medicinal  substances 
intended  for  application  to  the  skin. 

R.  J.  E.  Scott. 

Gelatin. — Gel.\tintjm.  Gelalin  has  been  defined 
by  the  British  Pharmacopoeia  as  "the  air-dried  prod- 
uct of  the  action  of  boiling  water  upon  such  animal 
tissues  as  skin,  tendons,  ligaments,  and  bones."  It 
appears  in  a  variety  of  forms.  That  which  has  not 
been  purified,  made  usually  from  animal  matter  which 
has  partly  decomposed,  is  glue.  When  purified  by 
special  processes  it  becomes  sparkling.  It  usually 
occurs  in  sheets  which  have  been  dried  upon  coarse 
matting,  but  frequently  in  narrow  strips  cut  from  such 
sheets  (shredded  gelatin).  Gelatin  should  be  almost 
or  cjuite  colorless  and  transparent,  without  odor,  and 
nearly  tasteless,  and  should  contain  only  traces  of 
sulphur,  which  is  apt  to  be  present  in  excessive  amount, 
as  a  result  of  the  treatment  in  bleaching.  Dissolved  in 
50  parts  of  hot  water,  it  should  yield  a  firm  jelly  on 
cooling.  The  aqueous  solution  is  precipitate!  by 
tannin,  but  not  by  alum,  subacetate  of  lead,  or  ferric 
chloride  T.  S.  Gelatin  is  soluble  in  acetic  acid,  but  not 
in  strong  alcohol  or  ether.  It  has  no  medicinal  activity, 
but  is  a  nutrient  of  the  albuminoid  class,  used  in  the 
diet  of  invalids  and  in  the  kitchen  generally.  Its 
chief  use  in  medicine  is,  strictly  .speaking,  pharma- 
ceutical, for  the  manufacture  of  the  well-known  soft 
and  hard  gelatin  capsules  and  for  the  coating  of  pills. 

Gelalose  is  gelatin  which,  as  a  result  of  certain 
changes,  especially  those  of  bacterial  causation,  can  no 
longer  be  gelatinized.  Hexry.   H.  RrsBY. 

Gels. — These  are  colloids  which  under  certain 
conditions  solidify  in  a  gelatinous  form  containing 
considerable  water.  Only  certain  colloids  can  occur 
in  the  form  of  gels.  Certain  gels  are  spontaneously 
formed  in  sufficiently  concentrated  solutions  (silicic 
acid,  certain  metallic  hydroxides)  and  these  do  not 
redissolve  in  water.  Other  gels  like  gelatin  and  agar- 
agar  are  formed  on  cooling  the  hot  concentrated  solu- 
tions and  are  again  soluble  in  water.  According  to 
some  authors  the  gel  formation  of  gelatin  is  to  be  re- 
garded as  a  segregation  process  whereby  a  separation 
into  two  fluids  occurs,  one  of  whicli  solidifies.  Freed 
from  water,  gels  show  a  special  ability  to  take  up  water 
which  is  brought  about  by  different  jjrocesses  which  are 
included  in  the  ordinary  term  imbibition;  See  Colloids. 

F.  P.  Underbill. 
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Gpnrva  I.lthia  SprinKS 


Gelseniium.— Yellow  Jasmine,  Yeluiw  Jessa- 
MLNE.  "The  dried  rhizcune  and  roots  of  Gchcmium 
sempervirens  (L.)  Ait.  f.  ii-Am.  Loijaniacece),"  U.  S.  P. 
The  yellow  jessamine  of  the  Southern  States  is  a.  pretty 
clinibins  shrub,  with  a  large  woody  rhizome,  anil 
numerous  fine  roots,  and  slender,  smooth,  twining, 
purplish  stems.  It  has  dark  green,  glossy,  laiu-(-ola1e, 
entire,  evergreen  leaves,  growing  opposite  to  each  other 
and  bearing  in  their  axils  solitary  or  clustered  (lowers. 
The  hitter  are  large,  sweet-scented,  bright  yellow,  and 
slightly  irregular.  Calyx  small,  of  five  pointed 
sepals;  corolla  funnel-shaped,  with  a  slightly  oblique, 
five-lobed  border;  stamens  five,  perigynous.  Fruit 
an  oblong,  flattened,  drooping  pod;  seeds  margined. 
This  is  one  of  the  most  attractive  flowers  in  the 
Southern  States.     It  grows  abundantly  from  Virginia 


Fig.  2694. — Yellow  Jasmioe. 

southward,  in  woods,  and  mounts  to  the  tops  of  tall 
trees.  The  flowers,  which  appear  in  the  spring,  load 
the  air  with  their  sweet  odor. 

Of  course,  so  conspicuous  a  plant  was  early  noticed ; 
in  fact,  it  was  carried  to  England  as  an  ornament  in  the 
first  half  of  the  seventeenth  century.  Its  poisonous 
properties  were  also  earh'  known,  but  its  medicinal 
employment  is  of  rather  recent  date. 

Description. — Rhizome  cylindrical,  short-flexuous, 
elongated  or  cut  in  sections  of  variable  length,  mostly 
from  0.5  to  1.5  centimeters  (\  to  5  in.)  and  occasion- 
ally 3  centimeters  (a  little  more  than  an  inch)  in 
diameter,  the  roots  much  thinner,  a  few  elongated,  un- 
branehed,  coarsely  hair-like  tough  rootlets  usually 
attached;  externally  of  a  light  yellowish-brown,  com- 
monly with  some  purple  or  purjjlish-brown  longitudi- 
nal lines  or  patches,  or  occasionally  deep  purple- 
brown  with  yellowish-brown,  fine  ridges;  heavy,  hard, 
and  tough;  internally  yellowish-white;  fracture  of  the 
rhizome  splintery,  the  roots  breaking  with  half  the 
fracture  transverse,  the  other  oblique  or  short-splintery ; 
bark  thin,  closely  adhering,  that  of  the  rhizome  with 
finCj  silky  bast  fibers,  the  wood  porous,  with  numer- 
ous fine  medullary  rays;  odor  pecuUar;  taste  sUghtly 
aromatic,  bitter. 

Composition. — It  contains  two  alkaloids,  Gelsemim- 
(C49H6.1N6O1;),  crystalline,  but  inert  upon  the  human 
subject,  and  Gelseminine  (C12HHNO2),  which,  like  its 
salts,  is  amorphous,  occurring  as  a  wdiite  powder, 
soluble  in  alcohol,  not  in  water,   and  which  is  the 


active  constituent.  Gelseminic  acid  is  a  saponin-like 
substance.  A  little  resin  and  volatile  oil,  with  starch, 
are  also  present. 

Action  and  Use. — Gelseniium  is  an  active  paralyz- 
ing poison,  callable  of  killing  both  animals  and  man 
in  small  doses,  expending  its  action  upon  the  nervous 
system.  It  does  not  affect  consciousness  until  near 
the  end  of  fatal  cases;  sometimes,  but  not  always,  it 
produces  convulsions,  due  apparently  to  respiratory 
interference.  Reflex  excitability  is  increased  at  fir.sf , 
aft(?rward  diminished,  while  its  paralyzing  eflect  upon 
themotor  coluninsstearlily  increases  to  the  end.  Death 
takes  jjlace  by  asphyxia,  jirocccding  from  central 
paralysis.  It  depre.sses  or  paralyzes  the  nerve  endings 
to  a  less  extent,  and  le.ss  promptly  than  the  centers. 
Locally,  and  to  a  less  extent  sj'stemically,  it  dilates 
the  pupil  and  paralyzes  the  power  of  accommodation 
precisel}'  like  atropine.  The  following  .symptoms  are 
observed  in  man  after  moderate  doses:  languor, 
debility,  dizziness,  disturbances  of  vision,  dilatation 
of  the  pupils,  paresis,  esjiccially  of  the  flexors  of  the 
arm,  and  drowsiness.  The  poison  appears  to  be 
quickly  absorbed  and  promptly  eliminated.  This 
root,  whose  medicinal  value  is  said  to  have  been  flis- 
covered  by  accident,  has  been  considerably  used  in 
the  South  and  West  in  the  treatment  of  malarial  and 
other  fevers.  It  is  occasionally  employed  in  pneu- 
nionia  and  pleurisy  as  a  depressant;  in  asthma,  whoop- 
ing-cough, etc.,  it  is  also  indicated,  but  is  not,  in  the 
East  at  least,  very  frequently  given.  In  neuralgias  it 
holds,  perhaps,  its  place  most  firmly.  It  has  also  been 
useful  when  dilatation  of  the  pupil  is  desirable, 
differing  from  atropine  in  the  transientness  of  its 
effects. 

Administration.— From  gr.  i.-iii.  (0.06-0. IS)  of  the 
powder,  or  the  same  measures  of  the  fluid  extract 
iFluidextrtictumGelsemii,  U.  S.  P.)  are  suitable  doses. 
Tlie  offiicial  10  per  cent,  tincture  is  given  in  doses  of 
ni  viii.-xxx.  (0.5-2.0). 

It  has  been  observed  quickly  to  counteract  mild 
disturbanres  due  to  overdoses  of  strychnin,  and  might 
be  found  efficacious  as  an  antidote  to  the  poison. 

H.  H.  RrsBY. 


Geneva  Lithia  Springs. — Ontario  Countv,  New 
York. 

Post-office. — Geneva. 

Location  .^Geneva. 

The  well-known  Geneva  lithia  water  is  obtained 
from  an  artesian  well  930  feet  deep,  which  was 
bored  in  1886.  Issuuig  from  a  stratum  of  perWous 
rock  defined  by  a  layer  of  medieval  sandstone  sixty 
feet  thick  and  a  deep  substratum  of  hard  slate,  the 
water  is  forced  up  by  an  internal  pressure  of  120 
pounds  to  the  square  inch,  and,  if  unimpeded  at  the 
surface,  would  form  a  fountain  eightv  feet  high. 
The  daily  output  is  3.50.000  gallons.  The  water  is 
bright,  clear,  and  sparkling,  lieing  agreeable  to  the 
palate  and  excellently  adapted  for  table  use.  Recent 
analysis  by  Professor  George  .\.  Ferguson  det^^rmined 
the_  following  ingredients:  Lithium  chloride,  mag- 
nesium sulphate,  sodium  sulphate,  sodium  chloride, 
sodium  nitrite,  ammonium  chloride,  pot;i.ssiuiu 
iodide,  calcium  sulphate,  ferric  oxide,  sodium  meta- 
borate,  sodium  nitrate,  potassium  chloride,  calcium 
phosphate,  calcium  bicarbonate,  alumina  and  silica. 

W.  A.  Pearson.  Ph.  G.  Ph.  C.  analyzed  the  water 
also  in  1908,  and  obtained  practically  the  same 
results. 

There  is  an  entire  absence  of  organic  matter.  The 
analysis  shows  a  valuable  lithia  water,  which  possesses 
many  excellent  qualities.  It  may  be  clasi^ed  as 
liclonging  to  the  lithiated-saline  chalybeate  variety. 
.\side  from  its  strong  impregnation  with  the  bicar- 
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bonate  and  sulphate  of  lithia,  it  possesses  enough  of 
the  sulphates  of  magnesium  and  sodium  to  give  it 
laxative  properties,  and  enough  iron  to  make  it  a 
valuable  ferruginous  tonic  when  taken  continuously. 
The  water  is  used  commercially,  and  has  an  extensive 
sale.  It  has  the  indorsement  of  many  prominent 
phvsicians  of  the  great  Eastern  cities.  The  water 
resembles  that  of  a  spring  at  Rippoldsau,  in  the 
Duchy  of  Baden,  but  is  more  heavily  charged  with 
iron  andfee  pp  rhoshoric  acid.  It  is  extensively 
employed  in  anemic  states  and  general  debility,  and 
in  many  of  the  conditions  resulting  from  the  so- 
called  uric  acid  diathesis,  viz.,  gout,  dyspepsia,^  rheu- 
matism, renal  and  vesical  calculus,  Bright's  disease, 
and  various  skin  disorders. 

Emma  E.  Walker. 


Genital  Organs,  Female. — The  female  organs  of 
generation  comprise  the  two  genital  glands  or  ovaries 
that  produce  the  sexual  elements,  the  two  oviducts 
that  convey  them,  the  single  uterus  that  protects 
them  after  "impregnation,  and  the  single  vagina  and 
vulva  that  serve  as  organs  of  copulation  (see  Fig.  2G9.5) 

Developmerd. — Originally  the  male  and  female  or- 
gans are  indistinguishable,  both  being  developed  out 

UTERU3  isthmus  of  oviduct 

I 


cavity  of  body 


isthmus  of  uterus 


cervical  canal  — 


external  orifice 


VAGINA 


posterior  column 

bulbs  of  the  /  ^^  '. 

vestibule    \  J^ 

nymphsE i- 


labia 


Fio.  2695. — Diagrammatic  Frontal  Section  of  the  Female  Geni- 
tal Organs  Passing  through  the  Or'fice  of  the  Vagina.  The  ovi- 
duct and  the  ovary  are  Ufted  up.     (Henle,  modified  by  Rieffel.) 

of  an  undifferentiated  form.  In  many  lower  verte- 
brates the  genital  gland,  the  oldest  and  primary  organ, 
empties  its  products  (ova,  spermatozoa)  directly  into 
the  peritoneal  cavity,  whence  the.y  pass  out  by  means 
of  openings  in  the  belly  wall  called  abdominal  pores. 
In  the  next  higher  forms  these  become  associated 
with  other  organs  of  elimination  and  removal.  Tubu- 
lar canals  termed  nephridia  communicate  with  the 
peritoneal  cavity  by  means  of  a  funnel-shaped  opening 
or  nephrostome,  each  having  also  a  side  branch  that 
envelops  an  arteriole,  thus  forming  a  glomerulus  and 
becoming  an  excretory  duct  for  urine.     The  nephridia 


are,  originally,  arranged  metamericall.v  and  are  there- 
fore sometimes  called  segmental  organs.  This  ar- 
rangement gradually  disappears  by  the  increase  of  the 
canals  which  come  to  be  assembled  in  distinct  organs, 
successively  developed;  the  pronephros,  or  head  kid- 
ney, very  simple  in  structure,  the  only  functional 
urinary  organ  in  amphioxus,  persisting  throughout 
life  in  some  fishes,  but  disappearing  early  in  man,  and 
the  inesonephros,  primitive  kidney  or  Wolffian  body 
(Caspar  Friedrich  Wolff,  1735-94),  which  appears 
behind  the  pronephros,  and  which  likewise  consists 
of  a  series  of  nephridial  tubules  to  each  of  which  a 
glomerulus  is  attached,  and  which  open  into  a  duct 
(segmental  duct.  Wolffian  duct)  that,  in  common 
with  the  intestine,  discharges  into  the  cloaca,  a  short 
receptacle  for  excreta  just  above  the  anus. 

In  some  fishes  and  amphibians  the  Wolffian  body 
remains  throughout  life  a  functionally  active  urinary 
organ,  and,  in  amphibians,  carries  on  the  duplicate 
function  of  urinary  organ  and  genital  duct.  In  the 
higher  vertebrates  the  urinary  function  is  taken  on 
by  the  permanent  kidney  and  the  Wolffian  body,  as 
such,  atrophies,  portions  of  it  remaining,  however,  as 
ducts  for  removing  the  sexual  jiroducts. 

The  first  rudiment  of  the  genito-urinary  apparatus 
in  the  genito-urinary  ridge   (Fig.   2G96,  P.  gen.),   a 
thickened,  longitudinal  band 
of   epithelium   that   appears 
in   the  embr\-o   of  the  fifth 
week  near  the  spine  and  the 
primitive   mesentery.      This 
gradually    increases   in  size, 
assumes   an   oval  form,  and 
detaches  itself  from  the  body 
wall   as   the    Wolffian    bodv 
(Fig.   2697,   R.pr.)   with   its 
excretory   duct     (Fig.    2697, 
C.W.).     Close  beside  this  duct 
and  following  the  same  gen- 
eral course  there  develops  a 
second  tubule,  Miiller's  duct 
(Johannes  Miiller,   1801-.5S) 
(Fig.    2698,   .1/).      It   has  a 
nephridial  character,  opening 
into    the    abdominal   cavity 
nephrostome     (Fig.    2698,    7«'),    but   has    no 
glomerulus  connected  with  it.     In  the  female  it  be- 
comes the  oviduct;  in  the  male  it  soon  atrophies,  only 
vestiges  of  it  remaining.     It  is  the   Wolffian  duct, 
however,  that  atrophies  in  the  female,  a  trace  of  it 
remaining  as  the  ductus  epoophori  longitudinalis,  and 
the  duct  of  Gartner. 

Not  all  of  the  genito-urinary  ridge  goes  to  form  the 
Wolffian  body.  A  portion  of  it,  along  its  ventral 
aspect,  is  destined  to  form  the  genital  gland  proper. 
This  portion  is  termed  the  genital  ridge  or  fold,  and  is 
covered  with  large-celled  epithelium  (germinal  epi- 
thelium) that  produces  the  essential  sexual  elements, 
ova  or  spermatozoa.  In  mammals,  the  Wolffian 
body  atrophies  in  large  part,  the  genital  ridge  assumes 
an  oval  form  and  becomes  either  an  ovary  or  a  testis. 
A  vestige  of  the  upper  part  of  the  ridge  becomes,  in 
the  female,  the  suspensory  ligament  of  the  ovar_v;  a 
vestige  of  the  lower  end  becomes,  in  the  male,  the 
gubernaculum  of  the  genital  gland  (ligament  uni 
genitoinguinale),  which,  in  the  female,  becomes  at- 
tached to  Miiller's  duct  where  the  latter  crosses  over 
it,  and  thus  becomes  divided  into  the  ligament  of  the 
ovary  and  the  round  ligament  of  the  uterus,  which 
pass  respectively  from  the  ovary  to  the  uterus,  and 
thence  to  the  groin. 

As  the  Wolffian  and  Miillerian  ducts  converge  from 
either  side  toward  the  median  line,  they  become 
united  in  a  common  cord,  the  genital  cord,  and,  before 
reaching  the  cloaca,  the  MuUerian  ducts  blend  in  a 
single  passage  which,  by  enlargement  and  thickening 
of  the  walls,  becomes  the  uterus  and  the  vagina. 
Occasional  traces   of  the    Wolffian   duct   are   found 


|V*  ampulla 
*  parovarium 
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along  the  sides  of  these  organs,  forming  the  so-calleri 
duct  of  Gartner,  described  by  the  Danisli  anatomist 
Gartner  in  1822  in  the  sow,  but  previously  noted  in 
1681  by  Malpighi  in  the  cow. 

The  genito-urinary  ridge,  like  the  rest  of  the  walls  of 
the  body  cavitj',  is  covered  over  with  peritoneum.     As 


S^f^ 


:0\ 

Ccrv.  motf 

■A 

'  '■ 

Cerv.  ant. 
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y B-j-rr: 
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Fig.  2696. — -Human  Embryo  during  the  Fifth  Week.  The 
anterior  wall  of  the  trunk  has  been  removed:  the  Wolffian  body 
exposed.  (Kollmann.)  Ctrv.  ant.,  moy.,  po.'it.,  Forebrain,  mid- 
brain, and  hindbrain;  1°  f.b.,  first  branchial  cleft;  Bg.  fr.,  frontal 
process;  Co.,  heart;  Sac.  -pi.,  pulmonary  diverticulum;  Cod., 
ccelom;  P.ah.,  lateral  wall  of  the  abdomen;  M.i.,  rudiment  of  the 
lower  extremity;  P.g€n.,  genital  ridge:  R.pr.,  W^olffian  body;  Int., 
intestine;  T.g.,  genital  eminence;  E.c,  caudal  extremity. 

the  Wolffian  body  becomes  detached  it  is  still  held  to 
the  walls  by  a  fold  of  peritoneum — the  mesonephridium 
of  Waldej-er,  which  invests  both  the  free  portions  of 
the  Wolffian  and  the  Miillerian  ducts  and  the  upper 


C.  If/ 


Fig.  2697. — Wolffian  Body  and  the  Genital  Gland.  Human 
embryo  17  mm.  long.  (KoUmann.)  L.dg.,  Suspensory  ligament; 
e.g..  genital  gland;  C.W.,  Wolffian  duct;  R.pr.,  Wolffian  body, 
mesonephros,  or  primitive  kidney;  Inl.,  intestine;  A.o.,  umbilical 
artery;  Al.,  duct  of  the  allantois;  Gub.,  gubernaculum  of  the  genital 
gland  or  ligamentum  genitoinguinale;  C.wf.,  canaUculi  of  the 
Wolffian  body. 

part  of  the  genital  cord  (Figs.  2699,  2700,  and  2701). 
The  mesonephridia  of  opposite  sides  are  therefore 
continuous  with  each  other  across  the  median  line, 


and,  as  the  Wolffian  body  atrophies  and  the  uterus 
develops,  there  i.s  thus  formed  the  large  transverse 
fold  of  peritoneum  known  as  the  broad  ligament  of 
the  uterus,  which  invest  the  remains  of  the  Wolffian 
body,  the  ovaries,  the  oviducts,  and  the  upper  part 
of  the  uterus. 

A  change  in  the  position  of  the  ovary  occurs,  aris- 
ing from  the  difference  in  the  growth  of  the  ovarian 
attachments  and  that  of  the  general  body.     This, 


Fig.  269S. — Longitudinal  Section  through  Genito-urinary 
Ridge  of  Human  Female  Embryo  of  about  Fourteen  Weeka 
{3.5  in.  long).  (Waldeyer.)  o,  Ovarj',  e,  tubes  of  upper  part  of 
Wolffian  body  forming  the  epoophoron:  W,  lower  part  of  Wolffian 
body,  fortning  paroophoron;  lo',  remnant  of  Wolffian  duct;  .V, 
Miiiler's  duct;  m',  its  funnel-ahaped  peritoneal  opening  or  nephro- 
stome. 

the  "descent  of  the  ovary,"  is  analogous  to  the  descent 
of  the  testis  in  the  male,  but  is  not  usually  so  complete, 
because  of  the  interposition  of  the  uterus  by  the  attach- 
ment of  the  gubernaculum  thereto  (Fig.  2701).  It 
places  the  organ  in  the  pelvic  cavit.v.  Rareh*  it  has 
been  known  to  proceed  along  the  course  of  the  round 
ligament  of  the  uterus  and  reach  the  interior  of  the 
labium  majus,  the  analogue  of  the  scrotum  of  the  male. 
In  the  female  there  develop,  from  the  deeper  layers 
of  the  germinal  epithelium,  cells  of  two  kinds,  one  of 
which,  large,  with  reticular  nuclei,  becomes  the  sexual 

suspensory  ligament 


oviduct  (Mullcr's 
duct) 


ovarian  ligament  - 


round  ligament 


j  inguinal  ligament 
(  (gubernaculum) 


peh-ic  cavity 
Fig.  2699. — Scheme  showing  the  Genesis  of  the  Primitive  Broad 
Ligament  or  Mesonephridium.  From  a  human  embryo  5.5  cm. 
long.  (Fredet.)  Miiiler's  duct  should  pass  orer  the  inguinal 
ligament.  The  mesonephridium  stretches  longitudinally  from 
the  diaphragm  to  the  inguinal  region  on  each  side  of  the  pelvic 
cavity,  ensheathing  the  structures  shown  in  the  diagram. 

cells  or  ova;  others, .smaller  and  more  cubical,  surround 
the  former  and  separate  them  from  the  invading 
mesodermal  connective  tissue.  The  se.xual  cells  form, 
at  first,  chaplet-like  strings  known  as  egg  columns  or 
Pfluger's  tubules  (E.  F.  \V.  Plliiger.  1829-1910);  later 
these  are  broken  up,  each  sexual  cell  forming,  with  its 
investing  elements,  a  primitive  follicle  or  ovisac 
(Fig.  2702). 
The  cloaca  or  common  passage  into  which  the  in- 
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testine  and  the  genito-urinary  ducts  discharge  is  at 
first  closed  from  the  exterior  by  a  thin  partition 
termed  the  cloacal  membrane,  extending  from  the 
rudimentary  coccyx  forward,  and  marked  by  a  slight 


suspensory  ligament 

mesosalpinx 

mesovariuin  ■ 
mesometrium ., 
mesodesma  tcros  •" 


pelvic  cavity 
Fig.  2700- — Diagram    of    Section    of    the    Mesonephridium    at 
its  Base.     (Fredet.)     The  duct  of  Muller  descending  into  the  pelvic 
cavity  receives  a  primitive  mesometrium. 

depression  of  the  exterior  surface  known  as  the  cloacal 
fossa  (Fig.  2703).  In  front  of  this  there  forms  a 
conical  outgrowth  known  as  the  genital  eminence 
(emine?iHa  geyiitalis)  which  increases  rapidly  in  size 


suspensory  ligament*" 


ovary 

oviduct 

ovarian  ligament 

round  ligament 


outline  of  pelvis  uterus 

Fig.  2701. — Diagram  showing  Formation  of  the  Permanent 
Broad  Ligament.  (Fredet.)  The  mesodesma  suspensorium 
(peritoneum  around  suspensory  ligament),  the  mesovarium,  the 
mesodesma  teres  (peritoneum  around  round  ligament),  and  the 
mesosalpinx,  which  form  at  first  a  continuous  fold  on  either  side 
(the  primitive  broad  ligament)  are  drawn  together  and  united 
across  the  middle  line  (mesometrium)  by  the  union  of  the  ducts  of 
Mtiller.     The  oviduct  should  pass  over  the  round  ligament. 

and  forms  at  its  top  a  rounded  projection  [tuherculum 
genitale)  that  becomes,  later,  either  the  clitoris  or  the 
glans  penis  (Fig.  2703).     Behind  this  occurs  a  slit- 


FiG.  2702. — Egg  Columns  or  Pfluger*s  Tubules,  showing 
Phases  in  the  Production  of  the  Ovisacs.  (Duval.)  EG, 
Germinal  epithelium  with  the  primordial  ovisacs;  .4,  egg  column 
or  tubule  of  Pfliiger  in  its  primitive  state;  B  and  C,  tubules  as- 
suming a  chaplet-like  form;  D,  breaking  up  of  the  chaplel;  the 
ovisacs  become  independent;  O,  O,  O,  ova, 
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like  depression  of  the  cloacal  membrane,  the  urogeni- 
tal cleft  (rima  genitalis)  bounded  on  each  side  by  two 
folds,  the  inner  genital  folds  (plica:  geniiales),  which 


genital  tubercle 


genital  eminence 


genital  fold 


tip  of  the  coccyx  cloacal  fossa 

Fig.  2703. — The  External  Genital  Organs  of  a  Fetus  of  Seven 
Weeks.  CToIdt.^  The  urinary  and  genital  canals  discharge  into 
a  common  opening,  the  cloacal  fossa. 

finally  become,  in  the  female,  the  labia  minora  and 
the  frenidum  of  the  clitoris. 

In  the  mean  time  the  cloaca  becomes  divided,  by 
means  of  a  septum  [septum  urogenilale)  formed  by 
two  folds  tliat  grow  in  from  the  sides,  into  two  com- 

glana  clitoridis 

labium  majus  1 
pudendi  J    ^    ^~ 


sinus  urogenitalis    - 


Fig.  2704. — The  External  Genitals  of  a  Female  Fetus  at  the 
Middle  of  the  Third  Month  (5.6  cm.  long).  (Toldt.)  Complete 
separation  of  the  anus  from  the  urogenital  sinus. 

partments,  a  ventral  one,  the  urogenital  sinus,  and  a 
dorsal  one  which  becomes  the  rectum  (P'ig.  2704). 
This  division  affects  also  the  cloacal  membrane,  the 
ventral  portion  of  which  now  closes  in  the  urogenital 
cleft,    and   is   known   as   the   urogenital   membrane. 


glans  clitoridis 
labium  minus 

vestibulum  | 
vaginEE 

labium  majus 
raphe  perinei 


Fig. 


2703. — The  External  Genitals  of  a   Female  Fetus  at  the  End 
of  the  Fifth  Month  (U.5  cm.  long).     (Toldt.) 


This  soon  thins  away  and  disappears  so  that  the  cleft 
opens  immediately  into  the  urogenital  sinus. 

There  now  arise,  at  the  base  of  the  genital  eminence 
on  either  side,  two  rounded  folds,  the  outer  genital 
or   labio-scrotal   folds    {tori   genitnles),   which   e.\tend 
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backward  as  far  as  the  anus  and  join  each  other  in 
front  around  the  genital  eminence.  Tliese  become 
the  labia  majora  of  the  female  or  the  scrotum  of  the 
male  (Fig.  2705). 

The    Ovaries. — Etymology. — From    the    Neo-Latin 
ofarium,   a  derivative   from   ovum,   an   egg.     Greeic, 


Definition. — The  organs  of  the  female,  in  which  are 
developed  the  ova,  or  essential  se.\ual  products. 
They  differ  from  ordinary  secreting  glands  in  that  they 
do  not  form  new  proflucts,  but  merely  develop  and 
mature  structures  that  already  e.xist  in  them,  in  a 
rudimentary  condition,  at  birth. 

Form. — The  human  ovary  (Fig.  2706,  4)  is  a  solid,  al- 


Fio.  2706. — The  Vterua  and  .\nnesa  8een  from  Before.  (On  the  left  side  the  oviduct  is  turned  down  to  show  the  ovary  which 
ia  slightly  raised.)  1,  Body  of  the  uterus,  covered  by  peritoneum:  2,  its  cervix,  with  the  external  orihce:  3,  vagina,  its  anterior 
wall  removed:  4.  left  ovary;  .5,  ligament  of  the  ovary;  6,  oviduct,  with  6',  its  infundibuluni:  7,  ovarian  fimbria  and  tuboovarian 
ligament:  8,  hydatid  of  Morgagni;  9,  round  ligament:  10,  broad  ligament,  with  a,  b,  c,  its  three  divisions  or  " ail^Tons";  11,  pos- 
terior layer  of  the  broad  ligament:  12,  ovarian  vessels:  13,  uterine  vessels. 


uioi^6pov,  from  whence  many  compounds  arise,  such 
as  oophorectomy,  oophoralgia,  oophoritis,  etc.  French, 
ovaire;  Italian,  ovario;  German,  Eierxtock.  The  name 
was  first  used  in  1667  by  the  Danish  anatomist, 
Nil  Stensen,  who  supposed  the  ovisacs  to  be  ova. 
The  ancients,  recognizing  their  analogy  to  the  male 
genital  glands,  called  them  testes  muliebres. 

History. — The  Alexandrian  anatomists  probably 
knew  them,  and  they  were  described  bv  Soranus  of 
Ephesus  (.\.  D.  117}  who  considered  them  as  useless 


Fig.  27U7. — The    Huin;iii    0\:u,v.      i.X.ie'li      1,    I'arre's    line;    2, 
mesovariiun;    3,    oviduct   and    fimbria    ovarica. 

bodies,  and  also  by  Galen,  who  supposed  them  to 
secrete  a  female  semen,  very  fluid  and  "cold,"  which 
was  conveyed  to  the  uterus  by  the  oviducts.  Athen- 
seus  (.\.  D.  69)  denied  this,  as  did  afterward  Fallopius. 
It  was,  however,  generall.v  held  up  to  the  time  of 
De  Graaf,  who,  in  1672,  "insisted  that  their  proper 
use  was  to  generate  ova,  to  nourish  them,  and  to 
bring  them  to  maturity. 

The  ovisacs  were  known  and  mentioned  under  vari- 
ous names  by  Vesalius,  Fallopius,  Bartholinus,  and 
others.  Jan  Van  Home,  professor  at  Leyden,  was 
the  first  to  call  them  ova,  and  thus  emphasize  the  egg- 
producing  function  of  the  ovary.  The  veritable 
ovum  was  not  discovered  until  1827,  when  von  Baer 
described  it. 


mond-shaped  bodj',  about  four  centimeters  long  by  two 
centimeters  wide  and  one  centimeter  thick  (li  Xj  Xj 
in.)  in  the  adult  (Fig.  2707);  in  childhood  and  old  age 
considerably  less.  It  may  vary  from  this  typical  form 
and  be  disc-like,  cylindrical,  triangular,  or  irregular. 
The  right  ovary  is  slightly  larger  than  the  left.  The 
attached  edge  of  the  ovar.v  is  nearly  straight,  the 
free  edge  usually  curved.  Its  extremities,  also  called 
poles,  are  distinguished  as  inferior,  or  uterine,  and 
superior,  or  tubal,  the  latter  being  attached  to  the 
infundibulum  of  the  oviduct. 

Color. — This  is  a  soft,  dull,  reddish  gray,  like  that  of 
a  mucous  membrane,  easily  distinguished  from  the 
smooth,  glistening  appearance  of  the  neighboring 
organs  due  to  their  peritoneal  covering.  The  perito- 
neum, forming  the  broad  ligament  and  the  meso- 
varium,  abruptly  ceases  at  the  attached  edge  of  the 
ovary  at  a  crenulated  line  (Fig.  2707,  1),  Farre's  line 
(.'Arthur  Farre,  physician  of  London,  circa  1840),  and, 
tlie  organ  presents  its  bare  surface  in  the  abdominal 
cavity,  being  the  only  one  that,  in  the  strict  sense 
of  the  word,  is  within  the  peritoneal  sac.  The  red- 
dish tint  increases  during  the  hyperemia  preceding 
menstruation  and  decreases  after  the  menopause. 

Consistency. — .\lt hough  in  youth  tjuite  dense  and 
resistant  to  pressure,  the  development  of  the  vascular 
tissue  in  the  ovaries  is  such  as  to  make  them  slightly 
spongy,  and  at  puberty  they  are  not  as  firm  as  the 
testes  of  the  male.  Their  density  increases  after 
the  menopause.  Before  menstruation  the  surface  is 
smooth,  but  afterward  the  development  and  rupture 
of  the  ovisacs  produce  on  the  surface  elevations  and 
depressions  that  have  been  compa/ed  to  those  of  a 
peach  stone  or  to  the  convolutions  of  the  brain 
(ovarium  gyratum,  .\bel). 

Weight. — This  naturally  varies  with  the  size  of  the 
ovary,  being  50-60  centigrams  at  birth,  4  or  5  grams 
at  puberty,  6-8  grams  in  the  adult,  and  decreasing 
gradually  to  a  gram  or  less  in  old  age.  It  is  thought 
that  a  rapid  increase  of  weight  occurs  from  the  hy- 
peremia of  the  menstrual  period. 

Attachments. — The  cavity  of  the  pelvis  is  trans- 
versely divided  into  two  compartments  by  the  broad 
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Fig.  2708. — Median,  Antero-posterior  Section  of  the  Pelvis  of  an  Adult  Female.  (KiefTel.)  The  uterus  is  low  and  very  near 
the  coccyx.  The  anus  is  gaping,  the  vagina  open  and  the  bladder  much  spread  out.  The  peritoneum  is  removed  in  front  and 
behind  the  suspensory  ligament  of  the  ovary,  to  show  the  subjacent  organs.     The  ovary  is  in  place. 


ligament,  a  fold  of  peritoneum  that  encloses  the  uterus 
and  the  oviducts.  The  ovaries  are  attached  edgewise 
to  the  postero-superior  surface  of  this  fold  by  a  short 
peritoneal  duplicature  termed  the  mesovariuvi  (Fig. 
2706,  c,  Fig.  2707,  2),  which  is  continued  upward 
from  the  superior  pole  of  the  ovary  as  a  triangular 
band,  the  suspen.sory  ligament  (Fig.  2708),  containing 
the  ovarian  vessels  and  nerves,  some  unstriped  mus- 
cular fibers,  and  a  long  fimbria  from  the  extremity  of 
the  oviduct  (Fig.  2706,  7).  At  the  inferior  pofe  is 
attached  the  ligament  of  the  ovary  (Fig.  2706,  5),  a 
fibroareolar  structure  containing  some  muscular 
fibers,  that  extends  in  the  folds  of  the  broad  ligament 
to  the  uterus.  The  ovary  has  considerable  mobility, 
turning,  hinge-like,  around  its  mesovarian  margin, 
and  is  also  subject  to  displacement  by  a  stretching 
of  its  attachments  and  the  dragging  of  the  broad 
ligament  itself,  which  is  affected  by  the  position  of 
the  uterus. 


Fig.  2709. — Section  of  a  Human  Ovary.  (Nagel.)  1,  Ovisac: 
2,  corpus  luteum;  3,  corpus  albicans  (several  such  are  seen  on  the 
surface  of  the  section). 

Situation. — Varying  greatly  in  weight  under  differ- 
ent normal  conditions  and  at  different  periods  of  life, 
it  is  not  surprising  to  find  the  ovaries  varying  also  in 
position.  This  is  influenced  by  a  variety  of  conditions, 
such  as  posture,  pregnancy,  the  state  of  repletion  of 
the  bladder  and  rectum,  and  inflammatory  conditions 
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which  may  cause  adhesions  between  the  ovary  and 
the  surrounding  viscera.  However,  in  the  adult 
female,  when  the  uterus  is  normally  placed,  the  ovary, 
if  not  affected  by  repeated  pregnancies  or  by  path- 
ological conditions,  usually  lies  in  a  nearly  vertical 
position  (Fig.  2708)  in  a  shallow  depression,  the  ova- 
rian fossa,  on  the  lateral  wall  of  the  pelvis,  in  the  acute 
angle  made  by  the  hypogastric  artery  externally, 
and  the  ureter  and  uterine  artery  internally.  Ante- 
riorly it  is  sustained  by  the  shelf -like  broad  ligament. 
It  is  usually  somewhat  displaced  during  the  first  preg- 


FiQ.  2710. — Diagrammatic  Section  of  the  Ovary  showing  its 
Cortical  or  Ovigenous  Layer,  Formed  of  Ovisacs  in  various  Stages 
of  Evolution.  (Duval.)  A,  A,  A,  Primordial  ovisacs:  B,  B,  B, 
o\isacs  further  developed:  C,  ovisac  approaching  maturity;  D, 
ripe  ovisac  with  its  proligerous  disc  (D  P)  containing  the  ovum; 
M  G,  membrana  granulosa;  H,  hilum  of  ovary. 

nancy.  The  oviduct,  bending  around  its  lateral  and 
medial  surfaces  and  upper  end,  leaves  a  pouch-like 
depression  of  the  broad  ligament  between  itself  and 
the  ovary,  which  is  termed  the  bursa  ovarica.  The 
external  iliac  vessels  and  the  psoas  muscle  lie  to  the 
outer  side  of  the  ovarian  fossa,  and  under  its  floor, 
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covered  by  peritoneum  and  surrounded  by  subperito- 
neal fat,  run  the  obturator  vessels  and  nerve,  these 
separating  the  ovary  from  the  obturator  interims 
muscle.  In  a  standing  position  the  mesovarian  mar- 
gin looks  forward  and  outward,  but  is  concealed  by  the 
oviduct.  Its  free  margin  looks  inward  and  backward 
toward  the  rectum  and  is  in  relation  with  the  ureter. 
Often  the  ovary  is  not  easily  seen  upon  casual  inspec- 
tion of  the  pelvic  contents.  A  lino  connecting  the 
two  ovaries  lies  behind  the  body  of  the  uterus  when 

B 


anatomist,  Rcgnier  fie  Graaf,  1041-7.3;,  already  men- 
tioned as  derived  from  the  epithelial  layer.  The 
smaller  ones  (primordial  ovLsacs,  AAA,  Fig.  2710; 
A,  Fig.  2711)  contain  no  fluid,  but  the  larger  ones  are 
distended  by  an  albuminous  liquid,  the  lupior  foUiculi 
(7,  Fig.  2711).  Within  each  ovisac  is  a  largo  sexual 
cell  or  ovum,  surrounded  by  a  layer  of  smaller  cubical 
cells  that  form  an  epithelial  investment  termed  the 
membrana  granulosa.  The  larger  ovisacs  have  a 
distinct  connective-tissue  investment  (theca  folliculi) 


Fig.  2711. — Ovisacs.  A.  Primordial  ovisac;  B,  C,  D.  ovisacs  at  various  stages  of  their  development  (diagrammatic).  (Testut.) 
1,  Ovum;  1'  (C),  vitelline  membrane;  2,  membrana  granulosa;  3,  membrana  propria;  4,  tunica  propria;  4'  (i)),  reticular  tissue 
replacing  the  tunica  propria;  5,  tunica  fibrosa;  6,  cumulus  oophorus;  7,  liquor  folliculi;  8,  leucocytes  in  the  reticular  tissue  (shown 
only  at  left  of  D). 


that  organ  is  in  its  normal  position.  Therefore,  when 
the  ovary,  by  increasing  in  weight,  stretches  its  attach- 
ments, if  not  adherent  it  usually  falls  into  the  recto- 
uterine excavation. 

Referred  to  the  exterior  of  the  body  the  site  of  the 
ovary  is  usually  behind  a  point  on  the  abdominal  wall 
about  two  inches  medially  from  the  anterior  superior 
spine  of  the  ilium.  The  sagittal  plane  that  cuts  it  is 
midway  between  that  spine  and  the  symphysis.  The 
frontal  plane  tangent  to  the  promontory  either  cuts 
it  or  passes  close  behind  it,  while  the  frontal  plane 
corresponding  to  the  ischiatic  spines  passes  consider- 
ably behind  it.  Horizontally,  it  is  above  the  le.sser 
sciatic  foramen  and  on  a  level  with  the  infrapyriform 
foramen  and  the  upper  margin  of  the  acetabulum 
(see  article  Pelvis). 

The  ovary  may  be  reached  by  both  vaginal  and  rec- 
tal examination.  In  the  vaginal  method  the  patient 
is  placed  in  dorsal  decubitus  with  the  thighs  flexed, 
and  one  or  more  fingers,  pushed  into  the  posterior 
cul-de-sac  of  the  vagina,  explore  the  pelvic  wall. 
With  the  other  hand  the  surface  of  the  abdomen  is 
depressed  over  the  region  above  described  as  the  site 
of  the  ovary.  The  medial  border  of  the  psoas  may 
usually  be  made  out  as  a  rounded  ridge,  and  the  ovary 
will  be  found  to  the  inner  side  of  this,  and  may  usually 
be  grasped  between  the  internal  and  external  fingers. 

Structure. — A  section  of  the  ovary  (Figs.  2709,  2710) 
shows  that  besides  its  investing  epithelium  (derived 
from  the  germinal  epithelium  of  the  embryo)  its  sub- 
stance, or  stroma,  may  be  divided  into  an  external 
cortical,  or  ovigenous  layer,  crowded  with  small  round 
bodies,  varying  in  size  from  that  of  a  mustard-.seed 
to  that  of  a  pea;  and  a  medullary  layer  rich  in  vessels 
and  nerves,  with  spindle-shaped  connective-tissue 
cells,  some  elastic  fibers  and  plain  muscular  tissue. 
The  round  bodies  are  the  ovisacs  (Figs.  2709,  2710, 
2711 — Graafian  or  ovarian  follicles,  from  the  Dutch 


derived  from  the  stroma  and  richly  supplied  with 
blood-vessels.  This  consists  of  two  layers,  the  tunica 
externa  and  interna  (4,  5,  Fig.  2711).  The  former 
blends  with  the  surrounding  stroma;  the  latter  is 
composed  of  cells  resembling  those  of  embryonal  con- 
nective tissue,  many  of  which  are  large,  rounded,  and 
infiltrated  at  maturity  with  yellow  granulations 
(4',  Fig.  2711).  These  have  been  termed  lutein  cells, 
and  are  believed  to  be  connective-tissue  cells  trans- 
formed for  the  nutrition  of  the  follicles. 

The  liquor  folliculi  is  secreted  from  the  membrana 
granulosa,  whose  cells  multiply  and  come  to  be  ar- 
ranged in  several  layers,  surrounding  the  ovum,  which 
remains  single,  alwa^ys  attached  to  the  side  of  the 
follicle  by  an  accumulation  of  the  cells  (cumulus 
oophorus,  Fig.  2711,  6.)  The  ovisac  continues  to 
swell,  both  by  the  multiplication  of  the  granulosa 
and  by  the  increase  of  fluid,  and  thus  gradually 
pushes  its  way  outward  and  appears  on  the  surface  of 
the  ovar\-  as  a  fluctuating  vesicle.  Blood-vessels 
ramify  abundantly  on  its  walls,  except  at  a  superficial 
pole  called  the  stigma,  where  they  are  wholly  wanting. 
It  is  at  this  spot,  and  ])robably  from  .some  increase  of 
vascular  tension,  that  the  vesicle  finally  ruptures. 
Preceding  this  the  granulosa  attaching  the  ovum  to 
the  wall  of  the  vesicle  becomes  softened,  probably  by 
invasion  of  lutein  cells,  and,  at  the  rupture,  the  ovum 
with  a  portion  of  the  cumulu.s  adhering  to  it  is  thrown 
out  of  the  sac.  Some  slighl  hemorrhage  from  rup- 
tured capillaries  occurs  into  the  empty  sac.  This  act 
is  known  as  orulation. 

At  birth  the  ovary  is  crowded  with  pri#iordial 
ovisacs.  Waldeyer  estimates  their  number  at  100,000, 
while  some  observers  place  it  much  higher,  Sappey 
noting  a  case  in  which  they  exceeded  1,000,(100. 
Most  of  them  degenerate,  however,  there  being  not 
more  than  30,000  or  40,000  at  puberty,  and  but  few 
of  these  ever  come  to  maturity.     Olshausen   could 
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find  but  from  '>0  to  100  follicles  visible  to  the  naked 
eye  in  an  adult  female.  The}'  entirely  disappear 
after  the  menopause. 

Corpora   Liilca. — Some   of   the   follicles    that    thus 
abort  acquire  a  certain  degree  of  development  before 


Fig.  2712. — Diagrammatic  Section  of  a  Recent  Corpus  Luteum. 
(Balbiani.)  a.  Ovarian  stroma;  b,  tunica  fibrosa  or  external 
layer  of  the  ovisac;  c,  internal  tunic  hypertrophied  and  folded; 
d,  remains  of  the  membrana  granulosa,  e,  vessel  supplying  the 
ovisac. 

disappearing,  and,  without  rupturing,  form,  apparent- 
ly by  a  multiplication  of  the  lutein  cells,  a  yellowish 
body  known  as  a  corpus  luteum  (corpus  lutcuiii 
atreticurn).  In  completely  matured  and  rupturefl 
follicles,  the  formation  of  a  corpus  luteum  is  much 


two  is  identical,  and  cases  have  been  noted  in  which 
the  corpus  luteum  of  menstruation  equalled  in  size 
that  of  pregnancy. 

On  microscopic  examination  it  is  found  that  a 
corpus  luteum  is  made  up  of  very  large  cells  with 
rounded  angles,  having  an  appearance  very  mucli  like 
that  of  liver  cells.  These  are  lutein  cells,  so"  called  from 
granules  of  a  yellow  substance  found  within  them, 
associated  with  fat  and  known  as  lutein.  The  tunica 
externa  of  the  theca  remains,  and  there  develop  from 
it  radiate  septa  that  extend  throughout  tlie  body  to  a 
central  nucleus,  representing  the  site  of  the  original 
clot,  where  crystals  of  hematoidin  are  often  found. 
By  fatty  degeneration  and  absorption  the  lutein  cells 
finally  disappear;  the  connective  tissue  contracts  to  a 
whitish  mass  (corpus  albicarts),  and  finall.v  to  a  fibrous 
remnant  (corpus  fibrosum),  which  is  at  last  also  re- 
moved by  hyaline  degeneration. 

Observers  are  not  fully  in  accord  as  to  the  origin  of 
the  lutein  cells.  Sobotta,  after  very  careful  observa- 
tions on  the  mouse,  concludes  that  they  are  of  epithe- 
lial origin,  arising  from  a  h_\-pertrophy  of  the  granulosa 
(Fig.  2713),  and  in  this  he  is  supported  by  Bischoff, 
Pfiiiger,  and  many  others.  Another  view  is  that 
they  are  of  connective-tissue  origin,  arising  from  the 
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FlQ.  2713. — Formation  of  the  Corpora  Lutea,  according  to  Sobotta.  Four  successive  stages  in  the  mouse.  A,  Vascular  budding 
of  the  tunica  interna  invading  the  hypertrophied  follicular  epithelium;  B,  the  vascular  buds  converge  toward  a  central  cavity:  between 
them  the  follicular  cells,  which  are  rapidly  multiplying,  are  arranged  in  columns;  among  these  cells  leucocytes  are  found.  C,  X  more 
advanced  stage;  the  columns  are  now  narrower  and  the  trabeculffi  more  numerous.  D,  The  central  cavity  is  now  occupied  by  a  gela- 
tinous connective  tissue;  the  trabeculse,  by  anastomosing  with  each  other,  have  destroyed  the  columnar  arrangement  of  the  lutein  cells. 
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more  marked  (Fig.  2712).  It  is  produced  by  a  hyper- 
trophy of  the  walls  of  the  follicle,  these  becoming 
imbricated  and  vascularized  about  the  central  clot, 
which  contracts.  The  folds  finally  become  unitecl 
with  each  other  and  a  yellowish  body  is  formed, 
having  a  size  considerably  greater  than  that  of  the 
original  ovisac.  If  pregnane}'  intervenes  after  the 
discharge  of  the  ovum,  the  corpus  luteum  persists 
during  a  greater  part  of  the  period,  and  usually 
attains  a  great  size  (corpus  luleum  graviditatis,  corpus 
luleummerum);  but  if  there  is  no  pregnancy  it  begins 
to  atrophy,  and  disappears  in  the  course  of  two  or 
three  weeks  (corpus  luteum  menstruatiortis,  corpus 
luteum  spurium).  It  was  formerly  believed  that 
certain  information  regarding  a  pregnancy  could 
be  obtained  from  examination  of  the  corpora  lutea, 
but  this  is  not  strictly  correct,  for  the  structure  of  the 
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cells  of  the  tunica  interna,  and  that  the  granulosa 
wholly  disappears.  Observations  on  abortive  ovisacs 
seem  to  support  this  view,  which  is  warmly  defended 
by  Clark,  Alinot,  Paladino,  and  others.  The  matter 
cannot  be  definitely  settled  until  human  material, 
showing  the  earlier  stages,  is  more  fully  investigated. 
The  function  of  the  corpus  luteum  has  been  the 
subject  of  much  discussion.  Born,  struck  with  the 
resemblance  of  its  structure  to  that  of  the  suprarenal 
capsule,  advanced  the  hypothesis  that  the  organ  is  a 
ductless  gland  that  modifies  the  blood  so  as  to  produce 
the  changes  in  the  uterus  necessary  for  the  encapsula- 
tion and  subsequent  nutrition  of  the  ovum.  He 
argued  that  the  corpus  luteum  is  much  larger  than 
would  be  necessary  for  the  mere  restoration  of  the 
ovarian  tissue,  and  that  the  growth  of  the  uterus 
during  pregnancy  is  not  due  to  distention  by  the  grow- 
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ing  ovum,  but  is  accompanied  by  profound  structural 
changes,  which  may  be  initiated  without  the  ovum 
being  in  the  uterus  at  all,  as  in  the  well-known  case 
of  extrauterine  pregnancy.  Further,  mammals  that 
have  a  placenta  which  becomes  firmly  attached  to 
the  uterus  have  a  well-developed  corpus  luteum,  while 
the  aplacental  mammals    (monotremes,   marsupials) 


Vp.  If 


cour.se  into  the  pelvis  through  the  suspensor>'  ligament 
of  the  ovary,  its  long  course  being  explained  by  the 
fact  that  the  ovary  was  ijrimitively  an  abdominal 
organ.  It  gives  off  a  tubal  branch  that  supplies  the 
fimbriated  extremity  of  the  oviduct,  ten  to  fifteen 
ovarian  branches,  and  is  continued  to  make  a  free, 
anastomotic  loop  with   the   uterine   artery.     During 


CI.  IT.   c.u.    c.t. 
Fig.  2714. — Scheme  Showing  the  Development  of  the  Sesual  Gland  and  its  Ducts.     (Mihalkovics.)     A,  Indifferent  stage:  B.  female; 
C.  male:  Cp.ir.,  Wolffian  body  with  the  epoophoron  (epo)  and  the  epididymus  (.epi):  Cl.w.,  Wolffian  duct:  C.a..  sexual  radiations: 
Glm.,  Wolffian  glomeruli;    C.H.,  body  of  Highmore  (rete  ovarii);  E.g.,  germinal  epithelium;   V.eff.,  efferent  ducts  of  the  testis. 


have  only  a  rudimentary  one  or  none  at  all.  Frankel 
and  Cohn  found  that  in  rabbits  the  removal  of  both 
ovaries  within  six  days  after  copulation  always  pre- 
vented pregnancy.  According  to  this  view,  the  cor- 
pus luteum  of  menstruation  may  have  an  effect  upon 
the  restoration  of  the  uterus. 

Clark  and  others  contend  that  the  organ  is  required 
to   maintain   the   peripheral   circulation   and   proper 


pregnancy,  when  it  is  greatly  enlarged,  it  is  an  impor- 
tant supplementary  source  of  supply  for  the  rapidly 
growing  uterus.  The  small  ovarian  branches  pene- 
trate the  ovary  along  its  attached  border,  the  place 
of  entrance,  which  also  serves  for  veins,  nerves,  and 
lymphatics,  being  called  the  hilum.  Their  course  is 
helicine  or  corkscrew-like,  not  only  in  the  broad 
ligament,   but  also  in  the  substance   of  the  organ. 


3d>  0         XI 

Fig.  2715. — View  of  Lateral  Angle  of  TJterus  \iith  Broad  Ligament  from  Behind.  (Henle.)  Ul,  Vtenis;  LI.  broad  ligament: 
Od.  isthmus  of  oviduct;  OJ'.  ampulla  of  m-iduct;  J,  infundibulum;  On.  abdominal  opening  of  oWduct:  Fo.  ovarian  fimbria;  ip,  sus- 
pensory hgament;  Po.  epoophoron  laid  bare  by  removal  of  part  of  the  posterior  lamella  of  the  broad  ligament. 


surface  tension  in  the  ovary  by  preventing  the  forma- 
tion of  cicatrical  tissue  at  the  point  of  discharge  of 
the  ovum.  If  each  rupture  of  an  ovisac  were  followed 
by  a  typical  scar,  the  entire  surface  of  the  ovary  would 
soon  be  reduced  to  inactivity. 

Arlerie.f. — The  ovary  is  supplied  by  the  ovarian 
artery,  which  arises  from  the  abdominal  aorta  just 
below  the  renal  arteries,  and  descends  with  a  flexuous 


In  the  medullary  portion  they  form  the  rich  anasto- 
moses which  cause  this  to  be  named  the  vascular 
zone;  and  at  the  confines  of  the  cortical  and  medullary 
portions  they  form  imperfect  arcades  from  which 
arterioles  are  given  off  which  penetrate  to  the  ovisacs 
and  the  corpora  lutea  and  form  a  capillary  network 
about  them. 

Veins. — These  arc  large,  sinuous,  spiroid  in  char- 
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acter  and  accompanied  by  bands  of  smooth,  muscular 
fiber  like  those  of  erectile  tissue.  In  the  hilum, 
mesovarium,  and  neighboring  folds  of  the  broad  liga- 
ment the  veins  form  a  vascular  protuberance  called 
by  Rouget  the  bulb  of  the  ovary,  and  believed  by  him 
to  have  some  function  in  ovulation.  Leaving  the 
broad  ligament,  the  veins  unite  to  form  the  pampini- 
form plexus  and  finally  discharge  into  the  uterine 
and  ovarian  veins. 

Lymphatics. — These  are  very  numerous.  They 
originate  in  the  stroma  and  about  the  ovisacs,  some 
of  the  smaller  sacs  being  often  nearly  surrounded  by  a 
lymph  sinus.  Converging  to  eight  to  ten  trunks, 
they  pass  out  at  the  hilum,  accompany  the  vessels 
anci  discharge  into  glands  situated  in  front  of  the  aorta. 

Nerves. — These  are  derived  from  a  sympathetic 
plexus  that  is  given  off  from  the  renal  plexus  and 
accompanies  the  ovarian  artery.  The  exact  termina- 
tions are  imperfectly  known.  They  have  been  traced 
to  the  walls  of  vessels,  to  smooth  muscular  fibers,  to 
the  surface  epithelium,  and  to  the  tunica  interna  of 
the  Graafian  follicles. 

Vestigial  Structures. — There  remain  within  the  ovary, 
in  the  folds  of  the  broad  ligament  and  elsewhere,  cer- 
tain vestiges  of  the  fetal  condition  of  the  organs  that  it 
is  necessary  to  briefly  mention.     These  are  as  follows: 

The  epoophoro/i,  parovarium ,  or  body  ofRosenmilllcr 
(Fig.  2714,  B,  Fig.  2715)  consists  of  six  to  twelve 
nearly  parallel  tubes  containing  a  clear  fluid,  which 
are  found  within  the  folds  of  the  mesosalpinx.  They 
converge  toward  the  hilus  of  the  ovary,  and  may  in 
young  animals  be  traced  into  its  substance  (see  Fig. 
2714  B,  C.S.).  Toward  the  oviduct  they  end  in  a 
longitudinal  canal,  the  remains  of  the  Wolffian  duct. 
They  represent  vestiges  of  the  sexual  part  of  the  Wolf- 
fian body,  and  are  homologous  with  the  seminiferous 
tubules  and  vasa  efTerentia  of  the  male. 

The  paroophoron  is  a  similar  series  of  tubes  found  in 
the  broad  ligament  nearer  the  uterus,  and  representing 
the  unused  urinary  part  of  the  Wolffian  body  {Glm, 
A,  Fig.  2714).  They  are  of  a  yellowish  color  and 
usually  disappear  earh'. 

Gartner's  Canal. — This  is  the  remains  of  the  lower 
part  of  the  Wolffian  duct  occasionally  found  in  the 
wall  of  the  uterus  and  vagina.  It  is  homologous 
with  the  vas  deferens  of  the  male. 

Hydatids  of  Morgagni. — In  about  twenty  per  cent, 
of  subjects  there  is  found  connected  with  the  in- 
fundibulum  of  the  oviduct,  usually  with  the  ovarian 
fimbria,  a  small  hollow  cyst  known  as  the  hydatid  of 
Morgagni.  Similar  structures  may  be  found  in  the 
folds  of  the  broad  ligament  in  connection  with  the 
epoophoron.    Their  homologies  and  origin  are  obscure. 

The  OvmucTS. — Etymology. — From  the  Neo-Latin 
oviductus,  derived  from  the  Latin  ovum,  an  egg,  and 
ductus,  a  leading,  a  passage.  Greek,  aa\Tn.yi,,  from 
whence  many  compounds,  such  as  salpingitis,  sal- 
pingotomy, etc.;  French,  oviducte,  trompe  uterine; 
Italian,  ovidutto,  Iromha  deFalloppio;  German,  Eileiter, 
Muttertrompcte.  The  name  was  first  used  by  De 
Graaf,  about  1672.  The  older  anatomists  styled 
them  vasa  deferentia.  Often  called  the  Fallopian 
tubes,  from  Gabriello  Falloppio  (1532-62),  professor 
at  Ferrara,  Pisa,  and  Padua,  who  compared  their 
expanded  ends  to  that  of  a  brazen  tuba  or  trumpet. 
This  name  was  first  given  them  by  Riolanus  about 
1618.  In  the  nomenclature  of  the  German  Anato- 
mische  Gesellschaft  they  are  known  as  the  tubce 
uterince.  Some  authors  restrict  the  term  oviduct  to 
the  genital  passages  of  animals  possessing  no  uterus. 
There  seems  no  good  reason  for  this,  nor  is  it  proper 
to  anglicise  the  B  N  A  term  as  uterine  tubes. 

History. — They  were  probably  known  to  Herophilus 
(335-280  B.C.).  Eudemus  (290  b.c.)  described  the 
fimbriated  extremity.  Rufus  of  Ephesus  demon- 
strated them  in  the  sheep  about  a.d.  50.  They  were 
generally  supposed  to  convey  the  product  of  the  ovary, 
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the  hypothetical  female  semen.  Fallopius  showed 
that  they  did  not  closely  connect  with  the  ovaries, 
and  considered  that  "fuliginous  vapors"  exhaled 
from  the  uterus  through  them  into  the  abdomen. 
Others  supposed  them  to  be  spiracles  through  which 
''spirits"  could  pass  from  the  mother  to  the  fetus. 

Definition. — Paired  trumijct-like  structures,  extend- 
ing from  near  either  ovary  to  the  uterus,  bj'  which 
the  mature  ova  are  conveyed  from  the  peritoneal 
cavity  to  the  latter  organ.  They  differ  from  the  ducts 
of  secreting  glands  in  being  detached  from  the  organ 
whose  products  they  convey. 

Form. — The  general  shape  of  an  oviduct  (see  Fig. 
2695)  is  that  of  a  gradually  expanding,  sinuous 
trumpet,  extending  laterally  from  either  angle  of  the 
uterus,  of  which  it  appears  to  be  a  continuation. 
This  is  even  more  striking  in  the  lower  animals,  in 
whom  the  fusion  of  the  Miillerian  ducts  is  not  so  com- 
plete, and  who  consequently  possess  a  bicornuate  ■ 
uterus. 

Divisions. — Starting  from  the  uterine  cavity  we  may 
distinguish  (Figs.  269.5  and  2700) :  (1)  a  uterine,  intra- 
mural, or  interstitial  portion,  passing  through  the  walls 
of  the  uterus,  in  which  the  lumen  of  the  duct  is  reduced 
to  very  small  dimensions;  (2)  the  isthmus,  a  narrow, 
comparatively  straight  portion,  having  no  well-defined 
limit,  but  generally  reckoned  as  about  one-third  the 


FlQ.    2716. — Relations  of  the  Ovary  and  the  Oviduct.     (His.) 
0,  Ovary:  P.  infundibulum;   T,  oviduct;  L,  ovarian  ligament:   U,  J 
uterus.     The   annesa   are   held   up   by   the   suspensory  hgament.  ] 
The  fundus  of  the  uterus  deviates  somewhat  from  the  mediaaj 
line. 

length  of  the  duct;  (3)  the  ampulla,  an  enlarged,  sinu-l 
ous  portion  which  terminates  by  (4)  the  infundibulum} 
or  fimbriated    extremity,    a    funnel-shaped    expansion  ] 
surrounded  by  a  fringe-like  border  by  which  the  duct 
opens   into  the  peritoneal   cavity.     The  junction  of  | 
the    infundibulum    with    the    ampulla,     sometimes 
slightly  constricted  in  j'oung  persons,  is  occasionally 
called  the  neck. 

The  uterine  orifice  is  small,  inextensible,  and  often 
stopped  by  a  plug  of  mucus.  It  is  practically  impos- 
sible to  catheterize  it,  and  fluids  injected  into  the 
cavity  of  the  uterus  do  not  readily  pass  through  it. 
The  abdominal  orifice  is  larger  and  extensible.  It  is 
said  to  be  closed  in  tubes  cut  from  the  living,  but 
open  after  death.  We  may,  with  Waldcyer,  consider 
the  oviduct  according  to  the  directions  which  its  differ- 
ent parts  assume.  A  horizontal  portion  extends  from 
the  angle  of  the  uterus  outward  and  a  little  backward 
to  the  inferior  pole  of  the  ovary,  an  ascending  portion, 
nearly  at  right  angles  to  the  preceding,  which  mounts 
vertically  along  the  pelvic  wall  and  the  mesovarian 
margin  as  far  as  the  superior  pole,  and  a  short  descend- 
ing portion  which  makes  an  acute  angle  with  the  latter, 
passing  downward  and  inward,  forming  the  so-called 
tubal  loop,  the  infundibulum  embracing  the  internal 
face  and  posterior  border  of  the  ovary  (Fig.  2716). 
These  portions  are,  however,  by  no  means  of  fixed  , 
dimensions,  as  they  depend  largely  upon  the  position 
of  the  uterus  and  upon  the  various  influences  that 
ma.y  displace  the  ovary  and  the  folds  of  the  broad 
ligament.     The  oviduct,  with  its  attached  peritoneum 
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often  so  covers  the  intornal  face  of  the  ovary  that 
that  organ  is  not  perceived  when  the  pelvic  cavity  is 
opened. 

Ditnensions. — The  following  table  shows  the  prin- 
cipal measurements  of  the  oviduct: 

Average  length .^ 12  to  14  cm. 

Minimum  length 6  " 

Alaximum  length 20  " 

Length  of  interstitial  portion 1  " 

Length  of  isthmus 3  '• 

Length  of  ampulla 8  " 

Length  of  infundibulum 2  " 

Length  of  ovarian  fimbria 2.5  to  3     " 

Length  of  other  fimbriffi 1  to  1.5     " 

Caliber  of  uterine  orifice 0.05  to  0.1" 

Caliber  of  interstitial  portion 0.05  *' 

Caliber  of  isthmus  near  uterus 0.3  " 

Caliber  of  ampulla,  maximum 0.8 

Caliber  of  peritoneal  orifice 0.2  to  0.3  " 

Thickness  of  walls,  average 0.2  to  0.3  " 

At  its  uterine  termination  the  tube  so  gradually  ex- 
pands into  the  cavity  of  the  superior  cornu  that  its 
e.xact  point  of  termination  is  difficult  to  determine. 

Attachments. — Continuous  with  the  angle  of  the 
uterus  at  its  inner  extremity,  the  oviduct  lies  in  the 
superior  or  free  edge  of  the  broad  ligament,  hereafter 
to  be  described,  and  is  attached  at  its  lateral  end  by 
one  of  the  fimbria,  longer  than  the  others  (ovarian 
fimbria,  fimbria  ovarica,  Figs.  2706  and  2707),  to  the 
suspensory  ligament  of  the  ovary.  The  triangular 
fold  of  the  broad  ligament  that  encloses  it  is  known 
as  the  mesosalpinx  (Fig.  2706,  6).  At  its  extremities 
the  duct  shares  the  movements  of  the  organs  to  which 
it  is  attached,  while  its  intermediate  portion  may  move 
independently,  its  freedom  depending  upon  the  length 
of  the  duct  and  the  laxity  of  the  mesosalpinx. 

Interstitial  Portion. — In  nulliparae  the  oviduct  is 
clearly  seen  to  be  a  contracted  continuation  of  the 
superior  cornu  of  the  uterus,  and  the  narrowest  point 
is  not  at  the  uterine  orifice,  but  a  little  beyond.  In 
multiparse,  however,  the  orifice  is  the  narrowest 
portion.  While  passing  through  the  uterine  wall  the 
duct  is  slightly  bent  with  downward  concavity.  A 
layer  of  connective  tissue  separates  it  from  the  uterine 
substance  proper. 

Isthmus. — This  resembles  the  vas  deferens  in  its 
cord-like,  resistant  character  and  cylindrical  form.  It 
lies  in  the  para-uterine  fossa  of  Waldeyer,  the  round 
ligament  of  the  uterus  being  before  and  below,  the 
ovarian  ligament  and  tuboovarian  artery  behind. 

Ampulla. — This  portion,  slighth'  flattened  from 
before  backward,  has  a  thinner  wall  and  softer  con- 
sistence than  the  isthmus.  It  is  slightly  irregular 
in  caliber,  with  flexuosities  which  are  more  marked  in 
the  young.  Its  loop  runs  in  front  of  the  ovarian 
vessels  and  its  descending  branch  is  close  against 
the  external  iliac  vein. 

Infundibulum. — This  funnel-like  expansion  (Fig. 
2706,  6')  is  cut  into  twelve  to  fifteen  laciniate,  fringe- 
like processes  or  fimbria^,  and  is  hence  often  called  the 
fimbriated  extremity.  The  French,  carrying  out  the 
similarity  of  the  duct  to  a  trumpet,  call  it  the  pavilion, 
a  name  also  applied  to  the  flaring  mouth  or  bell  of  a 
trumpet.  The  ancients  compared  its  gnawed  appear- 
ance to  the  premorse  root  of  the  Scabiosa  succisa, 
popularly  known  as  the  "devil's  bite,"  the  legend 
being  that  the  arch  enemy,  angered  at  the  good  done 
by  the  medicinal  virtues  of  the  root,  attempted  to 
destroy  it  by  biting  it  off,  but  only  succeeded  in  leav- 
ing a  ragged  edge  showing  the  marks  of  his  attack. 
It  is  from  the  resemblance  of  the  infundibulum  to 
this  root,  and  not  from  any  evil  influence  it  was  sup- 
posed to  exert,  that  it  was  called  the  morsus  diaholi. 
It  has  also  been  compared  to  the  corolla  of  a  flower 
with  a  double  row  of  petals  (Henle),  to  a  crinoid  or 
sea-lily  (Nagle),  and  to  a  medusa  head. 

The  single  fimbri;c  are  lanceolate,  ovate,  or  filiform, 
not    infrequently    with  irregularly  notched  edges,  so 


that  there  may  arise  fimbria?  of  the  second  or  third 
order.  Sometimes  they  may  be  fenestrated  or  form 
a  lattice-work.  One  of  them,  'arger  than  the  others, 
has  already  been  referred  to  as  the  ovarian  fimbria 
(Fig.  2606,  7).  Attached  to  a  groove  in  the  .suspen- 
sory ligament,  it  does  not  usually  quite  reach  the 
ovary,  and  from  its  termination  there  may  extend, 
along  the  su.spensory  ligament,  supplementary  fringes 
(tuboovarian  fimbria).  The  primary  fimbria.'  are 
usually  plicated,  the  folds  corresponding  to  those  of 
the  mucous  membrane  of  the  interior  of  the  tube. 
In  consequence  of  this  arrangement,  the  abdominal 
orifice  of  the  tube  is  not  usua  ly  visible,  at  least  in 
nullipara;.  It  can,  however,  always  be  displayed  by 
parting  the  plications,  and  is  large  enough  to  admit  a 
small  probe. 

It  is  by  this  orifice  that  the  ova  leave  the  abdominal 
cavity,  and  many  attempts  have  been  made  to  clearly 
explain  how  they  come  to  enter  it.  It  was  formerly 
suppo.sed  that  at  the  time  of  ovulation  the  infun- 
dibulum suffered  a  species  of  erection  by  vascular  con- 
gestion, and  that  then  it  clasped  itself  firmly  around 
the  ovary  and  prevented  the  escape  of  the  ovum  into 
the  peritoneal  cavity.  Injection  of  the  vessels  in  the 
cadaver  does  not  confirm  this,  and,  as  Henle  says,  it 
is  difficult  to  see  how  the  infundibulum  can  select  the 
exact  place  upon  the  ovarian  surface  where  a  follicle 
is  about  to  rupture,  or  how  it  can  be  depended  upon 
to  execute  such  an  act  in  view  of  the  pressure  and 
movements  of  the  intestines.  Others  have  supposed 
that  there  must  exist  in  the  ducts,  in  the  fimbria', 
or  in  the  broad  ligaments  muscular  fibers  by  which 
adaptation  of  the  infundibulum  to  the  surface  of  the 
ovary  is  effected.  This,  too,  appears  fo  be  without 
foundation. _  Excitation  of  the  muscular  coat  of  the 
oviduct  in  living  animals  merely  produces  vermicular 
movements,  the  direction  of  the  fibers  of  the  muscular 
tissue  of  the  broad  ligament  is  such  that  they  draw 
the  ovaries  together  rather  than  bring  the  infun- 
dibulum to  the  ovary,  and  the  existence  in  the  fimbriie 
of  special  fibers  capable  of  clasping  the  ovary  cannot 
be  demonstrated. 

Experiments  upon  animals  have  sho^\-n,  however, 
that  both  ova  and  semen  may  pass  from  one  side  of 
the  abdomen  to  the  other,  and  that  it  does  not  neces- 
sarily follow  that,  because  an  ovum  does  not  at  once 
reach  the  infundibulum,  it  may  not  eventually  do  so. 
Its  movement  is  doubtless  directed  by  the  ciliated 
epithelium  that  lines  the  interior  of  the  infundibulum 
and  the  ovarian  fimbria.  Notwithstanding  this  there 
is  unquestionably  a  great  loss  of  ova  owing  to  the  lack 
of  accurate  adaptation  between  the  mouth  of  the 
oviduct  and  the  ovary. 

Interior  Configuration. — The  interior  of  the  oviduct 
is  lined  with  mucous  membrane  continuous  with  that 
of  the  uterus,  but  destitute  of  the  glands  that  are  so 
prominent  a  feature  of  that  organ.  This  membrane 
has  a  striking  peculiarity  in  that  it  is  arranged  in 
numerous  longitudinal  folds  that  form  an  intricate 
series  of  narrow  passages — the  tubal  labyrinth  (Figs. 
2717,  2718) — affording  a  free  though  retarded  passage 
to  fluids  and  minute  bodies  that  pass  from  the  ab- 
dominal cavity  to  the  uterus.  These  folds  appear  in 
the  interstitial  portion  as  two  or  three  small  crests 
which  are,  in  the  isthmus,  prolonged  and  multiplied  as 
principal  folds,  which,  however,  disappear  on  disten- 
tion of  the  tube,  and  attain  their  greatest  development 
in  the  ampulla,  where  they  no  longer  disappear  on  dis- 
tention and  vary  greatly  in  size,  some  passing  across 
the  lumen  of  the  tube  to  the  opposite  side  and  develop- 
ing on  their  faces  secondary  and  tertiary  folds,  so  that 
a  cross-section  of  them  resembles  the  arbor  vitae  of 
the  cerebellum.  These  folds  are  continued,  much  re- 
duced in  size,  upon  the  infundibulum. 

The  arrangement  seems  admirably  adapted  for 
retarding  the  movements  of  the  ovum  and  the  sper- 
matozoa, which  probably  meet  each  other  at  this  point. 
It  indeed  seems  likely  that  the  ampulla  is  a  recep- 
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taculum  seminis,  and  that  it  becomes,  after  repeated 
copulations,  charged  with  spermatozoa,  which  may 
remain  there  in  an  active  state  for  several  days,  so 
that  when  a  matured  o^■unl  once  enters,  its  fecunda- 
tion is  practically  assured. 


^fCf^/- 


inucou3  menbranc 


f  circular  muscular 
fibers 


(iigitudinal  mus- 
i-uhiT  fibers 


ibserous  tissue 


Fig.  2717.- 


^■^^^M^^  " 


-Cross-section  of  the  O^nduct  near  the  Uterine  Orifice. 
(Orthraann.J 


Investigations  on  animals  show  that  the  ovum  is 
from  three  to  eight  days  in  passing  through  the  ovi- 
duct. Hyrtl  found  a  human  ovum  in  the  uterine  end 
of  the  duct  four  days  after  menstruation.  The  period 
of  eight  days  cannot  be  much  exceeded  in  the  human 
species,  as  the  ovum  attains  in  the  second  week  a 
diameter  of  three  to  six  millimeters  which  is  greater 
than  that  of  the  uterine  orifice  of  the  tube. 

On  the  other  hand,  the  progress  upward  of  the  sper- 
matozoa is  comparatively  rapid.  Having  a  flagellate 
movement  of  their  own,  they  are  able  to  travel  with- 
out the  assistance  of  the  female  organs.  In  guinea- 
pigs  they  have  been  known  to  reach  the  middle  of 
the  oviduct  within  fifteen  minutes  after  copulation, 
and  from  what  is  known  of  their  rapidity  of  progress 
in  other  situations,  it  seems  probable  that  in  the 
human  species  they  require  about  two  hours  for  a 
similar  migration. 

Slrudure. — The  oviduct  is  a  muscular  tube  out- 
wardly invested  with  a  serous  layer  derived  from 
the  peritoneum,  inwardly  lined  with  a  mucous 
membrane.  The  serous  coating  forms  a  complete 
investment,  the  vessels  entering  along  its  inferior 
border  through  the  folds  of  the  mesosalpinx.  It 
is  continuovis  medially  with  the  serous  investment 
of  the  uterus,  and  laterally  is  continued  over  the 
external  surface  of  the  fimbriae.  A  loose,  subser- 
ous, connective  tissue  unites  it  to  the  muscular 
coat. 

The  muscular  tunic  is  composed  of  smooth  fibers 
arranged  in  two  laj-ers,  an  inner  one  of  circular 
fibers  and  an  outer  one  in  which  the  fibers  are  ar- 
ranged longitudinally.  The  circular  layer  is  a  con- 
tinuation of  the  similar  fibers  of  the  uterus,  is 
thicker  at  the  uterine  extremity,  andat  the  infun- 
dibulum  forms  a  sphincter-like  ring.  The  longitu- 
dinal fibers  are  continuous  with  the  transverse 
fibers  of  the  uterus  and  are  continued  as  a  very 
thin  sheet  upon  the  infundibulum,  one  fascicle 
extending  upon  the  fimbria  ovarica  and  constitut- 
ing what  is  sometimes  called  the  musculus  attrahens 
iubw. 

The  mucous  membrane  is  composed  of  a  layer  of 
ciliated  epithelium  seated  upon  a  submucous  con- 
nective tissue  containing  some  round  cells  resembling 
those  of  the  uterus,  and  which  are  believed  to  assist 


in  forming  a  decidua  in  the  case  of  tubal  pregnancy. 
It  possesses  no  glands.  The  epithelium  increases 
somewhat  in  thickness  toward  the  abdominal  orifice. 
The  direction  of  the  ciliary  wave  is  toward  the  uterus, 
and  experimental  injections  of  minute  bodies  into  the 
abdominal  cavity  show  that  it  is  an  efficient  cause  of 
the  progression  of  the  ovum  through  the  duct.  The 
epithelium  lines  the  interior  of  the  infundibulum 
and  becomes  continuous  at  the  edge  of  the  fimbria; 
with  the  peritoneum.  Upon  the  ovarian  fimbria 
or  along  the  suspensory  ligament  it  is  continuefl  as 
far  as  the  ovary,  becoming  continuous 
there  with  the  cubical  epithelium  of 
that  organ. 

Arieries. — From  the  anastomotic 
loop  formed  by  the  ovarian  and  uterine 
arteries  three  branches  are  given  off 
for  the  supply  of  the  oviduct.  These 
are,  respectively,  the  lutcral  tubal,  de- 
rived from  the  ovarian,  which  passes  in 
front  of  the  fimbria  ovarica  and  ascends 
along  it,  supplying  it  and  sending  a 
branch  to  each  of  the  other  fimbria^, 
and  ending  by  anastomosing  with  the  middle  or  in- 
ternal tubal;  the  medial  tubal,  derived  from  the  uterine, 
supplying  the  interstitial  portion  and  istlimus  of  the 
oviduct,  and  curving  outward  to  form  by  anastomosis 
with  the  external  tubal  the  infratubal  arch ;  and  the 
middle  tubal,  usually  given  off  from  the  uterine  a  little 
farther  out.  It  passes  in  front  of  the  o\'ary  and 
divides  into  two  branches,  which  anastomose  with 
the  external  and  internal  tubal,  forming  a  second 
infratubal  arch. 

Veins. — These  also  form  a  vascular  arcade  with 
more  frequent  anastomoses.  They  discharge  into 
the  uterine  and  ovarian  veins.  One  branch  runs 
along  the  round  ligament  of  the  uterus  and  com- 
municates with  the  epigastric  vein. 

Lymphatics. — These  take  origin  from  the  mucous 
membrane, from  a  subperitoneal  net  work,  and  discharge 
into  two  or  three  trunks  which  extend  along  the  oviduct, 
unite  with  others  coming  from  the  uterus,  and  ascend 
along  the  suspensory  ligament  to  the  lumbar  glands. 


r 


Fig.  2718. — Cross-section    of   the  Oviduct  near  th:'  Abdominal 
rifice.     The  folds  of  the  mucous  membrane  are  very  numerous 

and  complicated,  forming  the  tubal  labyrinth:  the  muscular  coat 

is  very  thin  but  rich  in  vessels.      (Orthmann.l 


O: 


Nerves. — These  are  derived  from  the  ovarian  plexus 
and  are  closely  connected  with  the  uterine  nerves. 
They  unite  under  the  peritoneum  to  form  what  is 
called  by  Jaqucs  the  fundamental  plexus,  from  which 
finer   fibers   penetrate   between  the  muscular  layers, 
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formiiiK  a  second  or  intramuscular  plexus  which  sup- 
plies the  muscle  fibers;  from  this  again  fibers  are  dis- 
tributed to  the  epithelium. 

The  Uterds. — Etymology. — From  the  Latin  uterus, 
the  womb,  probabl.v  connected  with  uter,  a  sivin  bottle 
or  bag.  The  later  Latin  aiipellation,  matrix,  is  also 
sometimes  used.  This  originally  meant  a  breeding 
animal.  Greek,  ti'rtTpa,  varipa  (the  last,  the  uterus 
being  the  last  organ  that  presents  in  the  pelvis), 
whence    come    many    modern    derivatives,    such    as 


Fio.  2719. — Virgin  Uterus  of  Twenty-two  Years.  (Sappey.) 
A.  Anterior  face — 1,  Body;  2,  2,  superior  angles;  3,  cervix;  4, 
isthmus:  5,  intravaginal  portion  of  cervix;  6,  its  external  orifice; 
7,  vagina.  B,  Median  section — 1,  1,  Profile  of  anterior  face;  2, 
vesicouterine  cul-de-sac  of  peritoneum  dividing  this  face  into  two 
nearly  equal  parts;  3,  3,  profile  of  posterior  face;  4,  body;  .5. 
cervix:  6,  isthmus;  7,  cavity  of  body;  8,  cervical  canal;  9,  internal 
orifice;  10,  anterior  lip  of  the  os  uteri;  II,  posterior  lip;  12,  12. 
vagina.  C,  Frontal  section — 1,  Cavity  of  body;  2,  its  left  lateral 
border;  3,  its  superior  border;  4,  4,  its  lateral  angles;  5,  its  inferior 
angle  forming  the  internal  orifice:  6,  cerWcal  canal;  7,  arbor  vitse 
of  its  posterior  wall;  8,  its  lower  extremity:  9,  vagina. 

metralgia,  metritis,  metrorrhagia,  hysteria,  hysterec- 
tomy, etc.  Another  Greek  appellation,  used  by 
Hippocrates,  was  (5eX0i/s,  whence  are  derived  several 
terms  used  in  zoological  classification,  such  as  Mono- 
delphia,  Didelphia,  Ornithodelphia.  French,  utcriin, 
matrice;  Italian,  ulero,  genitura;  German,  Gehdr7nutU'r, 
Mutter,  Fruchthalter.  The  Talmudists  called  the 
uterus  "the  sleeping  chamber,"  of  which  the  cervix- 
was  "the  porch." 

History. — It  was  probably  known  to  the  ancients 
from  an  early  period,  though  it  would  .seem  that  at 
first  no  very  clear  distinction  was  made  between  it 
and  the  vagina.  The  Greek  physicians  supposed  it 
to  be  movable,  ascending  upward  toward  the  dia- 
phragm when  excited  and  thus  producing  a  variety 
of  disorders.  Plato  calls  it  a  wild  beast  which  never 
follows  reason,  and  which,  through  non-satisfaction 
of  its  desires,  roams  about  in  the  body  and  also  excites 
inordinate  lust.  That  this  view  existed  also  among 
the  Hebrews  may  perhaps  be  inferred  from  Prov. 
XXX.  15,  16.  Soranus  first  showe<l  that  its  attach- 
ments were  such  that  this  movement  was  impossible, 
yet  the  error  did  not  disappear  from  medical  science 
until  the  practice  of  dissection  became  general. 
Galen,  considering  that  the  female  should  possess  all 
the  organs  of  the  male,  supposed  it  to  be  the  homo- 
logue  of  the  penis,  withdrawn  from  sight  in  accordance 
with  the  colder  nature  of  the  sex.  The  muscular 
character  of  the  uterus  was  first  demonstrated  bv 
Arantius  (15,30-89). 

Definition. — .\  single,  hollow,  median,  and  sym- 
metrical structure,  peculiar  to  mammals,  situated  in 
the  cavity  of  the  pelvis  between  the  rectum  and  the 
urinary  bladder.  It  is  formed  by  the  thickened  con- 
fluence of  the  Ml'iUerian  ducts,  and  serves  as  the  organ 
of  gestation  and  parturition.  It  receives  the  im- 
pregnated ovum,  maintains  it  during  embryonic  and 
fetal  development,  and  expels  the  fetus  at  maturity. 
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The  function  of  chilfl-bearing,  which  appears  to  be 
the  most  important  one  of  the  female  economy,  has  a 
remarkable  effect  upon  the  organ  that  contains  and 
nourishes  the  developing  embryo,  affecting  profoundly 
its  size  and  its  anatomical  organization.  This  organ 
is  also  subject  to  a  series  of  rhythmic  changes,  habit.s 
impres.sed  ujjon  it  as  a  periodical  preparation  for  gesta- 
tion and  known  as  menstruation.  The  function  of 
gestation,  and  in  a  minor  degree  that  of  menstruation, 
entail  anatomical  variations  greater  than  are  found 
in  any  other  organ  of  the  body. 

Form. — The  nulliparous  uterus  (Fig.  2719)  has  the 
shape  of  an  inverted  flask,  flattened  and  slightly  bent, 
from  behind  forward.  The  older  anatomists  com- 
pared it  to  a  cucurhituln  or  eu|)ping  glass,  so  called 
because  of  resemblance  in  shape  to  a  small  gourd  or 
cucumber.  Indeed,  the  shape  of  the  uterus  is  quite 
accurately  represented  by  that  of  a  short  cucumber, 
slightly  larger  at  one  end  than  at  the  other,  and  bent 
near  the  smaller  end. 

Divisions. — Its  expanded  upper  portion  is  the  body 
or  corpus,  its  narrower,  lower  part  the  neck  or  ceritx, 
while  the  slight  constriction  between  these  is  the 
isthmus.  From  either  side  of  the  organ,  at  its  upper 
part,  are  given  off  the  so-called  aniirxa:  the  oviduct, 
the  round  and  ovarian  ligaments,  which  latter  con- 
nect with  the  ovaries  (see  Fig.  2706).  The  part  of 
the  uterine  body  above  the  plane  passing  horizontally 
through  the  insertions  of  the  annexa  is  termed  the 
fundus,  and  the  part  below  that  plane  is  sometimes 
distinguished  as  the  body  proper  (corpus  proprium). 

The  lower  part  of  the  neck  is  embraced  by  the 
vagina,  like  a  sleeve,  the  line  of  adherence  running 
obliquely  and  extending  farther  down  in  front  than 
behind  (Fig.  2720).  The  cervix  is  thus  divided  into 
a  supravaginal  and  a  vaginal  portion.  To  the  pal- 
pating finger  the  vaginal  portion  feels  like  a  hard, 
smooth  projection  with  a  central  depression  or  slit, 
the  orificium  exterytutn,  or  external  orifice  of  the 
cavity  of  the  uterus.  Its  peculiar  shape  and  con- 
sistence led  Lieutaud  to  call  it  the  mu-^^eau  de  tanche, 
the  tench's  muzzle,  or,  in  Latin,  os  tincw,  which  has 
become  by  usage  os  uteri  or  os  uteri  externum,  the 


Fig.  2720. — Junction  of  the  Uterus  and  the  Vagina,  showing 
the  Segments  of  the  Cer\-is,  (Testut.)  1.  Vagina,  with  2,  its 
anterior  wall;  3,  its  posterior  wall;  4.  its  mucous  membrane;  5, 
body  of  the  uterus:  6,  cervix  of  uterus,  with  a.  its  eitravaginal 
portion:  b,  its  vaginal  portion:  c,  its  intravaginal  portion  or  os 
uteri;  7,  anterior  cul-de-s.ic:  8,  posterior  cul-de-sac;  x.  j,  separates 
the  body  and  the  neck  of  the  uterus. 

mouth  of  the  uterus.  It  will  be  perceived  that  this 
term  applies  to  the  entire  vaginal  portion  of  the 
cervix  rather  than  to  the  orifice  itself.  This  orifice 
is  rounded  in  nullipara",  and  in  those  who  have  borne 
children  is  a  short,  transverse  slit,  often  with  some- 
what irregular  edges,  the  lip.f  or  labia  (Fig.  2721). 
The  anterior  lip  is  the  thicker  and  the  lower.  Both 
lips  are  in  contact  with  the  walls  of  the  undistended 
vagina  (Fig.  2722). 

From  the  sides  of  the  uterus  its  peritoneal  invest- 
ment is  continued  laterally  in  the  form  of  the  broad 
ligamen^,  between  whose  layers  are  the  vessels  and 
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nerves  for  the  supply  of  the  organ,  which  thus  pene- 
trate at  what  may  be  called  its  lateral  edges. 

The  body  comprises  about  two-thirds  of  the  entire 
organ.  Its  upper  end,  the  fundus,  is  free  and  covered 
by  closely  adherent  peritoneum.  It  is  smooth  and 
glistening,  and  the  superincumbent  coils  of  intestine 

A-  B 


The  External  Orifice  of  the  Uterus.     (Testut.)     / 
B,  in  a  primipara:  C,  in  a  multipara 

glide  over  it  with  a  minimum  of  friction.  In  nulli- 
parfe  it  has  but  little  convexity,  but  after  repeated 
pregnancies  it  becomes  markedly  rounded  both 
anteroposteriorly  and  from  side  to  side  (Fig.  2723). 
By  its  continuity  on  either  side  with  the  oviducts 
are  formed  the  angles  of  the  uterus.  In  most  lower 
animals  these  angles  are  much  more  marked,  owing  to  a 
less  complete  fusion  of  the  MuUerian  ducts.  In  the 
human  species  also  a  bicornuate  uterus  is  occasionally 
seen.  The  posterior  surface  of  the  body,  rounded 
and  smooth,  can  be  seen  from  above  when  the  pelvic 
cavity  is  opened  and  the  intestines  are  removed; 
the  anterior  surface,  however,  is  not  visible,  it  being 
in  contact  with  the  bladder,  which  imparts  to  it  a 
slight  flattening. 

The  cervix  is  of  a  nearly  cylindrical  form,  slightly 
enlarged  at  the  middle  in  nullipara,  much  less  or  not 
at  all  in  those  who  have  had 
repeated  pregnancies. 

The  vaginal  (intravaginal) 
portion  of  the  cervLx  is  a 
rounded  projection,  having 
under  physiological  conditions 
a  rosy  color  and  a  firm  con- 
sistence. Its  base  is  circular 
in  virgins,  slightly  elliptical  in 
those  who  have  borne  children 
(Fig.  2721).  The  external 
orifice  varies  much  in  shape 
and  in  the  appearance  of  its 
lips.  Rounded  in  the  virgin, 
it  becomes  a  slit  in  the  primi- 
para, and  after  repeated  preg- 
nancies is  gaping,  irregular, 
and  puckered,  the  lips  often 
presenting  scars  or  fissures. 
In  these  cases  the  cervix  un- 
dergoes considerable  absorp- 
tion. 

Cavity. — The  walls  of  the 
uterus  are  from  10  to  15  mm. 
thick  in  nulliparae  (Fig.  2719, 
/i,  C),  somewhat  greater  in 
multipara?  (Fig.  2723,  B), 
diminished  a  little  at  the  neck 
and  at  the  orifices  of  the  ovi- 
ducts. This  thickness  nearly 
obliterates  the  lumen,  but 
there. is  a  virtual  cavity  divisi- 
ble into  two  parts:  an  upper,  triangular,  transversely 
placed  cleft,  the  cavam  uteri,  belonging  to  the  body  of 
the  uterus;  and  a  lower,  fusiform  portion,  the  cervical 
canal  (canalis  cervicis)  belonging  to  the  neck.  A  con- 
tracted pass,  the  internal  orifice  (as  uteri  internum), 
unites  the  two. 

The  shape  of  the  cavum   uteri  is  triangular,   or, 
more  accurately,  it  is  formed  by  three  slender  tri- 
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Fig.  2722.  —  Section 
through  the  Middle  of  the 
Uterus  and  Upper  Part  of 
Vagina.     (Henle.) 


angles  united  by  their  bases;  the  two  upper  ones,  the 
cornua,  leading  to  the  orifices  of  the  oviducts,  the 
third  leading  downward  to  the  internal  orifice.  In 
multiparae  this  shape  is  somewliat  modified,  the 
cornua  enlarging  at  the  expense  of  the  lower  triangle. 
Traces  of  the  primitive  union  of  the  MUllerian  ducts 
can  usually  be  found  in  young  per- 
Q  sons,  either  as  a  marked  raphe  or  as 

a  triangular  depression,  on  the  an- 
terior and  posterior  w-alls.  Some- 
times the  entire  cavity  is  divided  and 
the  uterus  thus  becomes  bilocular  like 
that  of  rodents.  Among  the  older, 
fanciful  views  with  reference  to  gen- 
eration, was  one  that  male  children 
were  developed  on  the  right  side  of 
the  uterus,  females  on  the  left,  the 
.    .  male  seeking  the  warmth  of  the  liver 

In  the  virgin;  (Galen).     It  has  been  suggested  that 

the   rare  cases  of  superfetation  that 
have  been  noted  can  be  explained  by 
an  anomalous,  bilocular  condition  of  the  uterus. 

The  internal  orifice,  often  called  the  internal  os,  is 
really  a  passage  four  or  five  millimeters  in  length, 
corresponding  to  the  isthmus  of  the  uterus.  It  fre- 
quently is  smaller  than  the  externa!  orifice,  and  offers 
more  resistance  to  the  probe.  The  columns  of  the 
next  section  are  prolonged  into  it. 

The  cervical  canal  expands  somewhat  on  passing 
from  either  end  tow'ard  the  middle.  The  mucous 
membrane  of  its  anterior  and  posterior  surfaces  pre- 
sents a  series  of  remarkable  folds,  constituting  the 
arhoroe  vit  ulerince  of  the  older  anatomists  (Fig.  2724). 
Rimning  axially  along  each  wall  is  a  slightly  elevated 
ridge  or  column,  from  which  arises  a  series  of  penni- 
form  folds,  the  plicee  palmato',  which  may  divide  and 
subdivide,  the  whole  presenting  an  appearance  some- 
what like  the  ribs  of  a  leaf.  The  folds  are  so  ar- 
ranged that  those  on  opposite  sides  of  the  neck  fit  into 
each  other. 

The  capacity  of  the  cavity  of  the  unimpregnated 
nulliparous  uterus  is  but  slight,  the  walls  being  for  the 
most  part  everywhere  in  contact  or  separated  by  a  thin 
layer  of  mucus.  It  is  estimated  at  from  2  to  5  c.c,  or 
fl.  3  ss.  to  fl.  3  1 3-  In  multiparae  it  increases  to  from 
6  to  8  c.c,  or  fi.  5  li  to  2i  (Guyon). 

Dimensions.- — The  following  table  represents  aver- 
ages from  measurements  made  bj-  Rieffel,  \\'aldeyer, 
and  others. 

Nulliparffi.       Multiparffi. 
Milhmeters.   Millimeters. 

Total  length 60  70 

Length  of  body 35  45 

Length  of  neck 25  25 

Length  of  vaginal  portion  of  neck 10  10 

Breadth  between  insertions  of  oviducts. .  40  45 

Breadth  at  isthmus 20  30 

Breadth  at  middle  of  CTvix 25  30 

Thickness  (anteroposterior  diameter)    of 

body 20  30 

Thickness   (anteroposterior  diameter)   of 

neck 20  25 

Total  length  of  cavity 55  60-65 

Length  of  cavity  of  body 25  31-40 

Length  of  cavity  of  isthmus 5  3-5 

Length  of  cavity  of  neck 25  20-24 

Breadth  of  cavity  between  oviducts 24  30-35 

Breadth  of  cavity  at  isthmus 4 

Breadth  of  ca\-ity  at  middle  of  cervix. .. .  8  9 

Depth       (anteroposterior      diameter)    of 

cavity j  12 

Thickness  of  walls  of  body 10-15  20 

Thickness  of  walls  of  neck 8-10  15 

Millimeters. 

Total  length  of  uterus  of  child 25-35 

Total  length  of  senile  and  atrophied  uterus 30 

Pregnant  uterus  in  the  last  month: 

Greatest  length 360 

Breadth  of  body 250 

Thickness  of  body 240 

Length  of  cervis 45-50 


fi 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Genital  Organs  Female 


As  a  f^fiieral,  rough  estimation  it  may  be  said  tliat 
the  adult,  uuUiparous  uterus  is  three  inches  long  by 
two  inches  wide  and  one  inch  thick. 

Weighl. — According  to  Rieffel  the  weight  of  the 
milliparous  uterus  averages  forty  grams,  ranging  from 
thirty-two  to  fifty.  The  weight  of  the  multiijarous 
uterus   is   considerably   greater,    averaging   fifty-five 


Fig.  2723. — Multiparous  Uterus  of  Twenty-six  Years.  (Sappey.) 
A.  Anterior  face — ],  Body,  much  longer  than  cervix;  2,  cervix, 
shorter  than  body:  3,  isthmus;  4,  os  uteri;  5,  external  orifice, 
having  the  figure  of  a  transverse  slit:  6,  6,  upper  end  of  vagina 
continuous  with  the  neck  at  the  base  of  the  os  uteri.  B.  The 
uterine  cavity — 1.  Cavity  of  the  body;  2,  its  left  lateral  border; 
3,  3.  its  superior  border  or  base;  4,  4,  its  superior  angles,  continuous 
with  the  oviducts;  5,  its  inferior  angle,  forming  the  internal  orifice; 
0.  cervical  canal:  7.  arbor  vitie  of  its  posterior  wall;  S.  posterior  lip 
of  the  OS  uteri  externum;  9,  upper  end  of  the  vagina. 

grams  and  varying  from  forty-eight  to  seventy.  Wald- 
eyer  reports  the  weight  of  the  uterus  during  the  last 
month  of  pregnancy  as  from  900  to  1,200  grams. 
Roughly  speaking,  it  may  be  said  that  the  weight  of 
the  uterus  varies  from  one  ounce  avoirdupois  in  the 
unimpregnated  female  to  two  pounds  in  the  parturient 
one.  The  specific  gravity  of  the  uterine  substance  is 
1.052. 

Consistence. — During  life  the  uterus  is  soft,  dcpres- 
sible,  and  flexible,  especially  at  the  isthmus.     This  is 


FlQ.  2724. — The  Arbor  Vila  or  Plicm  Palmala  of  the  Wall  of 
the  Cervical  Canal  shown  by'  Cutting  a  Section  from  the 
Wall.  (Nagcl.) 

more  marked  in  nullipara^.  After  death,  from  cadav- 
eric rigidity  and  the  emptying  of  the  vessels,  it  be- 
comes more  firm  and  unyielding. 

Position. — The  uterus"  not  being  rigidly  bound,  is 
subject  to  a  wide  range  of  variations  in  position, 
many  of  which  are  compatible  with  health.  Thus 
it  may,  as  a  whole,  be  turned  forward,  backward. 


or  sideways  (anteversion,  retroversion,  lateroversion); 
it  may,  as  a  whole,  be  disjilaced  in  the  horizontal  plane 
(anteposition,  retroposition,  latcropositionj;  it  may  be 
raised  or  lowered  (elevation,  depression);  it  may  be 
bentupon  itself  (anti-tlexion,  retroflexion,  laterofiexion) 
the  bending  usually  occurring  at  the  isthmus;  or 
it  mav  be  twisted  upon  its  own  axis  (torsion).  Sev- 
eral of  these  displacements  are  often  combined.  It  is 
not  surprising,  therefore,  that  there  should  have  been 


\         \ 


Fia.  2725. — Normal  Posi- 
tion of  the  Uterus  in  the 
Virgin.     (Schultze.) 


Fic:,  272H. — Normal  Position 
of  the  Uterus  in  a  Multipara. 
(.Schultze.J 


much  discussion  as  to  the  normal  position  of  the  or- 
gan. Nagel,  Waldeyer,  Rieffel,  and  most  recent 
writers  hold  that  the  typical  position  of  the  uterus,  as 
derived  from  a  stud.v  of  its  embryonic  development 
and  general  tendencies,  is  as  follows: 

In  the  healthy  and  normal  adtilt  female,  standing 
in  the  erect  position,  with  rectum  and  liladder  approxi- 
mately empty,  the  uterus  is  antevcrted  and  ante- 
llexed  (Figs.  2708,  272.5,  272(5).  The  axis  of  the 
cervical  canal  corresponds  nearly  to  the  axis  of  the 
pelvis,  the  external  orifice  being  at  the  height  of  the 
top  of  the  symphysis  pubis.  The  axis  of  the  body 
is  nearly  horizontal,  the  fundus  does  not  reach  the 
lilane  of  the  superior  strait,  and  is  some  distance  be- 
hind the  symphysis. 


FlQ.  2727. — Situation  of 
the  Uterus  during  Repletion 
of  the  Bladder.     (Schuhze.) 


Fio.  2728. — Situation  of 
the  Uterus  during  Repletion 
of  the  Bladder  and  Rectum. 
(Schultze.^ 


This  typical  position  may  be  altered  by  a  variety 
of  causes  and  thus  a  number  of  secondary  positions 
be  produced,  all  of  which  may  be  normal  in  the  sense 
that  they  in  no  way  interfere  with  the  functions  of  the 
uterus  nor  with  those  of  the  surrounding  organs. 
Thus  it  mav  be  pushed  backward  by  a  distention  of 
the  bladder  (Fig.  2727),  or  forward  by  a  distention  of 
the  rectum,  or  consideraVily  elevated  by  a  distention 
of  both  at  the  same  time  "(Fig.  2728).     The  posture 
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of  the  subject,  acting  upon  the  abdominal  contents 
as  well  as  upon  the  uterus,  has  some  effect.  Thus  the 
knee-elbow  position  of  gynecologists  throws  the  vis- 
cera toward  the  diaphragm  and  causes  the  fundus  of 
the  uterus  to  be  directed  more  toward  the  umbilicus. 
The  expulsive  action  of  the  muscles  of  the  abdominal 
■wall,  by  pushing  downward  the  intestines,  aflects  the 
anteflexion  and  anteversion,  and  at  the  same  time  de- 
presses the  organ.  Even  the  action  of  respiration  has 
a  slight  effect.  The  state  of  tonicity  of  the  pelvic 
floor  and  the  vaginal  walls  and  the  repletion  of  the 
vessels  have  also  considerable  influence. 

Fixation. — The  position  of  the  uterus  is  maintained 
by  the  following  connections:  (1)  with  the  vagina 
and  bladder;  (2)  with  the  pelvic  fascia  by  means  of  the 
parametrium  and  its  vessels;  (.3)  with  the  pelvic  peri- 
toneum by  the  broad  ligament;  (4)  by  special  bands 
known  as  the  round  and  uterosacral  ligaments. 

The  attachment  of  the  vagina  (Fig.  2720)  is  along  a 
one  from  six  to  eight  millimeters  in  breadth,  and  is 
very  intimate,  the  muscuLar  and  connective  tissue  and 
the  mucous  membrane  of  the  two  organs  being  contin- 
uous, as  might  be  expected,  considering  that  both  were 
originaUy  developed  from  the  same  tubular  structure. 

The  neck  of  the  uterus  is  attached  to  the  fundus  of 
the  bladder  by  loose  connective  tissue  containing 
numerous  veins.  The  vesicouterine  fold  of  the  peri- 
toneum closes  the  connection  above.  This  usually 
descends  only  as  far  as  the  isthmus  of  the  uterus  (Fig. 
2719,  B,  2),  but  in  multipara  is  occasionally  seen  to 
reach  the  vagina,  in  which  case  the  uterus  has  no  im- 
mediate union  with  the  bladder. 


front  a  uteropubic  sheet  passes  to  the  bladder  and 
thence  to  the  pubis.  Some  thickened  bands  of  this 
have  been  called  the  vesicouterine  ligaments.  Later- 
ally, through  the  base  of  the  broad  ligament,  along 
the  vessels  and  nerves  that  enter  here  and  them- 
selves constitute  an  elastic  band,  can  be  traced 
sustaining  bands  that  have  been  called  by  Kocks 
the  cardinal  ligaments.  It  will  be  seen  that  the  neck 
of  the  uterus  is  thvis  suspended  hammock-wise  in  a 
network  of  connective-tissue  cordage. 

The  broad  ligaments  {ligamenta  lata  uleri,  Figs. 
2706,  2730,  2731)  are  formed  by  reflections  of  the 
pelvic  peritoneum  upon  the  uterus  and  the  anncxa. 
Together  they  constitute  a  common  mesentery  for 
these  organs.  When  spread  out  each  has  the  appear- 
ance and  shape  of  a  membranous  wing,  which  led 
De  Graaf  to  style  it  the  ala  vespertilionis,  or  bat's 
wing;  and  the  French  anatomists  still  use  the  term 
ailerons,  or  little  wings,  for  its  subordinate  divisions 
(Fig.  2706,  a,  b,  c).  The  external  insertion  or  hilum — 
that  is  to  say,  the  line  where  the  ligament  is  reflected 
upon  the  lateral  wall  of  the  pelvis — is  about  two  centi- 
meters behind  the  transverse  diameter  of  the  superior 
strait,  a  little  in  front  of  the  hypogastric  artery.  It 
passes  u]:)  over  the  psoas  and  the  external  iliac  vessels, 
surrounding  the  suspensory  ligament  of  the  ovary  and 
the  ovarian  vessels  and  nerves,  where  it  is  lost. 
Waldeyer  has  given  to  this  upwardly  extending  process 
the  name  of  mesodesma  stispensorium.  Its  inferior  or 
basal  insertion  is  broad  and  situated  on  the  pelvic 
floor  nearly  in  the  biischiatic  line  (Fig.  2730).  Its 
upper  edge  contains  the  oviduct,   and,  beyond  the 
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FiQ.   2729. — The  Uterus,  Oviducts,  and  Ovaries,  seen  from  Behind.      (Spalteholz.) 


pouch  of  Douglas 


The  pelvic  fascia,  or  sheet  of  connective  tissue  that 
lines  the  pelvic  cavity,  has  necessarily  important  rela- 
tions with  the  uterus,  since  that  organ  is  itself  a  por- 
tion of  the  pelvic  floor.  This  fascia  varies  greatly  in 
its  consistency,  in  some  situations  being  loose  and  offer- 
ing but  little  resistance;  in  others  being  condensed  into 
l)ands  and  sheets  that  fix  and  restrain  the  organs  with 
which  it  is  united.  It  is  particularly  associated  with 
the  great  vascular  trunks,  and  often  contains  in  its 
meshes  masses  of  fat.  Virchow  proposed  the  name 
parametrium  for  the  extensions  of  this  fascia  that  in- 
vest and  are  immediately  adjacent  to  the  uterus. 
They  reach  the  viscus  by  the  base  of  the  broad  liga- 
ment, along  the  br.anches  of  the  uterine  artery,  and 
cover  its  lateral  edges  and  the  supravaginal  portion 
of  the  cervix,  extending  upward  a  varying  distance 
under  the  peritoneal  covering  and  gradually  disappear- 
ing as  they  reach  the  upper  part  of  the  body. 

Behind,  a  uterosacral  sheet  can  be  traced  along  the 
sides  of  the  rectum  to  the  sacrum  and  the  coccyx;  in 


ovary,  is  continued  upon  the  suspensory  ligament. 
From  its  anterior  surface  is  raised  a  smaU  fold  con- 
taining the  round  ligament  (mesodesma  teres  of  Wal- 
deyer), while  from  its  posterior  surface  the  ovarian 
ligament  and  the  ovary  itself  are  suspended  by  the 
mesovarium.  The  portion  above  this  fold  is  thin, 
contains  the  remains  of  the  Wolffian  body  and  its 
ducts  with  b\it  little  connective  tissue,  and  is  known  as 
the  mesosalpinx;  that  below  its  thicker,  and,  since 
it  affords  the  special  investment  of  the  uterus,  is 
called  the  mesomctrium.  There  is  here  found  a  con- 
siderable amount  of  loose  connective  tissue  (para- 
metrium), the  uterine  vessels  and  nerves  and  the 
ureter,  besides  a  thin  layer  of  smooth  muscular  fibers 
continuous  with  the  muscular  tissue  of  the  uterus. 

The  anteflexed  position  of  the  uterus  bends  forward 
the  t%vo  ligaments  so  that  they  form  a  shelf  that  sup- 
ports the  intestines  (Fig.  2720),  and  which,  while 
almost  vertical  at  the  sides,  is  nearly  horizontal  in  the 
middle.     It  divides  the  pelvis  into  two  cavities  or 
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pockets,  a  rectouterine  behind  and  a  vesicouterine  in 
front. 

The  portion  of  the  mesometrium  that  immediately 
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FlQ.  2730. — -Anteroposterior  Section  through  the  Female  Pelvis  Four  Centimeters 
to  the  Right  of  the  Median  Line.  (Toldt.)  The  section  cutsthe  broad  ligament  and 
shows  the  continuity  of  its  two  peritoneal  layers  with  the  parietal  peritoneum  of  the 
pelvic  floor.  It  also  shows  the  parametrium,  the  pelvic  diaphragm,  and.  under  it. 
the  fatty  tissue  of  the  ischiorectal  fossa.  The  uterus  is  shown  more  erect  than 
normal.     Made  from  a  frozen  preparation. 

invests  the  uterus  is  called  the  perimetrium.  Behinrl, 
it  is  continuous  with  the  peritoneal  covering  of  the 
rectum;  in  front,  with  that  of  the  bladder.  In  the 
latter  situation  it  reaches  the  uterus  about  at  the 
isthmus,  forming  the  ulcrovesical  fold,  and  is  then  re- 
flected over  the  anterior  surface  of  the  body,  the 
fundus,  the  posterior  surface  of  the  body,  and  the 
supravaginal  surface  of  the  neck,  passing  thence  to 
the  upper  part  of  the  vagina  and  then  being  reflected 
upon  the  rectum,  forming  the  rectovaginal  fold  (fold 
of  Douglas,  Fig.  2729).  This  fold  is  interrupted 
laterally  by  two  bundles  of  smooth  muscular  fibers 
which  pass  from  the  uterus  along  the  sides  of  the 
rectum  to  the  sacrum.  These,  the  uterosacral  liga- 
ments, do  not  reach  as  low  as  the  bottom  of  the  fold, 
and  there  is  consequently  formed  between  them  a 
well-marked  pocket,  lying  between  the  uterus  in 
front  and  the  rectum  behind,  which  is  known  as  the 
rectovaginal  pouch  or  pouch  of  Douglas  {excavatio 
rectouterina) ,  from  James  Douglas,  professor  of  anat- 
omy and  surgery  in  London  (16-42-1675).  This  pouch 
is  the  lowest  portion  of  the  abdominal  cavity,  and 
any  effusions  are  likely  to  collect  there.  It  can  easily 
be  palpated  through  the  vagina. 

It  has  already  been  mentioned  that  the  ovarian 
and  round  ligaments  represent  portions  of  the  genito- 
inguinal  ligament  or  gubernaculum  of  the  genital 
gland,  which,  instead  of  remaining  free  throughout 
its  covirse,  has  become  attached  to  the  uterus — that  is 
to  say,  to  the  enlarged  Miillerian  duct  (Fig.  2701). 
Accordingly  the  ovarian  ligament  is  inserted  upon  the 
uterus  behind  the  superior  cornu,  while  the  round 
ligament  arises  from  in  front  of  the  same,  a  little 
below  the  insertion  of  the  oviduct.  The  round  liga- 
ment then  passes  down  l^etween  the  layers  of  the  meso- 
metrium and  the  parametrium,  above  the  ureter,  the 
uterine,  the  vesicovaginal,  the  obturator,  and  the 
external  iliac  vessels  to  the  internal  abdominal  ring, 
lifting  up  the  peritoneum  as  it  passes  to  form  a  slight 
investment  (mesodesma  teres,  AValdeyer).  It  then 
passes  through  the   inguinal   canal,   sometimes   sur- 


roiiiided  by  a  peritoneal  diverticulum,  called  the  canal 
of  Nuck  (Anton  Nuck,  professor  at  Leyden,  1050-92) 
and  having  about  the  same  relations  as  the  spermatic 
cord  of  the  male.  Finally  its  fibers 
separate  to  be  inserted  in  the  subcu- 
taneous ti.ssues  of  the  labium  majus. 
The  round  ligaments  deserve  that  appel- 
lation only  in  the  middle  of  their  course; 
in  their  upper  part  they  are  flattened, 
below  expanded  in  a  fan-like  manner. 
They  are  twelve  to  fifteen  centimeters 
in  length,  about  three  to  five  centi- 
meters broad,  and  are  composed  mo.stly 
of  muscular  tissue,  having,  therefore,  no 
great  tensile  strength.  During  preg- 
nancy they  increase  to  four  times  their 
normal  size. 

The  uterosacral  ligaments  have 
already  been  mentioned.  They  are 
tibromuscular  bundles  that  jjass,  from 
ju.st  below  the  isthmus  of  the  uterus, 
backward  along  the  sides  of  the  rectum 
to  the  sacrum.  Occasionally  secondary 
uterolumbar  bands  are  seen  that  are  in- 
serted on  the  last  lumbar  vertebra. 

Relations. — The  anteroinferior  surface 
of  the  body  is  often  called  the  vesical 
surface  because  of  its  contact   with   the 
bladder.     It  appears  normally  to  remain 
in  contact  with  that  organ,  lying  upon 
it   as  upon  a   water-bed   and  adapting 
itself  to   its  states  of  repletion  and  de- 
pletion.    Coils  of  intestines  rarely  insin- 
uate themselves  between  these  organs. 
The  superoposterior  surface  is  called  the 
intestinal  surface  because  it  is  covered 
with  coils  of  the  small  intestine  or  of  the  pelvic  colon. 
These   never  descend,   however,   into   the   pouch   of 
Douglas. 


;     :l'Jica  um1>ilicalis 
!  inc<Jt.-\ 

liamiia  suiifrlor  nixis 

■Vesica  urinaria 

'M  ftbtiirntfir  infeniun 
Peritonaeum  jtarictalc 


Fig.  2731. — Sagittal  Section  of  the  Bro.id  Ligament  fright  side, 
inner  surface  of  section).  (Testut.)  1.  Broad  ligament,  with  1', 
its  anterior  layer;  1",  its  posterior  layer;  2,  mesosalpinx:  3,  meso- 
desma teres;  4,  mesovarium;  5.  oviduct;  6.  round  ligament;  7. 
ovary,  with  7',  its  hilum  and  vessels;  S,  ovisacs;  9.  uterine  artery; 
10,  uterine  veins;  11.  areolar  tissue  of  peUis;  12,  ureter. 

The  principal  relations  of  the  neck  of  the  uterus  are 
with  the  ureter  and  the  uterine  artery.     The  ureter, 
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passing  down  obliquely  through  the  base  of  the  broad 
ligament,  crosses  the  external  border  of  the  neck  a  little 
below  its  internal  orifice,  passes  along  the  cervical 
attachment  of  the  vagina  for  about  one  centimeter, 
and  reaches  the  anterior  wall  of  the  vagina  at  about 
the  level  of  the  external  orifice  of  the  cervix.  It  is 
here  surrounded  by  loose  connective  tissue  and  by 
veins.  In  this  course  the  ureter  may  lie  immediately 
against  the  cervix  and  is  rarely  more  than  two  centi- 
meters from  it.  The  uterine  artery  crosses  the  ureter 
at  about  the  level  of  the  vaginal  portion  of  the  cervix 
and  at  an  average  distance  of  two  centimeters  from 
its  border. 

The  relations  of  the  uterus  to  the  skeletal  framework 
have  already  been  mentioned.  From  Fig.  2732  it  will 
be  seen  that  the  external  orifice  of  the  cervix  is  situ- 


.  Fia.  2732. — Scheme  showing  the  Relations  of  the  Uterus  to  the 
Skeleton.  (Rieffel.)  i,  y.  Axis  of  pelvic  cavity;  a,  h,  plane  of 
superior  strait;  r,  d,  line  from  superior  fourth  of  symphysis  to 
sacrococcygeal  articulation;  e,  /,  horizontal  through  union  of 
fourth  and  fifth  sacral  vertebree;  i\/,  vertical  through  fundus;  N, 
vertical  through  internal  orifice;  P,  vertical  through  external 
orifice. 

ated  near  the  point  where  a  line  drawn  from  the  up- 
per fourth  of  the  sj^mphysis  pubis  to  the  sacrococcy- 
geal articulation  intersects  the  axis  of  the  pelvic 
cavity.  It  is  really  slightly  behind  this  point  and 
therefore  a  little  nearer  the  posterior  wall  of  the  true 
pelvis.  According  to  Waldeyer  it  is  in  the  frontal 
plane  passing  through  the  two  spines  of  the  ischium. 
In  the  figure  it  is  shown  slightly  forward  of  this  plane. 
The  fundus  is  about  twenty  to  twenty-five  milli- 
meters behind  the  symphysis  pubis.  The  lowest 
point  of  the  uterus — that  is  to  say,  the  anterior  lip 
of  the  OS — is  on  a  level  with  the  superior  third  of  the 
symphysis  and  the  last  coccygeal  vertebra.  The 
highest  part  of  the  uterus  in  its  typical  position  is  not 
the  fundus  but  the  posterior  surface  of  the  body.  It 
corresponds  to  a  horizontal  plane  carried  through 
the  fourth  sacral  vertebra  (Waldeyer)  or  a  little  below 
(Rieffel).  A  vertical  through  the  internal  orifice  of 
the  cervix  passes  a  little  behind  the  middle  of  the 
perineum.  Another  through  the  external  orifice 
passes  through  the  posterior  fourth  of  the  perineum. 
According  to  Waldeyer,  a  vertical  passing  through 
the  anterior  part  of  the  fundus  reaches  the  middle  of 
the  urethrovaginal  septum.  In  the  figure  it  is  thrown 
a  little  forward  of  that.  As  the  uterus  is  subject  to 
considerable  changes  of  position,  these  data  can  only 
be  approximate. 

Structure. — The  walls  of  the  uterus  are  formed  of  a 
serous  coating  derived  from  the  peritoneum — the  peri- 
meirium;  a  subserous  layer  of  loose  connective  tissue — 
the  parametrium;  a  thick  mass  of  unstriped  muscular 
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fibers — the  myometrium;  and  the  mucous  membrane  or 
endometriuTn  that  lines  the  interior.  These  distinc- 
tions are  of  especial  value  in  studying  the  pathological 
conditions  of  the  organ. 

The  peritoneal  investment  has  already  been  con- 
sidered. Its  attachments  to  the  subjacent  layer,  or 
parametrium,  are  of  considerable  importance.  Where 
the  latter  tissue  is  abundant,  as  upon  the  posterior 
portion  of  the  cervix,  the  peritoneum  can  be  readily 
lifted  into  folds  or  stripped  off  by  the  finger  or  the 
handle  of  the  scalpel.  Where  entirelv  wanting,  as  on 
the  fundus  and  the  greater  portion  of  the  body,  the 
peritoneum  cannot  be  readily  removed  from  the  sub- 
jacent muscular  layer.  Between  these  areas  there  is 
an  intermediate  zone  both  on  the  anterior  and  on  the 
posterior  surfaces  of  the  uterus,  in  which  the  parame- 
trium is  scanty,  but  still  in  sufficient  quantity  to  per- 
mit one  to  dissect  off  the  serous  layer.  These  zones 
are  crescentic  in  form,  the  points  of  the  crescent  being 
at  the  insertion  of  the  round  ligament  in  front  and  the 
ovarian  ligament  behind.  The  posterior  crescent  ex- 
tends rather  farther  downward  than  does  the  anterior 
one.  The  application  of  these  facts  to  operative 
surgery  is  obvious. 

The  myometrium  or  muscular  tissue  of  the  uterus  con- 
stitutes almost  its  entire  mass.-  Indeed  it  may  be  said 
that  the  whole  organ  is  one  dense,  closely  knit  mus- 
cle, composed  of  fibers  interwoven  with  each  other  in 
every  direction,  interspersed  with  bundles  of  white 
fibrous  and  yellow  elastic  connective  tissue.  The 
elastic  fibers  are  especially  numerous  near  the  ex- 
ternal orifice,  and  are  believed  to  be  of  advantage  in 
the  e.xpansion  of  the  os  that  occurs  during  labor. 

While  it  is  not  possible  to  make  an  accurate  separa- 
tion of  the  muscular  tissue  into  sheets  distinguished 
by  the  direction  of  the  fibers,  as  is  done  in  other  hollow 
viscera,  it  is  convenient  and  customary  to  speak  of 
three  layers.  Of  these  the  middle  one  is  the  most  im- 
portant, as  it  is  distinguished  by  the  presence  of  large 
venous  trunks,  the  uterine  sinuses,  which  have  given 
it  the  name  of  the  vascular  layer.  The  muscle  bundles 
surround  tlie  vessels  in  every  direction,  so  that,  when 
they  contract,  the  blood  is  practically  squeezed  out, 
thus  affording  an  important  means  of  stopping  hemor- 
rhage after  labor.  This  arrangement  is  particularly 
noticeable  in  the  fundus,  the  usual  seat  of  the  placenta, 
and  is  not  found  upon  the  cervix. 

The  external  layer  is  also  composed  of  fibers  having 
every  direction;  it  is  not,  however,  so  rich  in  vessels. 
It  is  extended  outward  beyond  the  uterus  proper  upon 
the  attachments  of  the  organ:  the  broad,  round,  ova- 
rian, and  uterosacral  ligaments,  the  oviducts,  the  va- 
gina, the  bladder,  and  the  rectum.  The  internal 
layer  is  thin  and  formed  of  a  network  of  longitudinal, 
oblique,  and  circular  fibers,  the  latter  forming  sphinc- 
ter-like rings  around  the  entrance  of  the  oviducts.  At 
the  internal  orifice  of  the  cervix  they  form  an  annular 
bundle  sometimes  called  the  cervical  sphincter. 

The  endometrium,  or  mucous  lining,  has,  in  the 
healthy  uterus,  a  grayish-pink  appearance,  is  soft,  and 
easily  torn.  At  the  oviducts  and  vagina  it  is  continu- 
ous with  the  mucous  membrane  lining  those  organs. 
It  is  composed  throughout  of  a  ciliated  epithelium 
which  is  well  developed  only  during  the  period  of  sex- 
ual activity',  the  direction  of  the  ciliary  wave  being 
toward  the  external  orifice.  The  epithelium  is  seated 
upon  a  mcmbrana  propria,  but  without  any  submuco.sa, 
a  matter  which  should  be  remembered  in  the  curetting 
of  the  uterus,  as  the  instrument  readily  passes  through 
into  the  muscular  layers  and  may  produce  extensive 
lacerations  and  even  perforation. 

Some  differences  occur  between  the  lining  of  the 
body  and  that  of  the  cervix.  In  the  body  the  epithe- 
lium is  cylindrical,  its  nuclei  being  placed  at  about  the 
middle  of  the  cell;  the  protopkasm  is  easily  stainable. 
The  membrana  propria  is  a  network  of  connective- 
tissue  fibers  with  stellate  cells,  and  in  its  meshes  are 
found  cells  having  the  character  of  leucocytes,  so  that 
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the  tissue  appears  to  have  a  lymphoid  character.  On 
the  surface  of  the  membrane  are  seen,  spaced  at  dis- 
tances of  about  0.1-0.2  milhmeter.,  the  openings  of 
tubular  glands,  resembling  in  form  the  glands  of 
Lieberkiihn  of  the  small  intestine.  These  are  usually 
simple  but  sometimes  branched.  They  are  lined  with 
ciliated  epithelium,  the  direction  of  the  ciliary  wave 
being  from  the  fundus  toward  the  mouth  of  the 
gland.  Their  secretion  is  not,  in  a  healthy  state, 
very  abundant,  as  the  surface  is  merely  moistened 
with  mucus  which  has  an  alkaline  reaction. 

In  the  cervix  the  epithelial  cells  are  longer,  thinner, 
and  narrowed  at  the  base;  their  nuclei  are  either  in 
several  rows  or  situated  nearer  the  base,  and  the 
protoplasm  is  not  readily  stained.  The  glands  here 
are   more   utricular   in   character   and   incline   to    be 


the  mesosalpinx,  and  divides  into  its  terminal  branches 
In  its  course  it  lies  alongside  the  ureter  which  is  on 
its  inner  side,  separating  it  from  the  peritoneum.  In 
order  to  reach  the  uterus  it  must  cross  this  conduit, 
which  it  does  about  two  centimeters  from  the  lateral 
edge  of  the  cervix,  a  little  below  the  Lsthmus.  Its  pul- 
sation, can  sometimes  be  felt  during  vaginal  examina- 
tion. Its  course  along  the  sides  of  the  uterus  is  tor- 
tuous, especially  in  multipara?.  It  gives  ofT  branches  to 
the  broad  ligament  and  to  the  ureter,  a  cervicovaginal 
branch  of  considerable  size  that  descends  from  the 
uppi-r  ])art  of  the  vagina,  numerous  branches  for  the 
cervix  and  body  of  the  uterus,  and  finally  divides 
into  two  branches,  one  for  the  fundus  and  one  for  the 
oviduct — the  internal  tubal.  The  free  anastomosis 
with  the  ovarian  artery  has  already  been  mentioned. 
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Fig.  2733. — Lymphatic  Vessels  of  the  Uterus.      (Poirier.) 


branched.  They  secrete  an  extremely  viscid  mucus, 
difficult  to  remove,  which  fills  up  the  cervical  canal, 
especially  during  pregnancy  and  before  menstruation 
is  established.  There  are  not  infrequently  found  here 
small  retention  cysts  caused  by  the  closure  of  the 
mouths  of  these  glands.  These  are  the  so-called 
ovules  of  Naboth,  being  described  by  Martin  Xaboth 
of  Leipsic  (1075-1721),  who  supposed  them  to  be 
veritable  ova. 

Toward  the  cornua  of  the  body  the  epithelium  be- 
comes less  elongated  and  gradually  merges  with  that 
of  the  oviducts.  There  is  al.so  a  gradual  transition 
at  the  internal  os,  between  the  epithelium  of  the 
body  and  that  of  the  cervix.  At  the  external  orifice 
the  ciliated  epithelium  disappears  gradually,  giving 
place  to  the  many-layered  epithelium  of  the  vagina. 
The  line  of  demarcation  is,  in  the  virgin,  at  the  ex- 
ternal orifice,  but  after  repeated  pregnancies  it  is 
found  higher  up,  within  the  cervix. 

Arteries. — The  uterine  artery  is  the  principal  one 
that  supplies  the  organ,  but  blood  also  reaches  it  by 
the  ovarian  artery  and  the  artery  of  the  round 
ligament. 

The  uterine  artery  arises  from  the  anterior  trunk  of 
the  hypogastric,  often  in  common  with  the  superior 
vesical  artery.  It  passes  down  along  the  lateral  wall 
of  the  pelvis  nearly  to  the  level  of  the  spine  of  the 
ischium,  then  curves  forward,  enters  the  base  of  the 
broad  ligament,  and  proceeds  almost  horizontally 
toward  the  supravaginal  portion  of  the  cervix.  It 
then  ascends  along  the  lateral  border  of  the  uterus 
as  far  as  the  fundus,  where  it  curves  back  and  enters 


This  is  so  free  during  pregnancy  that  .some  authors 
have  considered  that  the  ovarian  vessel  gives  the 
principal  supply  to  the  uterus. 

The  artery  of  the  round  ligament  is  analogous  to 
the  external  spermatic  artery  of  the  male.  It  is 
derived  from  the  inferior  epigastric  artery  and  sends 
a  small  branch  upward  along  the  ligament  to  the 
uterus. 

Veins. — The  veins  of  the  uterus  are  extremely- 
numerous.  They  have  very  thin  walls,  so  that  on 
section  they  stand  open  and  appear  not  unlike  the 
sinuses  of  the  dura  mater.  From  the  vascular  layer 
of  the  uterine  wall  they  pass  out  as  trunks  of  con- 
siderable size,  uniting  along  the  edge  of  the  organ 
into  a  rich  network — the  uterovaginal  plexus — which 
extends  along  the  entire  length  of  the  uterus  and  the 
vagina,  surrounded  by  connective  tissue  and  smooth 
muscular  fibers.  This  discharges  at  the  height  of 
the  external  orifice  into  the  uterine  veins,  which  pa.ss 
outward,  following  the  general  course  of  the  artery. 

^Lymphatics. — The  lymphatics  of  the  uterus  (Fig. 
2733)  arise  from  three  plexuses:  one  submucous, 
another  muscular,  and  a  third  subserous.  The  trunks 
from  these  all  unite  in  the  subperitoneal  tissue  to 
form  a  fourth  plexus,  from  which  are  given  off  efferent 
trunks  that  reach  the  lumbar  glands. 

Nerves. — These  are  derived  from  the  h>-pogastric 
ovarian  plexuses  of  the  sympathetic  and  from  the 
third  and  fourth  sacral  nerves  of  the  cerebrospinal 
system.  The  fibers  are  mostly  of  the  non-medullated 
variety,  though  a  considerable  number  of  niedullated 
fibers  appear,   most  of  them   fine  but   some  of  con- 
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siderable  size.  They  unite  near  the  vaginal  junction 
to  form  the  uterovaginal  plexus,  which  contains  a 
plexiform  ganglion,  the  cervical  ganglion,  or  ganglion 
of  Lee  (R.  Lee,  1842).  Other  ganglia  are  said  to  occur 
near  the  uterine  attachment  of  the  ovarian  ligament. 
Rein  found,  in  rabbits  and  guinea-pigs,  numerous 
small  ganglia  about  the  cervix,  and  was  led  to  be- 
lieve that  no  nerves  reached  the  organ  without  passing 
through  a  ganglion.  This  has  not,  as  yet,  been  shown 
in  the  human  species.  As  to  the  endings  of  the  nerves, 
Gawronsky  and  Kalischer  saw  rounded  and  plate- 
like endings  in  the  epithelium  and  the  muscular 
tissue,  and  Herlizka  describes  meduUated  fibers  that 
end  with  free  dendrites  in  the  uterine  wall.  These 
would  appear  to  be  sensitive,  cerebrospinal  nerves, 
required  for  reflex  action. 

The  Vagina. — Etymology. — From  the  Latin  vagina, 
a  sheath  or  covering,  particularly  the  scabbard  of  a 
sword.  It  was  only  occasionally  and  figuratively 
used  to  indicate  the  sexual  passage.  The  older  anato- 
mists did  not  use  it  in  this  sense,  but  designated  the 
organ  as  the  collum  uteri.  Its  modern  use  was  estab- 
lished by  De  Graaf.  Greek,  koXvos,  a  sinus,  the 
womb;  whence  colpitis,  colpocele,  colporrhagia,  etc.; 
also  eXvTpop,  a  case,  a  sheath;  whence  elytrotomy, 
elytroptosis,  elytroplasty,  etc.  French,  vagin;  Italian, 
vagina;  German,  Scheide,  M  utter scheide. 

Definition. — The  dilatable,  musculomembranous 
conduit  that  extends  from  the  uterus  through  the 
pelvic  floor  to  the  vulva.  It  serves  as  an  organ  of 
copulation,  as  a  passage  for  the  evacuation  of  men- 
strual and  other  fluids  from  the  uterus,  and  for  the 
delivery  of  the  child  at  term. 

Form. — The  vagina  is  a  collapsible  tube  whose  walls 
are  in  contact  with  each  other,  and  whose  cavity 
exists  only  when  it  is  distended.  In  general  appear- 
ance it  is  not  unlike  some  parts  of  the  alimentary 
canal,  and  it  has,  indeed,  been  called  the  "genital 
intestine."  The  arrangement  of  the  apposed  walls 
is^afTected  by  the  neighboring  organs.     Above,  where 


Fia.  2734. — Cross-section    of  the   ^  igina      (Henle.)     L,    Levator 
ani;  R,  rectum;    U,  urethra,  cut  obliquely:    V,  vagina. 

they  surround  the  os  uteri,  a  transverse  section  shows 
the  tube  to  be  nearly  circular;  at  the  middle,  where 
the  muscular  walls  of  the  urethra  in  front  and  of  the 
rectum  behind  impinge  upon  them,  a  section  has  the 
form  of  a  transverse  slit  with  vertical  branches  at 
either  end,  like  a  letter  H  with  a  long  transverse  bar 
(Fig.  2734);  at  the  lower  end,  where  the  tube  unites 
with  the  anteroposterior  cleft  of  theVulva  it  becomes 
stretched  in  a  sagittal  direction,  and  in  virgins  is 
usually  partially  closed  by  a  fold  of  mucous  membrane 
termed  the  hymen.     In  children  the  tube  may  present 
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a  stellate  appearance  on  section,  and  after  frequent 
parturition    it    may   become  quite  irregvilar. 

When  distended  the  cavity  tapers  slightly  from 
above  downward,  being  narrowest  at  its  lower  ex- 
tremity. The  widest  part  is,  however,  a  little  above 
the  middle. 

Dii'idon. — The  upper  part  of  the  vagina,  where  it 
encircles  the  cervix  (Fig.  2720),  is  known  as  the 
fornix  or  vault.  This  extends  higher  behind  than  in 
front, 'Owing  to  the  anteverted  position  of  the  uterus. 
It  is  usual  to  designate  the  different  portions  of  this 


Fia  2735. — Direction  of  the  Vagina  (frozen  sutiject,  twenty- 
four  years.)  (Testut.)  1.  Symphysis  pubis;  2,  cervix  of  uterus; 
3,  vagina;  4,  urethra;  5,  anus;  x,  x,  plane  of  the  superior  strait; 
y,  y,  subpubic  horizontal;  z,  z,  horizontal  drawn  through  inferior 
orifice  of  vagina;  v,  v,  vertical  drawn  through  that  orifice;  a,  a, 
axis  of  the  vagina,  inclined  about  60°  to  the  horizontal. 

ring-like  space  as  the  anterior,  posterior,  and  lateral 
fornices  or  nds-de-sac.  The  main  portion,  of  the 
tvibe  is  called  the  body  of  the  vagina  {corpus  vaginw); 
its  widest  part  is  the  ampulla,  and  the  entrance, 
visible  when  the  labia  are  separated,  the  external 
orifice  or  introitus. 

Dimensions. — Measured  from  the  introitus  to  the 
external  orifice  of  the  uterus,  the  average  length  of 
the  vagina  is  seven  centimeters  (2j  in.),  varying 
between  four  or  five  centimeters  and  fourteen  centi- 
meters. This  is  one-fifteenth  that  of  the  entire  body, 
exclusive  of  the  limbs.  In  the  new-born  the  length  is 
2.5  to  3.5  centimeters  which  is  relatively  greater,  being 
one-ninth  of  the  body  length  (Luschka).  The  length 
of  the  shorter  or  anterior  wall  is  from  6.5  to  7.5  centi- 
meters (2|  in.)  while  the  longer,  posterior  wall  is 
from  8  to  8.5  centimeters  (3j  in.).  In  girls  of  thirteen 
years  Symington  found  the  anterior  wall  to  measure 
5.5  centimeters,  the  posterior  6.5  centimeters.  The 
anterior  cul-de-sac  is  shallow,  being  only  from  two 
to  five  millimeters  in  depth,  while  the  posterior  cul-de- 
sac  is  much  deeper,  being  from  ten  to  twenty-five 
millimeters.  The  vagina  is  susceptible  of  enormous 
dilatation  without  injury,  enlarging  sufficiently  to 
permit  the  passage  of  the  fetal  head  during  labor. 
Its  caliber  is  somewhat  greater  in  those  who  have 
borne  children. 

Situation  and  Direction. — In  its  passage  through  the 
pelvic  floor  the  vagina  lies  between  two  other  great 
conduits:  that  for  urine,  represented  by  the  bladder 
and  the  ureter,  being  in  front;  the  alimentary  canal, 
represented  by  the  rectum,  behind.  Divergent  be- 
low, these  approach  each  other  above  (Fig.  2735). 
The  vagina  is  usually  bent  backward  a  little  below 
and  forward  above,  having  a  course  like  a  much 
elongated  reversed  italic  S.  It  does  not  depart 
widely  from  the  axis  of  the  pelvic  cavity,  but  at  least 
half  of  its  length  is  extrapelvic,  being  below  a  line 
drawn  from  the  lower  border  of  the  symphysis  to  the 
tip  of  the  coccyx.  Its  direction  is  nearly  parallel  to 
the  ])lane  of  the  superior  strait,  varying  somewhat 
with  the  state  of  repletion  of  the  bladder  and  the 
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rectum.     Its  axis  makes  nearly  a  right  angle  with  that  The  upper  part   has   much  the  same  suspensory 

of  the  uterus  when  that  orgaii  is  in  its  typical  ante-  |  apparatus   as   has   been   already    described   for   the 


Fig.  2736- — Median  S»;tion  of  the  Female  Pelvis  (subject  {itnen.  twentjr-sour  jreais  old.)  (Testut.)  1.  SjrmiJiyais  P"*"*: 
2,  suspensory  b^ament  of  clitoris:  3.  corpus  caTemceum  of  ditoris;  4,  ^&ns  ol  clitoris;  5.  prepuce  of  clitoris;  6,  dorsal  rein  of  clitoris; 
7,  intermediaiy  plexus:  8.  S'.  anterior  and  posterior  vails  of  bladder;  9.  neck  of  the  bladder;  10.  urethra;  II.  eitemal  sphincter  of 
urethra;  12,  meatus  urinarius:  13,  labium  minus;  1-4.  labium  majos;  15,  vestibule;  16,  inferior  orifice  of  vagina:  17,  17'.  antericff 
and  posterior  colunms  of  the  vagina;  18,  vaginal  tnberde:  19.  hymen;  20,  exiemal  sphincter  of  anus:  Vf .  constrictor  of  the  vulva: 
21.  fascicles  of  this  masde  between  the  ditoris  and  the  urethra;  22.  fossa  navicularis:  23,  frenulum  of  the  laUa:  24.  vescouterine 
eul-de-sac;  25.  prevesical  space:  s.  i,  plane  of  the  superior  strait;  v.  y.  faotiaontal  drawn  throuch  lower  border  of  symphysis:  1. 1. 
horiiootal  drawn  through  external  urethral  onfice. 


verted  position  and  the  bladder  is  not  more  than 
half  full  iFig.  2727). 
Fixation. — The  vagina  penetrates  both  the  pelvic 
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cervis  of  the  uterus.  In  addition,  muscular  fibers 
pass  from  the  vagina  to  the  sacrum  behind  and  to  the 
pelvis  in  front.     Its  adherence  to  the  bladder  is  quite 


ischio-vaginal  sheet 
section  of  pubic  booe 


sheath  of  bulbocaveraoeos 
caroncula  myrtifonnia 
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labium 
Fig.  2737. — Lower  Part  of  a  Vertical  Transverse  Section  of  the  Female  Pelvis,  showing  the  Urogenital  Diaphragm,  the  Vagina, 
and  the  External  Genital  Organs.     (Faiabeuf.)     The  former  p<Bition  of  the  hymen  is  indicated  by  dotted  lines . 


diaphragm  Gevator  ani  and  coccygeus  with  asso- 
ciateti  fascia)  and  the  genito-urinary  diaphragm  (.tri- 
angular ligament  with  associated  muscles)  and  receives 
support  from  both. 


firm,  but  to  the  rectum  much  less,  owing  to  the  in- 
tervention of  the  pouch  of  Douglas. 

The  levator  ani  descends  from   the  sides   of  the 
pelvis   funnel-wise    (Fig.   2737),   and   its   fibers   pass 
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along  the  vagina,  without  becoming  attached  to  it, 
to  be  inserted  upon  the  rectum.  They  thus  limit, 
to  some  extent,  the  displacements  of  the  tube,  with- 
out interfering  with  its  distention. 

Both  sheets  of  the  urogenital  diaphragm  are  firmly 
inserted  upon  the  vaginal  walls,  affording  them  a  fixed 
support.  In  addition,  the  lower  part  of  the  vagina 
is  united  to  the  rectum  by  means  of  the  perineal  body 
and  still  more  closely  adherent  to  the  urethra.  It 
will  be  seen,  therefore,  that  the  organ  is  more  effect- 
ively supported  in  its  lower  segments  than  at  any 
other  portion. 

Relations. — The  anterior  wall  may  be  divided  into  a 
detachable,  vesical  portion  above,  connected  with  the 


possible.     The  urethrovaginal  septum  is  from  5  to  12 
millimeters  thick. 

The  posterior  wall  is  divisible  according  to  its  rela- 
tions into  three  portions:  peritoneal,  above;  rectal,  in 
the  middle ;  and  perineal  below .  The  peritoheal  portion 
is  from  10  to  15  millimeters  in  vertical  extent  and  com- 
prises the  part  in  contact  with  the  recto-uterine  excava- 
tion. This  may  contain  convolutions  of  the  intestine, 
or  a  prolapsed  ovary  or  oviduct.  The  rectovaginal 
septum  is  about  four  centimeters  long  and  3-4  milli- 
meters thick,  and  contains  veins  and  lymphatics.  The 
two  tubes  are  readily  separable.  Below  this  portion 
of  closest  contact  the  rectum  bends  sharply  backward 
to  end  in  the  anal  canal,  leaving  between  itself  and  the 


B 


2._fr^l! 


Fia.  2738. — Section  of  the  Vagina  through  its  Lateral  Borders.  (Testut.)  A,  Posterior  segment  showing  posterior  wall;  B. 
anterior  segment  showing  anterior  wall;  1,  cervix  uteri;  2,  cervical  canal  with  arbores  vitse;  3,  external  orifice;  4.  4',  lateral  culs-de- 
aac  of  the  vagina;  5,  anterior  column,  with  5',  the  vaginal  tubercle,  and  5",  the  transverse  folds  of  the  anterior  wall;  6.  posterior 
column,  with  6',  transverse  folds  of  the  posterior  wall;  7,  meatus  urinarius;  8,  clitoris;  9,  vestibule;  10.  10,  carunculse  myrti- 
formes;  11,  fossa  navicularis;   12.  13',  sections  of  the  lateral  walls  of  the  vagina. 


fundus  and  trigone  of  the  bladder,  and  a  non-delach- 
able,  urethral  portion  below.  The  vesicovaginal  sep- 
tum is  about  three  centimeters  long  and  wedge- 
shaped  in  vertical  section,  being  6-7  millimeters  thick 
below  and  increasing  upward.  Exploration  for  stone 
is  readily  made  along  this  wall,  and  it  is  here  that  ves- 
icovaginal fistula  forms,  usually  from  injuries  received 
during  labor.  The  upper  part  of  this  septum,  com- 
posed of  loose  areolar  tissue  containing  numerous 
veins,  is  continuous  above  with  the  cervicovesical  sep- 
tum and  like  it  can  be  easily  separated  into  two  layers 
corresponding  to  the  related  viscera.  It  has  already 
been  remarked  that,  after  repeated  pregnancies,  there 
may  be  sufficient  separation  to  permit  the  ves- 
ico-uterine  fold  of  peritoneum  to  extend  as  far  down 
as  the  upper  part  of  the  vagina.  Over  the  trigone 
the  tissue  is  denser  and  separation  becomes  more  diffi- 
cult, while  along  the  urethra  the  two  canals  are  so 
closelv  united  that  anatomical  isolation  becomes  im- 


vagina  a  space  triangular  in  section,  about  twenty-five 
millimeters  in  length  from  above  downward,  and  the 
same  in  thickness.  This  is  called  the  perineal  body  and 
is  composed  of  the  external  sphincter  of  the  anus,  the 
transversus  perinei  superficialis  muscle,  and  the  thin 
muscular  bands  called  the  constrictor  vagina',  all  being 
intimately   united. 

Laterally  we  may  also  distinguish  three  portions: 
pelvic,  above  the  levator  ani;  intramuscular,  where  it 
passes  through  that  muscle;  and  perineal,  below  it. 
The  pelvic  portion  is  composed  of  areolar  ti-ssue  like 
that  which  forms  the  parametrium,  of  which  it  is  a  con- 
tinuation. It  is  often  called  the  paravaginal  tissue. 
Waldeyer  proposes  for  it  the  term  paracolpium,  which 
is  etymologically  more  correct.  It  contains  abundant 
plexuses  of  veins  surrounding  the  vaginal,  cervico- 
vaginal,  and  vesicovaginal  arteries.  Sometimes  the 
loop  of  the  uterine  artery  itself  descends  to  this  level, 
lying   about   fifteen  millimeters  outside  the  vaginal 
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wall.  The  ureters  are  at  first  about  fifteen  centimeters 
from  the  lateral  cul-de-sac.  As  they  pass  forward  they 
approach  the  wall  and  finally  almost  touch  it  ante- 
riorly. The  ganslion  of  Lee  lies  against  the  upper 
lateral  portion,  and  remnants  of  the  Wolffian  duct, 
known  as  the  ducts  of  Gartner,  are  occasionally  fountl 
there.  The  fibers  of  the  levator  ani  cross  obli<iucly, 
adherent  only  by  loose  areolar  tissue.  By  its  contrac- 
tion the  muscle  closes  the  vaginal  passage.  The  tissues 
below  this  crossing  belong  to  what  is  known  as  the 
urogenital  diaphragm,  which  is  composed  of  the  two 
layers  of  fascia,  here  distinguished  as  the  ischiovag- 
inal  and  the  ischiovulvar  sheets,  and  the  muscles 
which  lie  between  them,  viz.,  the  transversus  perinei 
profundus  and  the  constrictor  urethra".  Below  the 
diaphragm  and  impinging  upon  the  vulva  are  found  the 
vulvovaginal  glands  and  the  bulbocavernosus  muscle 
surrounding  the  bulbs  of  the  vestibule,  hereafter  to  be 
described. 

Interior  Configuration. — In  the  young  person  who 
has  not  borne  children  the  interior  of  the  vagina  is  by 
no  means  smooth  (Fig.  2738).  At  its  lower  part  it  is 
crossed  by  transverse  folds  or  rugs,  which  thin  away 
laterally  but  medially  thicken  to  form  a  longitudinal 
elevation  on  both  the  anterior  and  the  posterior  wall. 
These  are  known  as  the  cohunnn  of  the  vagina  (cnl- 
umncp  rugarum).  Both  the  columns  and  the  ruga>  are 
better  developed  below  and  on  the  anterior  wall  than 
above  and  behind.  The  anterior  column  follows  quite 
closely  the  course  of  the  urethra,  and  on  that  account 
is  sometimes  called  the  carina  urethralis.  It  usually 
terminates  below  in  a  well-marked  elevation,  the  vag- 
inal tubercle,  situated  just  behind  the  meatus  urinarius. 
The  column  and  the  tubercle  afford  an  excellent  guide 
to  the  meatus  in  catheterization  of  the  urethra.  These 
elevations  become  gradually  less  marked  toward  the 
fornix  and  wholly  disappear  in  the  upper  part  of  the 
vagina.  In  the  fetus  of  eight  or  nine  months  the  ruga- 
are  found  throughout  the  entire  extent  of  the  canal, 
and  resemble  in  appearance  the  valvule  conniventes 


-  Sims'  speculum 
Flu.  2739  — Triangle   (Jf   Pawlick.     The  posterior  vaginal    wall 
of  a  multipara  strongly  retracted  with  a  Sims'  speculum  to  show 
on  the  anterior  wall  the  triangle  of  Pawlick  (a,  b,  c  ).     (Rieffel.) 

of  the  small  intestine.  After  considerable  distention 
of  the  vagina  they  tend  to  disappear,  and  only  traces 
of  them  can  be  found  in  multipara".  They  appear  to  be 
less  frequent  among  some  of  the  lower  hunuin  races 
and  are  absent  in  apes. 

The  adherence  of  the  upper  part  of  the  anterior  wall 
to  the  trigone  of  the  bladder  is  marked  by  a  smooth, 
triangular  area  over  which  the  ruga-  and  columns  are 
entirely  effaced.  This  is  known  as  the  vaginal  triangle, 
or  triangle  of  Pawlick  (area  trigonalis  vagina",  Fig. 
2739).     It  is  situated  25  or  30  millimeters  below  the 


external  orifice  of  the  uterus.  Its  two  superior  angles 
mark  the  points  where  the  ureters  enter  the  bladder, 
and  are  of  importance  as  guides  in  the  catheterization 
of  those  conduits. 

In  virgins  the  orifice  of  the  vagina  is  normally  par- 
tially closed  by  a  fold  developed  from  its  po.sterio"r  wall, 
called  the  hymen  {hymen  femininus),  from  the  Greek 
ii/iriv,  a  membrane,  not  from  the  Latin  deity  who  pre- 
sided over  marriage.  Much  discussion  has  ari.sen  as 
to  the  morphological  character  of  this  fold.  As  it  ap- 
pears to  be  developed  from  the  Miillerian  duct  it 
would  seem  that  it  must  belong  to  the  vagina.     The 


■■  wall  of  uterus 
••uterine  epithelium 


■cavity  of  uterus 


hymen 

urogenital  sinus 

Fig.  2740. — From  a  Human  Fetus  Ten  Centimeters  Long. 
Longitudinal  section  passing  through  the  genital  cord.     (Tourneui.) 

duct  is  formed  from  a  solid  cord  of  cells  by  the  degen- 
eration of  the  centrally  situated  portions.  .\t  the 
lower  end  some  portions  of  the  cord  persist  and  form 
the  hymen  (.Fig.  2740). 

As  might  be  expected  from  its  peculiar  origin,  the 
hymen  varies  much  in  its  extent  and  shape.  Some  of 
the  earlier  anatomists  denied  its  existence,  and  even 
Vesalius  considered  it  rare.  It  is  indeed  occasionally 
absent  altogether.  Its  usual  form  is  that  of  an  un- 
broken semilunar  fold  of  sufficient  size  to  occlude  the 
greater  portion  of  the  vaginal  orifice,  leaving  an  open- 
ing large  enough  to  permit  the  evacuation  of  the  men- 
strual flow  (Fig.  2741,  A).  Frequently  it  surrounds 
the  orifice  in  a  ring-like  manner  (hymen  annularis),  the 
opening  being  either  medially  or  laterally  situated. 
This  opening  may,  however,  take  the  form  of  a  slit, 
having  two  lips  laterally  situated  (hymen  bilobalus, 
scu  bilabiatus  Fig.  2741,  C).  There  may  be  two  open- 
ings (hymen  biperforatus,  Fig.  2741,  D),  several  open- 
ings (hymen  cribrifnrmis,  Fig.  2741,  E),  or  none  at  all 
(hymen  imperforatus).  This  latter  form  requires 
surgical  interference  to  effect  the  proper  menstrual 
evacuation.  The  edges  of  the  hymen  may  be  vari- 
ously cut  (hymen  fimbriatus.  Fig.  2741.  li).  simulating 
the  ruptures  seen  after  deflor.ition.  The  membrane 
may  be  unusually  thick  (hymen  carnosus),  even  re- 
sembling cartilage  and  able  to  resist  rupture. 

It  is,  however,  usually  ruptured  at  the  first  sexual 
approach.  It  then  shows  irregular  jagged  tears, 
some  of  which  reach  to  the  outer  circumference. 
.After  healing,  which  is  not  long  delayed,  there  are 
produced  a  number  of  rounded  nodules  (tobi  hymetiales) 
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united  by  thickened  edges.  This  form  (hymen  de- 
floratus,  Fig.  2742)  may  be  distinguished  from  the 
fimbriate  variety  by  the  character  of  the  lacerations, 
which  in  the  deflorate  form  usually  reach  the  circum- 
ference, in  the  fimbriate  are  less  extensive  and  united 
by  fine  filaments. 

When  labor  ensues,  the  lobi  hymenales  are  stretched 
and  torn  so  that  they  afterward  appear  as  a  number  of 


Slruclure. — We  may  consider  the  vagina  as  pos- 
sessing three  coats:  external,  or  adventitious;  middle, 
or  muscular;  internal,  or  mucous. 

The  external  coat  can  hardly  be  said  to  be  an 
intimate  part  of  the  tube,  but  rather  the  packing  of 
connective  tissue  that  surrounds  and  connects  it 
with  other  organs,  it  being  the  paravaginal  tissue 
already  adverted  to.     It  contains  smooth,  muscular 


Fia.  2741. — Various  Forma  of  the  Hymen.      (Testut.)     j4,  Semilunar  or  falciform;  B,  fimbriated: 
C,  bilabiate:  D,  biperforate:  E,  cribriform. 


flattened,  cicatrized  elevations.  In  this  state  they 
are  called  the  carunculce  hymenales  or  myrliformes 
(Fig.  274i). 

A  hymen  usually  contains  blood-vessels,  and  it  is 
popularly  supposed  that  its  rupture  is  always  ac- 
companied by  hemorrhage.  Among  the  Eastern 
nations  much  reliance  is  placed  on  this  "sign  of 
virginity."  The  ancient  Hebrews  appear  to  have 
accepted  it,  as  will  be  seen  from  Lev.  xxii.  13-21. 
While  slight  hemorrhage  is  usual,  and  dangerous 
loss  of  blood  has  been  known  to  occur,  yet  it  often 


Fig.  2742. — Deflorate  Hymen.  Condition  after  first  sexu.".l 
approach.  (Budin.)  c  Clitoris;  pZ,  nymphse:  u,  meatus  urinarius; 
or,  orifice  of  vagina:  h,  remains  of  hymen;  d,  d,  d,  tears. 

happens  that  the  membrane  is  ruptured  without 
such  signs,  and  pregnancy  not  infrequentlj'  ensues 
with  the  hymen  uninjured.      (Fig.  2743). 

The  great  diff'erences  that  occur  in  the  hymen — it 
sometimes  being  torn  by  very  slight  violence,  by  the 
fingers  or  by  some  accidental  circumstance,  while 
at  other  times  it  remains  intact  after  sexual  approach 
and  even  after  delivery — detract  from  its  value  as  a 
matter  of  evidence  in  medicolegal  cases.  Haberda 
believes  that  it  is  often  impossible  to  determine 
positively  whether  coitus  has  occurred.  The  carun- 
cula;  hymenales  are  more  reliable,  as  they  are  found 
only  in  those  who  have  borne  children. 
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fibers,  elastic  fibers,  deposits  of  fat  and  contorted, 
vascular  plexuses  that  give  it  a^oose,  spongy  character. 
The  muscular  coat  is  composed  of  smooth  fibers 
that  cannot,  in  all  parts,  be  definitely  separated  into 
layers.  Externally  they  communicate  with  the 
muscular  fibers  found  in  the  paravaginal  tissue. 
Longitudinal  bands  lie  along  the  anterior  wall,  con- 
necting with  the  bladder  above.  The  inner  fibers 
are,  for  the  most  part,  circular.  They  increase 
greatly  in  size  and  number  during  pregnancy.  Above, 
the  muscular  tissue  is  continuous  with  that  of  the 


Fic.  2743.— Hymen  Before  Childbirth.  (Budin.)  v.  Meatus 
urinarius;  h,  hymen  whose  edges  are  intact  notwithstanding  the 
sexual  approaches. 

cervix;  below,  it  is  so  much  thickened  that  some 
authors  describe  a  sphincter  of  smooth  fibers. 
Luschka  mentions  longitudinal  fibers  that  pass  to 
the  urogenital  diaphragm,  constituting  a  levcttor 
vaginw,  said  to  elevate  and  dilate  the  vaginal  orifice. 
A  considerable  amount  of  white  fibrous  and  yellow 
elastic  tissue  is  mingled  with  the  muscular  elements 
of  this  coat. 

The  mucous  layer  resembles  the  skin,  being  a 
stratified,  pavement  epithelium  resting  upon  dermal 
papilla?.  Its  color  is  pinkish  when  inactive,  red  dur- 
ing menstrual  or  sexual  excitement,  and  purplish  red 
during  pregnancy,  when  it  is  considerably  congested. 
It  is  from  1  to  1..5  millimeters  thick,  quite  firm 
and  attached  to  the  subjacent,  muscular  layer  with- 
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out  any  intervening  areolar  tissue.  During  operations 
it  is  easily  stripped  off,  but  in  that  case  usually  carries 
with  it  jxirtions  of  the  muscular  layer.  The  i)apillary 
part  contains  many  elastic  fibers,  some  scattercil 
lymphoid  cells,  and  occasional  closed  follicles.  The 
mucous  membrane  contains  no  glands,  and  the  acid 
mucus  found  on  the  vaginal  walls  is  either  an  exuda- 
tion, or,  perhaps,  the  secretion  of  the  uterine  glands 
altered  by  bacterial  agencies.  A  number  of  species 
of  bacteria  are  found  on  the  membrane,  some  of  which 
appear  to  be  peculiar  to  this  locality. 

Arteries. — These  are  derived  from  several  sources. 
.\bove,  the  cervicovaginai  branches  of  the  uterine 
artery  supi)ly  the  fornix  and  upper  third  of  the  vagina ; 
in  the  middle  portion  the  vaginal  artery  proper,  from 
the  hyijogastric,  is  distributed;  while  the  lower  i)art 
is  supplied  by  a  twig  from  the  inferior  hemorrhoidal, 
known  as  the  inferior  vaginal.  The  vaginal  artery 
proper  often  arises  in  common  with  the  uterine,  the 
middle  hemorrhoidal,  or  the  inferior  vesical.  It  is  not 
unusual  to  find  it  represented  by  several  branches. 
The  arteries  anastomose  freely  along  the  walls  of  the 
conduit  and  with  the  arteries  of  the  neighboring  or- 
gans. The  arteries  of  opposite  sides  may  unite  to  form 
median,  anterior  and  posterior  vessels,  running  longi- 
tudinally, the  so-called  azygos  arteries.  Deficiency  in 
one  branch  of  supply  is  usually  supplemented  bj'  an 
increase  in  the  others.  Arterioles  reach  all  the  layers 
of  the  vagina,  being  especially  abundant  in  the  papilla; 
of  the  mucous  membrane. 

Veins. — These  are  so  numerous  that  they  were  con- 
sidered by  Kobelt  as  forming  an  erectile  tissue,  but 
they  lack  the  special  characters  of  that  structure. 
They  are  particularly  developed  at  the  sides  of  the 
vagina,  forming  a  large  plexus  that  is  continuous  with 
the  uterine  plexus  above,  the  vesical  plexus  in  front, 
and  the  hemorrhoidal  plexuS  behind.  Hyrtl  has 
shown  that  they  also  communicate  with  the  jjortal 
system  by  anastomosis  wdth  the  superior  hemorrhoidal 
vein.  They  may  thus  discharge  in  three  directions; 
below  the  levator  into  the  perineal  sy.stem,  above  it 


Fig.  2744. — Hymen  After  Childbirth.  (Budin.)  u,  Meatus 
urinnrius;  </.  tear;  rm,  caruncuIiE  myrtiformes;  z,  detached  floating 
tatter  of  the  hymen;  p,  raw  edge. 

into  the  internal  Iliac  and  portal  veins.  Very  few  valves 
are  found  in  these  veins.  They  are  surrounded  by  con- 
nective tissue  and  smooth  muscular  fillers,  which 
cause  them  to  remain  open  when  cut.  Hemorrhage 
from  them  is  therefore  difficult  to  stop  and  septic  in- 
fection is  easy. 

Li/mphdtics. — Both  the  mucous  membrane  and  the 
muscular  coat  contain  a  great  number  of  lymphatics 
(Fig.  274o).  The  mucous  coat  has  a  fine-me.shed 
l)lexus  that  communicates  with  that  of  the  cervix 
above  and  that  of  the  external  genitals  below.  The 
muscular  coat  also  has  a  plexus  with  much  larger 
meshes.  The  two  communicate  freely.  .Vccording 
to  Poirier,  they  discharge  by  three  groups  of  collect- 
ing vessels:  a  superior  set  that  ends  in  glands  that  lie 
along  the  course  of  the  external  iliac  artery;  a  middle 


set  that  terminates  in  glands  along  the  hypogastric; 
and  an  inferior  set  that  passes  along  the  .sacrum  to  end 
in  glands  near  the  promontory.  By  anastomoses 
witli  other  vessels  these  may  communicate  with  the  in- 
guinal glands.  Morau  states  that  communications 
also  exist  Vjetween  the  middle  set  and  the  glands 
within  the  fibrous  sheath  of  the  rectum. 

Neri'es. — The  up|)er  and  middle  portions  of  the 
vagina  are  supplied  f  rcmi  the  .sanu-  sources  as  the  uterus. 
These  parts  are  not  very  .sensitive.  The  anterior  wall, 
jiarticularly,  can  be  operated  on  without  much  pain  to 


uleroviiKiiial  lyin- 
phatica 


ilLovaginal    lym- 
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insuinov-aj^inal 
lymphatics 


I'lii.  2745. — Network     of  Lymphatics  of     the     Vaginal     Mucous 
Membrane.     Efferent   trunks  of  the   vagina.     (Poirier.) 

the  patient.  The  lower  portion  is  supplied  with 
additional  filaments  from  the  pudendal  nerve,  and  is 
much  more  sensitive.  Intraepithelial  jilexuses  and 
terminations  occur  as  in  other  stratified  epithelium. 

The  Vulva. — Etymology. — From  the  vulgar  Latin 
vnh'n  or  volva,  a  covering  or  wrap,  hence  the  womb. 
Derived  from  volvere,  to  roll  around  or  about.  Celsus 
used  it  for  the  combined  uterus  and  vagina.  Spige- 
litis  derived  it  from  the  Latin  valea,  a  double  or  folding 
door.  The  more  usual  Latin  term  for  the  external 
genitals  was  cuniius,  jirobably  derived  from  cuncus, 
a  wedge,  referring  to  the  shape  either  of  the  mons 
veneris  and  labia  as  seen  with  the  thighs  closed,  or  of 
the  expanded  genital  cleft.  A  synonym  often  used 
and  recommended  by  the  BN.\  is  putletidum,  from 
pudere,  to  feel  shame.  French,  vidrc;  Italian,  vulra; 
(lerman,  Scham. 

Dcjiinlion. — The  external  genital  organs  of  the  fe- 
male, including  all  those  derivetl  from  the  virogenital 
sinus  and  found  below  the  urogenital  diaphragm. 
They  are  a  series  of  related  organs  rather  than  the 
parts  of  a  single  one.  Together  they  form  an  ovoid  or 
wedge-shaped  eminence  situated  on  the  surface  of  the 
body  at  the  lower  part  of  the  abdomen,  between  the 
thighs.  They  include:  (1)  a  median  cleft -like  space, 
the  vcflibide,  with  the  vestibular  glands;  (2)  the  labia 
mnjora  and  minora,  tegumentary  folds  that  limit  this 
on  either  side;  (31  the  erectile  apiwiratus.  comprising 
the  clitoris  and  bulbs.  Some  authors  use  the  term 
merely  to  designate  the  genital  opening  with  the  labia. 

Grncr<d  .\  rrongement. — Bvit  little  of  the  external  geni- 
tals is  visible  when  a  female  is  standing  erect.  Only  a 
fleshy  protuberance,  covered  with  hair,  the  mon^  pubis 
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or  mons  i>e>ieris,  appears  at  the  lower  extremity  of  the 
abdomen,  Hmited  externally  by  the  thighs  and  below 
passing  into  two  fleshy  folds,  the  labia  majora,  between 
which  is  seen  the  half-effaced  end  of  the  rirna  pudendi, 
or  genital  cleft.     In  some  cases  the  end  of  the  clitoris 


ning  parallel  to  the  labia  majora,  are  seen  two  reddish 
folds,  the  labia  minora  or  nymphiv,  which  unite 
anteriorly  by  embracing  a  small  penile  appendage, 
the  clitoris.  The  space  between  them  is  known  as  the 
vestibule.     The    vaginal    orifice    may    be    perceived 
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Fig.  2746. — External  Genital  Organs  of  a  Virgin  as  seen  after  Separating  the  Labia  Minora.     (Rieffel.) 


may  protrude  at  the  upper  end  of  the  cleft,  and,  still 
more  rarely,  the  edges  of  the  labia  minora  may  be 
seen. 

When  the  subject  is  placed  in  the  dorsal  position 
with  widely  parted  thighs,  flexed  upon  the  abdomen, 


posteriorly,  and  beneath  the  mucous  membrane  on 
either  side  of  this  are  found  masses  of  erectile  tissue 
known  as  the  bulbs  of  the  vestibule. 

The  Vestibule. — This  may  be  defined  as  the  portion 
of  the   urogenital   cleft  that  lies  between  the  labia 
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Fig.   2747. — External  Genital  Organs  of  a  Multipara  as  seen  after  Slight  .Separation  of  the  Labia.      (Rieffel.) 


the  genital  cleft  is  stretched  apart  and  forms  a  wedge- 
shaped  fossa,  rhomboidal  in  outline,  limited  on  either 
side  by  the  labia,  extending  in  front  to  the  mons 
pubis,  behind  to  about  three  centimeters  in  front  of 
the  anus  (Figs.  2746,  2747).     Within  this  space,  run- 
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minora,  limited  in  front  by  the  clitoris,  behind  by  the 
fourchette  when  that  exists.  It  is  not  always  used 
in  this  .sense.  Schafer  limits  it  behind  "by  a  trans- 
verse line  at  the  level  of  the  urethra";  Gray,  following 
the  example  of  most  French  anatomists,  by  the.  en- 
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trance  to  the  vagina.  If  this  lunitation  vvcro  im- 
posed, it  would  hardly  be  projior  to  speak  of  the 
"bulbs  of  the  vestibule"  or  of  the  "  vestibular  glands," 
both  of  which  structures  are  situated  at  the  sides  of 
or  behind  the  vaginal  opening. 

Like  the  vagina,  its  walls  are  in  contact  when  not 
stretchetl  apart.  When  the  thighs  are  separated  it 
appears  as  an  almond-shaped  space,  looking  down- 
ward and  a  little  forward,  its  broad,  rounded  end 
being  posterior.  It  presents  a  roof,  two  ends  and 
sides,  the  latter  being  the  inner  surfaces  of  the  labia 
minora. 

The  roof,  which  has  in  front  a  smooth,  uniform 
surface,  pinkish  in  color,  presents,  about  the  junction 
of  its  anterior  and  middle  thi  ds,  the  external  ojK'ning 
of  the  urethra.  This  is  seated  on  a  rounded  eminence, 
the  urethral  papilla,  which  is  not  usually  smooth, 
but  covered  with  rugosities  or  small  vegetations 
which  may  hinder  the  introduction  of  the  catheter. 
The  orifice  is  usually  an  antero|josterior  slit  five  to  six 
millimeters  in  length,  but  may  be  of  various  shapes, 
semilunar,  triangular,  or  puckered.  While  it  is  the 
smallest  and  least  dilatable  portion  of  the  urethral 
canal,  it  may,  if  proper  precautions  are  used,  be 
gradually  enlarged  to  twenty  to  twenty-five  millimeters 
or  even  to  a  greater  size,  without  inducing  incontinence 
of  urine.  Thus  the  finger  may  be  introduced  for 
exploration  of  the  bladder,  or  stones  and  foreign 
bodies  extracted.  In  some  instances  of  absence  or 
closure  of  the  vagina,  it  is  said  that  attempts  at 
copulation  have  resulted  in  the  introduction  of  the 
penis  into  the  urethra.  The  orifice  is  almost  vertically 
under  the  pubic  arch  and  twenty-five  millimeters  from 
it.  Its  distance  from  the  glans  of  the  clitoris  is  usually 
somewhat  less. 

Running  forward  from  the  meatus  to  the  clitoris, 
there  may  be  seen  in  young  subjects  two  fine 
whitish  lines,  called  by  Waldcyer  the  habittulir  vrcth- 
ralca  (Fig.  2746).  They  represent  the  vestiges  of 
the  anterior  p.art  of  the  corpus  spongiosum  which,  in 
the  female,  remains  rudimentary.  They  were  first 
noted  by  Pozzi  (i884),  who  called  them  the  "bride 
masculine." 

On  either  side  of  the  urethral  orifice  there  may  be 
noted  the  openings  of  two  ducts  for  tubular  glands 
situated  on  either  side  of  the  urethra  and  apparently 
homologous  with  the  prostatic  glands  of  the  male. 
These  ducts  are  often  called  Skene's  tubules,  as  they 
were  especially  studied  by  Skene  in  1880.  They  were, 
however,  known  to  Morgagni  and  De  Graaf. 

Behind  the  urethral  opening  is  found  the  introitus 
vaginae,  closed  more  or  less  in  the  virgin  by  the 
hvmen,  and  showing,  in  multipara",  the  caruncuhe 
hymenales.  The  relation  to  the  urethra  borne  by  the 
anterior  column  of  the  vagina  and  the  vaginal  tubercle 
has  been  already  mentioned.  Since  the  hymen 
forms  a  membrane  across  the  orifice  of  the  vagina 
there  is  a  slight  groove  formed  between  it  and  the 
nympha;  on  either  side,  and  this  remains  after  the 
rupture  of  the  structure.  This  is  called  the  nijmpho- 
hymeneal  or  nymphocaruncular  sulcus. 

In  this  groove,  opposite  the  lower  and  middle  thirds 
of  the  introitus,  are  seen  the  openings  of  two  ducts, 
one  on  either  side,  which  belong  to  glands  buriecl 
quite  deeply  in  the  fatty  tissue  between  the  vestibule 
and  the  ischium.  These  are  the  greater  vestibular 
glands  (glandula  vestibularcs  majorcs,  Fig.  2748), 
often  called  the  glands  of  Bartholin,  from  Thomas 
Bartholin,  who  discovered  them  in  the  human  sub- 
ject in  11)80.  They  had  previously  been  seen  in  the 
cow  by  Duverney.  Our  most  exact  knowledge  of 
them  is  due  to  Huguier  (1849),  who  called  them  the 
vulvovaginal  glands.  He  described  them  as  situated, 
one  on  either  side,  about  one  centimeter  below  the 
hymen,  from  1  to  1.5  centimeters  from  the  ischium, 
one  centimeter  from  the  bottom  of  the  genitocrural 
fold  of  the  integument.  They  are  also  about  three 
•entimeters    from  the  inferior  edge  of    the    labium. 


By  conjpressing  the  posterior  part  of  the  labium 
between  the  thumb  and  forefinger,  a  gland  can  usu- 
ally be  felt.  They  are  aciuffus  glands,  about  as  large 
as  a  pea  or  small  bi'an,  slightly  oval  in  shape,  and 
discharge  by  a  duct  fifteen  to  eighteen  millimeters 
long,  and  large  enough  to  admit  the  cannula  of  an 
ordinary  hypodermic  .syringe.  They  secrete  a  clear, 
viscid  lif|uid  that  is  dLscharged  in  considerable  quan- 
tity during  sexual  excitement.  Thi.s  discharge  was 
callefi  by  the  older  writers  the  female  semen,  and 
was  long  supposed  to  be  the  active  generative  profluct. 
It  apparently  .serves  as  a  lubricant  to  the  pa.s.sages 
during  coitus.  The  glands  att;un  their  maximum 
development  at  puberty  and  atrophy  during  old  age. 
They  are  homologous  with  the  bulbourethral  or  Cow- 
por's  glands  of  the  male.  In  normally  developed  vir- 
gins the  nymplue  are  united  behind  by  a  short  trans- 
verse band,  the  fnurrhelte  or  frenulum  pudendi.  This 
is  ruptured  at  childbirth  and  sometimes  by  sexual  ap- 
proaches, and  its  relics  may  then  be  seen  as  a  whitish 
scar.  The  shallow  spae<>  l)et\veen  this  band  and  the 
hymen,  or  the  vaginal  opening  when  the  hymen  is 
absent,  is  known  as  the  nneicular  fossa  (fossa  navic- 
ularis).  If  the  nympha;  are  short  the  frenulum  is 
.absent.  It  shouUi  not  be  confounded  with  the 
artificial  fold  produced  by  w'idely  separating  the 
labia. 

The  Mons  Pubis. — The  genital  cleft  is  bounded  on 
either  side  by  two  pairs  of  tegumentary  folds  which 
unite  in  front  below  a  rounded  prominence  situated 
directly  over  the  symjjhysis  pubis.  This  is  the 
ynons  pubis  or  mons  Veneris.  It  is  usually  separated 
from  the  general  surface  of  the  abdomen  by  a  shallow 
furrow,  the  pubic  sulcus,  and  from  the  thighs  by  the 
inguinal  sulcus.  Smooth,  or  coated  with  a  fine 
lanugo  in  the  child,  as  pubert.v  approaches  it  becomes 
covered  with  thick  and  somewhat  stiff  hairs  that  have 
a  tendency  to  curl.  The  extent  of  this  hairy  covering 
varies  very  much  in  different  inrlividuals,  being 
greatest  in  the  races  of  Southern  Europe.  Usually 
it  descends  upon  either  side  of  the  labia  as  far  as  the 
anus.  Upward  it  may  much  exceed  the  limits  of  the 
mons  pubis  and  extend  upon  the  abdomen.  The  hairs 
usually  agree  in  color  with  those  of  the  armpits  and 
head,  but  they  have  the  general  appearance  of  those 
of  the  male  beard,  though  usually  somewhat  thinner. 
They  are  spirally  twisted,  have  a  medullary  canal 
throughout,  are  stronger  than  the  hairs  of  the  head, 
and  show  on  section  a  triangular,  irregularly  fluted 
outline  (Waldeyer). 

Beneath  the  integument  of  the  mons  pubis  is  a 
thick  cushion  of  fat  in  which  are  found  numerous 
elastic  fibers  continuous  with  those  of  the  labia  and 
the  suspensory  ligament  of  the  clitoris.  The.se, cause 
a  gaping  of  incised  wounds  made  transversely  in  this 
region. 

The  Labia  Majora. — These  tegumentary  folds  cor- 
respond to  the  scrotum  of  the  male,  and  their  external 
appearance  is  not  unlike  that  organ  when  empty 
and  considerably  retracted.  They  are  about  twenty- 
live  to  thirty-tivc  millimeters  long,  eight  to  fifteen 
millimeters  in  depth,  and  .3.5  millimeters  thick. 
They  are  limited  on  either  side  by  a  deep  extension 
from  the  inguinal  furrow  known  as  the  genitofemoral 
sulcus.  Like  the  scrotum  their  outer  surface  is  darkly 
colored,  somewhat  roughened,  and  covered  with  hair 
which  is  extended  in  a  scattered  manner  to  the 
marginal  part  of  the  inner  surface.  The  deeper  part 
of  this  surface  has  the  appearance  of  the  lips  of  the 
face,  being  smooth,  reddisli  and  Inimid.  The  groove 
between  it  and  the  labia  minora  is  called  the  nympho- 
labial  furrow. 

Immediately  below  the  mons  pubis  the  labia  majora 
unite  over  the  back  of  the  clitoris  (torus  clitoridis)  in  an 
anterior  commissure  (conimissura  labiorum  anterior). 
Behind  they  gradually  narrow  and  are  lost  on  the 
perineum. 

Within  their  substance,  the  labia  contain  a  layer  of 
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smooth  muscular  fibers  analogous  to  the  dartos  of  the 
scrotum,  a  considerable  quantity  of  connective  tissue, 
including  many  elastic  fibers,  and  subcutaneous  fat. 
A  considerable  mass,  called  the  adipose  body  of  the 
labium,  almost  wholly  fills  the  middle  portion  of  the 
lip,  resembling  somewhat  the  fat-ball  found  in  the 
cheeks  of  the  face.  It  is  a  derivation  from  the  sub- 
peritoneal fat  with  which  it  is  often  continuous  alons 
the  round  ligament  of  the  uterus,  which,  it  will  be  re- 
membered, passes  through  the  inguinal  canal  and  is 
inserted  here.  The  canal  of  Nuck  is  sometimes  con- 
tinued down  into  the  labium  and  may  be  the  seat  of  a 
hvdrocele. 

■  The  Labia  Minora  or  Nymphce. — The  latter  name 
was  introduced  bv  Severinus  Pinasus  and  Spigelius  m 
the  early  part  of" the  seventeenth  century,  "  ut  enim 
nymphm  scalurientibus  aquis  prrfsunl,"  because,  like 
nymphs,  they  control  the  gushing  streams,  it  being 
supposed  that  they  directed  the  course  of  the  urmary 
jet.  Though  this  view  of  their  function  is  incorrect, 
the  name  lends  itself  well  to  combinations  and  ought 
to  be  retained.  They  are  often  called  the  labia  minora 
or  lesser  lips,  from  their  close  association  with  the  outer 
lips  or  labia  proper.  When  the  genital  cleft  is  parted 
they  appear  as  two  cutaneous  folds  (Figs.  2746,  2747) 
running  parallel  with  the  labia  majora,  often  more 
,  reddish  in  appearance,  and  not  as  smooth,  bein^; 
slightly  roughened  on  their  inner  surfaces  by  small 
elevations,  and  often  irregularly  denticulated  or  in- 
cised on  their  free  edges,  an  appearance  which  led 
Spigelius  to  compare  them  to  a  cock's  comb.  Their 
size  varies  much  in  different  individuals.  At  birth 
they  usually  extrude  beyond  the  labia,  which  are  then 
but  slightlv  developed.  In  the  adults  of  European 
races  thev  are  ordinarily  concealed,  having  a  length  of 
25-35  millimeters,  a  breadth  of  S-15  millimeters,  and 
a  thickness  of  3-5  millimeters.  They  may,  however, 
be  large  enough  to  extrude,  and  their  exposed  surfaces 
then  take  on  a  brown  coloration  like  that  of  the  areola 
of  the  nipple.  In  some  African  races  they  are  enor- 
mously developed,  being  six  to  eight  inches  wide,  ex- 
tending upon  the  thighs  to  form  what  has  been  called 
the  "  Hottentot  apron." 

The  outer  surface  of  each  nympha  is  separated  by 
the  nympho  labial  furrow  from  the  corresponding 
labiurn  majus,  from  which  it  differs  by  its  absolute 
freedom  from  hairs.  The  inner  surface,  more  rough, 
is  in  contact  with  the  opposite  nympha  when  the  geni- 
tal cleft  is  closed.  The  attached  surface  is  in  contact 
with  the  bulb  of  the  vestibule. 

The  anterior  extremity  is  continued  forward  and  em- 
braces the  clitoris  by  dividing  into  two  branches  (Fig. 
2748),  the  anterior  one  of  which  unites  with  its  fellow  of 
its  opposite  side  to  form  for  the  organ  a  small  prepuce 
or  foreskin,  similar,  on  a  diminished  scale,  to  the 
prepuce  of  the  penis  of  the  male.  It  does  not  usually 
cover  the  glans,  but  may  be  sufficiently  developed  to 
admit  of  circumcision,  which  is  said  to  be  practised  by 
the  Abyssinians.  The  posterior  branch  is  inserted, 
with  its  fellow,  on  the  glans  of  the  clitoris  and  forms  a 
restraining  band,  ihe  frenulum  of  the  clitoris.  Owing 
to  the  traction  of  the  nymphte  through  this  band,  the 
clitoris  is  bent  downward  toward  the  vaginal  orifice. 

The  labia  minora  are  composed  of  a  network  of  vas- 
cular, areolar  tissue  without  fat,  enclosing  numerous 
large  veins  with  associated,  smooth,  muscular  fibers, 
which  give  the  organ  an  erectile  character.  Its  outer 
investment  is  stratified  epithelium,  which  resembles  a 
mucous  membrane  by  its  coloration,  its  smooth  and 
humid  character  and  its  absence  of  hair;  while,  on  the 
other  hand,  it  resembles  the  skin  by  the  character  of  its 
epithelium,  which  has  scale-like  cells  that  lose  their 
nuclei,  tactile  corpuscles,  and  sebaceous  glands  in 
great  numbers.  In  the  lower  animals  these  glands  are 
especially  active  during  rut,  and  doubtless  entice  the 
male  by  some  characteristic  odor.  The  epithelium  be- 
comes darker  during  pregnane}'. 

While  the  erectile  tissue  of  the  female  genitalia  is 
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somewhat  widely  distributed,  being  found  in  the 
nymphiB  and  to  some  extent  along  the  vagina,  it  is  es- 
pecially marked  in  two  organs,  which  together  are 
homologous  with  the  penis  of  the  male.  These  are  the 
clitoris  and  the  bulbs  of  the  vestibule. 

The  Clitoris. — The  name  is  neo-Latin,  from  the  Greek 
liXeiT-opif,  said  to  be  derived  from  K\tUiv,  to  close  or 
shut.  Hyrtl  thinks  it  is  related  to  nXfiT-opifeiv,  to 
titillate.  This  would  be  analogous  to  Kilzler,  the 
German  vernacular  name  for  this  organ. 

It  represents  a  small  appendage,  resembling  a  di- 
minutive penis,  suspended  at  the  summit  of  the 
pubic  arch  (Figs.  2746-2750)  and  enfolded  by  the 
anterior  juncture  of  the  nymph®.  Like  the  penis 
it  possesses  two  corpora  cavernosa,  small  rods  of 
erectile  tissue,  united  in  front  to  form  the  body  of 
the  organ,  diverging  behind  as  its  crura.     The  body 
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Fio.  2748. — Dissection  of  the  Vulva,  showing  the  Vestibular 
Glands.  1,  Orifice  of  the  vagina:  2,  hymen;  3,  meatus  urinarius; 
4.  navicular  fossa:  5,  bulb  of  the  vestibule;  6,  vestibular  or  vulvo- 
vaginal glands;  7,  8,  duct;  10,  constrictor  vaginae;  11,  transversus 
perinei  muscle. 

is  crowned  with  a  small  glans.  LTnlike  the  penis,  the 
glans  is  not  perforated  by  the  urethra,  and  there  is  no 
corpus  spongiosum  attached  to  it.  When  lax  the  or- 
gan is  so  withdrawn  within  the  folds  of  the  nymph» 
and  labia  that  it  is  difficult  to  make  out  its  form  and 
dimensions. 

The  crura  are  attached  on  either  side  to  the  inner 
aspect  of  the  pelvic  arch,  half-way  between  the 
tuberosity  of  the  ischium  and  the  symphysis.  Wholly 
hidden  within  the  folds  of  the  labia,  they  pass  forward, 
inward,  and  a  little  upward,  along  the  external  face 
of  the  triangular  ligament,  surrounded  by  the  ischio- 
cavernosus  muscle  {erector  clitoridis)  and  join  each 
other  below  the  symphysis  to  form  the  body,  room 
being  left  between  their  junction  and  the  arcli  to  per- 
mit the  passage  of  vessels  and  nerves. 

Almost  immediately  the  body  is  bent  downward  and 
backward,  forming  what  is  called  the  angle  of  the  cli- 
toris. Unlike  the  angle  of  the  penis,  this  does  not  be- 
come obliterated  when  the  organ  is  erect,  and  this 
doubtless  subserves  the  function  of  the  organ.  Move- 
ments are  prevented  by  the  frenulum,  which,  as  al- 
ready mentioned,  draws  the  glans  down  toward  the 
vaginal  orifice,  and  by  the  suspensory  ligament,  a 
fibrous  band  like  the  similar  organ  of  the  penis,  that 
passes  from  the  angle  to  the  linea  alba. 

The  body  of  this  little  organ  is  nearly  cylindrical  in 
shape,  usually  slightly  grooved  on  its  under  surface 
because  of  its  duplex  structure.  An  imperfect  divi- 
sion or  septum  pecliniforme  separates  the  two  lateral 
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halves.  Females  of  animal  species  in  which  the  males 
possess  a  penis  bone  have  sometimes  a  minute  bone  or 
cartilage  in  this  septum.  The  greater  part  of  the  body- 
is  concealed  under  the  anterior  commissure  of  the  labia, 
its  swollen  outline  forming  the  torus  clitnTidis. 

The  glans,  which  terminates  the  organ,  is  a  small, 
rounded,  conoid  tubercle.  It  is  independent  of  the 
corpora  cavernosa,  capping  over  their  fusiform  ends 
as  in  the  penis.  It  has  a  small  prepuce  derived  from 
the  nympha;,  and  a  preputial  sac  in  which  small  col- 
lections of  smegma  may  accumulate.  To  its  under 
surface  is  attached  the  frenulum. 


paiision  of  the  arterial  orifices  through  the  action  of 
vasodilator  nerves,  and  the  impeding  of  the  venous 
discharge  by  the  ischio-cavernbsus  muscle  and  the 
elastic  envelope.  This  apparatus  is  by  no  means  as 
well  developed  as  in  the  corresponding  organ  of  the 
male,  consequently  erection  is  less  complete. 

The  glans  has  no  albuginea,  but  under  its  epithe- 
lium is  a  consiflerable  fibroelastic  network  which 
performs  a  similar  function.  Areola  occur  and  the 
vascular  sujjply  is  similar  to  that  of  the  corpora 
cavernosa.  Its  cutaneous  investment  Ls  supplied 
with  special  nerve  endings,  which  give  it  remarkable 


Fig.  2749, — The  Bulb  of  the  Vestibule  and  the  Venous  System  of  the  Clitoris  seen 
from  the  Front.  (Kobelt.)  1.  Bulb  of  the  vestibule:  2,  constrictor  vulvffi  muscle:  3. 
anterior  portion  of  same:  4,  portion  that  passes  under  the  clitoris:  5,  pars  intermedia: 
6,  glans  of  clitoris;  7,  veins  from  nympha;:  S,  veins  passing  to  superficial  veins  of  ab- 
domen: 9,  veins  communicating  with  the  obturator  vein:  10,  dorsal  vein  of  clitoris:  11, 
obturator  vein:  12,  body  of  clitoris:  13,  right  crus  of  clitoris. 


Fig.  27.J0. — Bulb  of  the  Vestibule  and 
the  Clitoris  Seen  from  the  Side.  (Kobelt.) 
1,  Right  bulb  of  the  vestibule:  2.  veins  from 
its  lower  end  that  discharge  into  the  in- 
ternal pudic  vein:  3,  vestibular  gland:  4, 
introitus  vaginffi:  5,  pars  intermedia:  6. 
glans  cUtoridis  {the  clitoris  is  somewhat 
elevated):  7.  dorsal  vein  of  clitoris:  8,  sym- 
physis pubis. 


The  following  measurements  of  the  clitoris  are  given 
by  Krause: 


Length  of  body . .  . 
Thickness  of  body 
Length  of  crura. .  - 
Thickness  of  crura 
Diameter  of  glans. 
Total  volume 


When  relaxed. 


When  erect. 


IS  mm. 

5  mm. 

40  mm. 

5  mm. 

4-7  mm. 

2  c.c. 


29  mm. 

9  mm. 

45  mm. 

8  mm. 

6-9  mm. 

6  c.c. 


Considerable  individual  variations  are  found.  The 
organ  ma}-  be  of  such  size  as  to  be  mistaken  for  a 
small  hypo.spadiate  penis,  and  thus  lead  to  mistake 
in  determining  the  sex  of  a  chUd. 

The  structure  of  the  clitoris  repeats,  on  a  diminutive 
scale,  that  of  the  penis.  Each  corpus  cavernosum  is 
surrounded  by  a  firm,  elastic,  fibrous  envelope,  the 
tunica  albuginea,  from  whose  deep  surface  are  given 
off  numerous  bands  of  trabeculre,  along  which  run 
smooth,  muscular  fibers.  These  trabecuUe  divide 
the  substance  of  the  organ  into  numerous  small 
spaces,  termed  areola,  which  are  really  venous 
sinuses,  as  they  are  lined  with  endothelium  and 
communicate  widely  with  the  veins.  Into  these 
areola?  empty  arterioles  (helicine  arteries).  Erection 
occurs  from  the  rapid  filling  of  the  areoUe  by  the  c.\- 
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and  special  sensibility.  According  to  Dogicl  there  are 
intraepithelial  plexuses  with  filaments  ending  in  (l.at- 
tened  platelets,  tactile  corjiuscles  within  the  papillie, 
corpuscles  of  Pacini  and  the  end  bulbs  of  Krause  in 
the  subcutaneous  tissue,  while  at  the  base  of  the 
papillae  are  the  special  endings  which  Krause  be- 
lieves to  be  related  to  the  peculiar  sensibility  of  the 
organ  and  has  named  corpuscles  of  sexual  pleasure 
(Wollustkorperchen).  They  are  usually  called  genital 
corpuscles. 

The  Bulbs  of  the  Vestibule. — The  corpus  .spongiosum 
urethrse  of  the  male,  including  the  bulb  of  the  urethra, 
is  represented  in  the  female  by  two  oval  masses  of 
erectile  tissue  that  lie  beneath  the  nympha?  on  either 
side  of  the  vestibule  and  in  front  of  the  triangular 
ligament  (Figs.  2749,  2750).  Their  lower  ends  are 
free,  but  they  are  united  above  over  the  lower  end 
of  the  urethra,  thus  simulating  the  form  of  a  horse- 
shoe set  astride  of  the  vaginal  opening.  They  were 
called  bj"  De  Graaf  corpora  retiformia,  by  Taylor 
semibulbi  corporis  spongiosi,  but,  since  the  time  of 
Kobelt  (1844),  are  generally  known  as  the  bulbs  of 
the  vestibule  {bulbi  restibulij.  They  should  be  con- 
sidered as  the  male  organ  separated  into  two  portions 
by  the  intrusion  of  the  vaginal  opening  in  the  median 
line. 

Enlarged  and  rounded  at  their  lower  extremities, 
they  are  bulb-like  in  form.  Their  shape  has  also  been 
compared  to  that  of  an  almond,  a  fig.  or,  still  more 
aptly,  to  that  of  an  engorged  leech,  which  they  closely 
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resemble  because  of  tlieir  long,  tapering,  upper  ex- 
tremities which  unite  with  each  other  and  with  the 
clitoris.  Their  dimensions  vary  in  diiTerent  in- 
dividuals. Usually  reaching  as  far  back  as  the  na- 
vicular fossa,  they  may  not  extend  beyond  the 
middle  of  the  vaginal  opening,  or,  on  the  other  hand, 
they  may  be  continued  behind  on  to  the  perineum. 
When  not  turgid,  each  bulb  is,  in  ordinary  cases, 
about  30  to  40  millimeters  long,  10  to  15  millimeters 
broad,  and  5  to  10  millimeters  thick. 

The  bulbs  are  onl\-  about  eight  to  ten  millimeters 
from  the  pubic  arch,  but  are  so  situated  with  regard  to 
the  vaginal  opening  that  they  are  pushed  forward  and 
away  from  the  bones  as  the  fetal  head  descends. 
Rup"ture  of  one  of  them  may,  however,  occur  during 
labor,  especially  if  instruments  are  used.  This  oc- 
casions a  large  hematoma  in  the  corresponding 
labium,  or,  if  the  rupture  extends  through  the  entire 
integument,  a  serious  hemorrhage. 

The  upper  or  deeper  surface  of  the  organ  is  applied 
to  the  ischiovulvar  or  outer  sheet  of  the  urogenital 
diaphragm,  to  which  it  is  attached  by  some  lax, 
areolar  tissue.  Its  inferior  or  superficial  surface  is 
covered  by  the  basis  of  the  nymph».  Like  the  bulb 
of  the  urethra  in  the  male,  it  is  invested  externally  by 
a  sphincter  muscle,  the  bulbocavernosus,  which,  by 
the  separation  of  the  two  bulbs,  becomes  applied  to 
the  outer  surface  only,  forming  a  constrictor  of  the 
vagina.  Its  interiuil  surface  embraces  the  vesti- 
bule, skirting  the  orifice  of  the  urethra,  the  vagina, 
and  the  vestibular  glands.  Its  anterior  extremity, 
pointed  and  drawn  out,  communicates  above  the 
opening  of  the  urethra  with  the  glans  of  the  clitoris 
and  with  the  opposite  bulb.  The  plexus  thus  formed 
was  called  by  Kobelt  the  pars  intermedia.  It  lies  im- 
mediately under  the  habenulaj  urethrales,  and  with 
them  constitutes  a  vestige  of  the  corpus  cavernosum 
urethras  of  the  male. 

In  structure  the  bulbs  resemble  the  corresponding 
organ  of  the  male.  They  are  invested  by  a  thin 
tunica  albuginea,  within  which  is  a  plexus  of  large 
veins  surrounded  by  muscular  fibers  sparsely  dis- 
tributed. The  organ  has  the  general  structure  of 
erectUe  tissue,  but  is  much  less  perfect  in  that  func- 
tion than  the  clitoris,  and  very  far  below  the  male 
penis.  When  engorged  with  blood  it  assumes  a 
swollen  doughy  consistence  rather  than  a  complete 
rigidity.  It  is  supplied  by  the  artery  of  the  bulb 
from  the  internal  pudendal.  The  blood,  after  leaving 
the  plexus  of  veins  found  in  the  organ,  passes  into  the 
pudendal  perineal,  and  clitoridian  veins. 

Arteries. — The  arterial  supph'  of  the  vulva  is  shown 
in  the  following  scheme: 


Arteries. 
From  the  comjnon  femoral 
artery — 
Superior   external   pu- 
dendal 
Inferior    external    pu- 
dendal 

From     the     internal     pu- 
dendal artery — 
Dorsal    artery    of   the 
clitoris. 

Artery    of    the    corpus 

cavernosum. 
Artery  of  the  bulb. 


Distribution. 


Small   branches   to  the  mons  pubis  and 

anterior  commissure  of  the  labia. 
Anterior  labial  branches  to  anterior  h:ilf 
of  labia  majora,  some  of  which  reach 
the  nymphse. 


Perineal . 


Glans  clitoridis  and  anterior  part  of 
nymphae,  a  few  twigs  extending  up- 
ward to  the  mons  pubis. 

Crura  and  body  of  clitoris,  small  branch 
to  bulbs  of  the  vestibule. 

Bulbs  of  the  vestibule,  meatus  urinarius 
{urethral  artery),   vestibular  glands. 

Posterior  labial  branches  to  posterior 
half  of  labia  and  nymphsD,  bulbs  of 
the  vestibule,  vestibular  glands. 

Posterior  end  of  labia,  navicular  fossa. 

External  labial,  to  outer  suface  of  labia. 

Veins. — With  one  exception  these  have  the  .same 
general  arrangement  as  the  arteries,  discharging  into 
the  great  saphenous,  the  internal  pudendal,  and  the 
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Transverse  perineal. . . 
From  the  obturator  artery 
Internal  terminal  branch 


obturator  trunks  (Fig.  2749).  The  dorsal  vein  of 
the  clitoris  discharges  into  the  pudendal  plexus 
(plexus  of  Santorini),  whose  efferent  vessels  terminate 
in  the  hypogastric  vein.  Numerous  venous  plexuses 
occur  in  the  different  organs.  Thus  the  areola 
of  the  clitoris  themselves  constitute  a  plexus,  the  veins 
of  the  bulbs  of  the  vestibule  are  arranged  in  a  super- 
ficial large-meshed  plexus  and  a  deep,  fine-meshed  one, 
and  a  plexus  also  exists  within  the  labia  minora. 
These  communicate  freely  with  each  other  and  with 
the  vesical  and  vaginal  plexuses. 

Lymphatics. — The  lymphatic  vessels  of  the  external 
genitals  are  very  numerous,  especially  upon  the  nym- 
phtB  and  the  inner  surface  of  the  labia  majora.  They 
discharge,  for  the  most  part,  into  the  superior  internal 
or  pubic  group  of  superficial  inguinal  glands.  This 
group  lies  internal  to  the  fossa  ovalis  and  near  the 
spine  of  the  pubis.  It  includes  two  to  four  glands. 
Some  vessels  may  discharge  into  the  inferior  internal 
group  of  superficial  glands,  or  even,  though  rarely, 
reach  some  of  the  external  group.  In  injecting  the 
lymphatics  on  one  side  of  the  vulva,  it  is  often  found 
that  the  injection  reaches  the  opposite  side. 

Cuneo  and  Marcille  have  recently  shown  that  the 
lymphatics  of  the  glans  of  the  clitoris  ascend  by  way  of 
the  mons  pubis  to  the  inguinal  canal,  through  which 
they  pass,  to  terminate  in  glands  situated  along  the 
Uiac  vessels. 

Nerves. — The  nervous  supply  of  the  vulva  is  derived 
both  from  the  cerebrospinal  and  from  the  sympathetic 
systems.  The  cerebrospinal  nerves  come  from  both 
the  lumbar  and  the  sacral  plexuses,  the  sympathetic 
from  extensions  of  the  hypogastric  plexus  known  as  the 
cavernous  and  the  uterovaginal  plexuses.  From  the 
first  are  given  off  two  nerves,  the  greater  cavernous 
nerves,  and  a  number  of  small  nerves,  the  lesser  cav- 
ernous nerves  that  supply  the  crura,  body,  and  glans 
of  the  clitoris.  The  nervous  supply  of  the  organ  is  far 
greater,  in  proportion  to  its  size,  than  that  of  the  penis. 
With  the  cavernous  plexus  are  distributed  the  branches 
from  the  third  and  fourth  sacral  nerves  that  effect 
erection,  the  nervi  erigentes  oi  Eckhard.  Other  nerves 
from  the  the  cavernous  plexus  combine  with  the  cere- 
brospinal nerves,  whose  distribution  is  given  in  the 
following  scheme: 


Nerves. 
From  the  lumbar   plexus. 
Iliohypogastric — 
Anterior    cutaneous 

branch  

Ilioinguinal — 

Inguinal  branch.  . . 
Genitocrural — 

Genital  branch 

Frnm  the  sacral  plexus. 
Pudendal — 
Perineal  branch 


Distribution. 


Dorsal  nerve  of  clitoris 
Posterior  femoral    cu- 
taneous— 
Inferior     pudendal 
branch. 


Integument  upon   upper    part   of    mons 

pubis. 
Integument  upon  lower  part  of  mons  pu- 
bis and  upper  part  of  labium. 
To  labia  (anterior  labial  nerves). 


To  labia  (posterior  labial  nerves), 
nymphffi,  prepuce  and  glans  of  cli- 
toris, vestibule  and  meatus  urinarius 
(nerve  of  vestibule),  bulb  of  the 
vestibule. 


Glans,     prepuce, 
clitoris. 


body      and    crura     of 


To  labia  (posterior  labial  nerves). 

Frank  Baker. 
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Genital  Organs,  Male. — Embkyoukiy. — In  order 
to  liave  a  projw'r  kiunvk-dge  of  the  normal  and  at, 
times  abnormal  anatomy  of  the  human  male  genital 
organs,  it  is  essential  that  a  Ijrief  review  of  the  main 
facts  of  their  embryology  should  be  presented. 

That  the  higher  types  of  vertebrates,  during  their 
development,  pass  through  stages  the  essentials  of 
which  are  permanent  in  some  of  the  forms  below  them, 
is  particularly  well  exemplified  by  a  study  of  the 
embryology  of  the  genital  organs. 

In  the  light  of  the  theory  of  development  many 
cases  of  anomaly  of  the  genital  organs  will  furnish 
striking  evidence  of  either  atavism  or  urnMid  dcrclop- 
meiil.  In  the  growth  of  the  embryo  there  is  at  first  a 
period  during  which  there  is  no  indication  of  any 
provision  either  for  a  urinary  or  a  generative  function. 
A  little  later  the  rudiments  of  a  urogenital  apparatus 
are  developed,  but  as  yet  there  is  no  evidence  of  .sexual 
differentiation. 

In  the  course  of  embryologieal  changes  it  will  be 
observed  that  certain  of  the  structures  concerned 
appear  and  assume  their  permanent  characters. 
Gradually  and  without  modification  of  plan  other 
structures,  at  first  employed  for  purposes  unrelated 
to  the  urogenital  apparatus,  become  adapted,  seconda- 
rily, for  special  purposes  in  this  system;  others, 
though  belonging  to  this  system  from  the  first  and 
attaining  to  a  condition  of  functional  activity  in  one 
direction,  are  later  adapted  to  altogether  different  ac- 
tivities in  another  direction;  lastly,  other  rudiments, 
according  to  the  sex  developed,  either  become  elaljo- 
rated  into  efficient  and  important  parts  of  the  repro- 
ductive organs,  or  dwindle  into  useless  vestiges  that 
never  take  any  part  in  the  normal  work  of  the  body. 

In  order  that  the  reader  may  appreciate,  to  some 
extent,  the  significance  of  references  to  the  lower 
animals,  it  may  be  well  to  state  here  that  Tunicate ■; 
are  the  lowest  vertebrates  known.  Then,  according 
to  the  grade  of  organization  and  from  the  simpler  to 
the  higher,  come,  in  order,  the  Acrania  (Amphioxus), 
Cyclostomes,  Fishes,  Amphibians,  Reptiles  and  Birds, 
and,  highest  of  all,  the  Mammals.  The  Mammals 
are  further  subdivided,  according  to  grade  of  organiza- 
tion, into  the  Monotremes,  Marsupials,  and  Placentals. 


^^' 


Fig.  27.'31. — Transverse  Section  of  a  Seventeen-day  Sheep 
Embryo.  Diagrammatic.  1.  Ccelom  Cpleuroperitonea!  cavity); 
2,  entoderm;  3,  notochord:  4.  splanclinic  mesoderm  or  mesohlast; 
5,  middle  pla.te;  6,  somatic  mesoderm  or  mesoblast;  7,  ectoderm: 
8,  neural  canal;  9,  paraxial  mesohlast. 

The  common  eml)ryonic  foundations  of  the  .sexual 
organs,  male  and  female,  are  as  follows,  viz.,  for  the 
internal  organs  of  generation  they  are  the  germinal 
gland,  llic  Wolffian  duel,  the  mcsoiit phron,  the  Miilhj-ian 
duct,  a  part  of  the  intracmbnjotiic  allantois,  a  part  of 
the  cloaca,  and  a  part  of  the  proctodeum  (Figs.  27o2 
and  27.53). 

For  the  external  organs  of  generation  they  are  the 
genital  eminence,  genital  grooee,  genital  folds,  and 
genital  ridges  (Figs.  27.5o  and  27.57). 

In  intimate  relation  with  the  Wolffian  duct  arise,  in 
orderly  sequence,  three  important  structures — viz., 
the  pronephros  or  head  kidney,  mi sonephros  or  Wolf- 
fian body  (mid-kidney),  and  the  mctanephros  or  hind 
(permanent)  kidney  (Fig.  2752). 

These  nephric  strtictures  all  lie  in  the  dorsal  wall 
of  the  embryo's  abdominal   cavity   (cclom)  near  the 


point  where  the  somatic  and  splanchnic  layers  join 
dig.  2751);  they  extend,  on  either  side  of  the  noto- 
chord f primitive  vertebral  cohnnn),  from  the  neigh- 
borhooil  of  the  heart  to  the  tail  end  of  the  embryo, 
one  behind  the  other  in  the  order  indicated  by  tlieir 
names. 

The  intestinal,  urinary,  and  reproductive  organs 
are  not  only  intimately  related  in  the  adult,  but  they 
are  still  more  intimately  related  in  the  embryo  (Fig. 
2752),  and  therefore  they  must  be  referred  to,  in 
varying  degrees,  in  describing  the  development  of  the 
male  sexual  apiiaratus. 

.•\t  an  early  stage  of  the  embryo  an  evagination 
occurs  from  the  ventral  surface  of  the  hind  gut  near 
its  caudal  end  to  form  the  allantois  (Fig.  2752,  A). 
The  part  of  the  hind  gut  caudad  of  the  allantois  is  the 
cloaca  {('I).  The  cloaca  is  present  permanently  in  all 
vertebrates  from  Fishes  to  Monotremes. 

Derelopment  of  the  Internal  Genital  Organs. — The 
pronephros  and  Wolffian  duct  are  evolved  as  follows: 
the  mesothelial  cells  of  the  somatic  mesoderm  (Fig. 
2751,  No.  0)  near  the  middle  plate  (No.  .5)  evaginate 
on  both  .sides,  and  form  a  cord  of  cells  ijarallel  with 
the  notochord;  at  several  points  along  the  cephalic 
extremity  of  this  longitudinal  cord  of  cells  it  retains 
its  connection  with  the  lining  cells  of  the  celom 
(abdominal  cavity)  by  short  transverse  cords  of  cells. 
Soon  the  cell  cords  are  hollowed  out,  and  thus  are 
formed  the  segmental  or  Wolffian  duct  (Fig.  2752,  IF), 
which  passes  caudad  and  empties  into  the  cloaca  (CI), 
and  several  short  transverse  tulailcs  (Nos.  1,  1,  1), 
opening  at  one  end  into  the  celom  and  at  the  other 
extremity  into  the  Wolffian  duct.  The  transverse 
tubules  in  the  immediate  neighborhood  of  their 
celomic  extremities  are  evaginated  by  a  tuft  of  capil- 
lary blood-vessels  from  a  branch  of  the  adjacent  axial 
blood-vessel  (aorta),  so  that  a  series  of  glomeruli  are 
formed.  Through  the  physiological  activity  of  the 
cells  of  the  glomeruli  the  urinary  constituents  are 
elimin.ated  in  the  .\namnia  from  the  blood  and  passed 
along  the  transver.se  tubules  into  the  Wolffian  duct 
and  cloaca  and  thence  evacuated  from  the  body.  It 
is  thus  seen  that  the  transverse  tubides  and  their 
glomeruli  constitute  a  segmental  primitive  kidney 
(l)roiifphros).  This  pronephros  (Fig.  27.52,  Ncs.  i, 
1,  1),  though  functional  in  Cyclostomes.  Teleosts,  and 
larval  .\mphibians,  is  vestigial  in  Selachians,  Reptiles, 
Birds,  and  Manunals,  and  never  functionates  as  a 
urinary  organ;  it  soon  gives  place  to  the  more  impor- 
tant mesoncphros  (Fig.  2752,  Nos.  2,  2,  2,  2). 

Simultaneously  with  the  segmentation  of  the  par- 
axial mesoderm  (Fig.  2751,  No.  9)  into  the  .somites,  the 
middle  plate  undergoes  segmentation,  and  each  seg- 
ment is  called  a  ncphrolome.  In  the  lower  vertebrates 
each  nephrotome  is  hollow  and  is  formed  by  evagina- 
tion of  the  celomic  mesotheliiun;  but  in  Reptiles, 
Birds,  and  Mammals  the  nephrotomes  are  at  first 
solid  cords  of  cells  which  subsequently  become  hol- 
lowed out  and  converted  into  a  series  of  transver.se, 
short  canals  situated  behind,  caudad  of,  the  pro- 
nephros. They  soon  acquire  comiection  with  the 
previously  formed  Wolffian  duct.  Collectively  they 
constitute  the  Wolffian  body  or  mesoncphros.  At 
the  cephalic  end  of  the  Wolffian  duet,  the  now  .atro- 
phied transver.se  tubules  and  glomeruU  of  the  proneph- 
ros are  still  in  connection  with  it.  Embryologists 
usually  compare  the  mesonephros  with  its  Wolffian 
d\ict  to  a  comb,  the  duct  corresjionding  to  the  back 
of  the  comb,  and  the  short  transverse  tubules  repre- 
senting the  teeth. 

In  the  further  development  of  the  mesonephros 
each  transverse  tubule  becomes  somewhat  saccular 
midway  between  its  two  extremities,  and  then  the 
sacculated  jxirtion  is  invagimited  by  a  tuft  of  ca|)illary 
blood-vessels  derived  from  an  arterial  branch  of  the 
aorta.  The  invaginating  tuft  of  capillaries  is  known 
as  a  Maljiighian  tuft,  while  the  invaginated  portion 
of   the   transverse   tubule   is   called    the    Malpighian 
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capsule;  the  two  together  constitute  a  prhiiitive 
Malpighian  body,  analogous  with  the  Malpighian 
bodies  of  the  permanent  kidney  or  metanephros. 
By  the  development  of  secondary  tubules  and  Mal- 
pighian bodies  the  complexity  of  the  mesonephros  is 
greatly  increased. 

In    those    vertebrates    in    which    the    pronephros 
attains  to  a  temporary  functional  activity,  as  in  Cy- 


CHd. 


Fig.  2752. — Early  Embryonic  Condition  of  the  Urogenital  Sys- 
tem. Diagrammatic.  Sex  undifferentiated.  A.,  AUantois;  CV., 
cloaca:  H.  G.,  hind  gut;  IF.,  Wolffian  duct;  M.,  Miillerian  duct; 
1,  1,  1,  pronephros;  2,  2,  2,  2,  mesonephros  (Wolffian  bodyi ;  Met., 
metanephros  (rudimentary  permanent  kidney):  G.  G.,  germinal 
gland;  D.  L.,  diaphragmatic  ligament;  /.  L.,  inguinal  ligament. 

clostomes,  Teleosts,  and  Amphibians,  the  meso- 
nephros appears  relatively  late;  on  the  contrary,  in 
those  animals  in  which  the  pronephros  remains 
rudimentary,  as  in  Sharks,  Reptiles,  Birds,  and 
Mammals,  the  mesonephros  is  developed  early. 

In  the  Anamnia  (Fishes  and  Amphibians)  the 
mesonephros  not  only  acquires  relations  with  the 
sexual  apparatus,  but  also  functionates  as  a  urinary 
organ.  Hence  in  these  animals  there  is  no  metaneph- 
ros. In  the  Amnia  (Reptiles,  Birds,  and  Mammals) 
the  mesonephros  functionates  as  a  urinary  organ  only 
a  short  jseriod  during  embryonic  life;  it  undergoes  pro- 
found retrograde  and  adaptive  changes  soon  after  its 
formation  and  enters  into  the  exclusive  service  of  the 
sexual  apparatus,  serving  as  channels  to  conduct  the 
sexual  cells  from  the  germinal  glands  in  the  male,  and 
becoming  entirely  vestigial  in  the  female  (parovarium 
and  paroophoron). 

The  transverse  tubules  of  the  mesonephros  are 
divisible,  in  man,  into  an  anterior  or  cephalic  series  and 
a  posterior  or  caudal  set.  The  former  are  the  sexual 
set,  and  the  latter  become  vestigial  as  the  paradidymis 
and  vas  aberrans  (homologous  with  the  paroophoron 
of  woman)  (Fig.  2754). 

In  the  Amnia  the  permanent  urinary  organ  is  the 
metanephros.  While  the  mesonephros  and  its  Wolf- 
fian duct  are  temporarily  functionating  as  a  kidney, 
an  evagination  occurs  from  the  caudal  extremity  of 
the  duct. 


This  evagination  soon  lengthens  into  a  tube  (Fig. 
27.52,  Met),  which  extends  cephalad,  toward  the  caudal 
part  of  the  mesonephros.  The  cephalic  end  of  the 
rudimentary  metanephros  branches  freely  to  form  a 
number  of  smaller  tubes.  The  surrounding  imdiffer- 
entiated  mesodermic  cells  form  enveloping  connective 
and  vascular  tissue.  The  blind  end  of  each  little  tube 
becomes  dilated  and  then  invaginated  by  a  tuft  of 
capillary  blood-vessels  so  that  Malpighian  bodies  are 
formed  analogous  to  those  in  the  pro-  and  mesonephros. 
The  tubules,  owing  to  excessive  growth  in  length, 
become  tortuous  and  convoluted.  The  stalk  of  the 
diverticulum  becomes  the  ureter,  while  the  dilated  part 
from  which  the  branches  are  given  off  differentiates 
into  the  pelvis  of  the  kidney  with  its  infundibula  and 
calyces. 

Shortly  after  the  formation  of  the  mesonephros 
another  tube  {Miillerian  duct)  appears  (Fig.  2752,  M.). 
It  lies  close  to  the  outer  side  of  the  Wolffian  duct  and 
parallel  with  it.  It  arises  by  evagination  of  the  meso- 
thelium  of  the  celom  in  the  form  of  a  .solid  cord  of 
cells  and  later  acqviires  a  lumen.  The  cephalic  end 
of  the  duct,  near  the  pronephros,  maintains  a  com- 
munication with  the  celom  by  means  of  an  expanded 
funnel-shaped  mouth,  while  the  caudal  part  empties 
into  the  cloaca.     Its  lower  segment  becomes  closely 


Fig.  2753. — Embryonic  Condition  of  the  Urogenital  System 
Later  than  that  Represented  in  Fig.  2752.  Diagrammatic.  The 
allantois  has  differentiated  into  the  urachus  (LM,  bladder  iB.),  and 
urogenital  sinus  (U.  G.).  The  proctodeum  h.as  appeared  and,  with 
the  cloaca,  is  undergoing  subdivision  by  the  formation  of  the  per- 
ineum (S.).  U.  of  CI.,  Urogenital  p.art  of  the  cloaca:  U.  of  P., 
urogenital  part  of  the  proctodeum;  A.  of  P.,  anal  part  of  the  proc- 
todeum; A  of  CI.,  anal  part  of  the  cloaca:  //.  G..  hind  gut.:  G.  E., 
genital  eminence:  Met.,  metanephros  (permanent  kidney) ;  W., 
caudal  part  of  the  Wolffian  duct;  M.,  caudal  part  of  the  Miillerian 
duct. 


associated  with  its  fellow  of  the  opposite  side  and  with 
the  two  Wolffian  ducts,  thus  forming  the  genital  cord. 
The  cloacal  segments  of  the  Mtilleriau  ducts  fuse  early 
into  a  common  tube,  except  in  the  Monotremes, 
where  they  remain  permanently  separate  and  empty 
into  the  urogenital  sinus  (Fig.  275:3,  M.).  In  all 
other  Mammals  they  fuse  to  a  greater  and  greater 
degree  in  the  ascending  mammalian  scale.  \'arying 
degrees  of  reversion  to  the  more  primitive  types  occur 
as  Instructive  anomalies  in  human  anatomy. 

In  the  ascending  vertebrate  scale,  the  WolfTian  duct 
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first  appears  in  Cyclostomes,  the  MuUerian  duct  in  Elas- 
mobranchs,  and  the  metanephric  ureter  in  Reptiles. 

This  is  a  convenient  place  to  stat-e  that  the  iiitra- 
embryonic  portion  of  the  allantois — in  other  words, 
that  portion  extending  from  the  umbilicus  to  the 
cloaca — becomes  differentiated  into  three  segments 
as  follows:  The  middle  part  dilates  to  form  the 
bladder  (Fig.  2753,  B.),  the  umbilical  portion  becomes 


_Ajia 


Fig.  2754. — Diagrammatic  Representation  of  the  Adult  Male 
Urogenital  System.  Illustrating  especially  the  embryonic  elements 
that  enter  into  the  formation  of  the  male  urethra,  the  epididymis, 
and  the  rectum.  The  testicle  (G.  G.)  and  its  related  but  much 
modified  mesonephros  (3,  3,  3,  4,  4,  4,  4,  5,  8)  have  descended  from 
the  abdominal  cavity  into  the  scrotum.  Umb.,  Umbilicus:  U., 
urachus:  S.,  bladder;  U.  G.,  prostatic  urethra  (urogenital  sinus): 
U .  of  CI.,  together  with  U.  of  P.,  form  the  membranous  urethra 
(L*.  of  CI.  is  the  urogenital  part  of  the  cloaca,  and  U.  of  P.  is  the 
urogenital  part  of  the  proctodeum):  C.  of  G.  E.,  spongy  urethra 
(canal  of  the  genital  eminence);  Met.,  permanent  kidney  (met- 
anephros)  and  ureter:  U.,  vesicula  seminalis;  M.,  uterus  masculinus 
(distal  vestige  of  Miillerian  duct):  TT.,  vas  deferens  (WoltSan  duct); 
Ezt.  Ab.,  external  abdominal  ring;  6,  sessile  hydatid  (proximal 
vestige  of  Miillerian  ductl;  7,  stalked  hydatid  (vestige  of  pro- 
nephros); 8,  globus  major  of  the  epididymis:  4,  4,  4,  4,  body  and 
globus  minor  of  the  epididymis  continued  into  the  vas  deferens  (Tl'.): 
8,  4,  4,  4,  4,  sexual  adaptations  of  the  mesonephros;  5,  vas  aberrans 
(vestige  of  mesonephros);  3,  3,  3,  paradidymis  (non-sexual  vestige 
of  mesonephros^ ;  G.  G.,  testicle  or  didymis  (germinal  gland):  A.  of 
P.,  anal  part  of  proctodeum;  A.  of  CI.,  anal  part  of  cloaca:  H.  G., 
hind  gut.  Compare  the  male  urethra  with  the  female  urethro- 
internymphal  channel  (Fig.  2755,  1,  2,  4,  5,  6). 

the  urachus  (U.),  and  the  cloacal  segment  differenti- 
ates into  the  urogenital  sinus  {U.  G.). 

Through  unequal  growth  of  the  parts  the  Wolffian 
and  Miillerian  ducts  shift  their  positions  from  the 
cloaca  to  the  urogenital  sinus  (Figs.  2752  and  275:5), 


and  also  the  duct  (ureter)  of  the  metanepliros  (perma- 
nent kidney)  shifts  its  position  from  the  Wolffian  duct, 
first,  to  the  urogenital  sinus  (Fig.  275.3,  Mel.),  and, 
finally,  to  the  base  of  the  bladder  (Fig.  2754,  Met.). 
Only  in  the  Monotremes,  among  Mammals,  do  the 
ureters  open  permanently  into  the  urogenital  sinus. 

In  the  twelfth  week  of  the  embryo  the  urogenital 
sinus  acquires  thick  muscular  walls,  and  the  lining 
epithelial  tube  evaginates  into  the  nmscuiar 
tLssue  in  the  form  of  little  sacs,  the  lining 
cells  of  which  differentiate  into  .secreting 
epithelium.  Thus  is  formed  the  prostate  gland 
envelo])ing  the  urogenital  sinus  or,  as  it  Ls  now 
designated,  the  prostatic  urethra.  The  pros- 
tatic urethra  is  homologous  with  the  urethra 
and  the  proximal  part  of  the  internymphal 
space  of  the  adult  female  (Fig.  2755).  The 
musculo-glandular  part  of  the  prostate  Ls  pos- 
fibly  homologous  with  the  musculo-glandular 
part  of  the  uterus.  In  this  connection  it  is 
interesting  to  note  that  castration  leads  to 
atrophy  of  the  prostate  and  removal  of  the 
ovaries  induces  atrophy  of  the  uterus. 

While  the  Miillerian  duct  Ls  developing,  a 
thickening    of    the   mesothelial    cells    of   the 
celom  occurs  close  to  the  vent romesial  portion 
of  the  mesonephros,  thus  forming  an  elongated 
swelling  (germinal  ridge)    on  the  wall  of  the 
celom.    By  the  proliferation  of  the  mesoblastic 
tissue  beneath  the  mesothelial  cells  the  germ- 
inal ridge  is  still  further  enlarged,  ultLmatelv 
forming  the  germinal  gland  (Fig.  2752,  G.  C).     The 
gland  becomes  gradually  pinched  off  from  the  meso- 
nephros as  the  embryo  grows,  though  still  maintain- 
ing a  connection  with  the  vestige  of  this  body  by  a 
fold  of  peritoneum  (me.sorchium  or  mesovarium). 

In  the  differentiation  of  the  male  from  the  above- 
mentioned  Lndifferent  fundiments  the  following 
changes  take  place,  viz.:  columns  of  mesothelial  cells 
of  the  germinal  gland  are  evaginated  into  the  meso- 
blastic tLssue  as  sperm  tubes,  or  sexual  cords.  By 
growths  of  the  mesoblastic  tissue  the  sexual  cords  are 
divided  into  rovmdish,  follicle-like  masses,  which  be- 
come hollowed  out  to  constitute  the  seminal  ampullw. 
These,  by  further  growth,  are  transformed  into  seni- 
iniferous  tubules  (Fig.  2753,  No.  6),  containing,  among 
many  smaller  cells,  a  less  number  of  large  sperm  cells 
(spermatogones)  which  develop  into  spermatozoa. 
By  further  transformations  the  characteri.stics  of  the 
adult  testicle  proper,  or  didymis  (Fig.  2752,  Tunica 
vag.  Vis.),  are  developed.  At  the  same  time  marked 
changes  occur  in  the  mesonephros,  for  from  the  sexual 
series  of  the  transver-se  tubules  of  this  organ  cords  of 
cells  penetrate  the  germinal  glands  and  fuse  with  the 
seminiferous  tubules.  The  conversion  of  the  cell 
cords  into  tubes  produces  the  coni  rasculosi  of  the  head 
or  globus  major  (Fig.  2763,  No.  2;  Fig.  2754,  No. 8; 
Fig.  2702)  of  the  epididymis,  which  are  homologous 
with  the  parovarium  of  the  female;  the  rasa  efferentia 
(Fig.  2763,  No.  3);  the  rete  testis  (No.  9);  and  the  laso 
recta  (No.  7).  The  cephalic  part  of  the  Wolffian  duct 
(from  the  mesonephros,  Fig.  2752)  develops  into  the 
body  (Fig.  27o3,  No.  10)  and  tail  or  globus  minor  (Fig. 
2763,  No.  10;  Fig.  2754,  No.s.  4,  4,  4.  4)  of  the  epi- 
didymis, while  the  caudal  portion  becomes  the  tas 
deferens  (Fig.  2763,  No.  12;  Fig.  2754,  W.)  (homolo- 
gous with  the  duct  of  Giirtner  of  the  female).  Near 
the  extreme  cavidal  portion  of  the  Wolffian  duct  an 
evaginated  pouch  appears  which  develops  into  the 
seminal  bladder  (Fig.  2754,  T'.)  and  its  duct.  Caudad 
of  this  evaginatiou  the  Wolffian  duct  becomes  the 
ejaculatory  duct. 

The  pronephros  degenerates  in  both  sexes  into  a 
vestige,  the  stalked  hydatid,  or  hydatid  of  Morgagni, 
a  little  pedunculated  sac  attached  to  the  upper  part 
of  the  epididymis  in  the  male  (Fig.  2754,  No.  7;  Fig. 
2762).  The  non-sexual  caudal  series  of  mesonepli- 
ric  tubules  lilvewise  give  rise  to  a  vestigial  structure, 
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the  paradidymis  (Fig.  2754,  Nos.  3,  3,  3),  or  organ  of 
Giraldes,  homologous  with  the  paroophoron  in  the 
female,  lying  among  the  convolutions  of  the  taD  of  the 
adult  epididymis.  Primitively  the  germinal  glands 
were  arranged  segmentally  and  extended  along  a 
greater  number  of  somites  as  in  Amphioxus  at  present. 
Each  segment  discharged  its  germ  cells  into  an  atrium 
and  thence  by  an  atriopore  to  the  external  water 
where  imi)regnation  took  place;  or,  as  in  the  higher 
Cvclostomes,  the  spermatozoa  were  discharged  into 
the  celom  and  made  their  way  through  the  urogenital 
pores  into  the  urogenital  sinvis  and  thence  to  the  water. 
Then  in  Elasmobranchs  the  advance  took  place  by 
which  the  spermatozoa  are  discharged  along  the 
Wolffian  duct,  a  condition  which  persists  in  all  the 
higher  vertebrates. 

In  the  male  the  Mullerian  duct  becomes  vestigial 
throughout  nearly  its  whole  extent.  Its  cephalic 
extremitv  jiersists"  as  the  sessile  or  unstalked  hydatid 
(Fig.  27.")4,  No.  6),  and  is  homologous  with  the  fim- 
briated extremity  of  the  Fallopian  tube  in  the  female. 
It  is  a  small  vesicle  attached  to  the  cephalic  part  of  the 
testicle.  The  caudal  part  of  the  duct  becomes  the 
uterus  masculinus  (Fig.  2754,  M.),  and  is  homologous 
with  the  v.igina  and  uterus.  Should  the  intervening 
part  of  the  duct  persist  in  a  patulous  condition  it  is 
known  as  the  duct  of  Rathke  and  is  homologous  with 
the  oviduct  of  the  female. 

Testes. — The  testes  in  some  Mammals,  as  in  Manis 
among  the  Edentates,  are  subintegumental  and  lie 
in  the"  inguinal  canal.  They  remain  normally  in  the 
abdomenin  many  Mammals,  as  in  Monotremes,  most 
Edentate.s,  and  the  Elephant. 

During  ontogeny  the  testes  arise  in  the  same  rela- 
tive position  as  the  ovaries  in  Mammals.  Whereas 
normally,  in  man,  the  ovary  never  passes  further 
caudadthan  the  pelvis,  the  testis  usually  pas,ses  out 
of  the  abdomen  throvigh  the  inguinal  canal  into  an 
evagination  of  the  abdominal  wall  {scrotal  sac)  lined 
b.v  ev.aginated  peritoneum  (tunica  vaginalis).  In 
some  of  the  lower  Mammals  the  two  scrotal  sacs  con- 
tinue separate,  but  in  man  they  unite  by  a  median 
raphe  into  a  single  scrotum.  In  man  and  most 
Mammals  the  testes  remain  permanently  in  the  scro- 
tum by  reason  of  the  groat  reduction  in  size  of  the 
inguinal  canal.  Through  arrest  of  development  man's 
testicles  may  present  all  degrees  of  reversion  in  posi- 
tion to  that  of  more  primitive  types. 

The  descent  of  the  testes  is  a  late  development 
peculiar  to  Mammals.  Primitively  it  was  a  periodic 
phenomenon  occurring  in  the  adult.  At  present,  in 
the  hedgehog,  the  testes  retain  their  primitive  celomic 
position  up  to  the  rutting  period;  but  as  the  rut  ap- 
proaches they  come  to  lie  in  evaginable  portions  of 
the  abdominal  wall  in  the  inguinal  region.  After 
the  rutting  season  they  return  to  their  abdominal 
position. 

In  their  descent  the  testicles  necessarily  drag  after 
them  their  attached  structures,  such  as  the  sijermatic 
artery  and  veins,  the  vas  deferens,  lymphatics,  and 
nerves,  all  bound  together  by  connective  tissue,  and 
thus  constituting  tlie  spermatic  cord  (Fig.  2762, 
Funiculus  Sperm). 

Mode  of  Descent  of  the  Testicle. — The  descent  of  the 
testicle  is  a  striking  feature  of  its  development.  From 
the  mode  of  development  of  the  mesonephros  and  its 
ventro-median  genital  gland,  they  both  are  situated 
behind  the  peritoneal  sac.  Increasing  in  size  they 
invaginate  the  sac  and  apparently  project  into  the 
abdominal  cavity,  being  held  in  position  by  per- 
itoneum (mesorchium).  Since  the  mid-kidney  is  the 
most  conspicuous  part  of  the  projecting  mass,  the 
portion  of  the  mesorchium  extending  to  the  dia- 
phragm is  called  the  diaphragmatic  ligament  (Fig. 
2752,  D.  L.)  of  the  kidney  and  the  segment  extending 
to  the  inguinal  region  is  designated  its  inguinal  liga- 
ment (Fig.  2752,  /.  L.).  When  the  primitive  kidney 
has  become  incorporated  with  the  testicle  as  a  part 
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of  its  excretory  apparatus,  the  inguinal  ligament  con- 
nects exclusively  the  testicle  with  the  inguinal  re- 
gion. The  inguinal  ligament  contains  between  its 
peritoneal  folds  connective  tissue  and  unstriped  mus- 
cular fibers,  which  become  the  gubernaculum  testis. 
It  is  through  processes  of  unecjual  growth  of  the  body 
of  the  fetus  and  the  tissues  of  the  ligament  that  the 
testicle  is  di.splaced  from  the  side  of  the  lumbar  spine 
to  the  false  pelvis  and  thence  through  the  inguinal 
canal  into  the  scrotum.  The  most  primitive  mode 
of  descent  is  that  observed  in  Insectivores,  where  it 
is  accomplished  through  the  agency  of  the  cremasteric 
muscle. 

Derelopment  of  the  External  Genital  Organs. — While 
the  allantois  is  growing  there  is  formed,  near  the  caudal 
extremity  of  the  embryo,  a  surface  depression  extend- 
ing toward  the  cloaca.  This  depression  is  known  as 
the  anal  pit,  or  proctodeum.  The  anal  pit,  though  com- 
municating with  the  surface,  is  partitioned  off  from 
the  cloaca  by  the  anal  membrane.  This  membrane 
has  its  mesoblast  crowded  aside  by  the  anal  epiblast 
and  the  cloacal  hypoblast  growing  together.  By  the 
breaking  down  of  the  anal  membrane  the  cloaca  is 
enlarged  and  commimicates  with  the  surface.  Should 
the  membrane  fail  of  normal  absorption  a  child  would 
be  born  with  imperforate  a7ins. 

In  Fishes,  Amphibians,  Reptiles,  Birds,  and  the 
lowest  Mammals  (.Monotremes),  the  cloaca  is  a  per- 
manent structure  through  which  the  intestinal, 
urinary,  and  testicular  secretions  are  voided.  Man 
evolves  first  to  and  then  beyond  the  cloacal  state. 
In  all  mammals  above  Monotremes,  and  therefore 
in,  anan,  the  enlarged  cloaca  (cloaca-proctodeum) 
undergoes  division  about  the  eighth  week  into  a 
dorsal  or  anorectal  cloaca  (rectum  and  canal  of  the 
anus)  and  a  ventral  or  urogenital  cloaca  (Fig.  2753, 
[/.  ofCL,  A.  of  CI.,  U.  of  P.,  A.  of  P.).  This  division  is 
accomplished  by  the  growth  and  fusion  of  three  ridges, 
one  of  which  appears  at  the  point  of  union  of  the  gut 
and  the  urogenital  sinus,  while  the  other  two  extend, 
one  from  each  lateral  wall  of  the  cloaca.  The  septum 
formed  by  the  growth  and  fusion  of  the  three  ridges 
continues  to  thicken,  especially  near  the  surface,  until  it 
forms  a  pyramidal  mass  of  tissue,  called  the  perineum, 
or,  preferably,  the  perineal  body  (Fig.  2753,  S.), 
since  the  urogenital  portion  of  the  outlet  of  the  pelvis 
has  been  designated  as  the  perineum.  The  urogenital 
portion  of  the  cloaca-proctodeum  develops  into  the 
membranous  urethra  of  the  adult  male. 

Just  ventral  to  the  aperture  of  the  cloaca  (cloaca- 
protodeum),  about  the  sLxth  week,  appears  the  genital 
eminence  (Fig.  2753,  G.  E.,  Figs.  2  756and  2757),  and 
soon  both  cloacal  aperture  and  the  eminence  are  sur- 
rounded by  the  genital  ridges.  About  the  eighth 
week  a  groove  (genital  groove)  appears  on  the  under  or 
cloacal  surface  of  the  genital  eminence  in  continuity 
icith  the  urogenital  cloaca-proctodeum,  and  therefore 
with  the  urogenital  sinus  (Figs.  2754,  2756,  and  2757). 
The  groove  becoming  deeper  is  bounded  laterally  by 
projecting  folds  (Figs.  2756  and  2757)  of  skin  (genital 
folds).  For  descriptive  purposes,  later,  the  genital 
folds  may  be  divided  into  intra-  and  extraperineal 
portions.  It  is  due  to  the  growth  of  the  perineal 
body  tliat  the  anus  is  pushed  entirely  out  of  the  field 
of  the  developed  genital  ridges  (scrotum).  The 
external  genital  organs  of  the  male  represent  a  further 
stage  of  development  than  the  corresponding  female 
parts.  The  genital  eminence  early  acquires  a  knob- 
like extremity  which  develops  into  the  glans  penis 
(homologous  with  glans  clitoridis)  and  its  enveloping 
prepuce.  The  rest  of  the  genital  eminence,  exclusive 
of  the  genital  groove  and  genital  folds,  becomes 
developed  into  the  corpora  cavernosa  of  the  clitoris 
or  penis,  and  their  enveloping  tissues.  The  penis 
has  well-marked  intra-  and  extraperineal  segments. 

In  both  sexes,  by  further  ^owth,  the  genital  folds 
are  extended  along  the  sides  of  the  outlet  of  the  uro- 
genital portion  of  the  proctodeum  dorsad  toward  the 
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perineal  bodj',  so  that  a  large  part  of  the  groove  is 
caudad  from,  but  continuous  with,  the  outlet  of  the 
proctodeum  (Fig.  2757).  This  portion  of  the  genital 
folds  may  be  spoken  of  as  the  intrapcrineal  parts. 
By  ventrad  extension  of  the  genital  eminence  and  its 
glans  penis,  the  cxtraperineal  parts  of  the  penis  are 
formed.  The  cxtraperineal  development  of  the  gen- 
ital eminence  in  the  female  is  so  slight  that  it  scarcely 
exists — in  her  the  eminence  is  essentially  intraperineal. 
In  the  female,  through  lack  of  fusion  of  the  segments, 
the  intraperineal  parts  form  the  nymplim  with  their 
contained  huUn  vestibuli  and  pars  intermedia  as  the 
lateral  Ijoundaries  of  the  genital  groove,  the  fourcltette 
as  the  dorsal  boundary,  and  the  glans  clitoridin  as  the 
ventral  boimdary  of  the  genital  groove.  The  genital 
groove,  caudad  from  the  proctodeum,  becomes  in  the 
adult  the  most  cavidal  morphological  element  of  the 
internyraphal  cleft  (Figs.  27.55,  2757).  In  the  male 
development  proceeds  further  than  the  stage  repre- 
sented in  Fig.  2757.  The  genital  folds  bordering  the 
outlet  of  the  proctodeum  fuse  at  their  free  margins 
and  form  the  intraperineal  portions  of  the  corjjus 
spongiosum  (bulb  and  portion  of  the  body),  the  intra- 
perineal urethra,  and  the  enveloping  skin.  This 
intraperineal  portion  of  the  corpus  spongiosum  is 
homologous  with  the  bulbi  vestibuli  and  pars  inter- 
media of  the  female.  By  ventrad  extension  of  the 
genital  eminence  and  its  genital  folds  and  groove,  and 
fusion  of  the  fold  margins,  the  cxtraperineal  (pendu- 
lous) portion  of  the  corpus  spongiosum  and  its  urethra 
are  formed.  The  distal  opening  of  the  urethra  is  the 
meatus  urinarius.  It  is  generally  stated  in  works  on 
embryology,  to  the  confusion  of  students  of  homology, 
that  the  urogenital  sinus  of  the  sexually  undifferenti- 
ated embryo  is  homologous  with  the  prostatic  and 
membranous  urethra  of  the  male  and  with  the  vesti- 
bule of  the  female.  But  this  certainly  is  incorrect. 
It  seems  to  us  far  more  in  conformity  with  the  facts 


Fig.  27.55. — Sagittal  Section  through  the  Adult  Vulva,  Vagina, 
Urethra,  etc.  Medial  surface.  Diagrammatic.  1,  Urethra  (proxi- 
mal part  of  the  urogenital  ainusi ;  2,  distal  part  of  the  urogenital 
sinus  or  proximal  part  of  the  internymphal  cleft;  4,  stratum  of 
the  internymphal  cleft  corresponding  to  the  urogenital  cloaca:  5, 
stratum  of  the  cleft  corresponding  to  the  urogenital  proctodeum;  6, 
stratum  corresponding  to  the  genital  groove  of  the  genital  eminence ; 
2,  4,  5,  6,  mesial  surface  of  the  right  boundary  of  the  internymphal 
cleft;  7,  glans  clitoridis;  8,  fourchette;  9,  bladder;  10,  duct  of 
Gartner  (persistent  Wolffian  duct);  3,  vagina  (enlarged  Mullerian 
duct):  11,  rectum;  1.  2,  4,  .5.  fi.  urethro-internymphal  channel  and 
homologous  with  the  entire  male  urethra.  Compare  with 
Fig.    2754. 

to  say  that  the  embryonic  urogenital  si7ius  (Figs.  275.3 
and{2754,  U.G.),  plus  the  urogenital  cloaca  (U .  of  CI.), 
plus  the  urogenital  proctodeum  (U.  of  P.),  and  plus  the 
genital  groove  (G.  E.,  or  C.  of  G.  E.),  difTerentiiite  into 
the  male  urethra  from  the  neck  of  the  bladder  to  the 
meatus  urinarius  on  the  one  hand,  or  into  the  female 
urethra  and  interyiymphal  cleft  on  the  other  hand 
(Fig.  2755).  So  that  the  male  urethra  is  homologous 
with  the  urethro-internymphal  space  of  the  female. 


The  vestibule  in  human  anatomy  Ls  described  as  the 
space  extending  from  the  glans  clitoridis  to  the  o.stium 
vaginte  and  between  the  nympha;.  'i"he  vestibule  as 
thus  defined  Ls  u.seless  for  studying  homologies.  The 
ivhnle  space  between  the  nympha;  extending  from  the 
glans  clitoridis  (Fig.  2755,  No.  7)  to  the  fourchette 
(Fig.  2755,  No.  8)  must  be  considered.  This  inter- 
nymphal space  of  the  female  is  formed  from  several 
(four)  distinct  moq)hological  elements,  as  follows — 
viz.,  a  part  of  the  urogenital  sinus  of  the  embryo 
(Fig.  2755,  No.  2),  urogenital  cloaca  (4),  urogenital 
proctodeum  (5),  and  genital  groove  (6). 
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Fig.  2756. — UndifTerentiated  Stage  in  the  Development  of  tho 
External  Genital  Organs.  Drawn  from  Ziegler  wax  model  in 
United  States  Army  Medical  Museum.  The  genital  groove  is 
continuous  with  the  undivided  cloaca-proctodeal  cavity. 

That  the  most  caudal  part  of  the  internymphal  space 
corresponds  to  the  spongy  urethra  is  illustrated, 
among  other  things,  by  the  fact  that  the  ducts  of 
Bartholin's  glands  open  on  the  mesial  surfaces  of  the 
nymphse  external  to  the  hymen,  just  as  the  ducts  of 
Cowper's  glands  open  into  the  spongy  urethra.  The 
genital  ridge  differentiates  into  the  mons  veneris,  and 
into  two  prominent  pouches  on  either  side  of  the  penis, 
which  become  fused,  by  a  median  raphe,  into  the 
scrotum  (homologous  with  labia  majora  of  female). 

By  consequence  of  evaginations  from  the  genital 
groove  there  are  formed  the  glands  of  Cowper  (ho- 
mologous with  the  glands  of  Bartholin). 

The  differentiation  of  the  genital  ridges  in  the  female 
into  the  labia  majora  enlarges  the  internymphal  space 
into  the  interlabial  space.  In  adult  hvmian  anatomy, 
the  vulval  cleft  usualh'  means  the  whole  interlabial 
.space.  From  the  fact  that  the  external  fundiments  of 
the  sexual  organs  are  exactly  alike  in  both  sexes,  it  is 
evident  why,  through  abnormal  ontogeny,  forms  come 
under  observation  occasionally  which  make  it  very 
difficvilt  to  decide  whether  they  are  male  or  female. 
These  are  the  so-called  cases  of  hermaphroditism. 
They  arise  either  from  the  excessive  development  of 
certain  finidiments  or  the  interrupted  development 
of  other  parts,  in  both  the  male  and  female.  The  male 
is  most  subject  to  those  malformations  which  have 
led  to  the  supposition  that  there  may  be  hermaph- 
roditism in  man.  They  are  due  to  the  fact  that 
the  normal  processes  of  fusion  are  interrupted  ia 
association  with  the  interrupted  development  of  other 
parts.  For  example,  the  genital  ridges  (Fig.  2757) 
may  fail  to  unite  into  a  scrotum  and  will  simulate  the 
labia  majora  of  the  female;  the  resemblance  may  be 
heightened  by  the  failure  of  the  testes  to  leave  the 
abdominal  cavity;  and,  further,  the  penis  may  be  so 
rudimentary  as  closely  to  resemlile  a  clitoris.  Again, 
as  I  have  seen,  there  may  be  a  very  noticeable  depres- 
sion between  what  seem  to  be  incompletely   fused 
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genital  folds  (Fig.  2757)  and  every  suggestion  of  a 
rudimentary  vagina.  The  individual,  tliough  an 
adult,  may  "be  lacking  in  a  growth  of  hair  on  the  face; 
and,  lastly,  the  mammary  glands,  as  I  have  seen,  may 
be  as  well  developed  as  a  woman's.  But  in  spite  of  all 
these  misleading  features,  the  presence  of  testes  in  the 
abdominal  cavity  would  stamp  the  individual  as  a 
man.  In  a  ease  of  this  kind,  unless  a  microscopic 
examination  should  reveal  a  seminal  discharge,  it 
would  require  an  autopsy  to  ascertain  whether  testes 
or  ovaries  were  in  the  abdomen. 
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genital  groove- 
genital  fold" 
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Fig.  2757. — Early  Embryonic  Stage  of  Male  Kxternal  Genital 
Organs.  Drawn  from  Ziegler  wax  model  in  United  States  Army 
Medical  Museum.  Genital  eminence  projects  so  far  dorsad  and 
caudad  as  to  conceal  the  genital  folds  and  genital  groove,  which  are 
continued  to  the  under  surface  of  the  glana  penis.  The  perineal 
body  has  formed  and  separates  the  cloaca-proctodeal  cavity  into  a 
dorsal  part  having  its  outlet  at  the  anus,  and  a  ventral  part  having 
outlet  at  the  genital  groove,  in  virtue  of  the  fact  that  the  genital 
folds  have  extended  dorsad  and  united  to  form  the  fourchette  just 
ventrad  of  the  perineal  body.  It  will  thus  be  observed  that  the 
genital  folds  and  genital  groove  are  practically  divisible,  even  at 
this  early  stage,  into  intraperineal  (root  of  penis)  and  extraperineal 
(pendulous  part  of  penis^  segments. 

Lack  of  fusion  of  the  genital  folds  leads  to  vari- 
ous degrees  of  a  pathological  condition  known  as 
hypospadias. 

Copulatory  organs  of  various  forms  occur  among 
the  vertebrates,  often  morphologically  distinct  from 
one  another. 

A  specially  modified  portion  of  each  pelvic  fin 
(clasper)  occurs  in  male  Sharks.  Among  the  Tele- 
osts  the  male  Girardinus  has  the  terminal  portion 
of  the  anal  fin  modified  for  holding  the  female,  and  in 
many  Cyprinoids  the  anal  fin  has  modifications  for  a 
similar  function.  A  marked  swelling  of  the  lips  of  the 
cloaca  occurs  in  certain  Amphibians,  as  the  Urodeles, 
during  the  breeding  season,  by  which  internal 
impregnation  may  take  place,  but  only  in  male 
Gymnophiona  is  a  definite  copulatory  organ  present 
in  the  form  of  an  eversible  cloaca,  which  is  regulated 
by  a  well-developed  musculature.  Among  Reptiles 
two  kinds  of  copulatory  organs  exist,  the  one  being 
seen  in  Crocodiles  and  Chelonians,  and  the  other  in 
Snakes  and  Lizards.  In  the  former  the  organ  is  single 
and  is  a  thickened  portion  of  the  ventral  wall  of  the 
cloaca  which  is  regulated  by  muscles  and  is  protru- 
sible.  It  consists  of  erectile  tissue  and  has  its  dorsal 
surface  grooved  for  the  reception  of  the  seminal  fluid 
from  the  seminal  ducts. 

In  Snakes  and  Lizards  two  copulatory  sacs  lie  imder 
the  skin  at  the  root  of  the  taO  and  outside  of  the  cloaca, 


which  are  regulated  by  a  well-developed  musculature 
and  can  be  protruded  through  the  cloacal  opening  and 
withdrawn.  A  spiral  groove,  for  the  transmission  of 
semen,  extends  along  each  everted  sac. 

In  most  Birds  the  semen  is  expelled  through  a  non- 
eversible  cloaca,  but  in  many,  copulatory  organs  are 
present  similar  to  those  of  Crocodiles  and  Chelonians. 

In  the  males  of  all  Mammals  except  the  Mono- 
tremes.  Marsupials,  and  some  Edentates  the  penis 
consists  of  two  corpora  cavernosa  attached  proximally 
to  the  ischia,  and  a  central  portion,  the  corpus  spong- 
iosum., perforated  by  the  urethral  canal  and  expanded 
at  the  extremity  to  form  the  glans.  The  penis  of 
Monotremes,  decidedly  reptilian,  is  situated  in  the 
cloaca  and  is  indirectly  in  relation  with  the  seminal 
ducts  through  the  urogenital  sinus.  It  consists  of  an 
impaired  corpus  cavernosum  (there  is  no  corpus 
.s])ongiosum)  perforated  with  a  canal  in  continuity 
with  the  urogenital  sinus  and  the  seminal  ducts.  It 
is  only  loosely  surrounded  by  the  mucous  membrane 
(jf  the  cloaca,  has  a  well-developed  musculature,  and 
can  be  protruded  through  the  cloacal  aperture. 

The  ])enis  sheath,  in  Marsupials,  opens  directly  on 
the  surface  of  the  body  ventral  to  the  anus,  on  account 
of  the  growth  of  the  perineum.  The  two  openings 
are  surrounded  by  a  common  sphincter  muscle.  The 
erectile  tissue  is  paired  (two  corpora  cavernosa),  but 
unconnected  with  the  ischia. 

The  penis  of  Insectivores  and  Rodents,  among 
Placental  Mammals,  approaches  nearest  that  of 
IVIarsupials.  In  the  ascending  scale  of  Mammals  the 
opening  of  the  penis  sheath  is  separated  more  and  more 
from  the  anus  and  the  penis  comes  more  and  more  to  a 
ventral  position,  attaining  a  horizontal  and  fixed 
position  along  the  abdomen.  In  the  Apes  the  organ 
becomes  more  or  less  free  from  the  body  wall  at  its 
distal  end,  while  in  Man  the  whole  of  the  distal  end 
is  free  and  the  penis  sheath  forms  a  double  integu- 
mentary tube-like  investment  (prepuce)  over  the 
glans. 

During  ontogeny,  in  Marsupials  and  Placental 
Mammals,  the  penis  passes  through  stages  that  re- 
semble successively  those  which  are  permanent  in 
Crocodiles  and  Monotremes. 

Chronology  of  Urogenital  Development. — Third 
Week. — About  this  time  the  Wolilian  duct  and  pro- 
nephros are  recognizable,  the  nephrotomes  begin  to 
develop  and  also  the  allantoic  stalk  appears. 

Fifth  Week. — The  germinal  ridges  and  the  Miillerian 
duct  appear  and  the  fetus  is  two-fifths  of  an  inch 
(one  centimeter)  long. 

Sixth  Week. — The  genital  eminence,  folds,  groove, 
and  ridge  appear. 

Seventh  Week. — The  mesonephros  reaches  its  maxi- 
mum development. 

Eighth  Week. — The  caudal  portions  of  the  Miillerian 
ducts  fuse,  and  the  allantois  presents  a  spindle-shaped 
dilatation  in  its  middle  forming  the  bladder. 

Ninth  Week. — The  cloaca  is  divided  into  two  parts. 
The  permanent  kidney  has  characteristic  features. 
The  testes  are  distinguishable  from  ovaries.  The 
fundiments  of  the  external  genitals  begin  to  show 
distinctions  of  sex.  The  fetus  is  one  inch  long  (25 
millimeters)  and  weighs  about  half  ounce  (16  grams). 

Third  Month. — Prostate  gland  begins  to  develop. 
The  union  of  the  testes  with  the  canals  of  the  Wolffian 
body  is  complete.  The  testes  are  in  the  false  pelvis. 
Fetus  is  2j  inches  long  (7  centimeters)  and  weighs 
four  ounces  (125  grams). 

Fourth  Month. — Sexual  distinctions  in  external 
genitals  are  well  marked.  The  genital  groove  is 
closed.  The  scrotum  is  formed,  as  also  the  prepuce. 
The  prostate  is  well  formed.  Fetus  is  5  inches  (13 
centimeters)  long  and  weighs  7f  ounces,  or  240  grams. 

Seventh  Month. — The  testes  are  at  the  internal  ab- 
dominal ring.  Fetus  14  inches  (36  centimeters)  long 
and  weighs  3  pounds  (about  1.5  kilograms). 
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Eighth  Month. — The  testes  are  in  the  inguinal  canal. 
Fetu.s  1(5  inches  (41  centimeters)  long.     Weighs  4  to 

6  pounds  (about  2  to  2.5  kilograms). 

Ninth  Mouth. — The  testes  are  in  the  scrotum. 
Fetus  20  inches  (.50  centimeters)  long.     Weighs  6  to 

7  pounds  (about  3  to  3.5  kilograms). 

Anato.my. — The  male  urethra  is  the  urogenital  canal 
extending  from  the  bladder  to  the  extremity  of  the 
penis  (Figs.  2754  and  2758).  In  the  flaccid  state  it 
forms  a  double  curve,  but  when  erect  it  presents  a 
single  curve  with  the  concavity  ventrad.  It  is  about 
7  inches  (19  centimeters)  in  length  when  flaccid,  but 
during  erections  greatly  elongated.  It  is  divided  in  a 
prostatic  portion   (Ij   inches  or  32  millimeters  long) 


Fig.  2738. — Sagittal  Section  of  Male  I'rethra.  Diagrammatic. 
1,  1,  1,  Superficial  perineal  cavity  containing  the  intraperineal  seg- 
ments of  the  corpora  cavernosa,  corpus  spongiosum,  etc.;  2,  deep 
perineal  cavity  containing  the  membranous  urethra  and  bounded  by 
the  two  layers  of  the  deep  perineal  fascia  (triangular  ligament  of 
the  urethra);  3,  prostate  gland  transmitting  the  prostatic  urethra; 
4.  vesicula  seminalis  and  vas  deferens  emptying  thrciugh  the 
ejaculatory  duct  into  prostatic  urethra;  5,  site  of  perineal  body;  6, 
anal  portion  of  rectum  (llj  passing  through  the  sphincter  ani 
muscle  (9);  7,  central  tendon  of  perineum  whence  starts  CoUes* 
fascia  to  continue  into  the  dartos  (8)  of  the  scrotum;  10,  coccyx: 
12,  bladder;  1.3,  symphysis  pubis;  15,  extraperineal  portion  of 
corpus  spongiosum;  the  spongy  urethra  is  seen  traversing  the  cor- 
pus spongiosum  and  terminating  at  the  meatus  urinarius  in  the 
glans  penis  (14);  the  bulb  of  the  corpus  spongiosum  is  seen  in  the 
superficial  perineal  cavity,  resting  against  the  perineal  layer  of  trian- 
gular ligament;  the  prostate  is  in  the  pelvic  cavity,  resting  against 
the  pelvic  layer  of  triangular  ligament;  16,  extraperineal  portion  of 
corpus  cavernosum;  extending  between  the  symphysis  and  corpus 
cavernosum  ia  seen  the  suspensory  ligament  of  the  penis. 

membranous  part  (three-quarters  of  an  inch  or  20 
millimeters  long),  and  a  spongy  portion  (5  inches  or 
14  centimeters  long).  The  urethra,  except  during  the 
passage  of  urine  or  semen,  has  the  ventral  and  dorsal 
surfaces  in  contact.  The  jirostatic  portion  (Fig. 
2578,  No.  3)  is  spindle  shaped  and  is  the  most  dilatable 
and  widest  part  of  the  canal.  A  narrow  longitudinal 
ridge  (verumontanum),  three-quarters  of  an  inch  (20 
millimeters)  in  length,  exists  upon  the  dorsal  wall. 
It  is  formed  by  the  projecting  mucous  membrane  and 
contains  muscular  and  erectile  tissue.  It  serves, 
when  distended,  to  prevent  the  semen  passing  back 
into  the  bladder.  There  is  a  slightly  dejiresseci  fossa 
{prostatic  sinus)  on  either  side  of  the  verumontanum. 
A  depression  {uterus  masculinus)  exists  at  its  distal 
part  (Fig.  2754,  M).     It  is  a  cul-dc-sac  about  a  quarter 


of  an  inch  {(i  millimeters)  in  length  extending  dorso- 
cephalad  in  the  substance  of  an  organ  (prostate  gland), 
which  envelops  the  prostatic  urethra  (Fig.  2758,  No. 
3).  Its  walls  are  composed  t^f  mucous,  connective, 
and  mu.scular  tissue,  and  the  ducts  of  numerous  small 
glands  open  upon  its  mucous  surface.  The  uterus 
masculinus  is  homologous  with  the  vagina  and  uterus 
of  the  female.  The  membranous  urethra  (Fig.  2758, 
No.  2)  is  tlie  narrowest  part  of  the  canal  except  at 
its  termination  in  tlie  penis.  Its  ventral  surface  is 
concave  and  is  j)laccd  about  an  inch  dorso-caudad  from 
the  subpubic  arch.  Its  dorsal  surface  is  separated  from 
the  rectum  by  the  perineal  body  (Fig.  2758,  No.  5). 

The  spongy  urethra  (Fig.  27.58,  No.  15)  is  the  long- 
est. Its  caliber  is  intermediate  between  the  other 
segments,  and  uniform  except  at  either  extremity. 
For  half  an  inch  (13  millimeters)  behind  the  terminal 
opening  it  is  dilated  and  forms  the  fo.'<sa  navicularis, 
while  behind,  for  an  inch  (2.5  millimeters),  it  widens 
in  every  direction  and  is  called  the  pars  bulbosa. 

The  urethra  is  composed  of  three  coats:  mucous, 
areolar,  and  muscular.  The  inner,  or  mucous,  coat 
i-;  continuous  at  its  proximal  end  with  the  mucous 
coat  of  the  bladder  and  at  its  distal  end  with  the  in- 
tegument of  the  penis.  It  is  also  continuous  with  the 
ducts  of  the  several  glands  opening  into  it.  Its  epi- 
thelial lining  consists  of  columnar  cells,  except  at  the 
distal  opening,  where  the  cells  are  squamous.  The 
mucous  coat  is  arranged  in  longitudinal  folds  in  the 
membranous  and  spongy  portions  when  the  urethra 
is  empty.  The  orifices  of  numerous  mucous  glands 
occur  on  the  surface  of  the  mucous  coat,  especially  on 
the  spongy  portion,  while  the  glands  themselves 
(glands  of  Littr6)  are  situated  in  the  submucous  con- 
nective tissue.  The  orifices  are  directed  distally  and 
vary  in  size,  and  some  may  easily  intercept  the  point 
of  a  small  instrument.  One  of  these  orifices,  m\ich 
larger  than  the  rest  {lacuna  magna),  is  situated  in  the 
fossa  navicularis  on  its  dorsal  surface,  about  half  an 
inch  (13  millimeters)  or  so  from  the  outlet. 

The  areolar  coat  is  rich  m  elastic  fibers,  and  its 
interstices  are  plentifully  supplied  with  convoluted 
vessels  which  serve  the  purpose  of  erectile  tissue. 
The  outer  or  muscular  coat  consists  of  two  lavers  of 
unstriped  muscular  fibers,  the  outer  being  longitudinal 
and  the  inner  circular. 

The  Perineum  and  Penis. — The  male  perineum 
(Fig.  2759),  or  urogenital  region  of  the  outlet  of  the 
jielvis,  is  bounded  h\  the  subpubic  arch  (Nos.  1,  1), 
the  pubo-ischiatic  rami  (No.  4),  the  ischial  tuber- 
osities (No.  7),  and  the  transversus  perinei  muscles. 
The  arch  and  rami  present  two  lips  and  an  inter- 
mediate .space.  The  transversus  perinei  muscles, 
one  on  either  side,  arise  laterally  from  the  ischial 
tuberosities  and  are  inserted  medianly  into  tlie  central 
tendinous  point  (No.  6)  of  the  perineum.  Each  is 
innervated  by  the  perineal  branch  of  the  internal 
])udic  nerve.  Their  action  is  to  fix  the  central  tendin- 
ous point  of  the  perineum. 
Extending  from  fixed  attachments — viz.,  from  the 
dorsal  (posterior)  border  of  the  muscles  and  the  central 
tendon,  along  their  deep  (pelvic)  surfaces,  and  thence 
along  the  deep  (pelvic)  lips  of  the  pubo-ischiatic 
rami,  and  subpubic  arch — is  a  triangular-shaped  fascia 
(Fig.  2759,  No.  5).  At  the  points  of  attachment  the 
fascia  is  single,  but  across  the  triangular  interval  which 
it  occupies  it  divides  into  two  layers,  a  superficial  or 
perineal  layer  and  a  deep  or  pelvic  one.  Between  the 
two  layers,  therefore,  exists  a  space  called  the  deep 
perineal  cavity  (Fig.  2758,  No.  2),  which  contains  a 
number  of  structures,  viz.,  the  membranous  portion 
of  the  urethra  (whence  the  name  of  tri;ingular  liga- 
ment of  urethra  for  the  double-layered  fascia), 
Cowjier's  glands,  the  compressor  urethra-  muscle,  sub- 
pubic ligament,  the  internal  pudic  vessels,  the  dorsal 
nerve  and  vein  of  the  penis,  the  artery  and  nerve  of 
the  bulb,  and  a  plexus  of  veins,  all  bound  together 
by  very  delicate  connective  tissue. 
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The  deep  or  pelvic  layer  of  the  triangular  ligament 
is  continuous  with  the  pelvic  fascia.  The  superficial 
layer  is  the  deep  floor  of  a  second  perineal  cavity,  the 
superficial  perineal  cavity  (Fig.  2758,  Xos.  1,  1,  1). 
The  perineum  has  another  important  fascia  (super- 
ficial perineal  fascia)  which,  like  the  triangular  liga- 
ment or  deep  perineal  fascia,  is  divisible  into  two 
layers.  The  deeper  layer  is  the  fascia  of  Colics.  It  is 
continuous,  at  the  posterior  border  of  the  transversus 
perinei  muscles,  with  the  triangular  ligament  (Fig. 
2758,  No.  7).  It  passes  superficial  to  the  muscles  and 
is  attached  firmly  to  the  superficial  lips  of  the  pubo- 
ischiatic  rami  and  the  adjacent  ischial  tuberosities, 
but  is  not  attached  to  the  superficial  lip  of  the  sub- 
pubic arch,  for  the  corj^ora  oavernosa  and  the  corpus 
spongiosum  intervene  (Fig.  2759,  Nos.  1,  1).  Colles' 
fascia,  in  this  region,  is  continuous  with  the  dartos  of 
the  scrotum  (Fig.  2758,  Nos.  7,  8). 

This  superficial  perineal  cavity  is  bounded  thus  on 
the  pelvic  side  by  the  triangular  ligament  (Fig.  2758, 
No.  2),  on  the  cutaneous  side  with  the  fascia  of  Colles 
(Nos.  7,  8),  laterally  by  the  intermediate  surface  of 
each  pubo-ischiatic  ramus  (Fig.  2759,  No.  4),  and 
dorsally  (posteriorly)  by  the  line  of  junction  of  Colles' 
fascia  and  the  triangular  ligament  (Fig.  2758,  No.  7). 
The  superficial  perineal  space  is  continuous  ventrally 
with  the  subdartos  space  of  the  scrotum  and  penis 
(Fig.  2758,  No.  8;  Fig.  2759,  Nos.  1,  1). 

It  is  in  the  superficial  perineal  cavity  that  extravasa- 
tion of  urine  most  frequently  takes  place  in  cases  of 
rupture  of  the  urethra.  From  the  nature  of  the  fascial 
attachments,  it  is  clear  that  the  only  direction  in 
which  the  flviid  can  make  its  way  is  ventrad  along  the 
scrotum  and  penis  and  thence  on  the  ventral  part  of 
the  abdomen. 

This  superficial  perineal  space  contains  the  following 
inlraperineal  segments  of  the  penis,  viz.,  the  crura 
penis  (Fig.  2759,  No.  2;  Fig.  2758)  partly  covered  by 
the  erector  penis  muscle,  the  l)ulb  and  part  of  the  body 
of  the  coqJHs  spongiosum  (Fig.  2758,  Nos.  1,  1,  1; 
Fig.  2759,  No.  3)  hidden  by  the  accelerator  urinte 
muscle,  the  transversus  perinei  muscles,  and  the 
superficial  perineal  blood-vessels  and  nerves. 

The  crvu'a  penis  (homologous  with  the  crura  clitori- 
dis  of  the  female)  are  the  intraperineal  and  diverging 
parts  of  two  fibrous  cylindrical  tubes  called  the  corpora 
cavernosa.  The  latter  are  placed  side  by  side  and 
intimately  connected  by  the  septum  pectiniforme 
along  the  median  plane  for  their  anterior  (extraper- 
ineal)  three-fourths  (I'^igs.  2759  and  2760) ;  the  posterior 
(intraperineal)  fourth  of  each  corpus  cavernosum 
diverges  from  its  fellow  to  form  a  strong  tapering 
fibrous  process  firmly  connected  to  the  pubo-ischiatic 
ramus.  In  many  mammals  (e.g.  lemurs  and  apes), 
a  bone,  the  os  penis,  is  developed  in  the  septum 
between  the  corpora  cavernosa. 

The  corpus  spongiosum,  a  single,  bilaterally  sym- 
metrical structure,  is  composed  also  of  two  parts,  an 
intra-  and  an  extraperineal  portion. 

The  intraperineal  portion  commences  between  the 
diverging  crura  penis,  where  it  forms  an  enlargement, 
the  bulb,  and  then  narrowing  forms  a  part  of  the  bodv 
(Fig.  2758,  Nos.  1,  1,  1;  Fig.  2759,  No.  3).  The 
extraperineal  part  is  composed  of  two  segments,  the 
remaining  portion  of  the  body  (Fig.  2758,  No.  15) 
and  the  glans  penis  (No.  14).  The  body  is  cylindrical 
and  situated  in  a  groove  on  the  ventral  surface  of  the 
corpora  cavernosa  (Fig.  2760,  No.  10).  The  glans 
penis  overlaps  the  rounded  extremities  of  the  corpora 
cavernosa  and  presents  the  form  of  an  obtuse  cone 
flattened  dorso-ventrally  (Fig.  2758,  No.  14).  _  At  its 
summit  is  a  vertical  opening,  the  meatus  urinarius. 
The  base  forms  a  projecting  rounded  border  (corona), 
behind  which  is  a  constriction  (neck).  Both  these 
parts  have  numerous  sebaceous  glands  secreting  a 
cheesy  matter  of  peculiar  odor. 

The  three  fibro-elastic  tubes  (viz.,  the  corpus  spon- 
giosum and  the  corpora  cavernosa)  enclose  a  fibrous 


trabecular  structure  whose  meshes  lodge  the  erectile 
tissue.  The  trabecuke  are  more  delicate  and  the 
meshes  smaller  in  the  corpus  spongiosum.  The 
meshes  or  areola?  of  the  corpus  spongiosum  freely 
communicate  with  one  another.  The  areola?  of  the 
corpora  cavernosa  freely  communicate  with  one 
another  on  each  side,  and  also  with  those  of  the 
opposite  side  through  fissures  in  the  fibrous  septum 
between  them.  The  areoke  are  lined  with  epithelial 
cells  and  are  comparable  to  widely  dilated  capillaries. 
At  several  points  in  their  walls  arteries  communicate 
with  them;  they  give  origin  to  the  veins.  Blood 
rushing  into,  and  being  retained  in  the  areolae  causes 
erection  of  the  penis. 

The  corpus  spongiosum  and  the  corpora  cavernosa, 
with  their  envelopes,  constitute  the  penis.  The 
intraperineal  .segments  of  the  penis  converge  at  the 
apex  (ventral  part)  of  the  superficial  jjerineal  cavity 
and,  passing  out  of  the  cavity  beneath  the  svmphvsis 
pubis  (Figs.  2758  and  2759,  Nos.  1,  1),  form  the  pendu- 
lous body   (extraperineal  portion)   of  the  penis.     A 


Fig.  2759. — Male  Perineum,  Showing  Triangular  Ligament  and 
the  Intra-  and  Extraperineal  Portions  of  the  Penis.  Colles'  fascia 
and  the  superjacent  parts  have  been  removed.  1,  1.  Region  of 
subpubic  arch  hidden  by  penis;  4,  rami  of  pubes  and  ischium  (pubo- 
ischiatic  rami):  7,  tuberosity  of  ischium  (drawn  much  too  far  dor- 
sad) ;  6,  central  tendon  of  the  perineum,  between  which  and  the 
tuberosities  of  the  ischium  extend  the  transversus  perinei  muscles 
(omitted  in  the  drawing):  5,  triangular  ligament  or  deep  perineal 
fascia,  on  the  superficial  or  perineal  layer  of  which  are  shown  the 
following  structures,  viz.,  3,  the  bulb  of  the  corpus  spongiosum 
from  which  the  enveloping  accelerator  urinse  muscle  has  been  re- 
moved; 2,  crus  penis  of  the  corpus  cavernosum,  from  which  oq 
either  side  the  enveloping  erector  penis  muscle  has  been  removed. 
S,  Sphincter  ani;  9,  levator  ani.  The  dors.al  boundary  of  the 
triangular  ligament  is  seen  in  the  figure  to  extend  as  far  back  as  the 
central  tendon,  where  it  is  continuous  with  Colles*  fascia.  Tho 
triangular  ligament  is  shown  to  be  attached  to  the  deep  or  pelvic 
lip  of  thepubo-ischiatic  rami  and  subpubic  arch;  Colles'  fascia  has 
been  removed  from  the  superficial  lip  of  the  rami.  The  portions 
of  the  penis  dorsad  from  the  subpubic  arch  are  intraperineal  portions, 
while  the  parts  ventrad  of  the  arch  are  extraperineal. 

strong  band  of  fibrous  tissue  (the  suspensory  ligament 
of  the  penis)  passes  downward  from  the  .symphysis 
and  blends  with  the  fibrous  cylinders  of  the  corpora 
cavernosa  (Fig.  2758). 

The  urethra  (spongy  portion)  extends  throughout 
the  length  of  the  corpus  spongiosum  and  terminates 
at  the  meatus  urinarius. 

The  erector  penis  muscle  (homologous  with  the 
erector  clitoridis)  embraces  the  crus  penis  and  arises 
from  the  intermediate  space  of  the  pubo-ischiatic 
ramus  and  the  ischial  tuberosity.  It  is  inserted  into 
the  sides  and  ventral  surface  of  the  crus.  By  com- 
pressing the  crus  it  assists  in  causing  and  maintaining 
erection.  The  accelerator  urina;  muscle  is  bilaterally 
symmetrical.  It  is  also  called  the  ejaculator  seminis. 
It  is  homologous  with  the  sphincter  vaginae  or  bulbo- 
cavernosus  of  the  female.     It  arises  from  the  central 
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tendinous  point  and  from  the  median  raphe  in  front. 
From  these  points  its  fibers  diverge  like  the  phimes  of 
a  feather.  The  greater  number  course  around  the 
sides  and  are  inserted  into  the  dorsum  of  the  intra- 
perineal  part  of  the  corjius  spongiosum,  while  the 
foremost  fibers  extend  around  the  lateral  part  of  each 
corpus  eavernosum  and  are  inserted  into  the  midline 
of  the  dorsum  of  the  two  bodies,  covering  the  dorsal 
vessels.  By  compressing  the  latter  it  helps  to  cau.se 
and  maintain  erection.  The  superficial  layer  of  the 
superficial  perineal  fascia  acquires  no  bony  attach- 
ments and  is  continuous  with  the  corresponding 
fasciffi  of  the  scrotum,  thighs,  and  ischiorectal  fossse. 


Fig.  2760. — Transverse  Section  of  the  Penis.  Diagrammatic. 
1,  Dorsal  artery;  2,  deep  dorsal  vein;  3,  superficial  dorsal  vein;  4, 
skin;  5,  dartos  (superficial  layer  of  superficial  fascia):  6,  deep  layer 
(areolar  tissue)  of  the  superficial  fascia;  7,  deep  fascia;  8,  cylin- 
drical membrane  containing  erectile  tissue  of  corpus  eavernosum; 
9,  artery  of  corpus  eavernosum;  10.  spongy  urethra  in  corpus 
spongiosum  ;  11,  branch  of  artery  of  bulb  supplying  corpus  eaverno- 
sum; 12,  cylindrical  membrane  containing  erectile  tissue  of  corpus 
spongiosum;  surrounding  the  latter  are  several  blood-vessels. 

The  common  envelopes  of  the  extraperineal  penis 
are  the  skin,  superficial  fascia  (containing  the  dartos), 
and  deep  fascia.  The  dartos  is  the  superficial  layer  of 
the  superficial  fascia  and  contains  unstriped  muscular 
fibers,  and  is  continuous  with  the  dartos  of  the  scro- 
tum. When  contracted,  it  conijiresses  the  veins  of 
the  penis  and  favors  erection.  The  skin  is  remarkably 
thin,  is  loosely  connected  with  the  deeper  parts,  is 
dark  in  color,  and  free  from  adipose  tissue. 

The  erectile  structures  receive  sympathetic  nerves 
from  the  pelvic  plexus  and  spinal  nerves  from  the  super- 
ficial perineal  and  the  dorsal  nerve  of  the  penis.  The 
coverings  of  the  penis  receive  nerves  from  the  inferior 
perineal  of  the  internal  pudic  and  from  the  genital 
branch  of  the  geni to-crural  nerve.  They  receive 
blood  from  the  external  pubic  artery,  and  from  the 
superficial  perineal  and  dorsal  arter.v  of  the  penis, 
branches  of  the  internal  pudic.  The  bulb  and  body 
of  the  corpus  spongiosum  are  sujJiilied  by  a  branch 
(artery  of  the  bulb)  of  the  internal  pudic.  Each 
corpus  eavernosum  receives  the  cavernous  branch 
of  the  internal  pudic.  The  glans  is  mostly  supplied 
by  the  dorsal  artery  of  the  penis  (Fig.  2760). 

The  veins  from  the  envelopes  of  the  penis  converge 
to  the  dorsum  of  the  organ  and  emjity  into  the  super- 
ficial dorsal  vein,  lying  in  the  areolar  tissue  beneath 
the  dartos  along  the  median  line  and  emptying  into 
the  obturator  and  external  pudic  veins.  The  veins 
from  the  glans  emerge  at  its  neck  and  form  the  deep 
dorsal  vein  which  runs  in  the  median  groove  on  the 
cavernous  bodies  beneath  the  deep  fascia  (Fig.  2760). 
It  perforates  the  triangular  ligament  and  empties 
into  the  prostatic  plexus.  Those  from  the  body  and 
bulb  enter  the  same  plexus  or  the  internal  pudic  vein. 
Small  veins  emerge  from  the  ventral  and  dorsal  sur- 
faces of  the  corjJora  cavernosa.  They  empty  into  the 
deep  dorsal  vein,  the  former  circling  around  the  sides 
of  the  bodies.  The  principal  vein  comes  from  the 
po.sterior  part  of  each  cavernous  body,  and,  perforat- 
ing the  triangular  ligament,  enters  the  prostatic  plexus. 


The  superficial  lymphatics  of  the  penis  empty  into 
the  superficial  inguinal  glands,  while  the  deep  lym- 
phatics empty  into  the  jjelvic  glands  about  the  internal 
iliac  arter.v. 

The  Texticle,  Spermaiic  Cord,  and  their  Envelopes. — 
The  testicle  is  the  gland  that  secretes  the  male  germ 
cells  or  spermatozoa  (Figs.  2761  and  2762).  It  is 
supplied  with  arteries,  veins,  lymphatics,  nerves,  and 
an  excretory  duct  (vas  deferens).  In  migrating,  dur- 
ing development,  from  the  alxlomen  it  evaginates 
jiortion  of  the  peritoneum  (visceral  and  parietal  layers, 
which  sul)sequently  become  pinched  off  and  form  the 
tunica  vaijinalis)  and  all  the  layers  of  the  abdominal 
wall  in  the  inguinal  region.  It  pushes  in  front  of  it, 
hernia-like,  tlie  following  layers  in  addition  to  the 
peritoneum — viz.,  first,  the  subperitoneal  connective 
tissue,  and  then,  in  order,  the  infundibuliform  fascia 
(portion  of  transversalis  fascia),  some  of  the  lower 
fibers  of  the  internal  oblique  muscle  thus  forming 
the  cremasteric  fascia,  the  intercolumnar  fascia,  the 
dartos  (superficial  fascia  rich  in  unstriped  nuiscular 
fibers,)  and,  finally,  the  skin  (Fig.  2761).  The  path 
of  the  testicle  through  the  abdominal  wall  is  the 
inguinal  canal;  the  evaginated,  many-layered  pouch 
is  the  scrotal  sac,  one  on  either  side.  By  fusion  the 
skin  forms  a  common  covering  for  both  testicles,  the 
line  of  fusion  being  indicated  by  the  raphe;  but  the 
remaining  layers  meet  in  the  median  plane  to  form  the 
septum  scroti.  All  the  envelopes  of  the  two  glands 
together  form  the  scrotum.     The  deep  "opening"  of 


Fig.  27(51. — Transverse  Section  of  the  Testicle  and  its  Scrotum. 
Diagrammatic.  For  the  sake  of  clearness  the  individual  layers  of 
the  scrotum  are  represented  as  widely  separated.  1,  Skin;  2,  dartos 
(superficial  fascia) ;  3.  intercolumnar  fascia;  4.  cremasteric  fascia; 
5,  infundibuliform  fascia;  6,  subperitoneal  fascia;  7,  parietal  layer 
of  the  tunica  vaginalis;  S,  cavity  of  the  tunica  vaginalis;  9.  visceral 
layer  of  the  tunica  vaginalis  connected  by  subserous  areolar  tissue 
to  the  tunica  albuginea  (10);  11,  the  mediastinum  giNing  off  Ira- 
beculse  to  the  tunica  albuginea;  12,  epididymis. 

the  inguinal  canal  is  the  internal  abdominal  ring;  the 
superficial  or  subcutaneous  end  is  the  external  abdom- 
inal ring  (Fig.  2754,  Ext.  -46.). 

The  inguinal  canal  is  oblique  and  runs  parallel  with 
Poupart's  ligament.  It  is  about  an  inch  and  a  half 
in  length.  It  commences  near  the  middle  of  Poupart's 
ligament  and  half  an  inch  cephalad  from  it,  and 
extends  to  the  spine  of  the  pubis.  It.s  cephalic  bound- 
ary is  the  arched  fibers  of  the  internal  oblique  and 
transversalis  muscles;  its  caudal  boundary  is  formed 
by  the  union  of  Poupart's  ligament  with  the  trans- 
versalis fascia;  the  ventral  bovindary  is  the  skin,  super- 
ficial fascia,  aponeurosis  of  the  external  oblique,  and 
partly  by  the  internal  oblique;  the  dorsal  boundary 
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is  the  triangular  fascia,  tiie  conjoined  tendon  of  tlie 
internal  oblique  and  transversalis  muscles,  tiie  sub- 
peritoneal connective  tissue,  and  peritoneum. 

The  testicle,  in  migrating  from  the  abdomen  into 
the  distal  part  of  the  scrotum,  carries  with  it  its  tribu- 
tary structures,  such  as  the  vas  deferens,  arteries, 
veins,  lymphatics,  and  nerves,  all  bound  together  with 
connective  tissue  into  a  spermaHc  dord  (Fig.  2762). 
The  spermatic  cord  extends  from  the  testicle  to  the 
internal  abdominal  ring,  and  is  therefore  divisible 
into  a  scrotal  and  an  inguinal  portion. 

The  Testicles. — Each  testicle  consists  of  two  sepa- 
rate but  closely  related  parts,  viz.,  the  testicle  proper, 
or  didymis  (Fig.  2702,  Tunica  rag.  Vis),  and  an  epididy- 
mis (globus  major,  globus  minor).  Each  didymis  is 
compressed  laterally  and  is  oval  in  form.  It  is  one 
and  a  half  to  two  inches  long  (38  to  50  millimeters), 
an  inch  and  a  quarter  (30  millimeters}  dorsoventrally, 
and  one  inch  (25  millimeters)  in  breadth.  It  weighs 
about  six  drams  (24  grams).  It  has  a  lateral,  convex 
surface  looking  outward  and  a  little  backward;  a 
median,  flat  surface  looking  inward  and  a  little  for- 
ward. The  dorsal  border,  nearly  straight,  is  directed 
backward  and  upward  and  has  attached  upon  its 
entire  length,  nearer  its  lateral  than  its  median  part, 
a  structure  composed  of  convoluted  tubules  and  called 
the  epididymis.  The  ventral  border  of  the  testicle 
looks  forward  and  slightly  downward.  The  inferior 
or  caudal  extremity  is  pointed  and  occupies  a  plane 
posterointernal  to  the  more  rounded  upper  or  cephal- 
ic extremity.  The  epidid.vmis  consists  of  an  enlarged 
cephalic  head  (globus  major),  a  central  portion  or 
body,  and  a  caudal,  pointed  tail  (globus  minor).  The 
tubules  of  the  globus  major  are  continuous  directly 
with  those  of  the  testicle  (Fig.  2763,  No.  3),  but  the 
body  and  globus  minor  are  connected  to  the  testicle 
by  the  tunica  vaginalis  and  its  subserous  connective 
tissue.  In  horizontal  section  the  body  resembles  a 
comma,  and  therefore  it  shows  it  to  possess  a  ventral 
and  dorsal  surface,  as  well  as  lateral  and  median  boi^ 
ders.  The  dorsal  surface  is  convex,  the  ventral  is 
concave.  Between  the  concave  surface  and  the  tes- 
ticle is  a  blind  depression  (digital  fossa)  opening  later- 
ally. The  median  border  corresponds  to  the  tail  of 
the  comma. 

There  are  found  connected  with  the  globus  major 
and  neighboring  part  of  the  testicle  two  small  bodies 
(hydatids  of  Morgagiii),  one  of  which  is  sessile  and  the 
other  pedunculated  (Fig.  2762).  The  former,  one- 
eighth  to  one-third  of  an  inch  (3  to  8  millimeters) 
in  length,  is  flattened  or  rounded,  and  situated  ven- 
trally  either  on  the  globus  major,  the  adjacent  part 
of  the  testicle,  or  between  the  two;  the  latter, 
about  the  same  size,  is  attached  to  the  globus  major. 
The  hydatids  are  fetal  vestiges. 

The  testicle  proper  (didymis),  as  distinguished 
from  its  epididymis,  is  a  fibro-glandular  structure 
(Fig.  27(53).  The  outermost  part  (tunica  albuginea) 
is  a  dense  connective-tissue  membrane,  which  at  the 
dorsal  border  is  reflected  ventrally  into  the  gland  and 
forms  an  incomplete  vertical  septum  (mediastinum). 
From  the  sides  and  front  of  the  mediastinum  numer- 
ous connective-tissue  cords  and  laminoe  (trabec^dce) 
radiate  to  the  inner  surface  of  the  timica  albuginea. 
Thus  the  interior  of  the  gland  is  divided  into  a  number 
(about  two  hundred)  of  incomjilete  cone-shaped 
spaces  (loculi),  which  have  their  bases  at  the  inner 
surface  of  the  tunica  albuginea  and  their  apices  at  the 
mediastinum.  In  the  cone-shaped  loculi  and  lining 
the  tunica  albuginea  and  trabecule  is  a  vascular 
layer  (tunica  vasculosa)  consisting  of  a  network  of 
minute  blood-vessels  held  together  by  delicate  con- 
nective tissue.  The  true  glandular  tissue  (seminifer- 
ous tubules)  occupies  the  loculi.  Each  loculus  con- 
tains two  or  three  seminiferous  tubules  (tubuli  sejn- 
iniferi),  commencing  at  the  base  of  the  space  by  blind 
extremities  and  taking  a  very  convoluted  course  to 
the  apex  of  the  loculus.     In  their  course  toward  the 
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mediastinum  they  give  off  two  or  three  blind  pouches, 
and  not  only  make  anastomoses  with  one  another, 
Init  also  with  the  tubules  in  adjacent  loculi.  The 
tubules  of  each  loculus,  near  its  apex,  unite  together 
and  form  a  single,  straight,  excretory  tube  (lubulus 
rectus)  which  enters  the  mediastimim.  The  tubules 
of  a  single  loculus  are  bound  together  by  a  delicate 
interstitial  connective  tissue,  rich  in  minute  blood- 
vessels, and  make  a  cone-shaped  body  (lobule)  with 
the  apex  at  the  mediastinum.  Each  little  tube  in 
a  lobide  is  about  jirt  inch  (i  miUimeter)  in  diame- 
ter, and  when  uncoiled  its  length  is  increased  about 
thirty  times  (about  2  feet  or  62  centimeters).  The 
tubuli  recti,  formed  as  already  described  at  the 
apices  of  the  lobules,  are  smaller  in  diameter  than  the 
convoluted  tubules  of  the  lobules.  They  enter  the' 
mediastinum  and  form  throughout  that  .structure  a 
network  of  anastomosing  tubules  (rete  testis)  of  vary- 
ing diameter,  but  always  larger  than  the  tubuli  recti  or 
convoluted  tubules  of  a  lobule.  They  have  no  proper 
wall,  but  are  excavations  in  the  mediastinum  lined 
by  epithelium  of  varying  character.  At  the  dorso- 
cephalic  part  of  the  testicle  these  channels  finally 
unite  to  form  about  twelve  tubes   (vasa  efferentia). 


Tunic  ulus 


Llobus 


FiQ.  2762. — Lateral  Surface  of  the  Left  Testicle.  (Modified 
from  Gcgenbaur.)  All  the  layers  of  the  scrotum  down  to  and 
including  the  parietal  layer  of  the  tunica  vaginalis,  cut  through  and 
turned  aside,  thus  exposing  the  cavity  and  the  visceral  layer  of  the 
tunica  vaginalis:  the  latter  enveloping  the  didymis  {Tunica  vqq. 
Vis.) ,  the  epididymis  {Globus  major,  Globus  minor) ,  and  the  hydatid. 

which  escape  almost  immediately  through  the  tunica 
albuginea  and  enter  into  the  globus  major  of  the 
epididymis.  The  vasa  efferentia,  shortly  after  pierc- 
ing the  tunica  albuginea,  become  greatly  convoluted 
and  form  about  twelve  cone-shaped  bodies  (coni 
vasculosi)  with  their  bases  turned  away  from  the 
tunica  albuginea.  They  are  each  about  one-third 
of  an  inch  (or  8  millimeters)  long  and  enter  a 
common  duct  and  together  constitute  the  globus 
major.     This   common   duct  extends   downward,   as 
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the  tube  of  the  epididymi.'i,  and,  greatly  convoluted, 
forms  the  body  and  globus  minor.  The  coils  are  held 
together  by  connective  tissue.  The  length  of  the 
tube  when  uncoiled  is  about  fifteen  feet,  or  four  and 
one-half  meters.  Its  diameter  above  is  about  one- 
sLxtieth  inch,  or  two-fifths  millimeter,  but  gradually 
decreases  toward  the  glob\is  minor  and  then  enlarges 
beyond  that  structure.  The  tube  consists  of  an  inner 
mucous  coat  lined  with  ciliated  columnar  cells,  and  an 
outer  coat  of  unstriped  muscular  fibers.  The  tube 
of  the  epididymis  emerges  from  the  globus  minor  as  a 
constituent  {vas  deferens)  of  tiie  spermatic  cord  (Figs. 
2754  and  2763). 

Spermatogenesis. — The  male  germ  cells  are  formed 
only  in  the  convoluted  tubes  of  the  lobules  of  the  testis. 
The  process  is  homologous  with  oogenesis  (maturation 
of  the  ovum)  in  the  female.  If  a  section  of  a  sem- 
iniferous tubule  be  examined,  the  following  arrange- 
ment will  be  observed:  Each  tubule  presents  several 
layers  of  cells.  The  layer  furthest  from  the  lumen 
of  the  tube  is  formed  principally  liy  a  number  of  cells 
called  spermatogones.  Each  of  these,  from  time  to 
time,  divides  into  two  daughter  cells,  one  of  which 
persists  as  a  spermatogone,  while  the  other  differenti- 
ates into  a  primary  spermatocyte,  thus  forming  a  layer 
nearer  the  lumen.  This  latter  cell  divides  into  two 
cells,  the  secondary  spermatocytes,  thus  forming  a 
layer  still  nearer  the  lumen.  These  undergoing 
division  present  a  layer  of  spermatids,  each  one  of 


Fig.  27G3. — Diagram  of  Testicular  Tubules.  1,  Collecting  tube 
of  the  epididymis;  2,  coni  vasculosi;  3,  vasa  efferentia;  1,  2,  ami  .3 
form  the  globus  major:  4.  tunica  albuginea:  5,  loeulua  containing  a 
lobule:  6,  lobule;  7,  one  of  the  vasa  recta;  8.  trabecula;  9,  rete  testis 
in  the  mediastinum:  10,  tube  of  the  epididymis  forming  the  body 
and  globus  minor;  II,  vas  aberrans;  12,  vas  deferens. 

which  develops  into  a  spcrtnatozoon.  In  addition  to 
the  preceding  cells  there  are  others,  found  in  all  the 
layers,  which  serve  the  purposes  of  supporting  and 
nourishing  cells  (Sertoli  cells).  The  spermatozoa 
form  the  layer  of  cells  next  to  the  lumen.  Each 
spermatid,  in  differentiating  into  a  spermatozoon, 
gradually  elongates;  its  nucleus  becomes  the  head  of 
the  spermatozoon  enveloped  by  a  very  thin  film  of 
protoplasm;  the  centrosome  lies  behind  the  nucleus 
in  the  middle  piece  or  neck;  the  tail  develops  behind 
the  neck;  an  axial  filament  runs  through  the  neck  and 
tail  extending  beyond  the  sheath  of  the  Latter  as  the 
end-piece.  The  head  is  from  2  to  3m  in  breadth  and 
from  3  to  5m  in  length;  the  neck  is  6m  long  and  1m 
(nzUs  inch)  in  breadth;  the  tail  is  from  40  to  60m  long; 


the  end-piece  is  Om  long.  In  [jrofile  view  the  head  is 
narrow  and  jjointed  at  its  free  end,  but  on  surface 
view  it  appears  oval  in  shape. 

The  rate  of  jjrogression  of  a  spermatozoon  is  about 
O.O.j  millimeter  per  second. 

.Spermatozoa  possess  remarkable  vitality.  When 
mounted  on  a  slide  and  protected  from  evaporation 
they  have  exhibited  motility  for  nine  days.  They 
have  been  found  alive  in  the  male  genital  tract  four 
days  after  death.  They  may  retain  their  activity 
in  the  female  genital  tract  for  several  weeks. 

Weak  acid  solutions  kill  them. 

Structure  of  tlie  Spermatic  Cord. — The  vas  deferens 
forms  the  axLs  of  the  cord  and  is  about  eighteen  mche.s 
(46  centimeters)  in  length.  It  is  in  the  dorsal  part 
of  the  cord  and  Ls  recognizable  from  its  cord-like  re- 
sistance to  pressure. 

The  spermatic  artery  is  ventral  to  the  vas,  and  near 
the  testicle  becomes  tortuous  and  divides  into  several 
branches,  two  or  three  of  which  accompany  the  vas 
and  supply  the  epididymis;  others  pierce  the  tunica 
albuginea  and  sujiply  the  testicle  proper  (didymis). 
The  deferential  artery  is  a  long,  slender  vessel  accom- 
panying and  supplying  the  vas  on  its  dorsal  side  and 
anastomosing  with  the  spermatic  near  the  testis. 
The  cremasteric  artery  courses  along  the  cord  supply- 
ing the  cremasteric  and  other  coverings.  Seven  or 
eight  spermatic  veins  emerge  from  the  dorsal  surface 
of  the  testis  median  to  the  epididymis,  and  unite 
to  form  the  pampiniform  plexus  passing  mostly  along 
the  ventral  plane  of  the  vas  and  constituting  the  bulk 
of  the  cord.  Farther  up  the  cord  they  are  reduced  to 
two  or  three  in  number;  at  the  internal  abdominal 
ring  they  have  united  into  one  or  two  spermatic  veins. 
Lymphatic  vessels  accompany  the  veins.  Plexuses  of 
sympathetic  nerves  accompanj'  the  arteries. 

Except  for  a  short  distance  above  the  testicle,  the 
scrotal  portion  of  the  spermatic  cord  is  lacking  in  the 
serous  envelope;  otherwise  the  coverings  are  identical 
with  those  of  the  testis.  The  inguinal  part  of  the  cord 
has  only  the  following  coverings,  viz.,  the  .subserous 
connective  tissue,  the  infundibuliform  fascia,  and 
cremasteric  fascia. 

At  the  internal  abdominal  ring  the  constituents  of 
the  spermatic  cord  separate  and  course  in  different 
directions.  The  vas  deferens,  after  winding  around 
the  outer  side  of  the  deep  epigastric  art«ry,  and  cross- 
ing the  external  iliac  vessels,  descends  at  the  side  of 
the  bladder  into  the  pelvis.  It  arches  downward  and 
backward  to  its  base,  crossing  the  vestigial  hypo- 
gastric artery  to  reach  the  median  side  of  the  ureter. 
.\t  this  point  it  is  sacculated  and  enlarged,  forming 
the  ampulla,  which  extends  to  the  base  of  the  prostate 
gland  (Fig.  2758,  No.  3).  The  ampullse  are  median 
from  the  vesicute  seminales,  and  are  between  the 
bladder  and  the  second  part  of  the  rectum.  They 
constitute  the  lateral  boundaries  of  the  ext.ernal 
trigone  of  the  bladder.  At  the  base  of  the  prostate 
gland  the  vas  deferens  becomes  narrowed'and,  uniting 
here  with  the  duct  from  the  seminal  bladder,  forms 
the  ejaculatory  duct  (Fig.  2758).  The  vas  deferens  is 
about  two  feet  (61  centimeters)  in  length  and  about 
a  line  and  a  quarter  (3  millimeters)  in  diameter.  The 
spermatic  artery  can  be  traced  crossing  obliquely  the 
external  iliac  artery  and  uret-er  to  the  aorta  a  little 
below  the  renal  artery.  It  rests  on  the  psoas  magnus 
muscle  behind  the  ])eritoneum.  The  right  one  passes 
across  the  inferior  vena  cava. 

On  either  side  two  spermatic  veins  generally  accom- 
pany each  spermatic  artery  for  a  distance  and  then 
fuse  into  a  single  vein.  The  rigid-  one  opens  obliquely 
into  the  inferior  vena  cava,  the  left  one  into  the  left 
renal  vein  at  a  right  angle.  The  left  .spermatic  veins 
pass  behind  the  sigmoid  colon  with  their  artery.  The 
deferential  arterv  can  be  traced  to  the  superior  vesical 
arterv  at  the  side  of  the  bladder.  The  cremasteric 
is  a  bViinch  of  the  deep  epiga-^tric  artery.  The  lymph- 
atic vessels  terminate  in   the   lumbar  glands.     The 
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sympathetic  nerves  are  the  spermatic  plexus  derived 
mostly  from  the  renal,  but  partly  from  the  aortic 
plexus.  The  plexus  is  re-enforced  through  the  defer- 
ential from  the  pelvic  plexus. 

Dorsal  to  the  spermatic  cord  is  the  internal  branch 
of  the  genito-crural  nerve  from  the  lumbar  plexus.  _  It 
innervates  the  cremaster  muscle.  The  ilio-inguinal 
nerve  from  the  lumliar  plexus  enters  the  inguinal 
canal  at  varying  points  and  appears  at  the  external 
abdominal  ring  ventral  to  the  cord.  It  gives  sensi- 
bility to  the  scrotum. 

Tunica  Vaginolis  (Fig.  2762). — As  already  stated, 
the  tunica  vaginalis  is  the  innermost  of  the  scrotal 
coats  of  the  testis,  derived  from  the  peritoneum  during 
the  descent  of  the  testis.  At  birth  the  cavity  of  the 
tunica  is  directly  continuous  with  that  of  the  per- 
itoneum, so  that  the  tunica  consists  of  inguinal,  scrotal, 
.ind  testicular  segments.  But,  usually,  a  short  time 
after  birth,  the  inguinal  and  upper  scrotal  parts  are 
reduced  to  a  fibrocellular  thread  lying  in  the  loose 
connective  tissue  around  the  spermatic  cord;  so  that 
the  tunica  vaginalis  is  reduced  to  a  testicular  portion. 
There  are  all  grades  of  variation  between  a  tunica 
vaginalis  whose  cavity  is  freely  continuous  with  the 
cavity  of  the  abdominal  peritoneum  and  one  whose 
cavity  is  absolutely  shut  off  from  that  of  the  abdomen, 
and  without  even  the  presence  of  a  vestigial  connective- 
tissue  thread. 

The  visceral  layer  of  the  tunica  is  closely  adherent 
to  the  testicle  proper,  and  to  the  globus  major  and 
lateral  part  of  the  body  of  the  epididymus,  and  is 
prolonged  upward  upon  the  spermatic  cord  for  half 
an  inch  (12  millimeters).  It  extends  into  the  digital 
fossa  between  the  eiiididymis  and  testicle.  It  lea\es 
uncovered  nearly  all  the  posterointernal  part  of  the 
body  and  the  globus  minor  of  the  epididymis.  It  is 
in  those  uncovered  parts  that  extensive  vascular 
communication  is  established  between  the  testicle 
and  its  coverings  and  the  cord.  The  parietal  layer 
is  continuous  with  the  visceral  layer  at  the  point  of 
reflection  from  the  spermatic  cord,  and  at  the  postero- 
inferior  parts  of  the  testicle.  It  is  loosely  connected 
with  the  infundibuliform  fascia  by  the  subserous  con- 
nective tissue.  The  two  layers  are  in  contact  normally 
except  for  a  very  thin  film  of  serous  fluid  secreted  by 
the  endothelial  cells  of  the  tunica. 

The  Seminal  Vesicles  (Fig.  2758,  No.  4).— These 
reservoirs  for  the  semen,  to  which  they  add  their  own 
secretion,  are  situated  Ijetween  the  bladder  and  the 
rectum.  They  are  lobulated  pouches  of  pyramidal 
shape  placed  one  on  either  side  external  to  the  ampulke 
of  the  vasa  deferentia,  and  are  two  inches  (50  mOli- 
meters)  long  and  a  half-inch  (12  millimeters)  wide  at 
the  base.  They  present  rectal  and  bladder  surfaces, 
median  and  lateral  borders,  a  base  and  an  apex.  The 
ventral  surface  is  attached  to  the  base  of  the  bladder 
overlapping  the  ureter.  The  rectal  sxirface  is  covered 
above  by  the  recto-vesical  pouch  of  the  peritoneum, 
but  below  is  separated  from  the  rectum  only  by  the 
recto-vesical  fascia.  The  bases  are  widel.v  separated, 
but  the  apices  converge  and  narrowing  into  straight 
ducts  unite,  near  the  base  of  the  prostate  gland,  with 
the  corresponding  vasa  deferentia  to  form  the  ejacu- 
latory  ducts. 

Each  vesicle  consists  of  a  single  tube  coiled  upon 
itself  and  giving  off  many  blind  diverticula,  all  bound 
together  firmly  by  fibrous  tissue.  When  uncoiled  the 
main  tube  is  about  five  inches  (125  millimeters)  in 
length  and  of  the  diameter  of  a  quill. 

Each  ejaculatory  duct  is  about  three-quarters  of 
an  inch  (19  millimeters)  long,  and  commencing  at  tlie 
base  of  the  prostate  it  runs  downward  and  forward 
between  the  lateral  and  middle  lolies  to  emptj-  into  the 
urethra,  near  or  through  the  uterus  masculinus.  The 
seminal  vesicles  and  ejaculatory  ducts  have  three  coats : 
an  inner  or  mucous  one,  a  middle  or  muscular  one, 
and  an  outer  or  areolar  one. 

The  nerves  of  the  vesicles  and  ducts  are  derived 


from  the  pelvic  plexus.  The  ndddle  hemorrhoidal 
and  the  vesical  arteries  supply  the  vesicles  and  the 
extraprostatic  portion  of  the  duct.  The  intraprostatic 
portion  receives  its  nutriment  from  the  prostatic 
vessels.  Veins  and  lymphatics  accompany  the  ar- 
teries, emptying  into  the  vesicoprostatic  ple.xus. 

Prostate  Gland  (Fig.  2758,  No.  3). — The  prostate  is 
a  musculo-glandular  body  surrounding  the  proximal 
urethra  and  the  neck  of  the  bladder.  It  is  in  the  pel- 
vic cavity  behind  the  lower  part  of  the  symphysis 
pubis.  It  is  cephalad  from  the  deep  layer  of  the  tri- 
angular ligament  of  the  urethra  (deep  perineal  fascia). 
It  is  about  the  shape  and  size  of  a  large  chestnut.  It 
develops  at  puberty  and  atrophies  after  castration. 
It  presents  abase,  an  apex,  a  ventral,  a  dorsal,  and  two 
lateral  surfaces.  The  base  is  situated  immediately 
below  the  bladder;  the  apex  rests  upon  the  pelvic 
side  of  the  triangular  ligament ;  the  dorsal  surface  rests 
on  the  rectum,  distant  about  one  inch  and  a  half  (37 
millimeters)  from  the  anus;  the  ventral  surface,  about 
three-quarters  of  an  inch  (19  millimeters)  behind  the 
s>mphysis,  has  some  loose  fat  and  a  plexus  of  veins  in 
front  of  it,  and  is  connected  on  either  side  to  the  pubic 
bone  by  the  puboprostatic  ligaments;  the  lateral  sur- 
faces are  in  relation  with  the  anterior  portions  of  the 
levator  ani  muscles,  the  vesicopro.static  plexus  of 
veins  intervening.  The  prostate  consists  of  a  median 
and  two  lateral  lobes.  The  lateral  lobes  are  separated 
by  a  deep  notch  at  the  base  and  by  a  slight  furrow  on 
the  ventral  and  dorsal  surfaces.  The  middle  lobe, 
variable  in  shape,  is  a  small  transverse  band,  placed 
between  the  two  lobes  at  the  jjosterior  part  of  the 
gland,  behind  the  proximal  urethra.  The  ejaculatory 
ducts  pass  between  the  middle  and  lateral  lobes.  The 
prostate  is  enveloped  by  a  thin  but  firm  fibrous  capsule 
continuous  with  the  pelvic  layer  of  the  triangular  liga- 
ment and  the  rectovesical  fascia.  It  consists  of 
stroma  (mostly  muscular)  and  glandular  tissue. 
Immediately  beneath  the  fibrous  capsule  is  a  thick 
muscular  layer,  and  around  the  prostatic  urethra  is 
another  strong,  circular,  muscular  layer;  extending 
between  the  two  are  a  series  of  decussating  muscular 
trabeculoe,  forming  interstices  that  contain  the  glandu- 
lar tissue.  The  tubular  glands  are  arranged  around 
the  urethra  in  a  radiating  manner,  and  their  ducts 
(about  thirty  in  number)  commimicate  by  minute 
orifices  with  the  prostatic  sinus  on  either  side.  They 
are  lined  with  columnar  epithelium  and  secrete  a 
milky  fluid,  which  is  added  to  the  seminal  fluid  at  the 
moment  of  ejaculation. 

The  prostate  is  supplied  by  the  internal  pudic, 
vesical,  and  hemorrhoidal  arteries.  The  veins  empty 
into  the  vesico-prostatic  plexus  surrounding  the  organ, 
and  thence  into  the  internal  iliac  vein.  The  nerves 
are  derived  from  the  pelvic  plexus. 

Cowper's  Glands. — These  glands  are  two  firm  lobu- 
lated bodies  about  the  size  of  peas  and  situated,  one 
on  either  side  of  the  membranous  urethra,  between  the 
two  layers  of  the  triangular  ligament  (Fig.  2758,  No. 
2).  They  lie  close  above  the  bulb  among  the  fibers 
of  the  compressor  urethras  muscle.  Each  body  is  a 
compound  racemose  gland,  and  its  duct,  luied  by 
columnar  epithelium,  pierces  the  perineal  layer  of  the 
triangular  ligament  and  runs  forward  for  about  an 
inch  (25  millimeters)  tmder  the  mucous  membrane, 
finally  emptying  into  the  spongy  urethra.  The  viscid, 
albuminoid,  transparent  secretion  of  these  glands  is 
mixed  with  the  seminal  fluid  at  the  moment  of  ejacu- 
lation. D.\NiEL  Kerfoot  Shiite. 


Qentiana. — Gexti.^n.  "The  dried  rhizome  and 
root  of  Gentiana  lulea  L.  (Sam.  Genlianncea-),"  U.  S.  P. 
This,  the  yellow  gentian,  is  one  of  the  largest  and  showi- 
est species  of  the  genus.  It  is  a  tall,  sturdy,  mountain 
perennial,  arising  from  a  thick,  fleshy,  slightly  branch- 
ing or  simple,  and  sometimes  very  long  (from  half  a 
meter  to  one  meter  or  more),  yellowish-brown  root,  and 
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is  a  yard  or  more  high.  It  grows  abundantly  in  the 
elevated  and  mountainous  parts  of  Southern  and 
Middle  Europe,  Asia  Minor,  etc.  In  Switzerland, 
Southern  France,  and  the  hilly  parts  of  Germany,  it  is 
collected  for  use.  Although  sometimes  cultivated  for 
ornament,  it  does  not  thrive  weU,  and  rarely  flowers 
except  in  its  native  pastures. 

Description. — In  cylindraceous,  usually  slightly 
flattened,  curved  or  crooked  pieces  of  indefinite  length, 
and  from  0..5  to  3. .5  centimeters  (j  to  nearly  Ij  in.) 
thick,  or  in  longitudinal  shces  of  the  same  thickness; 
externally  yellowish  brown  to  dark-brow-n,  strongly 
and  crookedly  longitudinally  wrinkled,  and  marked 
■with  lighter-colored  circular  root  scars,  the  rhizome 
finely  or  heavily  annulate;  somewhat  tough  and 
flexible  when  damp,  rather  brittle  when  dry,  the 
fracture  short  but  uneven,  the  bark  thick,  reddish- 
brown,  separated  by  a  dark  brown  line  from  the  yellow- 
ish or  reddish-yellow  inner  portion;  free  from  starch; 
odor  strong,  characteristic;  taste  very  bitter,  slightly 
sweetish.  The  roots  of  other  species  are  distinguished 
by  their  smaller  size  and  tendency  to  divide  into 
numerous  branches  at  the  top.  Their  introduction 
is  to  be  regarded  as  only  technically  an  adulteration, 
as  their  properties  are  identical  w-ith  those  of  the 
official  root. 

Composition". — The  principal  constituent  of  this  and 
other  gentians  is  the  peculiar,  intensely  bitter, 
crystalline  glucoside,  gentiopicrin,  which  is  soluble  in 
water  and  diluted  alcohol,  but  not  in  ether  and  by 
means  of  diluted  acids  is  separated  into  sugar  and 
gentiogenin,  a  yellow,  bitter,  neutral  powder.  The 
yield  is  about  one  and  two-third  per  mille.  Gentisic 
acid  is  more  abundant.  It  is  in  large  needle-shaped 
crystals,  tasteless,  and  almost  insoluble  in  water 
and  ether,  but  slightly  soluble  in  alcohol.  It  is  not  an 
active  substance.  The  root  also  contains  a  good  deal 
of  pectic  matters,  sugar  (gentianose),  etc.,  but  no 
starch,  and  probably  no  tannic  acid,  unless  the 
gentisic  acid  be  considered  a  form  of  tannin. 

Action  and  Use. — Gentian  is  the  most  perfect  t.^'pe 
at  our  command  of  the  class  of  medicines  called  "sim- 
ple bitters."  In  the  purity  of  its  bitter  taste,  the 
promptness  of  its  action  upon  the  assimilating  organs, 
and  the  absence  of  other  qualities  even  in  considerably 
larger  than  medicinal  doses,  it  has  no  equal.  Gentian 
is  non-toxic,  but  in  excessive  amount  disturbs  the 
stomach  and  bowels,  and  may  occasion  nausea  and 
vomiting.  Sometimes  it  appears  to  be  slightly  laxa- 
tive. Gentian  is  employed  in  medicine  almost  exclu- 
sively for  the  purpose  "of  obtaining  its  stimulating 
effect  upon  the  appetite,  gastric  secretion,  and  assimi- 
lating functions.  Under  its  influence  the  appetite 
improves,  the  feeling  of  weight  or  discomfort  felt  in 
the  stomach  or  bowels  after  eating — if  due  to  debility 
of  those  organs — disappears,  more  food  is  taken,  and 
probablv  more  of  what  is  taken  is  assimilated.  It 
must  be  borne  in  mind  that  it  probably,  like  other 
bitters,  has  a  slight  inhibitory  action  upon  the  diges- 
tive process  by  its  presence  in  the  mass  of  food.  The 
secondarv  effect — viz.,  the  improved  nutrition  of  all 
the  organs,  and  their  consequently  better  performance 
of  their  various  functions — is  what  is  known  as  a  tonic 
effect.  Strength,  w^eight,  color,  firmness  of  tissue,  are 
all  improved,  and  better  health  results.  This  drug  is, 
then,  indicated  in  debility,  with  poor  appetite,  of  a 
more  or  less  chronic  character.  It  is  often  of  service 
in  dvspepsia,  and,  in  combination  with  iron,  in  simple 
anemia.  As  an  antiperiodic  it  has  been  completely 
superseded  bv  quinine;  as  a  substitute  for  tobacco  and 
opium  in  the  treatment  of  those  habits  it  has  no 
special  value. 

Administration. — Gentian,  in  the  form  of  the  whole 
root,  is  sometimes  chewed,  and  the  salivary  ex-tract 
swallowed;  the  method,  although  troublesome,  is  an 
excellent  one.     The  dose  is  not  particularly  important. 


but  2  or  3  grams  will  probably  do  as  much  good  as  a 
larger  quantity.  There  are  several  widely  u.sed  prepa- 
rations, all  good.  Those  official  in  the  U.  S.  P.  are 
the  extract,  dose  gr.  iv.  (0.2.5);  the  fluidextract  dose 
TTl  XV.  (1.0);  the  compound  tincture,  of  10  per  cent, 
strength,  with  4  per  cent,  of  bitter  orange  peel  and  1 
per  cent,  of  cardamom,  dose  fl  3  i-  (-t.O).  The  20  per 
cent,  tincture,  though  no  longer  official,  is  much  used 
in  doses  of  m  xxx.-lx.  (2.0-4.0).         H.  H.    RusBY. 


Qentianacese. — {The  Gentian  Family.)  The  great 
size  and  wide  distribution  of  this  family,  and  the  sin- 
gular uniformity  of  its  species  in  agreeing  with  the 
general  composition  and  properties  of  the  drug  last 
discussed,  render  it  of  great  importance  that  army 
surgeons  and  travellers  generally  should  be  able  to 
recognize  them  when  seen.  There  are  no  poisonous 
plants  among  them.  X  very  few-  are  slightly  or  not  at 
all  bitter  and  their  roofs  or  leaves  are  edible.  Several 
Coutoubeas  are  used  as  anthelmintics.  With  these 
exceptions,  all  the  others  in  use,  to  the  number  of  a 
hundred  or  more,  have  the  properties  of  the  official 
Gcnlian  and  Cliirelta.  Among  these  are  a  large 
number  in  the  genera  Genliana,  Swerlia,  Lisianlhus, 
Pleurogyrie,  Erythraa  (the  "Centaurys"),  Sabbalia, 
Axacum,  etc.  All  show  a  distinct  tendency  ton-ard 
laxative  properties,  and  in  some  this  tendency  is 
marked.  The  family  contains  upward  of  sixty  genera 
and  nearly  a  thousand  species,  Gentiana  being  the 
largest  genus,  with  about  three  hundred  species.  The 
family  is  represented  mostly  in  the  temperate  zones 
and  in  tropical  mountains  with  a  temperate  climate. 
They  may  be  knowm  by  the  following  family  charac- 
teristics: They  are  mostly  herbs,  smooth,  with  oppo- 
site, entire,  exstipulate  leaves,  these  usually  nerved  or 
ribbed.  The  flowers  are  solitary  or  cymose  in  the 
axils,  or  at  the  summit,  the  cymes  often  panicled. 
The  flowers  are  regular,  rarely  a  little  oblique,  perfect, 
4-.i-merous,  the  corolla  gamopetalous.  The  stamens 
are  of  the  same  number  as  the  corolla  lobes,  alternate 
with  them  and  affixed  to  the  corolla  tube  or  throat. 
The  disc,  if  any,  is  inconspicuous.  The  ovary  is 
superior,  one-celled,  or  rarely  tw-o-celled  by  the  union 
of  the  two  parietal  placentae.  The  ovules  are  numer- 
ous, anatropous  oramphitropous.  The  fruit  is  usually 
a  two-valved,  dehiscent  capsule,  rarely  indehiscent, 
still  more  rarely  fleshy.  The  embryo  is  small,  in 
copious  albumen,  the  radicle,  if  its  direction  is  distinct, 
ascending.  H.  H.  RrsBT. 


Geoform,  also  known  as  guaiaform,  is  methylene- 
diguaiacol.  It  occurs  as  a  yellow  powder,  with  an 
odor  of  vanilla  and  without"  taste.  It  is  soluble  in 
alcohol  and  ether,  and  insoluble  in  water.  It  has  been 
used  in  cases  of  pulmonary  tuberculosis  in  doses  of  5  to 
10  grains,  administered  in  capsules  or  as  powders. 

R.  J.  E.  Scott. 


Geography,  Medical. — The  geographical  distri- 
bution of  disease  has  received  the  attention  of  a  host 
of  medical  observers  in  all  ages,  and  the  st^atistical 
data  published  are  overw-helmingly  numerous  and 
detailed.  Generalizations  are  almo.st  impo,ssible,  for 
the  student  is  like  the  man  who  cannot  see  the  w-oods 
for  the  trees.  Nevertheless,  little  by  little,  as  new 
niodical  discoveries  are  published  from  the  clinic 
or  laboratory,  it  is  found  that  the  distribution  of 
manv  a  disease  might  have  supplied  the  key  to  solve 
the  puzzle  of  etiology  long  before  the  pathologists 
had  undertaken  their"  laborious  investigations.  For 
in.-itance,  a  map  .-ihowing  by  proper  shadings  the 
endemic  areas  of  yellow  fever"  and  the  areas  to  which 
it  occasionallv  spread  in  summer,  should  have  caused 
the  instant  acceptance  of  Finlay"s  other  facts  showing 
I  a  relation  of  the  disease  to  a  particular  mosquito. 
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There  would  then  have  been  a  demand  for  a  map 
showing  the  geographical  distribution  of  each  species 
of  mosquito  and  it  would  soon  have  been  proved 
that  the  disease  never  appeared  except  where  Finlay's 
mosquito  abounded.  The  possibility  of  the  carriage 
of  yellow  fever  by  mosquitos  had  been  suggested 
many  times  since  Finlay's  first  announcement,  and 
the  absence  of  proper  maps  was  the  only  reason  the 
ideas  bore  no  fruit  and  we  lost  twenty  years  of  life 
saving.  That  is,  the  statistics  already  existing  in 
abundance  are  worthless  unless  they  are  sorted  out 
and  put  into  graphic  form  which  gives  the  situation 
at  a  glance. 

This  is  being  done  by  the  epidemiologists  for  all 
those  diseases  which  occasionally  run  like  wildfire 
through  a  nation  and  from  country  to  country,  like 
plague  or  cholera.  This  much  of  medical  geog- 
raphy is  then   found  in  works  on  epidemic  diseases. 

Demography,  or  the  description  of  the  changes 
in  a  population  as  a  whole,  has  absorbed  a  large  part 
of  medical  geography.  The  death  rates  of  the 
special  diseases  which  reduce  a  population  must  be 
studied  from  year  to  year,  and  compared  with  the 
same  diseases  in  all  other  nations.  Ihifortunately 
national  boundaries  are  not  parallel  with  the  bound- 
aries of  disease  areas,  and  certain  diseases  prevail 
in  different  proportions  within  a  state  or  nation. 
Demographers  are  therefore  making  maps  showing 
by  proper  shadings  the  relative  morbidity  for  eacli 
disease  in  each  district.  Comparisons  of  these  maps 
are  showing  similarities  and  coincidences  which  are 
bound  to  result  in  valuable  generalizations  beneficial 
to  public  health. 

The  statisticians  of  all  health  departments,  mu- 
nicipal, county,  provincial,  state,  or  national,  should 
be  provided  with  funds  sufficient  to  prepare  maps 
showing  the  detailed  prevalence  of  each  of  the  main 
diseases  within  their  respective  statistical  limits. 
These  maps  should  be  of  uniform  size  and  shading 
for  ease  in  comparison,  and,  moreover,  the  surface 
contour  lines  should  be  inserted  in  appropriate 
number  to  show  the  relation  to  altitude.  Medical 
climatology  uses  all  the  facts  collected  by  medical 
geographers,  but  correlates  them  to  the  various 
factors  which  make  up  a  climate — elevation,  air 
moisture  and  precipitation,  heat  and  its  fluctuations 
by  day  and  season,  light,  proximity  to  lakes  and  seas, 
and  so  on.  That  is,  both  climatology  and  medical 
geography  are  really  statistical  store-houses,  for  the 
collection  and  storage  of  data  having  no  immediate 
or  even  no  known  use,  but  which  can  be  instantly 
drawn  upon  by  medical  climatologists  in  their 
investigations  of  the  diseases  caused  by  adverse 
climatic  factors. 

The  new  science  of  medical  ethnology  is  making 
use  of  the  facts  collected  by  the  geographers  and 
climatologists  as  well  as  the  facts  as  to  tlie  geographic 
distribution  of  races  of  men.  In  this  case  the 
"characters"  of  each  human  type  are  first  correlated 
to  the  environmental  factors,  geological  and  clima- 
tological,  then  to  the  prevailing  diseases  or  lack  of 
diseases,  and  finally  to  the  special  diseases  of 
alien  types  which  have  recently  immigrated  and 
mingled  with  the  natives  who,  by  .selection  in  a  long 
residence,  have  become  physically  adjusted  to  the 
environment. 

Medical  anthropology  is  also  making  some  use  of 
the  geographical  distribution  of  disease  in  explaining 
the  differences  between  the  morbidity  rates  in  man 
and  the  lower  animals.  Man's  evolution  has  been 
so  rapid,  that  he  has  not  yet  divested  him.self  of  all 
the  characters  fit  for  a  lower  existence,  and  thougli 
these  "disharmonies"  may  not  be  as  numerous  or 
serious  as  Metchnikoff  thinks,  they  deserve  serious 
consideration  in  explaining  the  distribution  of  disease. 
In  time,  of  course,  we  become  immune  to  old  diseases 
of  animals  with  which  we  come  in  daDy  contact, 
but  there  are  some  infections  like  rabies  and  anthrax 


which  seem  to  be  new  and  fatal  to  the  domestic 
stocks  we  have  created  from  wild  species.  The 
geographical  distribiition  of  such  diseases  in  Ijoth  man 
and  animals  might  lead  to  the  discovery  of  immvme 
or  tolerant  wild  species  which  account  for  the  per- 
sistence of  these  infections. 

Medical  geography  is  then  purely  statistical,  but 
it  furnishes  material  to  many  subsidiary  sciences 
of  great  practical  value  to  hygiene  and  sanitation. 
The  aim  and  end  of  all  vital  statistics  should  be  the 
preparation  of  shaded  and  contoured  maps  showing 
the  distribution  of  every  disease  afflicting  man  and 
the  lower  animals.  In  time  these  will  be  compared 
with  climatological,  zoological,  and  ethnologic  maps, 
with  a  view  to  etiological  discoveries.  For  instance, 
Sambon  has  found  that  pellagra  in  Europe  is  con- 
tracted only  along  water  courses  where  the  simulium 
or  black  fly  breeds.  The  germ  is  apparently  carried 
by  this  biting  fly  from  some  aquatic  animal  to  which 
it  is  harmless.  The  geographical  distribution  of 
beriberi  is  mostly  within  twenty  degrees  of  the  equator  . 
and  leprosy  within  forty  degrees  with  a  few  ex- 
ceptions such  as  Scandinavia,  and  moreover  leprosy 
seems  correlated  with  water  courses  and  seashores 
with  a  few  exceptions.  Some  one  will  probably  find 
a  reason  for  the  apparent  exceptions  and  wUl  then 
correlate  the  two  di-seases  with  the  source  of  their 
real  causes.  Both  beriberi  and  scurvy  have  long 
Ijeen  con.sidered  purely  dietetic,  but  the  latter  has 
now  been  found  to  be  parasitic  and  so  may  the 
former,  and  leprosy  may  be  a  disease  of  some  water 
animal  and  transmitted  by  an  insect. 

The  census  bureau  has  the  machinery  and  trained 
personnel  for  the  preparation  of  medical  maps  and  the 
collection  of  the  necessary  data.  At  present  it  mostly 
relies  upon  vital  statistics  from  the  registration  area. 
It  should  be  given  the  necessary  funds.  Unfor- 
tunately the  people  who  hold  the  purse  strings  have 
no  idea  of  the  incalculable  practical  value  of  dry 
vital  statistics,  and  untU  a  campaign  of  education 
carried  on  by  the  medical  profession  enlightens  the 
public,  medical  geography  cannot  be  as  accurate  and 
complete  as  it  should  l)e.  In  these  matters,  Europe 
is  far  ahead  of  us  and  the  death  rates  there  are  con- 
sequently far  less  than  the  American,  except  in  the 
larger  cities.  We  are  about  where  Germany  was  a 
qviarter  of  a  century  ago,  and  we  cannot  fight  dis- 
ease until  we  know  where  it  is  and  how  much  there 
is  of  it,  nor  can  we  find  the  causes. 

Chakles  E.  Woodruff. 


Qeophilus. — A  genus  of  m\Tiapods,  or  centipeds. 
Three  species  have  been  found  as  accidental  parasites 
in  the  nasal  cavities  in  man  in  Europe.  G.  electricus 
has  also  been  known  to  occur  in  the  alimentarj-  canal. 
See  Insects,  parasitic.  A.  S.  P. 


Geranium. — Cr.\xesbill.  Wild  Gcraninm.  "The 
dried  rhizome  o( Gerattium  maculalum  L.  (fam.Gc?-o;ii- 
aceoi,"  U.  S.  P.  This  plant  is  exceedingly  abundant 
in  woodlands  about  New  York,  and  elsewhere  in  east- 
ern and  central  North  America,  and  is  represented 
farther  west  by  other  species,  with  similar  properties. 
It  is  a  perennial  slender  herb,  a  foot  or  two  high,  with 
palmately  lobed,  roundish  leaves,  from  two  to  six 
inches  in  diameter,  and  numerous  lilac-purple  flowers, 
something  over  an  inch  in  breadth.  The  rhizome  is 
of  horizontal  growth,  .5  to  10  centimeters  (2  to  4  in.) 
long  and  0.5  to  1.5  centimeters  (I  to  I  in.)  thick,  more 
or  less  crooked,  cylindraceous  but  somewhat  verti- 
cally flattened,  brown;  roughly  and  shortly  wrinkled 
and  strongly,  rather  sharply  tuberculate;  fracture 
short,  purple,  the  bark  thin,  a  few  short  and  broad 
yellowish  wood-wedges  scattered  near  the  dark  cam- 
bium; inodorous;  taste  strongly  astringent. 

Besides  inert  mucilage,  resin,  coloring  matters,  etc.. 
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geranium  contains  from  ten  to  twenty-five  jjer  cent,  or 
more  of  tannin,  to  which  its  medicinal  value  is  owing. 
It  is  a  mild,  rather  pleasant,  vegetable  astringent,  and 
considerably  employed  in  diarrhea,  chronic  dysentery, 
etc.,  and  as  a  wash,  gargle,  or  injection,  in  cjitarrhs  of 
the  pharynx,  vagina,  or  urethra.  A  fluid  extract  is 
official  and  represents  it  well  for  internal  use.  Dose, 
in -XV.  ad  XXX.  (1.0-2.0).  For  washes  and  gargles  a 
ten  per  cent,  decoction  may  be  made  in  the  usual  way. 
Cranesbill  is  often  selected,  when  an  astringent  is 
needed  for  a  child,  on  account  of  its  comparatively 
easy  administration.  Henri'  H.  Rusby. 


Qerhardt,  Carl  Adolf  Jakob  Christian. — Born 
at  Speyer,  Germany  on  May  5,  1S3.3.  He  received 
the  degree  of  Doctor  of  Medicine  from  the  University 
of  Wiirzburg  in  1856.  In  1SS5  he  was  called  by  the 
University  of  Berlin  to  fill  the  chair  previously  held  by 
Frerichs.     He  died  in  1903. 


Fig.  2764— C,  A.  J.  C.  Gerhardt. 

Of  his  published  writings  the  following  call  for 
special  mention:  "  Der  Kehlkopfscroup, "  Tubingen, 
1859;  "Lehrbuch  der  .\uscultation  und  Percussion," 
Tubingen,  1890  (5th  edition);  "Lehrbuch  der  Kinder- 
krankheiten,  "  Tubingen,  1898  (5th  edition);  and  "Die 
svphilitischen  Erkranknngen  des  Kehlkopfs  und  der 
Luftrohre, "  Vienna,  1898.  A.  H.  B. 


von  Qerlach,  Joseph. — One  of  the  most  distin- 
guished German  anatomists  of  the  second  half  of  the 
nineteenth  century.  Born  at  Mainz,  April  3,  1820. 
He  studied  medicine  at  Wiirzburg,  Munich,  and  Berlin, 
and  graduated  at  the  University  of  the  former  city  in 
1841.  He  spent  the  following  two  years  in  visiting 
the  hospitals  and  clinics  of  Vienna,  Paris,  and  Lontlon. 
Upon  his  return  to  his  native  city  in  1843  he  began  the 
practice  of  medicine,  and  devoted  himself  partly  to  this 
and  partly  to  a  very  thorough  course  of  anatomical 
and  histological  studies  up  to  the  year  1848,  when  he 
published  his  well-known  treatise  entitled:  "  Hand- 
buch  der  allgemeinen  und  sjjeciellen  Gewebelehre." 
In  1850  he  was  called  to  fill  the  regular  chair  of  anat- 
omy at  the  University  of  Erlangen.  He  retained  his 
connection  with  this  institution  up  to  the  time  of  his 
death  in  1896. 

Gerlach  deserves  special  credit  for  his  discovery 
(in  1847)  of  a  method  of  filling  the  capillary  blood- 
vessels with  a  translucent  mass  of  gelatin  stained 
with  ammonio-carmine,  and  also  for  having  introduced 
(in  1855)  other  methods  of  utiUzing  colored  i)re])ar.a- 
tions  in  histological  technique.  In  addition  to  the 
Handbuch  already  mentioned  Gerlach  has  ]niblished 
several  works  of  decifled  merit — as,  for  example, 
"Mikroskopische  Studien,"  Erlangen,  1852;  "Das 
Verhiiltniss  der  Nerven  zu  den  willk Urlichen  Muskeln 
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der  Wirbelthiere. "  Leipzig,  1874;  and  "  Beitrage  zur 
normalen  .\nat.  des  Menschl.  .\uges, "  Leipzig,   1880. 

A.  H.  B. 


Germ  Cells. — In  all  animals,  except  the  Protozoa, 
the  eel's  of  the  bodj-  may  be  divided  into  two  kinds: 

somatic  cells  and  germ  cells. 

The  germ  cells  are  those  which  have  for  their  purpose 
the  provision  of  the  mate  ial  out  of  which  future  genera- 
tions  are  to  be  produced.  They  form  but  a  small 
l)ortion  of  the  bo<ly  of  any  multicellular  organism. 
The  greater  part  of  the  body  is  made  up  of  sornnlic 
cells,  which  serve  to  shelter  and  nourish  the  germ  cells. 

The  Germinal  Ci/cle. — Tlie  complete  history  of  the 
germ  cells  has  not  yet  been  followed  through  all  its 
stages  in  any  animal  or  plant.  But  enough  is  known 
to  make  it  clear  that  there  is  a  complete  continiiity  of 
generations  of  cells  in  this  history,  which  consists  of  a 
series  of  cycles,  and  we  may  consifler  each  cycle  as 
having  its  beginning  and  its  end  in  the  act  of  fertiliza- 
tion. These  cycles  follow  one  another  in  unending 
sequence  so  long  as  the  race  remains  extant. 

The  history  of  the  somatic  cells  is  likewise  a  series 
of  cycles  having  their  beginnings  in  the  act  of  fertiliza- 
tion. But  there  is  no  continuity  between  the  cycles. 
For  the  somatic  cells,  having  fulfilled  the  purpose  of 
their  being,  die,  and  have  no  genetic  relation  to  the  cells 
forming  the  body  of  the  next  generation,  except  com- 
munity of  origin  in  the  ancestral  germ  cells. 

In  the  history  of  the  germ  cells  each  cycle  may  be 
divided  into  several  periods,  and  the  cells  in  each  pe- 
riod have  been  given  distinctive  names.  We  shall  fol- 
low in  the  main  the  terminology  adopted  by  Waldeyer 
(1902). 

First  Period. — By  the  union  of  an  o\'um  and  a 
spermatozoon  there  is  formed  a  single  cell  with  a  nu- 
cleus of  double  origin  (see  Impregnation).  This  cell 
is  the  fertilized  egg,  or  oospermium.  Immediately 
after  fertilization  there  follows  a  series  of  cell 
divisions  resulting  in  what  is  known  as  the  seg- 
mentation of  the  ovum  (see  article  Segmentalion  of 
the  Ovum). 

The  series  of  cells  which,  beginning  with  the  fer- 
tilized ovum,  ultimately  give  rise  to  germ  cells  has 
been  called  by  Weismann  the  germ  track.  In  a  few 
animals  it  has  been  possible  to  trace  the  differetnia- 
tion  of  somatic  cells  from  cells  of  the  germ  track  back 
to  the  first  cleavage  of  the  ovum. 

In  the  Diptera  (flies)  for  example  the  cleavage  of 
the  egg  (Fig.  2765)  begins  with  the  division  of  the 
nucleus,  which  takes  place  several  times  before  the 
cytoplasm  divides.  One  of  the  nuclei  moves  to  one 
pole  of  the  egg  and  there  becomes  surrounded  by 
cytoplasm  with  different  staining  reactions  from  the 
rest.  This  nucleus  gives  rise  to  the  nuclei  of  all  the 
germ  cells  of  the  embryo  and  to  them  only,  while  the 
others,  give  rise  to  the  nuclei  of  all  the  somatic  cells. 

A  remarkable  case  of  continuity  of  germ  cells  has 
been  discovered  by  Bovcri  in  .-Vscaris.  Figs.  2767  to 
2773  represent  some  of  the  principal  stages  illustrated 
in  his  beautiful  memoir. 

The  resiilt  of  the  first  division  is  the  formation 
of  two  cells — the  first  primary  somatic  cell  and  the 
first  stem  cell,  or  protogonocyte  (8i  and  Pi.  Fig.  2766). 
The  latter  divides  again  to  form  a  second  primary 
somatic  cell  and  the  second  protogonocyte  {S->  and 
Po).  This  series  of  divisions  continues  through  a 
number  of  generations  of  cells,  until  finally  the  last 
protogonocyte  gives  rise  to  a  primary  somatic  cell 
and  the  primary  germ  cell  or  archigonocytc  (Si  and 
(r.  Fig.  2766).  In  the  mean  time,  of  course,  the 
somatic  cells  have  been  dividing  to  form  the  tissues 
of  the  embryo. 

Fig.  2767  shows  the  egg  in  the  two-cell  stage  and 
both  cells,  .?i  and  Pi.  which  are  apparently  alike, 
are  preparing  to  ilivide.     In  Fig.  276S  the  division 
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is  farther  advanced,  and  a  striking  difference  is  notice- 
able in  the  mitotic  figures.  Tlie  cliromosomes  of 
the  ceils  A  and  B,  daughter  cells  of  »Si,  are  numerous 
and  very  small,  and  in  the  plane  of  division  there  are 
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Fig.  2765. — Early  Stages  in  the  Development  of  the  Partheno- 
genetic  Egg  of  the  Gall-fly,  Cecidomyia.  -p.z,  Primary  germ  cell; 
c.t,  nutrient  cells  degenerating.      (After  Metchnikoff.) 

some  dark  bodies  composed  of  chromatin,  the  re- 
jected ends  of  the  chromosomes  of  <Si.  These  will 
take  no  further  part  in  the  formation  of  the  nucleus 
and  will  finally  disappear.     On  the  other  hand  in  Pi, 
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Fig.  2766. — Diagram  showing  the  Pedigree  of  the  Germ  Cells  of 
Ascaris.  Z,  Fertilized  egg;  Pi,  Pi,  etc.,  protogonocytes:  G,  pri- 
mordial germ  cell  (Pa,  Fig.  2772);  Si,  S-i,  etc.,  primary  somatic 
cells;  A  and  B,  primary  ectodermal  cells;  E,  primary  endo- 
dermal  cell;  M,  cell  which  produces  mesoderm  and  part  of  ecto- 
derm.     (Modified  from  Boveri.) 

which  we  may  call  the  first  cell  of  the  gerfn  track, 
there  are  only  two  large  chromosomes  moving  to- 
ward each  pole  to  form  the  daughter  nuclei.  A  and 
B  are  purely  somatic  cells.  Of  the  daughter  cells  of 
Pi,  one  is  likewise  a  purely  somatic  cell,  and  when  it 
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divides  the  chromosomes  undergo  the  same  trans- 
formation that  has  been  observed  in  iSi.  The  other 
daughter  cell  is  Pz,  the  second  cell  of  the  germ  track. 
This  is  seen  preparing  for  division  in  the  dorsal  view 
of  the  six-ceU  stage,  Fig.  2769.     The  two  large  chro- 
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2767. — Two-cell   .Stage-   ot    .! 

Si,    First  somatic    cell;   Pi, 

magnified,      (.\fter  Boveri.) 


^rnris    m<ir>llocephala  var.    uni- 
first  cell  of  the  germ  track. 


mosomes  have  been  reformed.  This  cell  behaves 
exactlv  as  Pi  did,  giving  rise  to  a  somatic  cell  and  to 
the  thh-d  cell  of  the  germ  track,  P,,  Fig.  2770.  _  This 
cell  divides  again  in  the  same  manner,  producing  D 
and  Pi,  Fig.  2771,  and  one  of  the  daughter  cells  of 
Pi  is  Ps,  Fig.  2772,  which  in  turn  produces  the  two 
priordial  germ  cells  UGI  and  UGII,  Fig.  2773.  Thus 
the  remarkable  difference  between  the  nuclei  of  the 
germ   cells  and  the  somatic   cells  in  this  form  has 
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Fig.  2768. — Second  CL  !\.i^l'  >  :  .!  ■.iris  megalocephnla.  Si  is 
dividing  into  A  and  B;  Pi,  is  also  in  process  of  division.  Note 
difference  in  size  and  number  of  chromosomes.      (After  Boveri.) 

enabled  Boveri  to  trace  every  stage  in  the  genealogy 
of  the  germ  cells  and  their  nuclei  back  to  the  fertilized 

In  most  animals,  however,  the  cells  which  arise 
by  the  cleavage  of  the  ovum  appear  to  be  somatic 
cells,  some  of  which  after  a  greater  or  less  number  of 
divisions  give  rise  to  germ  cells.     In  the  plants  and 
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plant-like  animals,  such  as  the  Hj  droids,  we  have 
extreme  cases  in  which  there  is  no  trace  of  recognizable 
germ  cells  until  we  reach  the  end  of  a  series  of  several 
generations  of  asexuallj'  produced  individuals. 

Second  Period. — The  second  period  begins  with 
the  division  of  theprimarv  germ  cell,  orarchigonocj-te, 
to  form  two  gonocytes  (Fig.  2766  G,  Fig.  2772  f  5,  and 
Fig.  2773  UG).  These  continue  to  multiply  by 
division    until,    according    to    Beard,    they   reach    a 


J 


\ 


Fig.  2769. — Six-cell  Stage  of  AscaHn  megalocephala.  P2,  .Second 
cell  of  germ  track,  b,  0,  Daughter  cells  of  B;  a.  a,  daughter  cells  of  A, 
Fig.  2768.     (After  Boveri.) 

certain  number,  which  may  be  approximately  con- 
stant for  the  species. 

Our  knowledge  of  the  history  of  the  germ  cells 
of  vertebrates  begins  at  a  fairly  advanced  stage  in 
the  second  period.  The  rudiments  of  the  gonads  in 
vertebrates  consist  of  a  pair  of  genital  ridges  which 
project  into  the  body  cavity,  one  on  each  side  of  the 
radix  mesenterii,  lying  longitudinally  between  it  and 
the    Wolffian   body.     The   epithelium    which    covers 
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2770. — Fifteen-cell   Stage     of    Ascaris   megalocephala. 
Third  cell  of  germ  track.     (After  Boveri.) 


the  genital  ridges  differs  from  the  coelomic  epithelium, 
with  which  it  is  continuous,  by  being  usually  cuboidal. 
It  is  known  as  the  germinal  epithelium.  Germ  cells 
which  lie  in  the  germinal  epithelium  or  in  the  mesen- 
chyme of  the  genital  ridge  are  said  to  be  regional, 
those  found  elsewhere  are  extraregional.  There  are 
three  theories  as  to  the  origin  of  the  germ  cells  of 
vertebrates:  (1)  That  they  are  developed  by  the 
metamorphosis  of  cells  in  or  derived  from  the  germinal 


epithelium;  (2)  that  they  are  entirely  of  extrare- 
gional origin,  and  reach  the  gonads  by  migration; 
and  (3)  that  they  have  a  double  origin — the  primary 
germ  cells  are  extraregional  in  origin  and  migrate 
to  the  gonads,  later  secondary  germ  cells  are  added 
by  metamorphosis  of  cells  of  the  germinal  epithelium. 
Tlie  first  theory  is  the  oldest  anrl  was  taught  by 
Waldeyer  (1870),  Balfour,  von  Winiwarter  (1900), 
and  others,  and  still  has  its  adherents.  Van  Wijhe 
(1889),  while  studying  the  development  of   the    ex- 
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Fig.  2771. — Ascaris  meijaloctphala.     Optical  Longitudinal  Section 
of  a  Blaatula.     P^,  Fourth  cell  of  germ  track.     (After  Boveri.) 

cretory  system,  traced  the  origin  of  the  gonads  to  a 
special  region  of  the  mesoderm  which  he  called  the 
gonotome.  Eigenmann  (1891)  was  the  first  to  trace 
the  history  of  germ  cells  of  a  vertebrate  to  a  period 
prior  to  the  formation  of  germinal  epithelium.  In 
embryos  of  a  viviparous  teleost  he  found  germ  cells 
distinguishable  from  surrounding  cells  at  about  the 
time  of  the  closure  of  the  blastopore. 

Three  years  later  Minot  (1894)  criticized  the  idea 
of  the  gonotome  and  recorded  the  presence  of  germ 
cells  in  the  mesentery  of  a  young  embryo  of  Acan- 
thias.     Wheeler    (1S99)    in    young    embryos    of    the 


rnu-   P5 

Fig.  2772. — Similar  Section  of  Embryo  in  the  Gastrula  Stage. 
Ph,  Fifth  cell  of  germ  track,  or  archigonocj'te.  dividing  to  form  the 
first  two  gonocytes,  VGI  and  L'GII.  Fig.  2773.  The  cell  to  the 
left  of  dll  is  a  somatic  cell  in  the  same  stage  of  dixnsion.  (After 
Boveri.) 

imprey  found  the  first  recognizable  germ  cells  in 
the  endoderm.  Later  they  become  enclosed  in  an 
indifferent  mass  of  mesodermal  cells,  from  which 
they  finally  migrate  to  the  mid-line  above  the 
gut.  Rabl"  (1896)  had  called  attention  to  the 
presence  of  "primitive  ova"  outside  of  the  genital 
region  in  elasmobrandi  embryos,  but  Woods  (1902) 
was  the  first  to  make  a  thorough  study  to  test  the 
epithelial  origin  of  the  germ  cells.  In  his  studies 
upon   the   embryos   of  the  common   marine  dogfish, 
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Acanthias  vulgaris,  he  has  been  able  to  trace  the 
history  of  the  germ  cells  back  to  a  mass  of  seemingly 
indifferent  cells  forming  the  rim  of  the  blastoderm 
(see  article  Area  Emhryonaiis).  At  first  these  cells 
are  all  alike,  but  in  an  embryo  of  2.75  ram.  length 
they  have  become  differentiated  into  somatic  cells 
and  so-called  primitive  ova,  that  is,  primitive  germ 
cells  which  may  become  finally  either  ova  or  sperma- 


FlG.  2773. — ^Longitudinal  and  Transverse  Sections  of  an  Older 
Embryo.  UGI,  UGII,  Primordial  germ  cells  beginning  to  retreat 
into  the  interior  of  the  body.     (After  Boveri.) 

tozoa  (Fig.  2774).  The  germ  cells  retain  their  primi- 
tive embryonic  character,  while  the  somatic  cells 
begin  to  change  into  forms  characteristic  of  epithelium, 
mesenchyma,  and  the  like.  At  a  little  later  stage 
when  the  embryo  is  beginning  to  fold  off  from  the 
blastoderm,  the  germ  cells  are  found  in  a  com- 
pact mass  in  the  mesoderm  near  where  it  joins  the 
endoderm  (Ur,  Figs.  2775  and  2776). 

From  this  point  the  germ  cells  begin  to  migrate, 
apparently  by  their  own    ameboid   movements,    to- 


FlQ.  2774. — Cross  Section  of  an  Embryo  Dogfish  2.75  mm 
long.  A-B,  Blastodermic  rim  containing  all  the  germ  cells;  En 
endoderm.      X  3S.     (-\fter  Woods.) 

ward  the  region  of  the  future  genital  ridge.  When  the 
embryo  is  between  6  and  8  mm.  long  the  unsegmented 
mesoderm  divides  into  two  sheets  with  the  body 
cavity  between.  After  this  the  germ  cells  are  prac- 
tically all  found  in  the  inner,  or  splanchnic  sheet, 
which  forms  the  mesodermal  portion  of  the  wall  of  the 
gut  and  the  mesentery.  In  an  embryo  of  15  mm. 
(Fig.  2777)  germ  cells  are  stiU  to  be  found  in  the 
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splanchnic  peritoneum,  but  by  the  time  the  embryo 
has  reached  a  length  of  19  mm.  these  cells  have  very 
nearly  all  congregated  in  the  genital  region. 

A  similar  origin  of  the  germ  cells  has  been  found  by 
B.  M.  -Allen  (1906)  to  occur  in  the  turtle  and  (1911) 
in  two  species  of  ganoid  fishes.  That  is,  the  germ  cells 
first  appear  in  the  endoderm  at  some  distance  from  the 
a.xis  of  the  embryo  and  migrate  through  either  the 


Fig.  277.5. — Cross-section    of  an  Embryo  Dogfish,  3.5  mm,    long. 
En,  Endoderm;  Ur,  germ  cells.      X  38.     (After  Woods.) 

mesoderm  or  the  endoderm  and  the  mesentery  to  the 
genital  region.  In  the  frog  Allen  (1907)  finds  that 
germ  cells  first  appear  in  the  endoderm  as  a  dorsal 
ridge  lying  immediately  beneath  the  aorta  (Fig.  2778). 
When  the  mesentery  is  formed  these  cells  are 
pinched  off  into  it,  and  then  pass  to  the  roots  of  the 
mesentery  and  the  gonads.  This  is  fully  confirmed 
by  Kuschakewitsch  and  by  Miss  King. 


Fig.    2776. — Cross-section   of   an   Embryo   Dogfish,    5  mm.  long. 
En,  Endoderm;  Ur,  germ  cells.      X  38.     (After  Woods.) 

Felix  and  Biihler  (1906)  summarize  the  results  by 
saying  that  in  holoblastic  animals  the  primary-  germ 
ceils  arise  in  the  region  of  the  gut,  in  meroblastic 
animals  outside  the  embryo  in  the  floor  of  the  seg- 
mentation cavity,  and  in  the  germ  wall.  This 
apparently  does  not  hold,  however,  for  the  tailed 
amphibia  and  perhaps  not  for  the  teleosts.  There  is 
good  evidence  (Allen,  1911;  Schapitz,   1912)  that  in 


Fig.  2777. — Section  of  the  Ventral  Portion  of  an  Embryo 
Dogfish,  15  mm.  long.  En,  Endoderm;  Ur,  germ  cells.  X  38. 
(After  Woods.) 

normal  species  of  tailed  amphibians  the  germ  cells 
arise  in  the  inner  edge  of  the  lateral  plate  mesoderm, 
along  a  line  parallel  to  the  Wolffian  duct  (Fig.  2779). 
In  most  of  the  species  mentioned  so  far  the  place  of 
origin  of  the  germ  cells  has  been  found  in  the  pos- 
terior part  of  the  embryo  or  area  embryonalis.  In 
the  chick,  on  the  other'hand.  Swift  (1914)  finds  the 
germ  cells  appearing  in    the  endoderm    of  the  germ 
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wall  at  the  edgeof  the  area  pellucida  in  front  of  the 
embryo  (Fig.  2TO0).  When  the  mesoderm  grows  into 
this  region  the  germ  cells  enter  it  and  penetrate  into 
the  blood-vessels.  They  are  carried  in  the  blood 
stream  to  all  parts  of  the  body,  where  they  can  be 
recognized  by  their  size  and  especially  by  the  charac- 
teristics of  the  attraction  sphere,  which  appears  as  a 


Rana 


Lat.M( 


Fig.  277S. — Diagram  to  Show  the  Path  of  Migration  of  the 
Germ-cells  in  the  Frog.  Arch,  archenteron;  Lat.  mes,  lateral  plate 
of  mesoderm;  Myo.  myotome:  P.  Card.^  posterior  cardinal  vein; 
S.C.,  germ-cells;  Vit,  End.,  vitelline  endoderm;  W.D,,  Wolffian 
duct.     (After  Allen.) 

condensed  or  flattened  sphere  of  cj't-oplasm  resting 
usually  on  the  nuclear  membrane  (Fig.  2781).  When 
the  embryo  has  developed  20  to  25  pairs  of  somites 
the  germ  cells  collect  in  the  vessels  of  the  splanchnic 
mesoderm  and  leave  the  vessels.  Thence  they  pass 
through  the  splanchnic  mesoderm  to  the  radix  mesen- 
terii  and  coelomic  epithelium  on  both  sides,  where 
they  remain  until  the  development  of  the  gonad 
begins. 


Fig.  2779. — Section  Through  Genital  Region  of  an  .\nibly- 
stoma  Embryo.  Ekt,  ectoderm;  Ent..  endoderm;  Mi/ot,  myotome; 
Stpl,  lateral  plate  of  mesoderm;  C'Gff,  germ-cells;  U'.G.,  wolffian 
duct.     (After  Schapitz.) 

Rubaschkin  (1910  and  1912)  finds  in  mammals 
(guinea  pig  embrj-os)  a  means  of  recognizing  the  germ 
cells  by  the  form  of  their  chondrosomos,  or  mito- 
chondria, small  bodies  that  stain  like  chromatin,  but 
are  found  in  the  c\-toplasm.  In  the  germ  cells  and 
blastomeres  they  are  rounded  granules.  In  differen- 
tiated somatic  cells  they  are  drawn  out  into  threads 


or  chains.  During  the  segmentation  stages  the 
blastomeres  have  chondrosomes  that  are  all  alike. 
With  the  progress  of  differentiation  the  number  of  cells 
with  rounded  chondrosomes  decreases,  until  in  the 
stage  when  the  mesodermal  somites  are  appearing, 


«"^  **•<.«: 
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Fig.  2780. — Chick  Embryo,  a,  Region  where  primordial  germ 
cells  arise;  a,op.,  area  opaca;  a.pi.,  area  pellucida;  /up.,  head  proc- 
es.s:  pr.  kn,  primitive  knob,     (.\fter  Swift.) 


a*  sp 


Fig.  27S1. — Part  of  Section  of  Chick  Embryo  in  >  !    _■ 

2780.  a.a',  Cells  of  germ-wall  that  resemble  primordial  gcrm-cclls; 
at.sp.,  attraction  sphere;  ert,  ectoderm;  j/.u-.,  germ-wall;  pr.  o.. 
primordial  germ-cell.     (.After  Swift.) 

these  ceUs  are  restricted  to  one  place,  namely  at  the 
posterior  end  of  the  embryo  untler  the  end  of  the 
primitive  streak.  These  undifferentiated  cells  are  the 
germ  cells.  They  rem;n!i  for  a  time  in  tlie  endoderm, 
then  wander  into  the  mesentery  and  finally  reach  the 
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germinal  epithelium.  After  several  cell  divisions  they 
become  oogonia  or  spermatogonia.  Rubasehkin  de- 
nies that  there  are  any  secondary  germ  cells  formed 
from  coelomic  epithelium,  which  produces  follicle 
cells  or  other  supporting  structures  only. 

Third  Period. — The  beginning  of  the  third  period 
coincides  with  the  differentiation  of  the  genital  ridge 
into  ovary  or  testis,  and  in  this  period  the  history  of 
the  germ  cells  begins  to  diverge  in  the  two  sexes.  In 
the  female  the  last  generation  of  the  gonocytes  may 
produce  two  kinds  of  cells.  Some  produce  follicle 
cells  or  other  cells  serving  to  nourish  the  eggs,  while 
others  give  rise  to  the  first  generation  of  oogonia,  or 
primordial  eggs.  The  oogonia  continue  to  multiply 
for  an  undetermined  number  of  generations.  Fi- 
nally this  period  of  multiplication  is  followed  by  a 
period  of  growth  during  which  division  ceases.  The 
oogonia  have  now  become  primarij  oocvtes  (see  Pig. 
2782). 

The  period  of  growth  is  followed  by  the  period  of 
maturation  during  which  two  cell  divisions  occur, 
usually  in  rapid  succession.  The  primary  oocyte,  hav- 
ing attained  its  full  size,  divides  very  unequally  to 
form  the  secondary  oocj-te  and  the  first  polar  body. 
Then  the  oocyte  divides  again  unequally,  forming  the 
second  polar  body  and  the  ripe  ovum,  or  oHum  (Greek 
&iov,  egg),  as  Waldeyer  prefers  to  call  it.  The  first 
polar  laody  may  divide  also  at  the  same  time,  so  the 
maturation  divisions  result  in  the  formation  of  four 
cells — the  relatively  large  ripe  egg  and  three  very  small 
polar  bodies.  The  view  now  universally  held,  that 
the  polar  bodies  are  abortive  eggs,  was  first  stated  by 
Mark  in  1881. 

These  periods  in  the  history  of  the  egg  are  exactly 
paralleled  in  the  history  of  the  spermatozoon.  In  the 
male  the  last  generation  of  gonocytes  may  likewise  give 

germ  cell 
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Fig.  2782. — Diagram  showing  the  Genesis  of  the  Egg.     (Modified 
from  Boveri.) 

rise  to  nutritive  cells  and  to  spermatogonia.  The  lat- 
ter multiply  by  division  for  an  indefinite  number  of 
generations  of  cells  and  the  last  generation  gives  rise  to 
primary  spermatocytes,  which  then  enter  upon  a  period 
of  growth  (Pig.  2783).  This  is  followed,  as  in  the  egg, 
by  two  maturation  divisions.  In  the  first  the  pri- 
mary spermatocyte  separates  into  two  secondary  sper- 
matocytes, and  by  the  second  division  each  secondary 
spermatocj-te  produces  two  sperynatids.  Thus  the 
maturation  divisions  result  in  the  production  of  four 
cells,  but  usually  in  the  male  these  are  all  of  the  same 
size  and  all  capable  of  becoming  functional. 

But  in  order  to  become  functional  the  cell  must  pass 
through  another  period,  not  represented  in  the  histor}- 
of  the  egg.  This  is  the  period  of  histogenesis,  during 
which  the  spermatid  undergoes  a  remarkable  metamor- 
phosis by  which  it  becomes  transformed  into  a  sper- 
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ynatozoon  with  the  characteristics  peculiar  to  its  species 
(see  article  Spermatozoa).  With  the'entrance  of  the 
spermatozoon  into  the  egg  and  the  union  of  the  sperm 
nucleus  with  the  egg  nucleus  the  old  cycle  ends  and  a 
new  one  begins. 

During  the  periods  from  the  first  cleavage  of  the 
ovum  to  the  last  division  of  the  oogonia  or  spermato- 
gonia the  number  of  chromosomes  present  during  the 
prophases  of  division  is  always  the  same  in  individuals 
of  the  same  species  and  is,  with  rare  exceptions,  the 
same  as  the  number  found  in  the  somatic  cells.  But 
at  the  beginning  of  the  growth  period  the  nuclei  of  the 
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Fig.  27S3. — Diagram  show-ing  the  Genesis  of  the  Spermatozoa. 
(Modified  from  Boveri.) 

germ  cells  undergo  a  remarkable  series  of  transforma- 
tions, which  result  in  the  reduction  of  the  number  of 
chromosomes  to  one-half  the  number  present  in  the 
earlier  periods;  and  the  reduced  number  is  found  in  the 
oocytes,  spermatocytes,  and  spermatids,  and  in  the 
egg  and  sperm  nuclei  previous  to  their  union. 

Therefore,  if  a  reducing  division,  as  defined  by  Weis- 
mann,  really  occurs,  it  is  to  be  sought  for  in  one  of  the 
two  divisions  immediately  following  the  growth  period. 
These  are  the  maturation  divisions. 

The  important  events  that  occur  during  the  third 
period  of  the  germinal  cycle  are  treated  more  in  detail 
elsewhere.  For  an  account  of  the  nuclear  changes  see 
Maturation.  The  structure  and  gro^^■th  of  the  egg  are 
described  in  the  article  Oriim,  and  the  histogenesis 
and  structure  of  the  spermatozoa  under  Spermatozoa. 
Robert  Payne  Bigelow. 
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Qeriti  Layers. — It  has  long  been  known  that  the 
bodies  of  embryos  consist  of  distinct  layers,  which  in 
many  cases  are  separable  from  one  another,  so  as  to  be 
recognized  in  gross  as  discrete  membranes.  It  is  now 
known  that  all  such  layers  may  be  reduced  to  three 
primitive  ones,  named  the  ectoderm,  mesoderm,  and 
entoderm  (by  certain  writers,  epiblast,  mesoblast,  and 
hypoblast).  The  ectoderm  is  a  layer  of  epithelium;  so 
also  is  the  entoderm;  the  mesoderm  is  more  complex. 
In  the  lower  animals,  the  mesoderm  is  less  developed 
than  in  the  higher  forms;  in  the  hydroids  the  body  is 
constituted  mainly  by  the  two  epithelial  layers,  the 
ectoderm  covering  the  outside  of  the  body,  and  the 
entoderm  lining  the  digestive  cavity;  there  is  very 
little  space  between  them,  the  space  being  occupied 
by  the  slightly  developed  mesoderm.  As  we  ascend 
the  scale  the  mesoderm  increases  gradually,  constantly 
acquiring  a  greater  predominance,  until  in  mammals 
nearly  the  whole  bulk  consists  of  mesoderm.  But, 
in  spite  of  this  change,  the  three  layers  are  preserved 
throughout,  and  their  essential  relations  are  not 
altered,  so  that  we  are  able  to  assert  the  unity  of 
organization  throughout  the  whole  series  of  multi- 
cellular animals,  without  which  it  would  be  impossible 
to  accept  the  doctrine  of  evolution.  The  demonstra- 
tion, therefore,  of  the  homologies  of  the  germ  layers,  is 
the  most  important  morphological  generalization  since 
the  establishment  of  the  cell  doctrine.  As  these 
homologies  have  already  been  discussed  underGas/n;/a, 
and  also  the  metamorphoses  of  the  layers  under  Fclus, 
it  only  remains  for  us  to  review,  with  precision  and 
brevity,  the  role  of  the  layers  in  the  construction  of  the 
human  body. 

The  ectoderm  covers  the  external  surface  of  the 
body,  and  persists  in  adult  life  as  the  stratified 
epithelium  (epidermis)  of  the  skin;  it  forms,  of  course, 
aU  the  so-called  epidermal  structures — hairs,  nails, 
sebaceous  and  sweat  glands,  lens,  cornea,  etc.  It  also 
lines  part  of  the  buccal  cavitv;  and  the  buccal  portion 
gives  rise  to  the  hypophysis  cerebri,  to  the  enamel 
organs  of  teeth,  and  probably  to  all  the  salivary 
glands.  It  forms  a  small  invagination  to  meet  the 
rectum,  so  that  it  also  lines  the  anus.  It  gives  rise  to 
the  entire  nervous  system  by  producing  the  medullary 
canal,  which  makes  the  central  nervous  system,  and 
from  which  grow  out  all  the  nerves,  and  probably  all 
the  peripheral  ganglia,  and  from  which  also  grows  out 
the  evagination  which  makes  the  optic  nerve,  the 
retina,  the  choroid,  and  the  epithelial  portions  of  the 
iris.  It  forms  the  epithelium  of  the  olfactory  and 
nasal  cavities,  and  the  epithelium  of  the  auditory 
labyrinth. 

The  entoderm  (also  spelled  "endoderm")  forms  the 
epithelium  which  lines  the  digestive  tract,  including 
the  surface  of  the  tongue;  also  the  epithelium  of  the 
trachea  and  lungs,  and  of  aU  the  glands  appended  to 
the  respiratory  passages  and  to  the  digestive  tract, 
including  the  thyroid,  pancreas,  and  liver.  The  liver 
cells,  it  should  be  remembered,  constitute  a  true  though 
much  modified  epithelium.  The  notochord  is  de- 
veloped from  the  entoderm. 


The  mesoderm  may  be  conveniently  divided  into 
three  portions — the  mesenchj-ma,  the  mesameboids, 
and  the  mesothehum  (r/.  Cteloin).  1.  The  menen- 
chijma  produces  all  the  connective  tissues  of  the  body, 
and  includes  therefore  the  cutis,  the  non-epithelial 
walls  of  the  alimentary  tract,  etc.;  tendons,  cartilage, 
and  bone,  the  marrow  of  bones,  the  Ij-mph  glands,  and 
spleen;  it  produces  also  the  blood-vessels  and  blood, 
the  entire  lymphatic  system  proper,  and  the  heart. 
Pigment  cells,  fat  cells,  and  smooth  muscles  are 
derived  from  the  mesenchyma  also.  2.  The  meg- 
ameboids  include  the  leucocrtes  and  wandering  cells, 
and  perhaps  the  embryonic  red  blood  cells,  and  the 
marrow  cells.  .3.  The  mesothelium  is  the  epithelium 
of  the  eoelom;  it  produces  the  peritoneal  and  pleural 
epithelia,  the  striated  muscles  (myotomes),  except 
those  of  the  heart,  and  all  the  non-mesenchymal  tis- 
sues of  the  entire  urogenital  apparatus,  except,  of 
course,  the  external  genitalia.  (Spee  traces  the 
Wolffian  duct  to  the  ectoderm.) 

Now,  in  classifying  organs,  it  is  best  to  rank  them  as 
belonging  to  that  layer  from  which  their  functionally 
essential  and  characteristic  part  is  derived.  Thus, 
although  the  pancreas,  ovary,  and  spinal  cord  all 
contain  connective  tissue,  we  do  not  call  them  meso- 
dermal, but  respectively  entodermal,  mesothelial,  and 
ectodermal.  The  gland  cells  of  the  pancreas  come  from 
the  entoderm;  the  ova  and  the  Graafian  follicles  come 
from  the  mesothelium;  the  ganglion  cells  and  nerve 
fibers  (axis  cylinders)  from  the  ectoderm.  Adopting 
this  principle,  we  may  classify  the  organs  of  the 
human  bodv  as  follows: 


Ectodermal. 
Skin  (epidermis). 
Epidermal  structures: 

Hair, 

Xails, 

Glands: 
Sebaceous, 
Sudorific, 
(Salivary?), 
(Thymus?), 

Corneal  epithelium. 

Lens  of  eye. 
Central  nervous  sys- 
tem: 

Nerves, 

Ganglia, 

ChromafEne  cells. 
Eye,  optic  vesicle: 

Optic  nerve. 

Retina,  etc. 
Olfactory  organ. 
.\uditory  organ. 
Lining  of  mouth: 

Teeth, 

Hypophysis 
Anus. 
Chorion; 

Placenta. 
.Amnion: 
(Wolffian  duct?). 


Mesodermal. 
.    Mesenchyma: 
Connective  tissue: 

Cutis,  etc.. 

Tendons, 

Cartilage, 

Bone, 

Marrow. 
Lymph  glands. 
Spleen. 
Blood-vessels: 

Blood  (in  part). 
Lymphatic  system, 
Fat  cells. 
Smooth  muscle. 
.Adrenal  cortex. 
,  Mesameboids: 
Leucocytes, 
Embryonic  red 

blood  cells. 
(Marrow  cells?). 

Mesothelium: 
Peritoneum, 
Pleurse, 
Urogenitals: 

Wolffian  body, 

Ividney, 

Testis, 

Ovary, 

0^•iduct: 
Uterus, 
Vagina. 
Striated  muscles. 


Entodermal. 
Epithelium  (of  diges- 
tive tract): 

Thyroid, 

Thymus, 

Parathyroids, 

Trachea  and  lungs. 

Esophagus, 

Stomach, 

Liver, 

Pancreas, 

Intestine, 

Yolk  sac. 

Cecum, 

Vermix, 

Colon, 

Rectum, 

.Altantois: 
(Bladder). 
Notochord. 


The  human  bodj-  may  be  defined  as  two  tubes  of 
epithelium,  one  inside  the  other;  the  outer  tube,  epi- 
dermal or  ectodermal,  is  very  irregular  in  its  form;  the 
inner  tube,  entodermal,  is  much  smaller  in  diameter, 
but  much  longer  than  the  outer,  and  has  a  number  of 
branches  (lung,  pancreas,  etc.),  and  is  placed  within 
the  ectodermal  tube.  Between  these  two  tubes  is  the 
very  bulky  mesoderm,  which  is  divided  by  large  cavities 
(abdominal  and  thoracic)  into  two  main  layers,  one  of 
which  is  closely  associated  with  the  epidermis  and  forms 
the  body  wall,  the  somatopleure  of  embryologists; 
the  other  joins  with  the  entoderm  to  complete  the 
walls  of  the  splanchnic  viscera,  and  constitute  the 
si)lanchnopleure  of  embryologists.  The  mesoderm  is 
permeated  by  two  sets  of  cavities:  (1)  the  heart  and 
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blood-vessels;  (2)  the  lymphatic  system.  It  is  also 
differentiated  into  numerous  tissues,  muscle,  tendon, 
bone,  etc.,  and  organs,  urogenital  system.  The 
nervous  system,  although  developed  from  the  ecto- 
derm, is  found  scijarated  from  its  site  of  origin  and 
completely  encased  in  mesoderm. 

As  we  ascend  the  animal  scale,  we  discover  in  all 
parts  an  increasing  complexity;  especially  in  the 
nervous  system  is  this  marked,  but  it  is  even  more 
strikingly  shown  by  the  evolution  of  the  mesoderm  in 
relative  size  and  differentiation.  This  important 
correspondence  between  the  organization  of  the  meso- 
derm and  the  degree  of  evolution  of  animals  has  not, 
to  mj'  knowledge,  hitherto  attracted  express  attention. 
Charles  Sedgwick  Minot. 

German  Measles. — See  Rolheln. 

Germicides. — See  Disinfectants. 

Gestation. — The  term  means  carrying,  from  the 
Latin  geslalio,  referring  to  the  time  of  development 
of  the  fetus  or  embryo  when  it  is  carried  by  its  mother 
within  the  appropriate  organ  in  the  body  of  the 
mother.  Hence  we  have  the  common  phra.se  period 
of  gestation,  that  is  the  period  of  time  during  which 
the  mother  carries  her  unborn  offspring.  The  term 
is  not  limited  to  human  beings  but  is  common  to  all 
animals  in  W'hich  the  offspring  is  developed  within 
the  mother's  body.  It  has  numerous  synonyms, 
chief  among  which  are  gravidity  and  pregnancy;  the 
latter  is  in  very  common  use,  perhaps  in  more  popular 
use  than  gestation  and  signifies  the  period  before 
birth.  Either  term  is  therefore  sufficiently  exact  in 
suggesting  the  condition  which  is  referred  to,  and  they 
will  be  used  interchangeably  in  this  article. 

Gestation  as  a  Legal  Term. — The  term  has  a  very 
important  meaning  in  law,  for  it  fixes  the  period  of 
intrauterine  life,  within  which  an  individual  has  legal 
rights  in  property,  etc.  Winckel  made  a  careful 
study  of  more  than  5000  cases  of  gestation  before 
giving  testimony  as  to  its  duration  before  a  German 
court.  He  reckoned  from  the  day  of  the  presumably 
effective  coitus  to  the  day  of  delivery.  The  duration 
exceeded  300  days  in  70  cases  and  in  47  it  exceeded 
302,  in  one  it  was  314,  and  in  another  it  was  318. 
Winckel's  conclusions  were  in  the  following  words 
"The  average  duration  of  pregnancy  is  about  280 
days,  it  may  vary  however  from  240  to  320  and  per- 
haps even  exceed  this  latter  limit  which  is  bj'  no 
means  as  rare  as  was  formerly  supposed,  for  in  6.8  per 
cent,  the  duration  is  over  300  days." 

By  Scottish  law  and  by  the  French  code  the  legal 
limit  for  gestation  is  300  days,  by  the  Prussian  law  it 
is  301  days,  though  in  a  case  in  which  the  period  was 
310  days  the  court  gave  judgment  in  favor  of  the 
legitimacy  of  the  child  and  against  the  contention  of 
the  father.  The  English  law  places  no  time  limit  but 
judges  each  case  in  accordance  with  the  testimony  of 
medical  experts,  and  the  moral  and  collateral  aspects; 
which  is  just  and  sensible. 

In  this  country  the  English  custom  is  followed  and 
in  two  cases  which  are  quoted  by  Leishman,  legit- 
imacy being  admitted,  the  duration  of  gestation, 
counting  from  the  last  coitus,  in  one  case  was  313 
days  and  in  the  other  317.  The  legal  definition  of 
gestation  is  therefore  more  for  the  purpose  of  estab- 
lishing a  somewhat  arbitrary  standard  than  for 
determining  the  question  with  precision.  The 
exceptions  from  any  rule  upon  this  subject  that  could 
be  established  are  so  numerous  that  the  rule  would 
become  of  no  value.  In  general  it  may  be  said  that 
gestation  occupies  nine  calender  months  or  ten  lunar 
months,  and  from  273  to  280  days. 

Gestation  is  initiated  by  conception.  Conception 
results  from  sexual  intercourse  in  which  an  ovum  and 
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a   sperm.atozoon   come  into  efficient  conjuncture  or 
combination. 

The  fact  that  the  spermatozoa  retain  their  activity 
and  their  motility  for  a  very  long  period  shows  the 
fallacy  of  dating  gestation  from  the  last  coitus  or 
even  from  the  last  menstruation.  Heisler  tells  us 
that  the  spermatozoa  may  remain  active  in  the 
male  genital  tract  for  several  days  after  the  death  of 
the  individual,  and  that  in  the  female  genital  passage 
they  may  retain  their  activity  for  several  weeks. 
The  spermatozoa  of  the  bat  if  deposited  in  the  female 
genital  passage  in  the  autumn  will  retain  their  power 
of    fecundation     until     the     following    spring. 

Early  iNcroENTS  of  Gestation. — It  is  now  believed 
that  the  fertilizing  contact  takes  place  in  the  Fallopian 
tube,  and  that  the  ovum  during  the  next  three  to  eight 
days  is  propelled  through  the  tube  to  the  cavity  of  the 
corpus  uteri  and  there  becomes  imbedded  in  the  mu- 
cous membrane  or  endometrium. 

The  spermatozoon  having  penetrated  the  ovum, 
losing  its  vibratory  portion  in  the  operation,  that 
portion  which  has  penetrated  becomes  the  male  pro- 
nucleus. Both  the  male  and  female  pronuclei  then 
approach  each  other  and  unite  in  the  center  of  the 
ovum,  thus  forming  the  segmentation  or  cleavage 
nucleus.  As  the  ovimi  containing  the  nucleus  passes 
through  the  tube  to  its  nidus  or  bed  in  the  endome- 
trium, repeated  segmentation  occurs,  and  it  is  con- 
verted into  a  more  or  less  globular  mass  of  cells,  which 
is  called  the  mullierry  mass  or  morula.  By  the  time 
the  ovum  has  reached  the  uterus  the  blastodermic 
vesicle  has  developed  and  increases  rapidly  in  size. 
In  its  progress  the  ovum  has  increased  from  ^i?  to 
J;  inch  in  diameter. 

The  blastodermic  vesicle  has  two  laj-ers,  the  ecto- 
derm and  the  cndoderm,  in  the  former  of  which 
appear  the  primitive  groove  and  the  primitive  streak, 
the  first  differentiation  of  form  in  the  new  being. 
Then  comes  the  formation  of  the  mesoderm  and  from 
these  three  primary  la.vers,  ectoderm,  mesoderm, 
and  endoderm  are  developed  all  the  organs  and  tissues 
of  the  body. 

The  embryo  first  takes  the  form  of  a  hollow  spher- 
oidal vesicle,  and  as  it  develops  the  membranes  which 
surround  it  and  the  appendages  by  which  it  is  nour- 
ished develop  coincidentally. 

The  amnion,  which  becomes  the  loose  sac  in  which 
the  fetus  is  enclosed  and  contains  the  amniotic  fluid 
in  which  it  is  immersed,  begins  its  growth  from  the 
fourth  to  the  fourteenth  day  after  conception.  It 
arises  from  the  cells  of  the  inner  layer  of  the  meso- 
derm which  proliferate  from  the  under  aspect  of  the 
blastodermic  vesicle  and  form  folds  which  grow  up- 
ward and  finally  unite  on  its  dorsal  aspect.  As  the 
embryo  develops,  the  amnion  develops  also  and 
reaches  its  maximum  of  growth  at  the  end  of  the  sixth 
month,  persisting  henceforward  until  the  end  of 
gestation. 

From  the  lower  aspect  of  the  blastodermic  vesicle 
is  also  projected  the  umbilical  vesicle,  or  vitelline  sac, 
or  yolk  sac,  which  is  at  first  connected  by  a  narrow 
pedicle,  the  vitelline  duct,  with  the  developing  intes- 
tinal tube  of  the  embryo  and  contains  material  which 
supplies  it  with  nutriment.  The  quantity  of  such 
nourishment  is  small,  for  the  main  supply  comes  first 
from  the  mucous  membrane  of  the  uterus  and,  after 
it  has  developed,  from  the  placenta.  The  function 
of  the  umbilical  vesicle  continues  only  from  the 
end  of  the  second  to  the  end  of  the  sixth  week  liy  which 
time  it  has  shrunk  to  a  narrow  stalk  which  eventually 
becomes  a  constituent  of  the  umbilical  cord.  When 
the  umbilical  vessel  retrogresses  the  allantois  takes 
its  place  as  the  organ  of  nutrition  and  respiration. 
It  becomes  the  medium  by  which  vascular  connection 
is  established  between  the  embryo  and  the  villi  of 
the  chorion.  It  sprouts  early  in  the  third  week  from 
the  posterior  extremity  of  the  embryonic   intestine 
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through  the  umbilical  opening  and  develops  rapidly 
into  a  vascular  pedunculated  sac,  the  walls  of  which 
soon  coalesce  and  form  a  vascular  membrane.  Within 
a  few  days  it  reaches  the  chorion  and  spreads  over  it  as 
a  vascular  lining.  Its  vessels  penetrate  the  villi  of  the 
chorion  and  it  soon  becomes  fused  with  that  structure. 
Its  pedicle  containing  its  vessels  is  eventually  con- 
verted into  the  iunl)ilical  cord  with  its  two  arteries 
and  one  vein,  which  bring  nutritive  material  and  oxy- 
gen from  the  mother  to  the  embryo  and  carry  off  its 
waste  material.  The  chorion  begins  to  form  after  the 
folds  of  amnion  have  united  upon  the  dorsum  of  the 
embryo,  the  outer  layer  of  cells  of  the  amnion  swelling 
until  it  comes  in  contact  with  the  vitelline  membrane 
of  the  ovum  which  then  disappears  having  accom- 
plished its  function.  This  swollen  outer  haver  has 
then  become  the  new  chorion  or  outer  covering  of  the 
embryo,  and  we  have  already  seen  that  it  is  fused 
with  the  allantois. 

Over  the  entire  outer  surface  of  the  new  chorion 
hollow  villosities  sprout  and  branch  out  and  as  the 
allantois  fuses  with  it  the  vessels  of  the  former  pene- 
trate the  villosities,  converting  it  into  a  shaggy,  very 
vascular  structure.  As  the  ovum  develops  the  villi 
disappear  from  about  two-thirds  of  the  chorionic 
surface.  Over  the  remaining  third  they  become 
greatly  hypertrophied  and  participate  in  the  formation 
of  the  placenta.  Soon  after  conception  takes  place 
a  change  occurs  in  the  uterine  mucous  membrane,  its 
interglandular  connective  tissue  increasing  greatly  in 
density  and  in  vascularity  and  its  ordinary  smooth 
surface  giving  place  to  folds  and  convolutions.. 

After  the  ovum  has  arrived  from  its  journey 
through  the  Fallopian  tube  it  falls  into  the  depression 
between  two  of  these  folds  and  from  these  enveloping 
folds  the  decidua  vera  is  developed. 

At  the  area  of  attachment  between  the  ovum  and 
the  decidua  the  maternal  portion  of  the  placenta  is 
developed  and  this  portion  of  the  decidual  membrane 
is  known  as  the  serotina. 

After  the  ovum  has  become  embedded,  usually  upon 
the  upper  portion  of  the  posterior  wall  of  the  uterus, 
the  swollen  endometriiun  or  decidua  vera  forms  folds 
under  and  over  it  which  finally  unite  and  form  a  new 
sac  or  covering  for  it  with  a  space  containing  mucus 
between  this  sac  and  the  endometrium  or  decidua 
vera,  somewhat  similar  to  the  pericardial  sac.  This 
reflexion  and  covering  is  known  as  the  decidua  rcflcxa. 
By  the  end  of  the  fifth  month  of  gestation  the  space 
between  the  decidua  vera  and  the  decidua  reflexa  is 
obliterated.  During  the  sixth  month  the  combined 
vera  and  reflexa  is  blended  with  the  chorion. 

For  the  first  third  of  its  existence  the  fetus  or  embryo 
is  nourished  by  means  of  the  provisional  structures 
which  have  been  briefly  described;  for  the  remaining 
two-thirds  it  is  nourished  by  means  of  the  placenta, 
a  discoidal  mass  of  tissue  which  is  attached  ujion 
one  of  its  aspects  to  the  wall  of  the  uterus  and  is 
connected  from  its  opposite  aspect  by  the  umbilical 
cord  with  the  growing  fetus. 

The  placenta  results  from  the  union  of  the  villous 
structure  of  the  chorion,  the  chorion  frotidosum,  with 
the  decidua  serotina  which,  as  already  stated,  is  that 
portion  of  the  uterine  decidual  membrane  which  is  in 
immediate  contact  with  the  embedded  ovum.  The 
villi  from  the  chorion  push  their  way  into  the  soft 
tissue  of  the  uterine  seroliiia  and  absorb  from  its 
dilated  capillaries  or  capillary  spaces  the  nutrient 
l)lood  from  the  mother.  The  absorbing  vessels  are 
those  which  were  derived  from  the  allantois,  and  as 
gestation  progresses  the  placenta  gradually  assumes 
its  discoidal  shape.  The  course  of  the  blood  current 
from  placenta  to  fetus  is  by  way  of  the  two  arteries 
of  the  umbilical  cord  which  bear  the  blood  laden  with 
carbonic  acid  from  the  fetus,  while  the  umbilical  vein 
carries  it  back  to  the  fetus  charged  with  oxygen  from 
the  maternal  arteries. 

The  placenta  thus  becomes  not  only  the  organ  by 


which  nutrition  is  carried  to  the  fetus  for  the  develop- 
ment of  its  structure  and  the  evolution  of  heat,  but 
the  organ  of  respiration  and  oxygenation  as  well,  and 
no  living  being  can  exist  without  oxygen. 

The  miibilical  cord  thus  forms  the  medium  of  attach- 
ment lict  ween  fetus  and  placenta  and,  as  we  have  seen, 
the  medium  by  which  nutriment  and  oxygen  are 
conveyed  to  the  fetus,  and  waste  material  borne 
away  from  it.  It  was  also  mentioned  that  it  was  a 
development  from  the  allantois.  The  two  allantoic 
veins  are  eventually  fused  into  one,  the  two  arteries 
persist.  These  vessels  with  the  vestigial  remains  of 
the  jiedicles  of  the  allantois  and  umbilical  vesicle  are 
held  together  by  the  soft  embryonic  connective  tissue 
known  as  the  jelly  of  H'/iorton.  The  sheath  which 
encloses  these  various  structures  is  derived  from  the 
amnion.  The  variations  in  the  length  of  the  cord  are 
very  great;  according  to  Liisk  they  are  between  three 
and  seventy-five  inches.  Why  there  should  be  such 
variations  it  is  difficult  to  say. 

Within  the  amniotic  sac  which  encloses  the  fetus 
is  the  amniotic  fluid  which  in  the  early  months  of 
pregnancy  is  derived  from  the  fetal  tissues  and  from 
the  amniotic  vessels  which  are  in  relation  with  the 
placenta.  It  is  thought  that  in  the  latter  part  of 
pregnancy  it  is  also  composed  in  part  of  the  urine 
which  is  voided  by  the  fetus  since  it  contains  albumin, 
urea,  and  the  saline  substances  which  are  found  both 
in  serum  and  in  urine.  In  quantity  it  varies  from  one 
to  two  pints  at  the  time  of  delivery.  The  foregoing, 
together  with  the  structures  and  vital  forces  of  the 
mother,  constitute  the  means  or  machinery  by  which 
gestation  is  accomplished. 

De\'elopment  of  the  Fetus. — The  changes  which 
take  place  in  the  fetus  as  development  progresses  must 
be  considered  with  great  brevity  owing  to  want  of 
space. 

These  divide  the  period  of  development  into  three 
stages,  the  first  being  that  of  the  ovum,  or  the  blasto- 
dermic .stage,  and  including  the  first  and  second  weeks 
of  existence;  the  second  the  stage  of  the  embryo, 
including  the  second  to  the  fifth  week;  and  the 
third  the  fetal  stage  from  the  fifth  week  to  the  end  of 
gestation. 

At  the  end  of  the  second  week  of  existence  the 
embryonic  spot  and  the  dorsal  plates  are  apparent. 
At  the  end  of  the  third  week  the  cephalic  extremity  of 
the  embryo  has  enlarged,  the  back  is  curved,  the 
rudiments  of  the  organs  of  sight,  smell  and  hearing, 
and  the  visceral  arches  have  appeared.  At  the  end  of 
the  fourth  week  the  extremities  are  indicated  by 
minute  buds,  and  the  intestine  with  its  two  extremities 
has  started.  The  embryo  is  then  one-third  of  an 
inch  long. 

At  the  end  of  the  second  month  the  embryo  is  two- 
thirds  of  an  inch  long.  The  divisions  of  the  extrem- 
ities are  noticeable,  and  the  lower  jaw  and  clavicle 
have  begun  to  ossify. 

At  the  end  of  the  third  month  its  length  is  three  and 
a  half  inches  and  its  weight  one  ounce.  The  neck  is 
formed  and  the  ribs  separate  the  Ihor.ax  from  the 
abdomen;  the  lips  are  formed  and  the  i)alat.e  separ.ites 
the  nose  from  the  mouth.  INIost  of  the  bones  have 
begun  to  ossify,  the  nails  are  apparent,  also  the 
scrotum,  labia  majora,  penis  and  clitoris.  At  the 
end  of  the  fourth  month  the  length  is  .six  inches,  the 
w'cight  two  to  four  ounces,  the  skull  is  partly  os.sificd, 
and  the  mouth,  eyes,  ears  and  nose  normal  in  shape. 
The  sex  is  distinguishable,  the  skin  is  firm,  hair  is 
apjjarent,  and  there  may  be  fetal  motion.  At  the 
end  of  the  fifth  month  the  length  is  seven  to  ten  inches 
and  the  weight  ten  ounces.  The  head  is  still  large. 
the  face  wrinkled,  there  is  hair  over  the  entire  surface 
of  the  bodv,  and  motion  can  be  felt  by  the  mother. 
At  the  end' of  the  sixth  month  the  length  is  eleven  to 
thirteen  inches  and  the  weight  twenty-three  ounces. 
The  eyelids  are  separate  and  if  such  a  fetus    were 
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born  it  might  live  a  few  hours.  At  the  end  of  the 
seventh  month  the  length  is  fifteen  inches  and  the 
weight  thirty-nine  ounces. 

Infants  who  are  born  at  this  age  may  cry  feebly  at 
birth  but  usually  die  in  a  few  hours  or  days. 

At  the  end  of  the  eighth  month  the  length  is 
seventeen  inches  and  the  weight  fifty-two  ounces. 
The  hair  on  the  head  is  thicker,  the  nails  harder  and 
the  navel  is  nearly  in  the  center  of  the  body.  In 
male  children  the  testicle  may  be  felt  in  the  scrotum. 
Such  children  are  frequently  sufficiently  developed  to 
maintain  life. 

At  the  end  of  the  ninth  month  the  length  is  seven- 
teen and  a  half  inches  and  the  weight  sixty-four 
ounces.  The  body  is  often  well  filled  out  and  the 
skin  no  longer  wrinkled.  With  care  such  children 
are  often  saved.  At  the  middle  of  the  tenth  (lunar) 
month  the  length  is  eighteen  inches  and  the  weight 
seventy-seven  oimces. 

When  born  at  term  the  length  is  twenty  to  twenty- 
one  inches  and  the  weight,  in  American  babies,  from 
seven  to  seven  and  a  half  pounds,  boys  being  usually 
somewhat  heavier  than  girls. 

If  a  child  is  healthy  it  begins  to  cry  almost  as  soon 
as  it  begins  to  breathe  and  moves  its  limbs  vigorously. 
Within  the  first  few  hours  after  birth  there  is  usually 
an  evacuation  of  the  bladder  and  intestine,  the  con- 
tents of  the  latter  being  known  as  meconium  and 
consisting  of  mucus,  bile,  and  cellular  material. 

Varieties  of  Gestation. — Gestation  may  be  nor- 
mal, unusual,  or  abnormal. 

Normal  gestation  means  the  fornration  and  develop- 
ment within  the  uterus  of  a  single  fetus,  the  develop- 
ment proceeding  along  physiological  lines  for  the 
mother  as  well  as  for  the  child,  and  concluding  with  a 
fully  developed  child,  or  mature  fruit,  and  a  mother 
in  proper  condition  to  expel  it  into  the  world  for  its 
subsequent  independent  existence. 

Unusual  gestation  means  the  formation  and  devel- 
opment within  the  uterus  of  more  than  one  fetus,  the 
development  proceeding  also  along  physiological  lines, 
while  the  mother  may  have  an  experience  during  their 
development  which  deviates  from  the  ordinary 
physiological  course  but  is  not  associated  with  actual 
disease.  This  unusual  experience  in  the  mother  may 
also  apply  to  gestation  with  a  single  fetus.  Both 
mother  and  offspring  reach  the  end  of  gestation  in  a 
suitable  condition  for  the  performance  of  the  act  of 
labor,  the  sequel  by  which  gestation  is  succeeded. 

Abnormal  gestation  means  the  formation  and  devel- 
opment of  one  or  more  fetuses  in  an  abnormal  situa- 
tion, or  with  defective  structure,  or  in  an  abnormal 
manner.  With  reference  to  the  mother  it  means 
the  association  of  disease  or  injury  during  that  period 
while  either  mother  or  child  or  both  are  unprepared 
for  natural  labor  or  its  termination. 

Normal  gestation  is  fortunately  the  lot  of  the  vast 
majority  of  women.  Theoretically,  it  should  be  the 
uniform  experience  because  it  is  a  physiological  act 
and  is  an  essential  part  in  the  programme  of  nature 
for  the  preservation  of  species.  Nature's  work, 
however,  is  often  faulty,  however  perfect  the  plan  may 
be,  and  this  fact  added  to  the  ignorance,  and  wilfulness 
and  error  of  mortals  has  resulted  in  the  conditions  of 
structure  and  function  of  which  abnormal  gestation 
has  been  the  inevitable  product. 

Multiple  Fetation. — There  can  be  little  doubt  that 
the  fertilization  of  a  single  ovum  and  the  development 
of  a  single  fetus  at  a  gestation  is  the  rule  of  nature  for 
human  beings.  If  this  were  not  so,  twin  fetation  would 
occur  oftener  than  once  in  70  or  80  gestations,  triple 
fetation  oftener  than  once  in  S.'iOO  to  7000,  quadruplets 
and  quintuplets  oftener  than  with  their  present  most 
extreme  infrequency. 

Another  important  fact  is  that  twins  are  seldom  the 
product  of  a  fir.st  gestation,  indeed  they  most  fre- 
quently occur  after  the  climax  of  fecundity  has  been 
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reached.  It  is  also  noteworthy  that  when  idiots  and 
imbeciles  are  susceptible  of  impregnation  they  not 
infrequently  bear  twins. 

Twins  may  be  developed  within  a  single  ovum  or  in 
two  separate  ova,  the  latter  being  by  far  the  more 
u:-ual.  The  two  ova  may  come  from  a  single  ovary 
or  from  two  ovaries,  the  corpora  lutea  of  pregnancy 
furnishing  evidence  of  this  fact.  In  one  of  the  writer's 
cases,  twins  developed  in  a  bifid  uterus  (I  am  unable 
to  say  whether  in  one  or  both  cornua)  within  a  short 
period  after  one  ovary  had  been  removed  in  connec- 
tion with  an  operation  for  ruptured  ectopic  gestation. 

The  imusual  nature  of  twin  fetation  is  also  seen  in 
the  facts  that  one  or  both  of  them  may  be  deformed  or 
defective,  that  they  may  be  inseparably  joined  to- 
gether, that  not  unusually  they  are  phj'sically  weaker 
than  and  inferior  to  other  children,  etc. 

That  impregnation  with  twins  conceived  at  con- 
siderable intervals  froni  each  other,  the  so-called 
superfetation,  is  possible  is  a  debatable  question, 
since  the  fact  is  pretty  conclusively  established  that 
when  impregnation  has  once  occurred,  physiological 
action  is  concentrated  upon  the  subject  of  that 
impregnation  and  that  alone. 

In  the  reported  cases  of  twins  born  of  a  negro 
mother,  one  white  and  one  black,  there  may  have  been 
almost  simultaneous  conception  from  the  white  and 
black  sources,  or  the  spermatazoa  in  the  one  case  may 
have  retained  their  vitality  for  days  or  weeks,  or 
there  may  have  been  a  bifid  uterus;  in  fact  various 
hypotheses  are  possible. 

Twins  may  be  of  the  same  sex  or  of  opposite  sexes, 
and  statistics  show  that  the  nvimbers  are  about  the 
same  for  each  variety;  if  they  are  derived  from  the 
same  ovum  they  are  always  of  the  same  sex. 

If  twins  develop  from  separate  ova  each  will  have 
its  own  enveloping  membrane,  but  if  the  ova  are 
imbedded  in  the  decidua  near  each  other  the  two 
placentae  may  be  united  at  the  border,  and  the  ova 
may  be  so  near  each  other  as  to  be  enveloped  by  a 
common  decidua  reflexa.  If  they  are  developed  with- 
in the  same  ovum,  the  placenta,  chorion,  and  reflexa 
will  be  common  to  both,  and  there  may  be  two  amni- 
otic cavities,  or  the  wall  between  them  may  have 
been  absorbed  when  there  will  be,  of  course,  but  one 
cavity. 

Abnormal  Fetation. — One  of  the  most  frequent  forms 
of  abnormal  gestation  is  abnormal  fetation.  Under 
this  category  are  to  be  included  the  various  examples 
of  twin  fetation  in  which  one  fetus  develops  at  the 
expense  of  the  other,  as  in  cases  in  which  the  circula- 
tion preponderates  in  one  placenta,  or  in  one  portion 
of  a  double  placenta,  the  badly  nourished  fetus  be- 
coming a  monster  or  degenerating  to  a  mole.  It  also 
includes  the  monstrosities  of  different  types  and  forms 
and  the  large  class  of  ectopic  gestation.  These  abnor- 
malities will  be  described  in  detail  in  other  articles. 

Changes  rN  the  Maternal  Tissues  and  Organs 
During  Gest.^tion. — With  the  occurrence  of  impreg- 
nation, structural  changes  at  once  begin  in  a  woman  s 
generative  organs,  and  as  gestation  progresses  other 
portions  of  the  body  undergo  changes  also.  Men- 
struation ceases  when  impregnation  begins  and  is 
usually  in  abeyance  until  the  end  of  lactation. 

Uterus. — We  have  already  noted  the  changes  which 
gestation  causes  in  the  mucous  membrane  of  the  body 
of  the  uterus,  and  the  formation  of  the  three  decidual 
membranes  therefrom.  The  mucous  membrane  of 
the  cervLx  of  the  uterus  becomes  thick  and  swollen, 
and  a  plug  of  mucus  gradually  accumulates  in  its 
canal  which  occludes  it  and  forms  a  kind  of  protecting 
liarrier  to  the  growing  fetus  within  the  uterine  body. 
The  gross  appearance  is  very  materially  changed. 
Before  impregnation,  it  is  a  pear-shaped  nearly  solid 
structure  weighing  one  or  two  ounces,  while  at  the  end 
of  gestation  it  is  an  ovoidal  body  weighing  two  pounds 
or  more.     While  its  outer  surface  in  the  first  case 
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measures  sixteen  square  inches,  in  the  second  it 
measures  339.  The  capacity  of  its  cavity  is  519 
times  greater  when  gestation  is  ended  than  before  it 
began. 

The  individual  muscle  fibers  of  the  uteras  increase 
ten  fold  in  length  and  five  fold  in  width,  but  their  ar- 
rangement remains  unchanged.  Some  wTiters  state 
that  new  muscle  fibers  are  developed  in  the  early 
months  of  gestation,  but  this  is  doubted  by  others. 

The  blood-vessels,  nerves,  lymphatics,  and  con- 
nective tissue  all  undergo  great  hypertrophy,  but  the 
change  in  the  blood-vessels  and  especially  in  the  veins 
is  particularly  marked. 

The  peritoneum  is  thickened  during  gestation,  and 
at  its  t-ermination  lies  more  or  less  loosely  over  the 
organ  which  it  envelops. 

The  enlargement  of  the  cer\ix  during  gestation  is 
inconsiderable.  Its  tissues  are  more  or  less  hyper- 
emic  and  infiltrated,  however,  and  this  results  in  a 
physiological  softening  which  often  becomes  a  valu- 
able sign  in  determining  the  diagnosis  of  gestation. 

Adnexa. — The  ovaries.  Fallopian  tubes,  and  broad 
ligaments  all  share  in  the  hyperemia  and  hyper- 
trophic condition  of  the  uterus.  The  broad  liga- 
ments unfold  and  expand  as  the  uterus  enlarges, 
their  blood-vessels,  especially  the  veins,  increasing 
greatly  in  size  and  capacity.  The  round  ligaments 
become  greatly  thickened,  the  tubes  become  length- 
ened and  swollen,  and  the  decidual  cells  which  are 
found  in  the  mucous  membrane  explain,  at  least 
partially,  the  possibility  of  the  implantation  and  de- 
velopment of  an  ovum  in  this  most  undesirable 
situation. 

The  ovaries  are  also  somewhat  enlarged  and  hyper- 
emic  and  may  contain  cells  resembling  decidual  cells 
in  their  stroma.  One  or  both  of  them  will  also  con- 
tain the  corpus  htteum  of  pregnancy.  As  the  uterus 
enlarges,  the  tubes,  ovaries,  and  round  ligaments, 
instead  of  being  located  at  right  angles  to  the  uterus, 
gradually  approach  the  vertical  position  until  at 
length  they  become  practically  parallel  with  that 
organ. 

Vagina. — The  mucous  membrane  of  the  vagina  is 
softened  as  gestation  advances  and  its  glands  secrete 


Fig.  27S4. — Primary  .\reoIa.     (Warren's  Principles  of  Obstetrics.) 

an  abundance  of  mucus.  Its  hyperemia  becomes 
more  and  more  marked  from  month  to  month  until 
its  color  becomes  purple  violet,  or  almost  black.  The 
softness  and  deep  color  of  the  mucous  membrane 
form  important  data  in  arriving  at  a  diagnosis.^  The 
nerves  and  muscular  fibers  al.so  participate  in  the 
hypertrophic  process,  the  importance  of  the  latter  for 
the  strain  and  stretch  of  parturition  showing  adap- 
tability and  design. 

Vulva. — The  vulva  is  swollen,  its  mucous  membrane 


soft,  and  its  ves.sels  enlarged.  Its  ple.xus  of  veins 
is  sometimes  enlarged  to  the  bursting  point,  and  the 
resulting  hemorrhage  may  constitute  a  verj'  un- 
pleasant complication  of  labor. 

Brea-sh. — Changes  in  the  mammary  glands  and  their 
overlying  tissues  are  important  and  es.sential  for  they 
are  the  re.sen-oirs  for  the  natural  and  proper  food  of 
an  infant  after  it  has  been  transferred  from  the  interior 
of  the  mother's  body  to  the  external  world.  During 
gestation  the  connective  tissue  of  the  glands  swell.», 
glandular  acini  develop  along  the  course  of  the  lactif- 
erous ducts,  and  fat  is  deposited  between  the  lobes. 


Fig.  2785. — Secondary  Areola,    t  Warren's  Principles  of  Obatetrics.) 

During  the  fourth  and  fifth  months  decided  enlarge- 
ment of  the  breasts  becomes  noticeable,  the  veins 
around  the  areola  become  quite  prominent,  the  lym- 
phatics and  nerves  are  hypertrophied  and  the  nipple 
becomes  elongated  and  sensitive. 

The  areola  is  soft  aud  raised  above  the  surrounding 
skin,  its  follicles  stand  out  prominently  and  exude 
moisture,  and  it  becomes  darkened  from  the  deposit 
of  pigment.  A  secondary  areola  composed  of  round 
non-pigmented  spots  is  often  formed  around  the  fir.st 
one  in  the  latter  part  of  gestation,  and  a  milky  fluid 
can  be  expressed  in  many  eases  from  the  nipple. 

Pelvic  Joints. — These  become  softened  and  there 
may  be  separation  between  their  elements.  If  it 
were  not  for  this  fact  natural  labor  would  sometimes 
be  impossible.  By  means  of  the  Walcher  position, 
which  simply  means  extreme  extension  of  the  lower 
extremities,  the  pelvic  joints  may  be  so  relaxed  that 
the  capacity  of  the  pelvic  cavity  will  be  materially 
increased  and  the  internal  conjugate  diameter  may  be 
lengthened  to  the  extent  of  half  an  inch. 

Bladder. — The  bladder  in  the  latter  months  of  preg- 
nancy often  suffers  from  pressure  and,  as  it  is  drawn 
upward,  from  tension.  This  may  cause  great  dis- 
comfort and  annoyance  to  the  patient  from  the  fre- 
quent calls  to  urinate  and  from  the  inability  to  com- 
pletely empty  it.  Cystitis  is  not  an  unusual  accom- 
paniment of  gestation  and  doubtless  has  more  or  less 
bearing  upon  the  albuminuria  of  that  period. 

Stomach  and  Intestines. — These  organs  may  sxiffer 
from  pressure  particularly  in  the  latter  months.  In 
the  first  three  months  of  gestation  the  stomach  Ls 
often  the  seat  of  great  irritation  and  rebelliousness, 
particularly  in  primipar;e.  Con.stipation  is  a  very 
common  annoyance  during  the  entire  gestational  per- 
iod. The  appetite  which  is  very  capricious  during 
the  early  months  may  be  greatly  improved  in  the  later 
ones. 

Kidneys. — These  organs  usually  suffer  little  stnic- 
tiu-al  change.  The  albuminuria  which  is  .so  common 
in  the  latter  two  or  three  months  of  gestation  is  often 
attributable  to  the  pressure  of  the  enlarged  uterus, 
and  eclampsia,  that  most  unwelcome  complication, 
is  sometimes  similarly  explained. 
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Whether  this  he  true  or  not,  and  its  truth  is  denied 
by  competent  writers,  it  is  evident  enough  that  the 
emptying  of  the  uterus  will  usually  relieve  these 
conditions.  The  excretion  of  urine  during  the  latter 
half  of  gestation  is  frequently  increased  as  much  as 
fifty  per  cent. 

Ureters. — One  or  both  of  these  tubes  may  be  dis- 
placed or  pressed  upon  during  gestation,  and  cause 
their  dilatation  with  retention  of  urine  within  the 
kidney.  This  complication  is  not  of  great  frequency 
but  its  treatment  calls  for  rare  judgment  when  it  is 
present. 

Lii'er. — This  organ  is  sometimes  the  seat  of  serious 
and  f.atal  disea.se,  which  seems  directly  associated  with 
gestation.  Recent  studies  of  Stone,  Newman  and 
others  have  thrown  great  light  upon  this  once  very 
obscure  8ut)ject.  The  enlargement  of  this  organ  and 
of  the  spleen  when  gestation  is  a.ssociated  with 
malaria  and  typhoid  fever  is  usually  attributable  to 
these  diseases  and  not  to  gestation.  ' 

Heart  and  Lungs. — These  organs  may  show  the 
result  of  pressure  in  the  latter  part  of  gestation  but 
the  thorax  usu.ally  accommod.ates  itself  to  the  condi- 
tion by  widening  out  as  the  diaphragm  is  encroached 
upon.  If  heart  or  lung  disease  is  present  as  a  compli- 
cation of  gestation  it  will  frequently  prove  a  very 
serious  matter,  either  during  the  progress  of  gestation 
or  during  labor  or  immediately  afterward. 

Skin. — Pigmentation  of  the  skin  is  one  of  the  char- 
acteristic accompaniments  of  gestation.  A  dark  line 
upon  the  central  portion  of  the  abdomen,  often 
extending  from  the  symphysis  pubis  to  the  umbilicus 
and  sometimes  to  the  ensiform  cartilage,  is  especially 
common.  The  glands  of  the  skin  also  manifest 
increased  activity  and  show  increase  of  secretion. 
An  eruption  of  acne  upon  the  face  is  sometimes  present 
and  may  be  exceedingly  annoying.  Herpes,  pityriasis, 
and  fibroma  molluseum  are  occasionally  observed. 
The  stretching  of  the  skin  of  the  abdomen  during 
the  last  three  months  of  gestation  causes  the 
appearance  of  streaks  or  striee  which  may  persist 
indefinitely.'' 

Thyroid  Gland. — Enlargement  of  this  gland  is  of 
common  occurrence  during  gestation.  If  an  enlarge- 
ment existed  prior  to  gestation  it  will  persist,  but  if  it 
is  merely  an  accompaniment  of  that  condition  it  will 
subside  soon  after  the  gestation  has  terminated. 
Like  many  of  the  manifestations  upon  the  skin  it  is  an 
evidence  of  the  metabolic  changes  which  are  associated 
with  the  present  condition. 

Bones  and  Teeth. — The  bones  are  sometimes  the  seat 
of  osteophytes  during  gestation  and  they  have  fre- 
quently been  found  upon  the  inner  surface  of  the 
cranium.  Softening  of  the  bones  may  also  occur 
owing  to  the  abstraction  of  lime' salts,  which  are 
transferred  to  the  bones  of  the  growing  fetus.  The 
teeth  suffer,  proliably  from  a  similar  cause,  and  it  is 
a  common  comjilaint  among  pregn.ant  women  that 
decay  of  the  teeth  begins,  or  is  accentuated,  while  they 
are  carrying  tlicir  children.  One  or  more  of  the  teeth 
may  be  lost  from  decay  during  each  gestation. 

Nerves. — An  unstable  condition  of  the  nervous  sy.s- 
tcm  is  not  infrequent  particularly  in  young  women 
and  during  their  first  gestation. 

Hysteria  is  of  very  common  occurrence  and  epilepsy 
may  be  unusually  tfoublesome  at  this  time.  Melan- 
cholia and  even  mania  are  sometimes  observed  but 
not  with  such  freciuency  as  the  earlier  works  on 
obstetrics  intimate.  Neuralgia  and  nervousness, 
however,  are  not  infrecjuent  and  may  be  very  trouble- 
some. 

Blood. — The  intimate  nature  of  the  relationship 
between  the  circulation  of  the  mother  and  that  of  her 
growing  offspring  indicates  that  changes  in  the  blood 
are  extremely  probal)le.  This  is  especially  so  in  the 
latter  part  of  gestation  when  the  demands  upon  the 
mother  for  n\itrition  are  very  great.  If  the  child 
is   very   active   and   vigorous   it   is   not   unusual   to 


ob.scrve  in  the  mother,  as  a  consequence,  a  condition 
of  anemia. 

Even  under  favorable  conditions  the  specific  gravity 
and  the  alkalinity  of  the  blood  are  lowered,  the  red 
corpuscles  show  both  degenerative  and  regenerative 
changes,  and  the  number  of  white  corpuscles  is  greatly 
increased.  In  women  with  good  vital  powers  the 
drain  may  be  compensated  by  increased  appetite  and 
the  increased  intake  of  blood-renewing  food,  but 
women  whose  vitality  is  deficient,  from  any  source, 
frequently  show  great  impairment  of  .strength  in  con- 
sequence of  the  demands  which  are  made  upon  the 
vital  fluid. 

Weight. — Notwithstanding  all  the  unfavorbale 
changes  which  are  possible  to  the  pregnant  woman, 
the  fact  that  her  condition  is  purely  a  physiological 
one  is  best  shown  by  the  observation  that  so  many 
women  dclare  they  feel  better  when  in  that  condition 
than  at  any  other  time,  and  furthermore  because  their 
gain  in  weight  exceeds,  often  to  a  considerable  extent, 
the  weight  of  the  fetus  and  the  enlarged  pelvic  organs. 
Of  course  this  improvement  is  necessarily  dependent 
upon  the  fact  that  the  life  which  is  led  by  the  pregnant 
woman  is  in  conformity  with  the  laws  of  hygiene  and 
common  sense. 

Size  and  Position  of  the  LTterus. — Inasmuch  as 
it  is  the  uterus  which  undergoes  the  most  decided  and 
significant  changes  of  any  organ  in  the  body  during 
gestation  it  is  quite  important  to  give  some  con- 
sideration to  its  size  and  position. 

Its  size  in  the  norm.al  unimpregnated  state  is  quite 
insignificant,  no  attention  is  paid  to  it  at  that  time, 
and  if  it  is  in  a  healthy  condition  no  attention  is 
necessary.  It  is  only  when  it  becomes  the  habitat 
of  a  living,  growing  being  that  it  arouses  interest  and 
attention,  not  only  on  the  part  of  the  woman  who  is 
impregnated  but  on  the  part  of  those  with  whom 
she  may  be  brought  in  contact.  Attention  is  rarely 
called  to  it  during  the  first  month  of  gestation,  for  it 
is  not  until  after  a  woman  has  missed  her  usual  men- 
struation that  her  suspicion  is  likely  to  be  aroused  as 
to  the  possible  existence  of  that  condition  and  under 
ordinary  circumstances  she  would  not  seek  medical 
advice  to  determine  the  question. 

In  the  latter  part  of  the  second  month,  roughly 
speaking,  the  uterus  has  become  as  large  as  a  Cali- 
fornia orange,  of  average  size,  and  it  is  somewhat 
globular  in  shape  in.stead  of  pyriform  as  in  the 
unimpregnated  condition.  At  the  end  of  the  th'rd 
month  it  is  about  as  large  as  the  head  of  a  new  born 
baliy,  and  its  fundus  can  be  felt  at  the  pelvic  lirim. 
At  the  end  of  \\\e  fourth  month  it  is  as  large  as  the  head 
of  a  man  of  ordinary  size  and  can  be  felt  above  the 
symphysis  pubis. 

At  the  end  of  the  fifth  month  the  finidus  is  midway 
between  the  symphyses  and  the  navel,  and  from  this 
time  onward  the  shape  becomes  more  and  more  that 
of  an  oval.  At  the  end  of  the  sixth  month  it  has 
reached  the  level  of  the  navel.  At  the  end  of  the 
seitenth  month  it  rises  to  two  or  three  fingers  breadth 
above  the  navel.  At  the  end  of  the  eighth  montli  it 
reaches  a  point  midway  between  the  navel  and  the 
epigastrium. 

At  the  end  of  the  ninth  month  it  reaches  the  epigas- 
trium, and  between  this  time  and  confinement  it 
drops  downward  and  forward,  nearly  corresponding 
in  position  to  the  level  which  it  had  at  the  end  of  tlie 
eighth  month.  Inasmuch  as  the  navel  is  not  a  fixed 
point,  but  was  found  by  Spiegelberg  to  vary  in  its 
distance  from  the  symphysis,  in  different  women,  by 
as  great  a  maximum  as  six  inches  that  author  arranged 
the  following  table  of  distances  from  the  symphysis 
puliis  to  the  fundus  of  the  uterus  for  the  second  half 
of  pregnancy.  The  measurements  were  made  with  a 
tape  over  the  convex  surface  of  the  abdomen  and  are 
therefore  considerably  greater  than  if  measured  upon 
a  plane  surface. 
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From 
From 
From 
From 
From 
From 


the  22nd  to 
the  26th  to 
the  2Sth  to 
the  30th  to 
the  33rd  to 
the  34th  to 
the  36th  to 
the  38th  to 


the  26th  week, 
the  2.Sth  week, 
the  30th  week, 
the  33rd  week, 
the  34th  week, 
the  3r)th  week, 
the  3Sth  week, 
the  40th  week, 


8i  inches. 
lOJ  inches. 

11  inches. 
Hi  inches. 

12  inches. 
12}  inches. 

13  inches. 
13i  inches. 


The.'se  measurements  are  not  invariable,  for  the  size 
of  the  uterus  depends  both  upon  the  size  and  number 
of  the  fetuses  which  it  contains  and  upon  the  quan- 
tity of  amniotic  fluid  and  these  are  very  variable 
factors.  Furthermore  some  allowance  must  be  made 
for  the  size  of  the  woman;  a  woman  who  belongs  to  a 
family  or  tribe  of  which  the  members  are  usually 
very  large  will  have  a  large  abdomen  and  a  large 
fetus  and  her  measurements  will  correspond. 

The  po.sition  of  the  uterus  in  the  successive  stages 
of  gestation  is  well  shown  in  Schultze's  diagram.  If 
the  uterus  were  in  normal  anteflexion  at  the  beginning 
of  gestation  it  would  continue  to  remain  anteflexed 
or  anteverted  as  it  enlarged  and  ascended  out  of  the 
pelvic  cavity.  In  the  latter  months  of  pregnancy 
the  inclination  forward  ma)-  become  less  pronounced 
and  the  organ  will  usually  be  in  clo.se  proximity  with 
the  abdominal  wall  except  when  the  woman  is  in  the 
horizontal  position  when  it  will  recede  from  it. 

In  the  late  months  of  pregnancy  one  usually  notices 
that  when  a  woman  is  standing,  she  is  inclined  to 
throw  her  shoulders  back  rather  than  forward,  back 
of  the  perpendicular,  in  order  to  maintain  her  equi- 
librium. The  intestines  are  above  and  behind  the 
uterus  during  gestation,  occasionally  at  one  or  both 
sides,  and  rarely  in  front  of  it. 

It  has  been  said  by  Pfannkuche  that  after  the  uterus 
becomes  an  abdominal  organ  it  is  twisted  somewhat 
to  the  right  in  eighty  per  cent,  of  cases  and  this  has 
been  made  an  argument  for  opening  the  uterus  some- 
what to  the  right  of  the  median  line  in  performing 
cesarean  section.  This  may  be  true,  but  in  the  experi- 
ence of  the  writer  it  has  not  been  ob.ser\'ed. 

If  the  uterus  is  retroflexed  or  retroverted  when 
impregnation  takes  place  it  may  right  itself  as  gesta- 
tion progresses.  But  this  fortunate  result  is  quite 
improbable  if  it  is  fixed  by  adhesions  or  completely 
turned  into  the  cavity  of  the  pelvis.  In  such  cases 
abortion  usually  takes  place  unless  the  situation  is 
opportunely  discovered  and  the  uterus  released  and 
replaced  by  one  who  has  suitable  skill  and  discern- 
ment for  such  an  operation.  Indeed  the  attempt  at 
replacement  may  itself  be  sufficient  to  bring  on  uterine 
contractions  and  result  in  the  premature  termination 
of  the  gestation.  Since  the  introduction  of  the  opera- 
tion for  fixation  to  the  abdominal  wall  of  an  uterus 
which  has  been  retroflexed,  the  so-called  ventro- 
fixation, many  cases  of  dystocia  have  been  reported, 
resulting  from  the  inability  of  the  organ  to  contract 
properly  on  account  of  the  restricting  bands  which 
fasten  it  in  front.  This  would  seem  to  indicate  the 
impropriety  of  performing  such  an  operation  in  any 
case  in  which  it  was  probable  or  possible  that  preg- 
nancy might  take  place. 

The  po.sition  of  the  uterus  during  gestation  may  also 
be  modified  by  deformities  of  the  pelvis  and  vertebral 
column  and  these  may  also  be  a  cause  of  dystocia  from 
improper  contraction  of  the  uterus  during  labor,  or 
improper  direction  of  the  contractile  force.  This  ex- 
plains the  frecjuent,  the  almost  invariable  necessity 
of  interference  in  cases  of  badly  deformed  pelvis,  and 
the  futility  of  depending  upon  nature  to  furnish  a 
solution  to  the  situation  in  the  presence  of  such  me- 
chanical disadvantages.  Dystocia  is  also  one  of  the 
conditions  which  must  be  taken  into  account  when 
one  horn  of  a  bifid  uterus  has  been  impregnated,  or 
when  the  position  of  the  uterus  is  affected  by  tumors. 

DuGNOsis  OF  Gest.\tion. — The  determination  of 
gestation,  particularly  in  the  early  months,  is  very 


often  a  matter  of  difficulty.  Even  when  it  Ls  some- 
what far  advanced,  its  differentiation  from  conditions 
which  simulate  it  Ls  not  always  easy,  and  errors  in 
diagnosis  have  fretiuently  been  made  by  those  who 
were  expert  and  experienced,  errors  which  the  laity 
does  not  forgive  nor  condone.  In  the  opinion  of  the 
layman  it  is  the  basine.ss  of  the  physician  U>  know 
when  gestation  exists  and  .still  more  so  if  he  claims, 
or  is  supposed  to  have  superior  knowledge  and  experi- 
ence. The  layman  makes  no  allowance  for  the  diffi- 
culties and  complications  which  may  cloud  a  situation, 
and  woe  to  the  physician,  woe  a  thousand  fold  more 
to  the  supposed  expert  obstetrician  if  he  fails  to 
correctly  interpret  the  situation  which  is  put  up  to 
him. 

Age. — The  age  of  the  patient,  or  the  supposed  age 
is  a  matter  of  some  iinjjortance  in  determining  the 
existence  of  gestation.  Barker,  one  of  the  best  ob- 
servers in  New  York  in  the  last  generation,  states  that 
he  had  seen  gestation  in  a  child  of  twelve.  The 
writer  has  noted  it  a  number  of  times,  as  early  as  the 
fourteenth  year.  In  India  with  its  child  marrieiges, 
conception  at  the  tenth  year  is  not  uncommon. 

In  cold  climates,  among  the  Norwegians  and  Siber- 
ians and  especially  among  the  Esquimaux,  conception 
does  not  occur  before  the  eighteenth  or  twentieth 
year  and  frequently  it  occurs  without  any  antecedent 
menstruation  as  evidence  that  puberty  has  arrived. 
Barker  has  seen  a  first  gestation  at  the  fifty-second 
year  followed  by  a  second  and  a  third  in  the  same  per- 
son at  the  fifty-third  and  fifty-fifth  years.  Legrand 
du  Saulle  states  that  it  may  occur  as  late  as  the  seven- 
tieth year  and  the  book  of  Genesis  records  the  case  of 
Sarah  in  whom  it  presumably  occurred  at  even  a  later 
period  (Genesis  xviii,  11.  "Now  .\braham  and  Sarah 
were  old  and  well  stricken  in  age;  and  it  ceased  to  be 
with  Sarah  after  the  manner  of  women."  Genesis 
xxl.,  5.  "And  Abraham  was  a  hundred  years  old  when 
his  son  Isaac  was  born  unto  him."). 

A  diagnosis  of  gestation  is  not  usually  made  upon 
one  who  has  not  begun  to  menstruate,  nor  upon  one 
who  has  passed  the  menopause,  but  inasmuch  as  we 
have  seen  that  gestation  is  possible  before  menstrua- 
tion has  appeared  and  after  it  has  cea.sed  these  limits 
are  not  absolute  in  their  importance;  in  general  how- 
ever they  are  looked  upon  as  the  guide  posts  to  the 
child-bearing  period. 

sSuppression  of  the  Menses. — A  woman  who  has 
missed  a  menstrual  period,  at  once  suspects  impregna- 
tion if  she  has  been  exposed  to  that  condition. 
Nothing  is  more  common  than  for  a  woman,  partic- 
ularly if  she  is  unmarried,  to  withhold  important  data 
when  she  visits  a  physician  with  a  tale  that  she  has 
gone  "three  or  four  days  over  her  courses."  On 
the  other  hand  the  suppression  of  the  menses  or 
amenorrhea  may  be  due  to  disease  and  not  to  impreg- 
nation, and  cruel  injustice  may  be  done  if  a  young 
woman  with  amenorrhea  from  such  a  cause  is  accused 
of  deceit  and  prevarication.  In  young  women  who 
are  tuberculous  or  profoundly  anemic,  from  any  cause 
whatsoever,  the  discontinuance  of  menstruation  is 
often  obser\"ed,  indeed  it  indicates  nature's  endeavor 
to  conserve  the  vital  fluid,  every  drop  of  which  is 
needed.  Still  the  rule  is  that,  if  the  menses  fail  to 
appear,  conception  has  occurred  or  perhaps  it  is  more 
correct  to  say  that  when  conception  has  occurred  the 
menses  cease.  Not  m  all  cases,  however,  for  there 
are  some  women  who  menstruate  or  at  least  have  a 
bloody  discharge  from  the  vagina  rcgtilarly  or  irreg- 
ularly during  gestation.  Indeed  it  has  been  said  that 
some  women  menstruate  only  when  they  are  under- 
going gestation.  If  such  cases  are  carefully  examined 
there  wiU  usually  be  found  some  cause  for  the  bloody 
discharge,  other  than  menstruation.  And  the  menses 
cease  not  alone  in  tuberculosis  and  anemia  but  in 
obesity,  especially  in  immarried  women  between  the 
ages  of  twenty  and  thirty,  with  sudden  changes  of 
temperature,   especially   from   hot   to   cold,   with   an 
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ocean  voyage,  with  a  change  of  residence  from  a  higher 
to  a  lower  level  and  with  corresponding  increase  in 
the  air  pressure  upon  the  body,  with  sudden  emotions, 
such  as  grief,  sorrow,  remorse,  or  fright,  and  with  an 
early  appearance  of  the  menopause  which  is  said  to 
occur  among  some  of  the  Arabs  as  early  as  the  twen- 
tieth year,  and  to  those  women  whose  reproductive 
force  is  exhausted  after  they  have  given  birth  to  a 
single  child. 

Irritability  in  the  Alimentary  Tract. — This  is  very 
frequently  described  as  of  important  diagnostic 
significance  but  there  are  countless  cases  in  which  it  is 
altogether  absent.  It  is  of  very  common  occurrence 
with  primiparse,  but  it  by  no  means  follows  that  a 
woman  will  have  gastric  "troubles  in  her  subsequent 
gestations  merely  because  she  had  it  in  her  first  one. 
The  commonest  symptom  of  all  in  the  group  of  symp- 
toms referable  to  the  alimentary  tract  is  nausea,  with 
or  without  vomiting,  and  inasmuch  as  a  woman  is 
informed  of  its  presence  almost  as  soon  as  she  awakens 
in  the  morning  it  is  often  known  as  the  "morning 
sickness."  It  maj'  excite  a  woman's  attention  almost 
as  .soon  as  she  has  conceived,  but  it  is  more  probable 
that  it  will  present  itself  a  few  weeks  later  in  which 
case  it  seems  to  be  more  of  a  reflex,  than  of  a  psychic 
manifestation.  It  continues  for  about  three  months 
in  most  cases  and  gradually  disappears  as  the  uterus 
ascends  out  of  the  pelvis,  but  it  may  continue  until 
the  end  or  near  the  end  of  gestation.  In  most  of  the 
cases  it  is  limited  to  nausea,  sometimes  slight  and 
sometimes  almost  intolerable,  but  vomiting  may  be 
associated  with  it  and  the  simplest  forms  of  food 
or  even  water  may  be  rejected  almost  as  soon  as 
swallowed. 

When  ordinary  care  and  judgment  are  exercised  it 
will  usually  be  brought  under  control  but  it  may  per- 
sist and  kill  the  patient  or  necessitate  the  emptying 
of  the  uterus.  If  this  extreme  step  becomes  necessary 
one  should  not  wait  until  the  patient  is  too  far 
exhausted  before  taking  it,  and  it  is  always  wise  to 
have  the  confirmatory  judgment  of  a  colleague  that 
the  operation  is  essential.  With  gastric  irritability, 
flatulence,  and  heartburn,  may  be  associated  the 
formation  within  the  stomach  of  sour  fluids  and  gases, 
the  latter  to  be  belched  up  on  all  occasions  and  to 
serve  as  a  frequent  cause  of  annoyance  and  morti- 
fication. Another  associated  symptom  which  fre- 
quently occurs  with  young  women  and  especially  with 
primigravidae  is  salivation,  the  saliva  often  being  thick 
and  tenacious,  very  copious,  and  difficult  of  ejection. 
Women  who  are  pregnant  may  also  have  an  abnormal 
appetite,  a  longing  for  food  and  drink  which  are  utterly 
improper,  and  a  loathingfor  what  they  ought  to  desire; 
the  appetite  may  even  be  perverted  in  a  manner  which 
is  disgusting. 

Quickening. — This  is  the  old  English  term  for  the 
awakened  consciousness  on  the  part  of  the  mother 
that  the  fetus  within  her  is  a  living  being.  It  is  a 
sensation  of  motion  within  her  uterus  like  the  "flutter- 
ing of  a  bird"  as  it  was  once  expressed  to  the  writer. 
This  sensation  comes  between  the  twelfth  and  the 
eighteenth  weeks  of  gestation. 

It  is  usual  to  tell  women  that  they  may  expect  it  in 
the  middle  of  the  fifth  month,  that  is  when  gestation 
is  half  over.  The  motion  is  first  expressed  by  a 
gentle  tap  and  as  time  progresses  the  taps  become 
frequent  and  active.  Not  only  are  the  fetal  move- 
ments felt  by  the  mother,  they  can  be  seen  by  inspec- 
tion of  the  abdominal  wall.  Women  who  are  not 
pregnant  but  who  long  to  be,  have  often  been  deceived 
as  to  the  supposed  fetal  motions.  If  they  have  been 
anything  more  than  a  figment  of  the  imagination  they 
have  turned  out  to  be  the  motion  of  gas  within  the 
intestine.  The  real  fetal  movements  are  the  more 
noticeable  upon  the  abdomen  when  the  quantity  of 
amniotic  fluid  is  small.  They  may  be  excited  by 
placing  a  cold  hand  upon  the  abdomen,  or  by  gently 
tapping  one  or  the  other  side  of  the  uterus  with  the 
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fingers.  When  these  movements  can  be  noted  with 
precision  they  leave  no  doubt  as  to  the  existence  of 
ge.station. 

The  Breasts. — This  group  of  signs  is  very  important 
in  determining  a  diagnosis  of  gestation.  "The  breast 
enlargement  is  not  a  new  deposit  of  fat  and  con- 
nective tissue.  It  is  an  increase  in  the  lobules  of 
the  gland  and  in  the  nodules  which  are  connected 
with  them,  the  enlargement  extending  from  the 
periphery  of  the  gland  to  the  center.  The  breast  of 
the  pregnant  woman  also  has  silver  lines  due  to  the 
tension  of  the  skin,  especially  in  her  first  pregnancy, 
like  these  which  are  upon  the  alidomen.  The  veins 
form  a  distinct  plexus  around  the  areola,  which  is 
not  apparent  on  the  healthy  breast  of  an  imimpreg- 
nated  woman.  The  areola  is  darker  than  in  the 
non-pregnant,  stands  out  above  the  skin,  and  the 
follicles  of  Montgomery  are  characteristic.  The 
presence  of  milk  or  a  mUky  fluid  may  help  in  the 
diagnosis  but  it  is  not  always  present  and  it  may  be 
in  the  breast  of  a  woman  who  is  not  pregnant.  The 
secondary  areola  may  be  present  after  the  fifth  month 
but  it  is  not  a  constant  sign  and  is  not  essential  to  the 
diagnosis. 

Abdominal  Signs. — For  the  abdominal  examination 
the  patient  lies  upon  a  table  in  the  dorsal  position  with 
the  thighs  properly  flexed,  and  the  abdomen  bared. 
Inspection  reveals  abdominal  enlargement  after  the 
third  month,  the  enlargement  being  fairly  symmetrical 
and  the  surface  convex.  The  pigment  line  in  the 
center  of  the  abdomen  should  be  noted  and  also  the 
striae  upon  either  side  of  it  due  to  the  stretching  of  the 
skin. 

Palpation  should  next  be  made  with  both  hands, 
the  hands  being  sufficiently  warm  to  avoid  the  pro- 
ductions of  contractions  from  the  underlying  tissues. 
The  condition  of  the  tissues  of  the  abdominal  waU 
should  be  noted,  greater  firmness  being  usually  present 
in  primiparoe  than  in  multiparce.  The  outlines  of  the 
uterus  should  be  carefully  defined,  especially  at  the 
fimdus.  Then  the  contour  of  the  fetus  should  be 
determined  as  carefully  as  possible,  especially  with 
relation  to  the  presenting  end,  and  the  vigor  of  the 
fetal  movements  observed.  Abdominal  ballottement 
may  be  practised  by  sharply  pushing  the  fetus  with 
one  hand  and  receiving  the  responding  impulse  at  the 
other  side  of  the  uterus  with  the  other  hand.  This 
sign  is  not  essential  and  can  be  effectively  developed 
only  when  the  uterus  contains,  relatively  to  the  fetus, 
an  abundance  of  liquor  amnii. 

Fetal  movements  in  healthy  children  are  easily 
excited  after  the  sixth  month.  Contraction  of  the 
uterine  muscle  may  be  obtained  by  stroking  the 
abdomen  with  the  hand  over  the  uterus,  up  and  down 
and  from  side  to  side.  These  contractions  will  not 
result  if  the  underlying  body  is  an  uterine  or  ovarian 
tumor. 

Auscultation  forms  a  very  important  part  of  the 
examination  and  enables  one  to  detect  the  rate  of  the 
fetal  heart  action,  and  the  circulation  of  the  uterus, 
the  so-called  uterine  souffle.  The  auscultation  may 
be  made  with  the  unaided  ear  or  with  the  phonendo- 
scope. 

The  writer  prefers  the  former  method  but  it  is  often 
desirable  to  use  both.  A  thin  napkin  or  handkerchief 
is  laid  over  the  abdomen  and  the  ear  passes  over  the 
surface  until  the  fetal  heart  sounds  at  the  point  of 
greatest  inten.sity  are  made  out.  It  is  well  to  have  a 
finger  upon  the  radial  pulse  of  the  mother  at  the  same 
time.  The  fetal  heart  beats  may  be  heard  at  an}-  time 
after  the  eighteenth  to  the  twentieth  week.  They 
vary  from  120  to  160  per  minute  and  are  more  fre- 
quent in  females  than  in  males.  Their  rh^-thm  is 
exactly  like  that  of  the  mother's  heart  but  nearly 
twice  as  rapid.  They  are  best  heard  over  the  dorsum 
of  the  fetus  and  when  the  dorsum  faces  the  mother's 
abdomen.  They  are  less  audible  when  the  mother's 
abdomen  is  very  thick,  and  when  the  liquor  amnii 
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is  abundant.  This  sign  is  of  tiie  greatest  importance 
and  if  after  repeated  careful  examinations  it  cannot 
be  made  out  the  presumption  will  be  that  the  fetus 
is  dead. 

Auscultation  will  also  enable  one  to  determine  the 
position  and  presentation  of  the  fetus,  and  to  detect 
a  plural  gestation. 

The  uterine  souffle  or  bruit  is  a  blowing  sound  which 
is  heard  along  the  left  side  of  the  uterus  and  is  syn- 
chronous with  the  mother's  pulse.  It  is  produced 
by  the  motion  of  the  blood  in  the  uterine  artery  and 
its  branches.  It  can  be  detected  after  the  fourth 
month  and  persists  to  the  end  of  gestation.  Its  value 
as  a  sign  of  gestation  is  lessened  by  the  fact  that  it 
may  also  be  heard  when  the  uterus  is  enlarged  from 
other  causes. 

Vaginal  and  V agino-ahdominal  Examinalion. — A 
vaginal  examination  may  be  made  with  the  forefinger 
of  the  left  hand  or  with  the  forefinger  and  middle 
while  the  patient  is  standing,  or  lying  on  a  table  \ipon 
her  back.  Two  fingers  are  much  better  for  the  ex- 
amination than  one,  for  the  middle  finger  will  pene- 
trate half  an  inch  further  into  the  pelvic  than  will 
the  index  alone.  The  single  finger  must  usually  be 
preferred  when  the  patient  is  a  primipara  and  when 
the  external  genitals  are  rigid.  While  we  have  fre- 
ciuently  made  use  of  the  standing  position  we  do  not 
see  that  it  gives  any  information  which  may  not  be 
obtained  from  the  dorsal  position  and  for  routine 
purposes  the  latter  is  to  be  preferred. 

The  legs  must  be  -n-idely  separated  and  the  thighs 
flexed,  the  feet  resting  upon  the  base  of  the  table  or 
in  stirrups.  It  is  always  important  that  there  be  no 
unnecessary  exposure  of  a  patient,  a  sheet  of  ample 
dimensions  covering  all  but  the  ex-ternal  genitals. 
A  woman  very  quickly  forms  her  estimate  of  the 
modesty  and  considerateness  of  a  physician  by  the 
way  he  makes  a  vaginal  examination,  and  the  more 
skilled  he  is  the  more  gentle  will  he  be  in  his  manipu- 
lation, and  the  more  thoughtful  for  his  patient's  feel- 
ings. It  need  hardly  be  said  that  the  external  genitals 
should  be  carefully  cleansed  before  the  examination 
with  a  warm  antiseptic  solution,  and  it  will  also  be 
well  for  the  sake  of  thoroughness,  to  give  a  vaginal 
douche.  If  the  physician  does  this  himself  he  will  be 
sure  that  it  will  be  done  properly.  He  must  also  pre- 
pare his  hands  and  finger-nails  with  great  care  and 
if  they  are  absolutely  clean  he  maj-  use  his  judgment 
about  putting  on  rubber  gloves.  A  physician  who 
is  as  careful  as  he  ought  to  be  will  not  infect  his 
patient  whether  he  wears  gloves  or  docs  not  wear  them. 
The  labia  are  first  separated  with  the  fingers  of  the  two 
hands,  and  the  mucous  membrane  and  skin  of  the 
vulva  and  vagina  are  inspected. 

If  these  tissues  are  darker  than  normal,  gestation 
is  probable,  the  darker  they  are  the  more  probable  is 
gestation.  If  the  veins  of  the  vulva  and  vestibule 
stand  out  prominently,  still  more  is  it  probable  that 
there  is  gestation.  The  discoloration  begins  as  early 
as  the  second  month,  the  enlarged  veins  belong  to 
the  last  four  months  of  gestation. 

Introducing  the  finger  or  fingers  into  the  vagina  if 
the  mucous  membrane  is  soft  and  moist  with  secre- 
tion the  suspicions  of  pregnancy  become  more  intense. 
Advancing  further,  if  the  cervix  is  soft  and  the  os  pout- 
ing or  patulous  we  have  additional  evidence  of  the 
probability  of  gestation.  If  the  patient  is  a  primi- 
para the  OS  will  be  very  small  and  the  cervix  usually 
conical;  if  she  has  already  borne  children,  the  eer^-ix 
wiU  be  cylindrical,  the  lips  of  the  os  more  or  less 
everted,  and  there  will  be  more  or  less  m\ic\is  in  the 
cervical  canal.  As  the  finger  passes  along  it  will  note 
anything  imusual  in  the  condition  of  the  urethra  and 
whether  the  rectum  is  empty  or  contains  fecal  matter. 
It  will  then  pass  around  the  vaginal  vault,  observing 
the  condition  of  the  bladder,  determining  whether 
the  uterus  is  antefiexed  or  retroflexed  and  discovering, 
if  possible,  a  boggy  and  compressible  condition  of  the 


lower  segment  of  the  body  of  the  uteru.s.  Thm  ia 
Hegar's  sign,  one  of  the  earliest  of  tho.se  which  indicate 
impregnation  and  may  be  developed  from  the  si.vth 
ti)  the  eighth  week  of  fetal  life.  If  the  two  fingers  are 
placed  in  the  anterior  vaginal  fornix  and  compres.s 
the  tissues  upward  sharply  and  suddenly,  and  if  the 
time  is  between  the  fifth  and  sixth  month  of  gestation, 
the  fetal  body  will  be  impelled  upward  in  the  liquor 
amnii  in  which  it  is  immersed  and  then  will  sink  down 
again,  the  fingers  recognizing  the  return  tap. 

This  procedure  is  known  as  internal  ballottement. 
It  used  to  be  regarded  as  a  very  important  sign  of 
gestation,  but  it  is  not  of  much  use  before  the  fifth 
month  and  after  the  sixth  month  the  quantity  of 
fluid  in  the  uterus  relative  to  the  fetus  is  too  small  to 
make  it  valuable.  It  is  therefore  to  be  regarded  only 
as  one  of  the  confirming  evidences  of  impregnation, 
out  of  many  which  have  previously  become  available. 


Fig.  27S6. — Ballottement. 

With  the  fingers  still  in  the  vagina  the  other  hand 
may  be  used  upon  the  abdomen  to  find  and  outline 
the  body  of  the  organ.  This  may  be  done  the  more 
accurately  by  pressing  the  fundus  downward  and  thus 
holding  the  organ  between  the  two  hands.  This  is 
the  vagino-abdominal  examination  and  enables  one 
to  determine  the  size  and  outline  of  the  uterus,  to  note 
the  presence  of  the  fetus  and  of  fetal  movements,  to 
determine  softness,  bogginess  and  resiliency  of  the 
uterine  tissues  when  they  are  present,  and  is  conse- 
quently a  method  of  great  importance  during  the  first 
four  or  five  months  of  gestation. 

Examination  by  the  rectum  may  be  used  to  confirm 
Hegar's  sign  and  determine  with  greater  accuracy 
than  by  the  vagina,  the  condition  of  the  uterine 
adnexa.  It  is  a  rather  confusing  experience  vmtil  one 
is  quite  familiar  with  the  sensation  which  it  evokes 
and  should  not  be  depended  upon  for  diagnosis  by  the 
inexperienced. 

Differential  Di.\gxqsis. — In  order  to  properly 
estimate  the  value  of  the  various  signs  of  gestation 
which  have  just  been  mentioned,  account  mu.st  also 
be  taken  of  other  conditions  which  may  render  those 
signs  misleading  or  unreliable. 

The  uterus  may  be  somewhat  enlarged  and  simulate 
that  organ  in  the  earlv  weeks  of  pregnancy,  in  con.<e- 
quence  of  chronic  metritis  or  filiroid  development; 
but  it  is  neither  so  soft  nor  so  resilient  as  the  pregnant 
uterus. 

An  anteflexed  uterus  should  not  be  mistaken  for 
the  pregnant  organ,  for,  though  it  may  have  the  sharp 
angle  between  cervix  and  l)ody  of  the  pregnant  organ, 
it  is  usually  smaller,  rather  than  larger,  than  the 
latter,  and  it  is  almost  invariably  harder  and  more 
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dense.  An  ovarian  cyst  or  an  enlarged  Fallopian 
tube  closely  adherent  to  the  uterus  and  moving  with 
it  may  suggest  gestation,  liut  the  other  early  signs  of 
the  latter  are  usually  wanting  and  menstruation  is 
either  unaffected  or  the  volume  of  the  discharge  is 
increased.  A  retroflexed  uterus  may  suggest  gesta- 
tion and  may  even  be  impregnated  but  the  objections 
are  the  same  as  for  the  other  conditions  just  mentioned. 

Suppression  of  the  menses  as  already  stated  may  be 
due  to  causes  other  than  gestation,  besides  if  the  uterus 
is  very  small  that  condition  may  be  excluded.  A 
symmetrical  fil)r()id  tumor,  with  milk  in  the  breasts 
and  discoloration  of  the  vaginal  mucous  membrane, 
may  deceive  the  very  elect,  but  an  examination  under 
anesthesia  will  \isually  clear  up  the  diagnosis,  besides 
pregnancy  may  coexist  with  it.  Gas  in  the  intestines 
has  been  mistaken  for  gestation,  especially  in  women 
who  are  very  anxious  to  be  pregnant.  A  good  dose 
of  castor  oil  or  a  turpentine  enema  will  promptly 
reveal  the  cause  of  the  enlargement. 

Ascites  and  obesity  if  they  are  the  only  evidences 
of  gestation  will  seldom  mislead.  In  ascites  if  the 
patient  is  turned  upon  her  side  the  fluid  will  gravitate 
to  that  side,  and  in  obesity  the  mass  of  fat  can  usually 
be  gathered  up  between  the  hands  and  demonstrated 
to  be  a  part  of  the  abdominal  wall.  Tiunors  of 
various  kinds  W'hich  are  low  in  the  abdomen  have  often 
been  mistaken  for  the  pregnant  uterus,  l)Ut  the  careful 
isolation  of  the  latter  organ  and  the  absence  of  other 
important  signs  of  gestation  will  reveal  the  error. 
Still,  erroneous  diagnoses  have  often  been  made  by 
mistaking  the  pregnant  uterus  for  a  tumor  and  vice 
versa.  Repeatedly  has  an  ovarian  tumor  in  an  inno- 
cent girl  been  declared  the  pregnant  uterus,  and  re- 
peatedly has  the  abdomen,  and  in  some  cases  even 
the  uterus,  been  opened  only  to  reveal  gestation 
instead  of  an  ovarian  tumor.  A  pregnant  uterus 
containing  a  dead  fetus  may  offer  great  difficulty  in 
diagnosis.  The  points  which  have  been  of  assistance 
to  the  writer  in  such  cases  are  the  cessation  in  the 
enlargement  of  the  organ,  the  consciousness  on  the 
part  of  the  mother  of  the  absence  of  fetal  activity,  the 
want  of  response  on  the  part  of  the  fetus  to  stimuli  of 
various  kinds,  a  feeling  of  coldness  or  bhmted  sensa- 
tion in  the  uterus  and  a  sensation  of  bogginess  upon 
palpating  the  uterus  which  is  totally  unlike  the  feel 
of  the  uterus  when  the  fetus  is  living.  Most  impor- 
tant of  all  there  is  a  total  absence  of  fetal  heart  sounds, 
which  is  conclusive  of  the  situation. 

The  Management  of  Gestation. — This  includes 
the  care  which  the  woman  should  give  to  herself  as 
well  as  the  supervision  which  she  should  receive  from 
her  physician. 

Many  women  go  without  medical  attention  or 
oversight  from  beginning  to  end  and  there  is  no  deny- 
ing that  they  often  do  as  well  as  if  they  had  such 
attention;  doubtless  in  some  cases  they  do  better,  for 
gestation  as  well  as  midwifery  may  be  meddlesome 
and  bad. 

Assuming,  however,  that  a  woman  needs  advice 
and  attention,  she  should  be  in  close  communication 
with  her  physician  in  order  that  he  may  detect  any 
un\isual  development  at  the  earliest  possible  moment. 

Her  diet  should  be  simple,  she  should  be  as  little 
burdened  with  household  or  society  cares  as  possible, 
and  if  nausea  and  vomiting  are  troublesome  she  should 
take  her  breakfast,  and  a  very  light  one  at  that,  in 
bed  preceding  it  by  the  slow  ingestion  of  a  cup  of 
hot  water. 

Bathing,  including  the  daily  vaginal  douche,  and 
a  rectal  enema  when  necessary,  and  rubbing  not  onl}' 
result  in  the  removal  of  the  dirt  and  worn  out  epi- 
thelium from  the  skin  but  they  favor  glandular  activ- 
ity and  assist  in  the  processes  of  elimination.  If  the 
skin  is  rubbed  thoroughly  at  night  with  fresh  cocoanut 
oil  it  will  add  greatly  to  the  patient's  comfort  and  will 
encourage  sleep,  of  which  a  pregnant  woman  like  a 
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pregnant  animal  needs  a  great  deal.  The  ordinary 
household  duties  give  plenty  of  exercise,  especially 
if  they  call  the  patient  out-of-doors  part  of  the  day. 
If  she  does  not  have  such  duties  she  should  find 
agreeable  but  not  violent  exercise  daily.  She  may 
walk  an  hour  a  day;  she  may  even  play  golf  until  the 
last  weeks  of  gestation.  She  may  not  play  tennis 
except  in  the  first  two  months,  and  violent  exercise 
like  horseback  riding  or  riding  in  an  automobile  over 
rough  roads  should  l)e  interdicted. 

Her  clothing  should  be  loose  enough  to  permit  per- 
fectly free  circulation,  it  should  be  warm  and  abundant 
in  winter  without  exposure  of  the  neck  or  legs,  and 
thin  and  light  in  summer.  When  the  abdomen 
becomes  pendulous  it  may  be  supported  by  a  stout 
flannel  binder. 

The  rooms  of  the  house  or  apartment  must  be  well- 
ventilated  and  she  should  be  encouraged  to  practise 
deep  breathing  at  least  five  or  ten  minutes  night  and 
morning.  The  breasts  must  be  carefully  watched, 
if  they  are  sore  and  rigid  they  should  be  gently 
massaged  and  the  nipple  should  be  kept  clean,  especi- 
ally during  the  last  two  months  of  gestation,  with  a 
daily  application  of  boric  acid  solution.  The  nipples 
if  retracted  may  be  drawn  out  with  a  breast^pinnp, 
but  one  may  easily  do  harm  by  too  much  meddling 
with  these  sensitive  structures.  It  is  very  desirable 
that  the  urine  should  be  examined  at  frequent  inter- 
vals, as  often  as  once  in  two  weeks  during  the  early 
months  of  pregnancy  and  once  a  week  in  the  last  two 
months.  If  symptoms  in  the  patient  or  the  condition 
of  the  urine  suggests  it,  examination  may  be  neces- 
sary every  day. 

In  a  word,  the  management  of  gestation  should  in- 
culcate the  greatest  simplicity  in  eating  and  drinking, 
and  the  avoidance  of  all  excesses  including  sexual 
intercourse.  The  latter  should  be  prohibited  during 
the  last  two  months;  premature  labor  being  often 
the  result  of  failure  to  observe  this  positive  dictum. 

The  physician  should  examine  his  patient  as  often 
as  her  situation  demands  it  and  since  he  is  to  take  the 
responsibility  of  seeing  her  through  her  labor  he  must 
be  the  judge  as  to  the  necessity  of  examinations. 
He  must  not  neglect  the  careful  examination  of  the 
pelvis  and  it  is  always  desirable  to  keep  a  record  of 
the  measurements.  This  may  save  a  lot  of  trouble 
when  the  time  for  labor  is  at  hand. 

The  Pathology  of  Gestation. — This  is  easily 
divided  into  medical  and  surgical  departments  and  the 
knowledge  in  both  of  them  has  greatly  widened  within 
the  last  few  years.  We  shall  not  attempt  to  consider 
the  pathology  of  the  fetus  nor  of  its  appendages, 
these  like  ectopic  gestation  will  be  taken  up  else- 
where. Only  the  most  recent  text-books  on  obstetrics 
contain  comprehensive  considerations  of  this  most 
important  aspect  of  gestation,  that  is  the  considera- 
tions relating  to  its  pathology. 

Medical  Pathology. — Disturbances  of  the  Aliment- 
ary Canal. — There  is  probably  no  group  of  symptoms 
which  affect  women  who  are  undergoing  gestation, 
which  etjuals  in  frequency  those  which  affect  the  ali- 
mentary tract. 

Salivation. — The  condition  may  be  extreme  or  only 
moderate.  Lvisk  states  that  as  much  as  two  or  three 
quarts  of  saliva  per  day  may  be  ejected.  He  advises 
for  its  relief  small  doses  of  atropine,  or  of  fluid  extract 
of  viburnum  prunifolium. 

Gingivitis  or  Stomatitis. — One  or  the  other  of  these 
is  said  hy  some  foreign  writers  to  be  present  in  sixty 
per  cent,  of  the  cases  of  gestation.  With  the  writer 
they  have  been  of  infrequent  occurrence.  They  are 
thought  to  be  evidences  of  toxemia.  Locally  the 
mouth  should  be  disinfected  with  a  solution  of  boric 
acid  or  of  menthol,  using  it  as  a  mouth  wash  every 
hour  or  two.  Bleeding  from  the  gums  is  a  rare  mani- 
festation; it  may  occur  together  with  nosebleed  in 
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women  whose  blood  is  deficient  in  fibrin.  Salts  of 
calcium  are  required  in  such  cases. 

Flatulence  and  Heart-burn. — These  are  frequently 
very  troublesome  indications  of  indigestion  and  ni.uy 
continue  through  the  entire  periofl  of  gestation.  The 
eructations  and  the  fluids  which  arc  sjjat  up  are  usually 
sour  and  acrid.  Simple  treatment  consists  in  taking 
copious  drafts  of  very  hot  water  with  or  without  the 
addition  of  an  acceptable  aromatic.  It  makes  little 
difference  whether  the  water  is  retained  or  not,  if 
vomited  the  dose  should  be  repeated.  It  may  be 
followed  by  an  alkaline  draught  like  the  hydrated 
magnesia,  or  the  aromatic  spirits  of  ammonia  suitably 
diluted. 

Nausea  and  Vomiting. — No  symptoms  are  more 
common  or  more  troublesome  than  these.  Com- 
paratively few  of  those  who  are  well-to-do,  that  is  who 
have  the  leisure  to  stop  and  think  of  their  symptoms, 
and  especially  of  those  who  live  in  cities,  escape  this 
annoyance.  This  comprehensive  statement  is  especi- 
ally applicable  to  primigravidie.  The  symptoms  may 
end  as  the  uterus  rises  from  the  pelvis  but  in  a  minority 
of  cases  they  persist  to  the  end  of  gestation.  A  great 
variety  of  measures  have  been  recommended,  but 
every  physician  should  have  sufficient  initiative  to 
treat  each  of  his  cases  on  its  merits.  Rest  in  bed  is 
usually  most  important,  though  patients  have  told 
the  writer  that  in  their  cases  it  was  exaggerated  by 
rest  in  bed.  Occasional  emptying  of  the  stomach  with 
hot  water,  simply  drinking  a  quart  or  two  or  pouring 
it  in  with  a  stomach  tube  and  then  siphoning  it  out 
has  served  the  writer  well.  Mustard  to  the  epi- 
gastrium is  often  very  efficient  and  satisf.actory.  The 
old-fashioned  mixture  of  bismuth,  cerium  and  bi- 
carbonate of  sodium  is  a  good  stand-by.  Do  not 
give  morphia  or  any  form  of  opium  imtil  other  things 
fail,  b\it  it  will  quiet  the  stomach  when  nothing  el.>«e 
will  do  it.  Champagne,  vichy,  and  carbonic  acid 
water,  chloral  by  rectum,  etc.  may  be  tried  and  they 
are  frequently  efficient. 

When  the  vomiting  becomes  uncontrollable  and  the 
question  becomes  one  not  of  saving  the  child  but  uf 
saving  the  mother,  the  uterus  must  be  emptied  and 
it  should  not  be  done  by  one  who  is  unfamiliar  with 
the  conditions  within  the  pregnant  uterus,  that  is, 
it  is  always  best  to  have  expert  assistance  or  counsel 
unless  one  is  entirely  familiar  with  what  is  required. 
The  operation  is  not  always  easy,  it  is  often  followed 
by  sepsis,  and  not  infreciuently  the  uterus  is  perforated 
with  fatal  result.  It  is  an  operation  which  is  seldom 
required  and  should  always  be  done  with  the  approval 
of  a  consultant.  Rectal  alimentation  should  be  tried 
before  emptying  the  uterus  and  if  this  fails  the  opera- 
tion must  promptly  be  resorted  to.  In  a  minority 
of  ca.ses  the  vomiting  takes  the  pernicious  form  almost 
from  the  beginning.  It  is  uncontrollable  and  almost 
continuous  and,  of  course,  rapidly  weakens  and 
exhausts  the  patient. 

If  its  progress  could  be  foreseen,  the  prompt  empty- 
ing of  the  uterus  might  relieve  the  symptoms,  but  it  is 
of  little  use  to  perform  that  operation  when  the  patient 
is  almost  moribund.  Besides  it  is  not  infrequently 
a  symptom  of  an  incurable  organic  disease  of  the  liver, 
kidneys,  or  other  organs.  In  .some  cases  the  vomiting 
ceases  spontaneously  or  perhajjs  in  consequence  of 
judicious  treatment,  but  such  cases  are  rare  indeed. 

Tympanites. — In  connection  with  the  disturbances 
of  the  stomach,  there  is  fret|ucnfly  intestinal  disorder 
also,  including  intestinal  indigestion  and  fermentation 
with  the  abundant  development  of  gas.  The  intes- 
tines may  be  greatly  distended  and  cause  great  annoy- 
ance and  pain.  If  possible  those,  who  are  thvis 
affected  should  remain  in  bed  most  of  the  time,  eating 
only  such  food  as  can  be  readily  digested  and  including 
dry  toast,  clam  broth,  beef  extract,  kmnyss,  wine, 
whey  and  other  simple  substances,  preferably  fluids. 
While  in  bed  a  rectal  tube  may  be  worn  and  if  this 
does  not  release  the  gas  a  hot  soap  and  water  enema 
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with  the  addition  of  a  teaspoonful  of  turpentine  to  the 
pint  of  water,  thoroughly  mixed,  may  be  given  as 
occasion  recjuires. 

Constipation. — This  is  one  of  the  most  common 
complaints  among  pregnant  women.  It  niu.st  be 
successfully  combatted  at  all  hazards,  but  no  drastic 
cathartics  and  no  mercury  should  be  administered. 
.\n  occasional  enema  with  or  without  oxgall,  fluid 
extract  of  cascara,  phenophthalein,  and  above  all 
castor  oil  may  be  administered  with  sufficient  regu- 
larity to  keep  the  bowels  freely  open.  The  intestines 
and  the  kidneys  are  the  chief  means  for  the  elimination 
of  the  wastes  of  the  bodj'.  If  they  are  restricted  in 
their  action  it  means  more  or  less  .septic  absorption  and 
toxemia  for  the  mother  and  perhaps  for  the  child. 
The  most  scrupulo\is  regard  for  these  facts  will  obviate 
many  of  the  ills  from  which  pregiumt  women  so  fre- 
quently suffer.  Diarrhea  is  of  occasional  occurrence 
during  gestation  and  may  bo  associated  with  some  of 
its  toxic  .symptoms;  it  is  more  frccjuently  due  to 
errors  of  diet,  and  should  then  receive  the  same  treat- 
ment as  if  unassociated  with  gestation. 

Kidney  Lesions. — Inasnuich  as  the  kidneys  share 
with  the  intestine  tlie  principal  part  of  the  work  of 
eliminating  the  wastes  of  the  body,  their  condition 
during  gestation  has  always  received  much  attention 
from  careful  clinicians.  A  woman  may  enter  the 
period  of  gestation  with  diseased  kidneys  or  kidney 
disease  may  develop  during  gestation.  In  the  former 
case  we  have  usually  the  contracted  kidney  with 
granular  changes  in  the  tissues  and  granular  casts  in 
the  urine,  in  the  latter  we  usually  have  the  acute 
parenchymatous  nephritis  with  albuminuria,  hyalin, 
and  epithelial  casts,  edema,  and  the  usual  symptoms 
of  acute  Bright's  disease.  The  chronic  form  of  the 
di.sease  is  of  especial  malevolence  at  this  time  because 
of  its  association  with  eclampsia  at  the  end  of  gestation 
or  in  connection  with  labor,  and  this  whether  or  not 
we  accept  the  theory  that  it  is  identical  with  the  con- 
vulsions of  uremia.  All  the  measures  which  are  useful 
in  treating  these  diseases  in  tlu;  non-pregnant  state 
mu>st  be  remembered  in  those  who  are  pregnant. 
The  presence  of  bile  elements,  albumin,  sugar,  or 
diminished  volume  of  urea  in  the  urine,  calls  for 
redoubled  care  and  caution  in  the  management  of  the 
patient  and  when,  as  often  occurs  during  the  latter 
weeks  of  pregnancy,  the  albumin  increases  to  fifty 
or  sixty  per  cent,  or  even  more,  and  the  quantity  of 
urine  is  greatly  diminished,  such  active  measures  as 
cupping  the  kidneys,  and  the  use  of  suitable  dia- 
phoretics must  be  promptly  brought  into  requisition 
or,  in  urgent  cases,  the  bringing  on  of  labor  pre- 
maturely. In  doubtful  or  serious  cases  it  will  bo 
essential  to  have  careful  laboratory  tests  from  time 
to  time  of  the  various  nitrogen  compounds  in  the 
urine  and  thus  follow  the  internal  changes  which  are 
going  on. 

Ej/cs. — Frequently  associated  with  the  kidney 
lesions  of  gestation  are  well  marked  eye  sym))toms. 
.Vlbuminuric  retinitis  is  looked  for  with  nephritis  and 
is  an  important  diagnostic  symptom.  Loss  of  vision 
may  occur  in  the  latter  part  of  gestation  and  may  be  a 
transient  or  a  permanent  condition.  It  is  supposed 
to  be  due  to  an  optic  neuritis. 

Lii'cr  Disorders. — Jainidico  and  pigmentation  of  the 
skin  have  long  Ijcen  recognized  as  evidence  that  the 
liver  had  much  to  do  with  the  pathology  of  pregnancy. 
The  jaimdicc  in  the  new-born  while  distinct  from  the 
jaundice  in  the  mother  during  gestation,  is  at  least 
an  evidence  of  the  involvement  of  the  fetal  liver  also 
during  that  period.  The  subject  has  recently  been 
studied  by  many  investigators  both  in  this  coimtry  and 
in  Europe.  Stone  in  19()o  advanced  the  theory  of  the 
hepatic  origin  of  the  toxemic  condition  in  gestation, 
functional  distiu'bances  in  the  liver  setting  up  changes 
in  the  liver  cells  which  result  in  the  formation  of  inter- 
mediary products  of  metabolism,  the  latter  acting  as 
poisons  to  the  blood.     He  finds  the  proof,  perhaps 
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provisional,  of  his  theory  in  the  predominance  of 
hepatic  lesions  in  fatal  cases,  in  urinary  changes  and 
in  the  clinical  relationship  between  acute  yellow 
atrophy  and  allied  hepatic  diseases,  and  pregnancy. 
He  admits,  however,  that  this  theory  furnishes  no 
evidence  of  the  primary  nature  or  of  the  source  of  the 
poison. 

Skin  Phenomena. — In  addition  to  jaundice  during 
gestation  many  other  pathological  phenomena  upon 
the  skin  are  noticeable  during  gestation.  Pruritus 
with  or  without  an  erythema  may  occur  on  any  por- 
tion of  the  surface.  It  is  especially  troublesome  upon 
the  external  genitals  and  aroimd  the  anus  and  is  most 
annoying  at  night  and  in  cold  weather.  Applications 
of  a  thick  mixture  of  glycerin  and  tannin  may  be 
carefully  rubbed  upon  the  itching  surface  and  also  a 
solution  of  nitrate  of  silver  of  moderate  strength. 
The  writer  has  found  the  former  of  these  very  efficient. 
Besides  pruritus  gestation  may  be  complicated  with 
eczema,  urticaria,  pemphigus,  herpes,  impetigo  and 
probably  with  other  dermatoses. 

If  the  diet  is  correct  and  the  emunctories  of  the  body 
in  active  condition  there  is  little  probability  of  the 
occurrence  of  such  complications. 

Pain. — Pain  in  the  form  of  headache,  neuralgia, 
tooth-ache,  etc.,  is  a  frequent  accompaniment  of 
gestation  and  may  be  more  than  incidental.  To 
what  extent  these  conditions  are  reflex  it  is  not  always 
easy  to  say.  The  hypersensitive  condition  of  the  nerv- 
ous system  during  gestation  doubtless  leads  to  their 
outbreak  upon  very  slight  provocation  or  irritation. 
The  teeth  must  be  kept  as  free  from  caries  as  possible, 
antiseptic  mouth  washes  being  constantly  used.  The 
loss  of  lime  salts  from  the  bones  and  the  teeth  to  the 
growing  fetus  must  be  made  up,  if  possible,  by  the  in- 
gestion of  assimilable  preparations  of  lime.  For  pain 
in  the  head  and  face  the  faradic  current  will  often 
be  found  efficient,  also  the  application  of  heat.  Ex- 
ternal remedies,  if  possible,  are  preferable  to  internal. 
The  unstable  equilibrium  of  the  entire  nervous  sys- 
tem of  many  women  while  they  are  pregnant  leads  to 
a  great  variety  of  nervous  phenomena  which  may  be 
considered  on  the  border  line  between  the  physiological 
and  the  pathological.  To  this  category  belong  the 
hysterias,  the  abnormal  sensations  of  touch,  taste, 
and  smell,  insomnia  and  aberrations  of  mind  and  will. 
They  are  more  apt  to  occur  in  women  of  an  emotional 
or  excitable  temperament  than  in  others.  They  do 
not  often  result  in  insanity,  and  if  they  do  the  prog- 
nosis is  usually  good,  and  with  the  ending  of  the  puer- 
perium  they  have  in  most  cases  disappeared.  Medica- 
tion is  seldom  required  for  these  conditions,  but  if  it 
should  seem  desirable  a  simple  sedative  like  asafetida, 
valerian,  or  Scutellaria  may  be  given. 

Blood. — The  condition  of  the  blood  during  gestation 
is  not  altogether  the  same  as  at  other  times,  there  is 
a  loss  of  red  corpuscles  and  albumin,  there  is  an  in- 
crease in  water  so  that  it  is  often  spoken  of  as  a  condi- 
tion of  hyperemia.  This  accounts  for  many  of  the 
unusual  phenomena  of  gestation,  for  the  loss  of  appe- 
tite and  memory,  for  indigestion,  and  the  various 
evidences  of  nerve  instability,  for  weakened  heart 
action  and  the  venous  stasis  with  its  accompanying 
effusion  of  serum  into  the  tissues,  otherwise  known  as 
edema  or  dropsy.  Instead  of  hyperemia  the  condition 
may  be  one  of  marked  anemia,  and  will  call  not  only 
for  a  very  carefully  selected  and  nutritious  diet  but 
for  the  use  of  a  reliable  preparation  of  hemoglobin. 
If  the  condition  becomes  one  of  pernicious  anemia  the 
prognosis  will  usually  be  bad  in  spite  of  all  that  medi- 
cine or  food  can  do. 

In  most  of  the  abnormalities  which  have  been 
alluded  to  in  the  foregoing  paragraphs  it  is  now  con- 
sidered by  many  writers  that  a  condition  of  toxemia 
is  present  which  makes  the  determination  of  prognosis 
in  any  given  case  somewhat  uncertain.  It  would 
seem  to  the  writer  that  the  subject  has  been  rendered 
rather     more     confusing     and   complicated    than    is 
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warranted  for  a  condition  which  is  physiological  in  the 
vast  majority  of  cases.  The  test  of  any  treatment 
is  the  result  of  treatment  which  is  recommended  by 
it,  and  no  very  startling  results  have  as  yet  been 
reported.  So  far  as  academic  discussion  is  concerned 
it  is,  of  course,  interesting  and  informing. 

Incidental  Diseases. — Pregnant  women  are  usually 
more  sensitive  to  disease  especially  to  the  infectious 
diseases  than  are  others.  The  importance  of  such 
complications  is  accentuated  from  the  fact  that  the 
fetus  may  also  be  implicated  and  perhaps  lose  its  life. 
This  is  particularly  apt  to  be  the  case  with  variola, 
rubeola,  and  scarlatina,  and  these  diseases  in  the  past 
have  also  frequently  resulted  fatally  or  at  any  rate 
in  abortion  for  the  mother.  Typhoid  and  malarial 
fevers  not  infrequently  complicate  gestation  and  en- 
danger the  lives  of  tioth  mother  and  child. 

Pneumonia  and  pleurisy  also  occur  and  run  a  course 
which  is  not  essentially  different  from  their  usual  course. 
In  all  these  diseases,  however,  the  danger  of  abortion 
or  miscarriage  is  ever  present  and  is  not  of  infrequent 
occurrence.  Syphilis  in  the  pregnant  woman  is  a 
large  subject  and  can  be  referred  to  onlj'  with  great 
brevity  at  this  time.  A  syphilitic  woman  may  con- 
ceive and  pass  the  disease  to  her  offspring.  A  woman 
may  contract  sj'philis  during  pregnancy  and  the  fetus 
will  not  receive  the  syphilitic  influence  from  its  father, 
but  from  the  fresh  and  virulent  characteristics  of 
the  disease  in  its  mother. 

The  use  of  neo-salvarsan  or  hectine  with  mercury 
offers  a  promising  field  for  the  treatment  of  both 
mother  and  fetus. 

Surgical  Pathology. — Varicose  Veins. — This  con- 
dition may  develop  during  gestation  and  especially 
if  there  has  been  a  previous  tendency  to  enlargement. 
TJie  veins  of  the  legs  are  often  thus  enlarged  and  may 
result  in  phlebitis  especially  during  the  puerperium. 
The  veins  of  the  vulva  are  often  enormously  enlarged 
and  become  a  source  of  great  anxiety  during  laDor. 
The  enlargement  results  from  pressure  and  venous 
stasis  as  the  uterus  increases  in  size  in  the  last  months 
of  gestation.  The  veins  of  the  breast  always  be- 
come enlarged  and  prominent  but  .seldom  give  rise  to 
trouble.  Operations  upon  these  veins  are  seldom  to 
be  thought  of,  they  should  rather  be  treated  by  rest 
in  bed,  elevation,  and  suitable  pressure  from  a  bandage 
moistened  with  a  soothing  and  astringent  lotion. 

Hemorrhoids. — These  are  also  frequently  very 
troublesome  during  gestation  and  may  become  very 
large  and  painful  or  they  may  burst  and  result  in 
copious  hemorrhage.  They  must  be  carefully  dressed 
and  all  precautions  taken  to  avoid  sepsis.  When 
they  are  trout:)lesome  in  the  early  months  of  gestation 
before  the  uterus  has  ascended  out  of  the  pelvis, 
they  should  be  operated  upon  in  the  simplest  manner 
possible  for  they  will  surely  give  great  trouble  in  the 
late  months  and  during  labor  if  this  precaution  is 
neglected. 

Abdominal  Tumors. — Gestation  is  frequently  com- 
plicated by  both  uterine  and  ovarian  tumors,  and  they 
may  grow  very  rapidly  during  that  condition. 
Whether  they  should  be  removed  or  not  during 
gestation  is  a  most  trying  question  to  decide.  If  they 
interfere  with  the  growth  of  the  fetus,  they  must  be 
removed  or  they  will  cause  abortion,  and  if  their 
removal  is  attempted,  abortion  will  frequently  result. 
It  is  astonishing  liow  much  insult  the  jjregnant  uterus 
will  sometimes  tolerate,  for  interstitial  fil)roids  in- 
volving a  considerable  portion  of  the  uterine  structure 
have  been  removed  in  numerous  cases,  the  gestation 
remaining  undistvu'bed. 

Submucous  fil)roids  which  obstruct  the  uterine  and 
vaginal  passages  must  be  removed  to  facilitate  labor, 
and  should  be  removed  as  early  as  possible  in  gesta- 
tion. They  may  sometimes  be  pushed  out  of  the 
way  of  the  fetus  during  labor,  Init  such  a  chance  should 
not  be  taken  if  it  can  be  avoided. 
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Uterine  Displacements. — These  may  occur  in  almost 
any  form  as  an  incident  of  gestation.  Anteflexion 
is  the  normal  inclination  of  the  uterus,  if  it  becomes 
extreme  when  the  organ  is  very  heavy  the  latter 
should  be  supported  by  an  external  bandage.  The 
recti  muscles  may  separate  during  gestation  or  there 
may  have  been  a  previous  ventral  hernia  and  the 
antieflexed  uterus  may  slip  through  the  opening.  An 
operation  may  be  done  for  the  relief  of  the  hernia 
and  in  favorable  cases  should  be  done  to  facilitate 
labor,  but  the  risk  of  inducing  miscarriage  thereby 
must  not  be  forgotten. 

Retroflexions  of  the  uterus  must  be  corrected  and 
should  be  corrected  early  in  gestaton.  If  the  retro- 
flexed  uterus  is  adherent  an  abortion  is  likely  to  occur, 
or  should  the  gestation  proceed  to  term  the  labor 
will  be  a  difficult  one  because  of  misapplied  mechanical 
force.  The  same  is  true  if  the  uterus  is  adherent 
after  an  operation  for  ventrofixation  to  the  abdominal 
■wall,  and  the  unfavorable  experience  in  numerous 
reported  cases  shows  the  importance  of  liberating  the 
uterus  before  labor  takes  place.  Lateroflexion  of  the 
pregnant  uterus  is  seldom  sufficiently  acute  to  cause 
trouble;  in  the  writer's  personal  experience  it  has 
never  occurred.  If  it  becomes  troublesome  it  should 
be  relieved  by  means  of  a  properly  adjusted  bandage. 
Should  gestation  occur  in  a  prolapsed  uterus  the  pro- 
lapse will  become  intensified  as  gestation  progresses, 
for  such  a  situation  occurs  almost  invariably  in  cases 
in  which  the  vaginal  walls  are  greatly  relaxed.  Spon- 
taneous abortion  will  occur  in  some  cases,  in  others 
the  labor  may  take  place  rapidly  and  possibly  with 
resulting  inversion  of  the  vagina  or  the  uterus  or 
both.  During  gestation  the  uterus  should  be  replaced 
and  supported  as  well  as  possible  but  it  is  doubtful 
whether  an  operation  during  that  period  would  be 
permanently  successful  or  even  efficient  as  an  aid  to 
labor.  If  the  uterus  is  still  within  the  vagina  when 
labor  takes  place  the  labor  will  usually  be  a  difficult 
one  and  the  pressure  upon  the  relaxed  vaginal  tissues 
may  lead  to  sloughing  or  to  other  serious  injury. 

Surgical  Conditions  in  General. — These  must  be 
treated  on  well-recognized  surgical  principles.  The 
recent  results  of  aseptic  operations  during  gestation 
have  been  good,  but  if  they  can  readily  be  deferred 
until  the  puerperium  has  terminated  it  will  usually  be 
to  the  advantage  of  both  mother  and  child. 

Andrew  F.  Cureieb. 


Gestation,  Ectopic. — By  this  term,  or  extra- 
uterine pregnancy,  we  mean  those  instances  in  which 
the  fertilized  ovum  is  arrested  somewhere  in  its  course 
from  the  ovary  to  the  uterus  and  there  undergoes  de- 
velopment. Until  as  recently  as  1883  the  condition 
was  of  interest  chiefly  from  its  pathological  standpoint ; 
and  few  or  even  no  cases  were  recognized  clinically. 
But  from  that  date,  at  which  time  Tait  operated  in 
his  first  case  of  ruptured  tubal  pregnancy,  the  clinical 
interest  in  the  affection  has  been  markedly  increasing, 
as  is  shown  by  the  decided  increase  in  the  literature  on 
the  subject  and  the  apparent  increase  in  the  frequency 
of  the  condition. 

Frequency. — Before  extrauterine  pregnancy  came 
to  be  recognized  clinically  and  at  autopsy,  observers 
were  much  misled  as  to  its  frequency ;  and  consequently 
such  statements  as  that  made  by  Hennig  in  1870  to 
the  effect  that  the  affection  is  so  rare  that  the  directors 
of  large  obstetrical  clinics  might  never  see  a  case  of  it, 
were  not  to  be  wondered  at.  On  the  other  hand,  the 
data  now  available  might  readily  lead  one  to  suppose 
that  the  frequency  has  markedly  increased  since  that 
time.  Thus,  for  "example,  Parry  in  1S7()  was  able 
to  collect  onlv  .'iOO  cases  that  had  been  reported  up  to 
that  time,  while  in  1892  Schrenck  collected  610  cases 
which  had  been  reported  in  the  five  previous  years. 


This  apparent  increase  in  frequency  has  also  been 
noted  in  the  experience  of  individual  operators  and  in 
single  clinics.  The  increase,  as  a  matter  of  course,  is 
more  apparent  than  real ;  it  is  due  unquestionably  to  our 
imijroved  methods  of  diagnosis  and  greater  knowledge 
of  the  subject. 

Etiology. — So  many  theories  have  been  advanced 
to  explain  the  occurrence  of  ectopic  gestation  that  it  is 
impossible  to  make  any  very  definite  statements  as  to 
its  etiology.  J.  Whitridge  Williams,  after  a  most  ex- 
haustive review  of  the  literature,  gives  the  following 
classification,  which,  although  somewhat  complicated, 
is  i)robably  the  best  which,  in  the  present  state  of  our 
knowledge,  can  be  offered.  He  divides  the  etiological 
theories  into  four  groups: 

I.  Conditions  which  Interfere  Mechanically  with  the 
Downward  Passage  of  the  Ovum. —  (a)  Peritoneal  adhe- 
sions. This  is  one  of  the  earliest  explanations  for  the 
occurrence  of  ectopic  gestation  and  is  still  held  by 
many  to  be  the  principal  one.  The  adhesions  act 
either  by  directly  compressing  the  lumen  of  the  tube, 
or  by  interfering  with  its  muscular  action;  both  of 
which  conditions  are  sometimes  verified  at  operation 
or  at  autopsy. 

{h)  Tubalpolypi,  projecting  into  the  cavity  of  the 
tube  and  therefore  impeding  the  downward  passage  of 
the  ovum,  have  been  found  by  certain  operators.  Wil- 
liams in  his  analysis  is  of  the  opinion  that  only  a  few  of 
the  cases  in  which  this  condition  was  stated  to  have 
been  the  cause  are  at  all  convincing,  and  he  agrees  with 
Ahlfeld  in  thinking  that  in  many  cases  the  "tubal 
polypi"  are  merely  decidual  ingrowths,  the  result 
rather  than  the  cause  of  the  extrauterine  pregnancy. 

(c)  Tumors  of  the  tube  wall  and  in  some  instances 
tumors  of  adjacent  organs  have  been  said  to  play  a 
similar  part  by  compressing  the  lumen  of  the  tube. 

(d)  Salpingitis.  The  suggestion  was  made  by 
Schroeder  and  Tait  that  inflammation  of  the  lining  of 
the  tube  so  damaged  the  cilia  of  the  mucous  membrane 
that  a  downward  current  was  no  longer  produced  and 
consequently  no  obstacle  was  offered  to  the  entrance 
of  the  sperriiatozoon  into  the  tube.  This  view  pre- 
supposed that  fertilization  normally  took  place  in  the 
uterus  and  that  the  ciliary  currents  favored  a  meeting 
of  the  male  and  female  cells  at  the  fundus.  We  know 
now,  however,  that  the  currents  throughout  the  utero- 
tubal tract  run  in  the  same  direction,  viz.,  from  above 
downward,  that  the  spermatozoon  has  to  work  against 
the  stream  from  the  time  it  enters  the  internal  os,  and 
that  as  fertilization  normally  takes  place  in  the  tube  all 
pregnancies  are  primarily  tubal.  Microscopic  ex- 
amination, furthermore,  lias  not  confirmed  the  view 
put  forward  by  Schroeder  and  Tait,  for  in  these  ca.ses 
of  tubal  pregnancy  ciliated  epithelium  is  usually 
found  covering  the  mucosa. 

(c)  Obstruction  by  twin  ova.  The  comparative 
frequency  of  the  coexistence  of  ectopic  and  uterine  preg- 
nancy has  led  certain  observers  to  suggest  the  possi- 
bility of  the  mutual  interference  of  twin  ova  as  a  cause 
of  tubal  pregnancv. 

(/)  Fetal  twisting  of  the  tube.  While  the  Fallopian 
tube  in  adult  life  is  a  comparatively  straight  canal, 
that  of  the  fetus  is  a  convoluted  one.  These  con- 
volutions may  persist  in  adults,  and  may  then  stand  in 
caiisative  reliition  to  certain  forms  of  tubal  disease, 
notablv  extrauterine  pregnancy. 

((?)  Diverticula  of  the  lumen  of  the  tube.  The  occa- 
sional presence  of  these  diverticula  was  demonstrated 
by  Williams  in  1891,  and  he  at  that  time  suggested  that 
thev  might  be  shown  to  act  as  a  causative  factor  in 
certain  cases  of  tubal  pregnancy.  While  he  is  still  of 
the  oi)inion  that  such  a  state  of  affairs  may  exist,  he 
admits  that  he  has  been  misled  by  some  of  his  speci- 
mens in  whicli  he  found  the  fertilized  oviim  lying^out- 
side  of  an  apparently  intact  tubal  lumen.  Since 
Peters  has  demonstrati^d  in  the  uterus  that  the  ovum 
burrows  down  beneath  the  epithelium  ,  which  finally 
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closes  to  form  an  intact  surface  over  it,  there  is  reason 
to  believe  that  the  same  thing  occurs  in  the  tube;  thus 
explaining  the  fact  that  in  early  cases  of  tubal  preg- 
nancy the  ovum  may  be  entirely  outside  of  the  lumen 
of  the  tube. 

{h)  Puerperal  atrophy  of  the  tube.  Diihrssen  has 
reported  cases  of  extrauterine  pregnancy  which  have 
occurred  in  an  incredibly  short  time  after  labor,  in 
some  instances  even  while  tlie  mothers  were  nursing 
their  children.  In  these  instances  he  considers  the 
cause  to  be  a  puerperal  atrophy  of  the  tube  which 
interferes  with  its  peristalsis.  In  one  case  operated 
upon  by  the  author  this  factor  may  have  been  present. 
The  pregnancy  probably  began  six  weeks  after  the 
birth  of  a  dead  child,  and  tubal  rupture  took  place 
six  weeks  later. 

(i)  External  migration  of  the  ovum,  which  is  quite 
a  common  occurrence  in  extrauterine  pregnancy, 
has  been  given  as  a  causative  factor  by  some  investi- 
gators, they  holding  that  the  fertilized  ovum  in  its 
transit  through  the  peritoneal  cavity  attains  such  a 
size  that  its  transmission  through  the  opposite  tube 
is  an  impossibility. 

II.  Abnormal  Conditions  Resulting  from  Inflam- 
matory Diseases  of  the  Tubes,  Ovaries,  and  Peine 
Peritoneum. — Mention  has  already  been  made  of  the 
part  that  the  absence  of  cilia  is  supposed  to  play  in 
the  causation  of  extrauterine  pregnancy  and  little 
need  be  added  to  this  statement.  Most  cases  of 
tubal  pregnancy  will  reveal  a  history  of  preexisting 
inflammatory  trouble,  and  it  is  the  rule  to  find  some 
other  abnormality  besides  the  pregnant  tube  at 
operation  or  autopsy.  This  has  given  rise  to  the 
statement  that  an  inflammatory  condition  of  the 
pelvic  organs  is  the  principal  cause  of  extrauterine 
pregnancy,  but,  unfortunately  for  the  correctness  of 
this  statement,  actual  examinations  at  operation  or 
at  autopsy  show  that  such  an  inflammatory  condition 
is  not  present  in  all  cases.  On  the  other  hand,  the 
fact  that  tubal  pregnancy  occurs  repeatedly  in 
women  suffering  from  gonorrhea  certainly  favors 
the  above  statement. 

III.  Physical  and  Developmental  Conditions  which 
Favor  Decidual  Formation  in  the  Tubes. — This  theory 
was  originated  by  J.  C.  Webster,  who  was  not  satisfied 
with  the  numerous  etiological  views  that  had  been 
advanced.  He  recalls  the  fact  that  as  the  uterus 
and  tubes  are  both  developed  from  the  same  em- 
bryonic structure,  the  Miillerian  ducts,  there  is  no 
reason  why  the  ovum  should  not  be  implanted  upon 
the  upper  as  well  as  upon  the  lower  portion  of  the 
tract.  Normally,  the  lower  portion  of  this  duct 
becomes  differentiated  from  the  upper,  so  that  in  the 
latter  the  conditions  are  not  such  as  to  favor  the  for- 
mation of  a  decidua.  Abnormally,  on  account  of  some 
developmental  anomaly  or  reversion  to  an  earlier 
type,  the  condition  of  the  tubal  mucosa  is  such  that  a 
decidua  can  form,  and  in  such  instances  we  can  get 
an  extrauterine  implantation  of  the  ovum.  This 
view  has  been  adopted  by  a  number  of  observers, 
but,  as  is  readily  seen,  it  is  based  upon  a  theoretical 
rather  than  upon  a  practical  basis. 

Other  observers,  among  whom  may  be  mentioned 
Moericke  and  Fehling,  have  elaborated  Webster's 
idea  in  that  they  claim  that  the  occvirrence  of  extra- 
uterine pregnancy  is  a  reversion  to  an  earlier  type, 
brought  about  by  poor  hygienic  conditions.  The 
former  authority,  basing  his  conclusions  upon  a  large 
number  of  gynecological  patients  who  were  under  his 
care  in  Chile,  states  that  extrauterine  pregnancy  is  a 
very  rare  occurrence  among  them,  whereas  at  the 
Clinic  in  Stuttgart  it  was  observed  quite  frequently. 
He  attributes  this  marked  difference  to  the  fact  that 
the  Chilian  women  lead  an  outdoor  life,  while  those 
of  Stuttgart  are  subjected  to  very  poor  hygienic 
surroundings. 

External  migration  of  the  ovum,  the  frequency  of 
which  in  ectopic  gestation  has  already  been  referred 
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to,  has  led  Sippel  to  put  forth  a  view  that  is  more 
or  less  closely  allied  to  that  of  Webster.  Sippel  claims 
that  it  is  necessary  for  a  certain  length  of  time  to  elapse 
between  fertilization  and  decidual  formation.  Thus, 
when  external  migration  occurs,  the  ovum  is  delayed 
in  reaching  the  genital  tract,  and  then  finds  in  the 
tube  conditions  favorable  for  the  formation  of  a 
decidua.  This  view  is  an  interesting  one,  but  is 
purely  theoretical. 

IV.  Conditions  of  the  Ovum  ivhich  may  Favor  its 
Arrest  in  the  Tube. — Some  time  ago,  when  the  general 
opinion  was  that  the  uterine  and  tubal  epithelium 
was  converted  into  syncytium,  Strassman  was  of  the 
opinion  that  as  the  ovum  entered  the  tube  covered 
by  the  cells  of  the  mcmbrana  granulosa,  it  could  not 
become  attached  to  the  syncytium  of  the  tube  until 
this  layer  of  granulosa  cells  had  disappeared;  but  if 
the  layer  of  granulosa  was  diminished  in  amount,  or 
if  for  any  reason  it  was  absent,  the  naked  ovum  came 
into  direct  contact  with  the  syncytially  changed 
tubal  mucosa  and  there  became  attached,  while 
normally  the  layer  of  granulosa  prevented  this  occ\ir- 
rcnce  until  the  ovum  had  reached  the  uterus.  This 
view  is  no  longer  tenable,  for  opinion  is  now  unani- 
mous that  the  tubal  and  uterine  epithelium  does  not 
undergo  this  change — i.e.  into  syncytium — but  that 
the  latter  is  derived  from  the  fetal  ectoderm. 

It  is  therefore  very  evident  that  there  is  no  lack  of 
theories  as  to  the  causation  of  extrauterine  preg- 
nancy. The  mechanical  theories  must  be  given  a 
certain  amount  of  consideration,  but  they  are  open 
to  the  objection  that  while  mechanical  obstacles  are 
frequently  present,  the  existence  of  extrauterine 
pregnancy  is  of  comparative  rarit.v.  On  the  other 
hand,  recent  experimental  work  on  animals — ligation 
of  the  tubes  and  uterine  cornua — has  failed  to  cause 
extrauterine  development  of  the  ovum,  after  the 
animal  under  consideration  has  been  put  to  the  male. 
Thus  these  experimenters  believe  that  the  supposed 
extrauterine  pregnancy  in  the  lower  animals  is  really 
uterine,  the  mistake  being  due  to  confounding  the 
tubes  and  uterine  horns  with  one  another.  Tubal 
diverticula  may  play  an  important  part,  and  in  some 
cases  undoubtedly  exist;  but  tliis  again  cannot  hold 
good  for  all  cases.  The  same  may  be  said  of  inflamma- 
tory conditions. 

We  had  best  close  this  portion  of  the  subject  by 
quoting  from  Williams,  who  summarizes  as  follows: 
"The  etiology  of  extrauterine  pregnancy  is  not  a 
simple  matter,  and  there  is  no  universal  cause  for 
all  cases.  Careful  study  of  the  specimen  and  of  the 
patient's  history  will  give  us  a  satisfactory  explanation 
for  its  occurrence  in  the  majority  of  cases,  but  in  a 
small  number  we  cannot  account  for  the  production  of 
the  affection,  and  its  cause  will  remain  to  us  as  great 
a  problem  as  to  our  predecessors." 

Classification. — The  fertilized  ovum  may  be 
arrested  at  any  point  between  the  ovary  and  uterus 
We  may  thus  "distinguish  between  ovarian  and  tubal 
pregnancy  according  as  the  development  occurs  in 
either  of  these  organs.  To  these  two  forms  some  add 
a  third,  viz.,  abdominal  pregnancy;  but  there  is 
considerable  doubt  as  to  whether  a  primary  im- 
plantation can  take  place  on  the  peritoneum  and 
thus  give  rise  to  this  form  of  pregnancy. 

Ovarian  Pregnancy. — Ovarian  pregnancy  was  first 
described  early  in  the  .seventeenth  century,  and  in 
the  eighteenth  was  pretty  generally  recognized.  In 
1835  Velpeau  made  the  statement  that  many  of  the 
cases  described  as  ovarian  pregnancy  were  open  to 
objections,  and  he  took  the  rather  radical  view  that 
none  of  the  cases  reported  gave  to  him  conclusive 
evidence  as  to  their  ovarian  origin.  Observers  in 
general  agreed  with  him,  and  at  present  there  are  few 
who  believe  in  the  existence  of  ovarian  pregnancy. 

There  is  evidence,  however,  that  the  condition  un- 
doubtedly does  exist,  although  ver3-  rarely;  and,  since 
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Spiegelberg  reported  a  case  of  this  nature  in  1878, 
we  are  in  possession  of  certain  criteria  by  which  an 
ovarian  pregnancy  can  be  recognized.  Spiegelberg 
demands  that  tlie  following  conditions  be  noted  before 
we  can  make  a  diagnosis  of  a  given  ectopic  gestation 
being  ovarian:  (1)  The  tube  on  the  affected  side 
must  be  intact.  (2)  The  fetal  sac  must  occupy  the 
position  of  the  ovary.  (3)  It  must  de  connected 
with  the  uterus  by  the  uteroovarian  ligament.  (4) 
Definite  ovarian  tissue  must  be  demonstrated  in  its 
walls.  When  judged  by  these  criteria  it  is  clearly 
seen  that  many  of  the  cases  reported  as  ovarian  preg- 
nancy wUl  be  found  wanting.  Williams,  in  discuss- 
ing these  points  brought  out  by  Spiegelberg,  calls 
attention  to  the  fact  that  in  certain  cases  of  tubal  and 
broad-ligament  pregnancy,  the  ovary  may  be  .so 
flattened  out  as  apparently  to  occupy  a  portion  of  the 
sac  wall,  and  for  this  reason  he  suggests  that  the  fourth 
condition  be  so  modified  as  to  read:  "  Definite  ovarian 
tissue  must  be  demonstrated,  not  at  a  single  point  in 
the  sac  wall,  but  at  several  points  a  considerable 
distance  from  each  other." 

WUliams  has  carefulh'  reviewed  the  literature  of 
ovarian  pregnancy  in  the  past  hundred  years  and  has 
applied  the  above  criteria  to  the  reported  cases.  The 
results  of  his  analysis  show  that  only  four  cases  can  be 
classified  as  positive  cases,  eleven  eases  as  highly  prob- 
able, and  twenty  as  fairly  probable;  thus  clearly  demon- 
strating that,  although  ovarian  pregnancy  undoubtedly 
does  exist  as  a  primary  condition,  it  is  of  the  greatest 
rarity.  He  also  shows  that  one-half  of  the  positive 
or  probable  cases  reached  full  term,  indicating  that 
the  ovarian  tissue  can  more  readily  accommodate  it- 
self to  the  increase  in  size  of  the  growing  ovum  than 
can  the  tube. 

In  ovarian  pregnancy  rupture  with  formation  of  a 
secondary  abdominal  pregnancy  can  occur,  or  the  case 
may  go  to  term  and  the  formation  of  a  lithopedion  be 
the  result. 

Tubal  Pregnancy. — When  the  ovum  is  arrested  in  the 
Fallopian  tube  and  develops  there,  we  have  what  is 
known  as  a  tubal  pregnancy ;  this  is  by  far  the  most  fre- 
quent variety  of  extrauterine  pregnancy ._  According 
as  the  arrest  of  the  ovum  occurs  in  the  various  portions 
of  the  tube  we  can  distinguish  between  ampullar, 
isthmic,  and  interstitial  pregnancy,  the  relative  fre- 
quency being  in  the  order  named. 

Tait's  idea  was  that  the  invariable  fate  of  a  tubal 
pregnancy  was  rupture  into  the  peritoneal  cavity,  and 
that  this  rupture  always  occurred  not  later  than  the 
twelfth  week.  Further  investigation,  however,  has 
proven  this  view  to  be  an  erroneous  one,  and  that 
many  cases  terminate  at  a  much  earlier  period,  in 
what  is  known  as  tubal  abortion,  or  that  in  rare  in- 
stances the  tube  may  so  accommodate  itself  to  the 
growing  ovum  that  the  case  may  go  on  to  term. 

Tubal  abortion  was  thought  to  be,  until  quite  re- 
cently, a  pathological  curiosity,  but  in  1887  Werth 
called  attention  to  the  fact  that  it  was  not  infrequent 
for  the  ovum  to  be  extruded  through  the  fimbriated 
end  of  the  tube  into  the  peritoneal  cavity.  Attention 
having  been  directed  to  the  fact,  it  is  now  generally 
believed  that  this  is  the  most  frequent  termination  of 
tubal  pregnancv,  and  statistics  collected  by  Martin, 
Orth,  Mandl,  Schmidt,  and  others  show  that  seventy- 
eight  per  cent,  of  the  cases  end  in  tubal  abortion  as 
against  twenty-two  per  cent,  rupturing  into  the 
peritoneal  cavity.  JSIartin  indeed  considers  that 
abortion  is  the  general  rule  and  says  that  rupture 
occurs  only  in  those  cases  in  which  abortion  is  pre- 
vented by  closure  of  the  fimbriated  end  of  the 
tube. 

The  abortion  which  occurs  in  the  tube  is  in  a  meas- 
ure analogous  to  that  which  takes  place  in  the  uterus. 
The  liability  to  hemorrhage  is  increased  owing  to  the 
imperfect  development  of  the  decidua.  The  maternal 
vessels  are  opened  up  by  the  downgrowth  of  fetal 
ectoderm  or  trophoblast,  and  the  hemorrhage  loosens 


the  embryo  from  its  attachment  to  the  tube  wall.  If 
the  sejjaratirtn  is  complete,  the  ovum  is  forced  through 
the  fimbriated  extremity  and  the  abortion  can  be 
designat  d  as  "complete."  On  the  other  hand,  if  the 
separation  of  the  ovum  is  only  partial,  the  hemorrhage 
continues  and  the  ovum  remains  in  the  tube;  here  the 
abortion  is  "incomplete." 

It  is  probable  that  two  factors  act  in  the  expulsion 
of  the  ovum — viz.,  the  actual  contraction  of  the  mus- 
cular walls  of  the  tube,  and  the  force  from  Vjehind 
furnished  by  the  blood  clot.  If  the  abortion  is  com- 
plete, hemorrhage  will  be  profuse;  but  if  the  ovum 
remains  in  the  tube,  it  may  be  converted  into  a  "fleshy 
mole,"  similar  to  those  observed  in  uterine  abortions. 

What  has  been  just  gone  over  has  served  markedly 
to  change  the  views  that  were  formerly  held  a.s  to 
the  causation  of  pelvic  hematocele  and  hemato-. 
salpinx.  Opinion  is  now  pretty  general  that  both  of 
these  conditions  are  secondary  results  of  tubal  preg- 
nancy. In  the  fir.st  instance  the  blood  flowing  through 
the  fimbriated  end  forms  a  clot  in  the  neighborhood 
of  the  ovary,  and  in  the  second  the  hemorrhage  occurs 
into  the  tubal  lumen  and  tlic  blood  remains  there. 

Rupture  into  the  Peritoneal  Cavity. — .\s  has  already 
been  stated,  rupture  in  this  manner  is  not  so  common 
as  was  thought  by  Tait.  When  it  does  occur  the  preg- 
nancy is  usiially  situated  at  some  distance  from  the 
fimbriated  end  of  the  tube — either  at  the  isthmus  or 
in  the  interstitial  portion.  If  it  is  situated  at  the 
isthmus,  rupture  usually  takes  place  within  the  first 
twelve  weeks  of  the  pregnancy,  and  not  infretiuently 
during  its  first  month;  but  if  it  Ls  situated  in  the  inter- 
stitial portion  rupture  occurs  later,  for  this  portion 
of  the  tube,  being  surrounded  by  uterine  muscularis, 
more  readily  responds  to  the  influence  of  pregnancy 
and  allows  the  ovum  to  attain  a  larger  size. 

Rupture  may  occur  spontaneously  or  may  be 
brought  about  by  violence;  the  most  frequent  form  of 
violence  being  a  rough  vaginal  examination.  The 
writer  recalls  a  case  in  charge  of  a  friend  in  which 
death  from  hemorrhage  took  place  twelve  hours  after 
a  vaginal  examination;  the  diagnosis  of  extrauterine 
pregnancy  had  not  been  made.  When  rupture  occurs 
spontaneously  it  usually  follows  some  exertion  on  the 
part  of  the  patient. 

The  underlying  causes  of  rupture  are  twofold,  viz., 
(a)  overdistention  of  the  tube  by  the  growing  o^-um 
and  (6)  perforation  of  the  tube  wall  by  the  chorionic 
villi,  which  grow  down  rapidly  between  the  niuscle 
fibers  and  not  infrequently  penetrate  to  the  peritoneal 
coat.  The  fetal  ectoderrn  or  trophoblast  proliferates 
and  causes  a  certain  amount  of  degeneration  of  the 
muscle  fibers  and  connective  tissue  of  the  tube  wall. 
If  then,  as  frequently  happens,  a  maternal  blood- 
vessel be  opened,  the  rapid  discharge  of  blood  into 
the  tube  will  cause  its  overdistention  and  rupture. 

Rupture  usually  takes  place  in  the  neighborhood  of 
the  placental  site,  and  hemorrhage  and  discharge  of 
the  ovum  will  occur  cither  into  the  peritoneal  cavity 
or  between  the  folds  of  the  broad  ligament,  depending 
on  the  original  site  of  implantation  of  the  placenta. 

When  rupture  occurs  into  the  peritoneal  cavity,  as  a 
rule  the  entire  ovum  is  extruded;  but  if  the  wound  be 
a  small  one,  there  may  be  profuse  hemorrhage  without 
the  ovum  being  discharged.  In  either  case,  however, 
the  hemorrhage  is  profuse  and  the  patient  will  show 
marked  signs  of  collapse — or  wQl  die  before  relief  can 
be  obtained.  In  the  event  of  an  operation  or  if  a 
fatal  issue  should  not  take  place,  the  result  will  depend 
upon  the  amount  of  damage  which  has  been  done  to 
the  ovum. 

If  the  entire  oviim  escapes  into  the  peritoneal  cavity 
its  death  is  inevitable,  and,  unless  the  fetus  is  beyond 
the  third  month,  absorption  of  the  entire  product  of 
conception  is  the  rule.  The  old  view  that  in  such  a 
case  the  placenta  may  become  attached  to  some 
neighboring  organ  and  thvis  form  vascular  connections 
is  now  scarcely  tenable;  but  if  the  fetus  alone  escape 
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from  the  tube  and  the  placenta  remains  in  situ,  the 
effect  of  the  rupture  on  the  pregnancy  will  vary  accord- 
ing to  the  amount  of  damage  done  to  the  placenta. 
In  those  cases  in  which  the  greater  portion  of  the  pla- 
centa remains  attached,  the  fetus  will  go  on  to  term 
as  a  secondary  abdominal  pregnancy,  and  if  the  origi- 
nal tubal  w'ound  has  been  a  small  one  the  placenta 
will  develop  in  a  sac  formed  by  the  remains  of  the 
tube;  but  if  the  rent  were  large  and  close  to  the  mar- 
gins of  the  placenta,  this  organ  will  overgrow  its  tubal 
attachments  and  become  adherent  to  some  neighbor- 
ing organ,  viz.,  uterus,  pelvic  floor,  or  intestines. 
Most  observers  agree  that  further  growth  of  the  fetus 
after  escape  from  the  tube  is  impossible  unless  it  is 
surrounded  by  the  amnion.  There  are,  however, 
exceptions  to  this  rule. 

•  Rupture  between  the  folds  of  the  broad  ligament 
takes  place  in  a  few  cases  through  that  portion  of  the 
tube  wall  which  is  not  covered  by  peritoneum,  and 
here  the  tubal  contents  will  pass  downward  into  that 
space  which  is  situated  between  the  broad  ligament 
and  its  peritoneal  covering.  This  is  considered  the 
most  favorable  termination  of  an  extrauterine  preg- 
nancy and  xisually  results  in  the  death  of  the  ovum  and 
the  formation  of  a  broad-ligament  hematoma.  More 
rarely  the  pregnancy  may  go  on  to  term  in  this  situ- 
ation; and  in  such  a  case  it  is  evident  that  the  placenta, 
being  attached  to  the  unruptured  portion  of  the  tube 
wall,  will  lie  at  the  superior  part  of  the  gestation  sac, 
■which  condition  has  given  rise  to  the  erroneous  idea 
that  the  placenta  may  be  attached  to  some  remote 
organ  such  as  the  liver  or  the  diaphragm.  In  such  a 
case  the  pregnancy  is  entirely  outside  of  the  peritoneal 
cavity,  and  the  condition  has  been  spoken  of  as  a 
broad-ligament  or  extraperitoneal  pregnancy.  The 
gestation  sac  here  has  been  known  to  rupture,  and  a 
secondary  abdominal  pregnancy  is  then  the  result. 

The  intimate  relation  that  exists  between  these 
pregnancies  and  the  rectum  renders  them  more  prone 
to  invasion  by  intestinal  bacteria,  and  if  suppuration 
should  occur  the  proximity  to  the  bladder  explains 
the  discharge  of  fetal  bones,  etc.,  by  way  of  the  urethra 
— an  occurrence  which  has  been  noted  in  such  in- 
stances. 

Williams  and  others  are  of  the  opinion  that  the  fre- 
quency of  this  form  of  pregnancy  has  been  overesti- 
mated, as  Williams  has  observed  it  only  once  in  about 
forty  cases. 

Abdominal  Pregnancy. — There  is  at  present  little 
doubt  in  the  minds  of  most  operators  that  those  cases 
which  were  thought  to  be  primary  abdominal  preg- 
nancies have  turned  out  to  be  only  secondary  abdom- 
inal pregnancies,  i.e.  secondary  to  a  preexisting 
tubal  pregnancy,  and  there  is  uncertainty  as  to  the 
possibility  of  the  existence  of  a  pregnancy  primarily 
abdominal.  Recent  work  by  Zweifel,  Martin,  and 
others,  has  shown  that  the  fertilized  ovum  can  become 
implanted  upon  that  thin  strip  of  tubal  tissue  which 
extends  from  the  fimbriated  extremity  of  the  tube  to 
the  ovary,  the  fimbria  ovarica.  It  is  readUy  seen, 
however,  that  such  cases  are  not  abdominal  but  in 
reality  tubal  in  origin,  which,  when  we  bear  in  mind 
the  fact  that  small  structures  covered  by  ciliated 
epithelium  have  been  found  in  the  wall  of  the  gestation 
sac  of  many  cases  described  as  primary  abdominal 
pregnancy,  materially  weakens  the  theory  as  to  the 
possibility  of  such  a  form  of  extrauterine  pregnancy 
existing.  If,  for  example,  an  ovum  became  implanted 
upon  this  portion  of  the  tube,  the  placenta  would  very 
rapidly  overgrow  the  very  narrow  limits  of  the  fimbria 
ovarica  and  give  one  the  impression  that  the  pregnancy 
were  primarily  abdominal.  Williams,  in  his  discus- 
sion of  this  part  of  the  subject,  says  that,  of  the  cases 
thus  far  described,  not  a  single  one  appears  to  him  to 
furnish  sufficient  evidence  to  justify  its  being  consid- 
ered primarily  abdominal.  Nevertheless,  in  view  of 
the  fact  that  decidual  formation  has  been  noted  in 
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the  subperitoneal  connective  tissue,  the  possibility  of 
such  a  thing  cannot  be  denied. 

Fate  op  the  Fetus  in  Extrauterin-e  Pregnancy. — 
Attention  has  already  been  called  to  the  fact  that 
when  small  embryos  are  extruded  into  the  peritoneal 
cavity  absorption  is  the  rule.  This  fact  is  made 
manifest  by  the  circumstance  that  one  rarely  succeeds 
in  finding  any  trace  of  the  fetal  body  in  the  blood 
clots  which  fill  the  peritoneal  cavity  after  tubal  rup- 
ture. Absorption  frequently  takes  place  within  the 
gestation  sac  inside  of  the  tube,  and  when  we  cut  into 
such  a  tube  it  is  by  no  means  unusual  to  find  a  shape- 
less mass  hanging  to  the  umbilical  cord,  or  even  no 
trace  of  embryonic  body  at  all,  while  the  cord  simply 
hangs  free  in  the  amniotic  cavity. 

Such  a  termination,  however,  is  impossible  when 
the  fetus  has  reached  a  certain  size;  it  then  undergoes 
one  of  the  following  changes",  mummification,  sup- 
puration, conversion  into  a  lithopedion  or  into  adipo- 
cere.  In  the  first  of  these  conditions  the  fluid  portions 
of  the  embryo  are  absorbed  and  the  fetus  becomes 
converted  into  a  dry,  mummified  mass,  nothing  remain- 
ing but  the  bones,  covered  by  a  shrivelled  skin. 
When  suppuration  takes  place,  as  is  quite  common 
in  cases  of  broad-ligament  pregnancy,  the  sac  first 
suppurates  and  the  process  then  extends  to  the  fetus. 
The  patient,  under  these  circumstances,  shows  marked 
signs  of  sepsis,  and,  unless  the  pus  is  evacuated  by 
operation  or  by  rupture,  she  will  die.  Rupture  into 
the  bladder  or  rectum  is  not  an  uncommon  termination 
in  such  instances. 

In  a  small  number  of  cases  neither  of  the  above 
changes  takes  place,  but  the  fetus  and  membranes,  by 
a  deposition  of  lime  salts  within  them,  become  eon- 
verted  into  a  calcareous  mass  or  lithopedion.  A  struc- 
ture of  this  character  has,  in  certain  instances,  been 
carried  by  the  mother  for  years,  giving  no  trouble 
except  when  it  blocks  the  pelvis  and  forms  an  obstacle 
to  normal  labor.  Kuchenmeister  has  carefully  re- 
viewed the  literature  of  this  portion  of  the  subject 
and  divides  lithopedia  into  three  classes:  (1)  Calci- 
fication limited  to  the  fetal  membranes  (lithokely- 
phos);  (2)  both  fetus  and  fetal  membranes  partially 
calcified  (lithokelyphopedion) ;  and  (3)  calcification 
limited  entirely  to  the  fetus  (lithopedion). 

The  last  possible  termination — conversion  into 
adipocere — occurs  only  rarely.  Here  the  fetus  is 
transformed  into  a  greasy  yellow  mass;  the  material 
is  thought  to  be  an  ammoniacal  soap. 

Anatomic.\l  CoNsroERATiONS. — Sac  Wall. — In  early 
unruptured  tubal  pregnancy,  the  tube  is  the  seat 
of  a  fusiform  swelling  about  one  or  two  centimeters 
from  its  uterine  end.  Sections  through  a  pregnancy 
at  this  age  show  that  the  sac  wall  is  made  up 
of  the  muscularis  of  the  tube.  The  individual  muscle 
cells,  however,  do  not  seem  to  be  increased  in  number 
but  spread  apart  by  edema.  There  is  marked  dilata- 
tion of  the  arteries  and  veins  in  this  situation,  partic- 
ularly in  the  neighborhood  of  the  placental  site,  and 
there  may  be  some  hemorrhage  into  the  lumen  of  the 
tube.  Later,  one  will  notice  marked  degenerative 
changes  in  the  tube  wall  in  the  neighborhood  of  the 
chorionic  vDli,  so  that  at  this  period  the  sac  wall  con- 
sists of  a  tissue  closely  resembling  fibrin.  The  thick- 
ness of  the  tube  wall  diminishes  as  the  pregnancy 
advances,  and  the  muscular  elements  appear  to  have 
diminished  in  number.  If  the  case  reach  term  the 
sac  wall  will  be  found  to  be  composed  almost  entirely 
of  connective  tissue  with  here  and  there  a  muscle 
fiber,  indicating  that  the  muscularis  of  the  tube  has 
not  the  same  tendency  to  proliferate  under  the  in- 
fluence of  pregnancy  as  has  that  of  the  uterus. 

It  is  not  possible  to  make  definite  statements  as  to 
the  part  played  by  the  ovary  in  the  formation  of  the 
sac  wall  of  an  ovarian  pregnancy.  The  diagnostic 
value  of  the  presence  of  ovarian  tissue  in  the  sac  wall 
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of  pregnancies  thought  to  be  ovarian  has  already 
been  referred  to,  and  it  is  evident  that  positive  state- 
ments cannot  be  made  as  to  the  ovarian  origin  of  tlie 
pregnancy  unless  ovarian  tissue  can  be  demonstrated 
in  several  parts  of  the  sac  wall  more  or  less  remote 
from  one  another. 

The  condition  of  the  fimbriated  end  of  the  tube 
varies:  if  tubal  abortion  has  taken  place,  it  is  of  course 
patent;  while  if  abortion  has  not  occurred  it  may  or 
may  not  be  opened.  The  relation  of  the  lumen  of  the 
tube  to  the  pregnancy  is  also  a  subject  of  variation. 
In  certain  instances  it  can  be  traced  into  both  ends 
of  the  fetal  sac,  while  in  others  it  is  apparently  com- 
pletely shut  off. 

Decidua. — It  has  long  been  known  that  the  uterine 
mucosa  under  the  influence  of  extrauterine  pregnancy 
becomes  converted  into  decidua  just  as  it  does  in 
uterine  pregnancy,  and  it  was  formerly  held  that  its 
structure  is  the  same  under  both  conditions.  How- 
ever, observers  such  as  Williams,  Dobbert,  and  Tussen- 
broek  have  pointed  out  that  there  exist  certain  dif- 
ferences in  the  structure  of  the  two  membranes. 
For  example,  in  uterine  pregnancy  the  spongy  layer 
of  the  decidua  is  not  so  well  developed  as  in  extra- 
uterine pregnancy,  and  in  the  former  there  is  a  portion 
of  decidua  lying  under  the  spongy  layer  that  main- 
tains the  appearance  of  the  normal,  non-pregnant 
mucosa.  In  extrauterine  pregnancy  the  vessels  are 
markedly  enlarged  and  lie  near  the  surface  of  the 
decidua,  their  rupture  accounting  for  the  uterine 
hemorrhage  so  frequent  in  this  condition. 

Decidua  Vera  in  the  Tube. — The  opinion  of  all  of  the 
earlier  writers  on  extrauterine  pregnancy  was  that  a 
definite  decidua  vera  was  developed  in  the  pregnant 
tubes.  In  1891  Bland  Sutton  denied  its  existence, 
and  since  then  there  have  been  many  conflicting 
statements  regarding  it.  If  one  expects  to  find  a 
distinct  decidual  membrane  in  the  pregnant  tube 
analogous  to  that  found  in  the  uterus  one  will  be  dis- 
appointed, as  it  does  not  occur  as  such;  but  beyond 
any  possible  doubt  changes  take  place  in  the  connect- 
ive-tissue stroma  cells  of  the  tubal  folds  by  which 
they  are  converted  into  cells  morphologically  similar 
to  the  decidual  cells  in  the  uterus.  This  change 
does  not  take  place  throughout  the  entire  length  of  the 
tube,  but  only  in  discrete  patches,  and  undoubtedly  a 
great  part  of  the  tissue  which  has  been  described  as 
decidual  is  in  reality  fetal  ectoderm.  The  view  that  a 
decidua  forms  in  the  tube  has  been  materially  strength- 
ened by  the  discovery  of  analogous  changes  in  the 
opposite  non-pregnant  tube,  so  that  at  present  we 
cannot  deny  that  a  decidua  vera  is  formed,  although 
not  to  the  same  extent  as  in  the  uterus.  Williams  has 
shown  that  the  columnar  epithelium  of  the  tube  be- 
comes flattened  out  just  as  it  does  in  the  uterus. 

Decidua  Serolina  and  Reflexa. — From  what  has  just 
been  said,  it  is  evident  that  the  decidua  serotina  does 
not  reach  the  same  state  of  development  in  the  tube 
that  it  does  in  the  uterus,  and  undoubtedly  that  which 
has  so  frequently  been  described  as  serotina  is  nothing 
more  than  a  mass  of  fetal  ectoderm  or  "Zellschicht." 
Careful  examination,  however,  at  the  point  of  attach- 
ment of  the  ovum  will  enable  one  to  differentiate 
between  three  varieties  of  cells,  viz.,  sync\i;ium, 
"Zellschicht,"  and  true  decidual  cells. 

The  same  may  be  said  of  the  reflexa — i.e.  while 
undoubtedly  present  it  never  reaches  the  same  stage 
of  development  that  it  does  in  the  uterus.  Its  exist- 
ence has  been  denied  by  many,  but  if  one  examines  a 
carefully  prepared  intact  specimen,  one  finds  a  thin 
layer  of  tissue  separating  the  ovum  from  the  lumen  of 
the  tube.  This  band  of  tissue  is  usually  covered  on  its 
outer  side  by  flattened  tubal  epithelium;  it  contains 
few  if  any  true  typical  decidual  cells.  The  cells  in 
this  situation  can  be  identified  with  "Zellschicht" 
cells,  and  as  pregnancy  advances  marked  degenerative 
changes  in  them  are  seen  to  occur. 


Placenta. — Except  for  the  difference  in  the  structure 
of  the  tube  wall  and  uterus,  and  the  difference  in  the 
formation  of  the  decidua,  the  structure  of  the  placenta 
in  tubal  pregnancy  does  not  differ  materially  from 
that  in  uterine  pregnancy.  The  chorionic  villi,  not 
being  separated  from  the  muscularis  and  vessels  by  a 
thick  layer  of  serotina,  invade  more  deeply  and  quickly 
the  tube  wall  and  open  up  the  vessels,  thus  accounting 
for  the  hemorrhage  and  early  tubal  abortion.  The 
villi  themselves  present  practically  the  same  appear- 
ance in  extra-  as  in  intrauterine  pregnancy,  their 
stroma  is  made  up  of  a  loose  mucoid  connective  tissue, 
and  in  early  cases  one  can  distinguish  two  layers  of 
epithelium — "Zellschicht"  and  syncj-tium.  When  a 
villus  comes  in  contact  with  the  serotina  its  behavior 
is  the  same  in  the  tube  as  in  the  utenis;  viz.,  there  is 
marked  proliferation  of  the  "Zellschicht"  at  the  point 
of  contact,  resulting  in  the  formation  of  a  "cell  node." 
If  abortion  does  not  occur  at  an  early  period,  a  definite 
intervillous  circulation  is  established,  the  intervillous 
spaces  being  lined  with  syncytium  just  as  in  uterine 
pregnancy. 

Si-MPTOMS. — The  symptoms  of  an  early  unruptured 
extrauterine  pregnancy  are  by  no  means  character- 
istic, and  frequently  one  has  no  idea  of  the  existence 
of  the  condition  until  rupture  takes  place  and  the 
patient  is  in  a  state  of  collapse. 

The  patient  usually  considers  that  she  is  beginning 
an  ordinary  uterine  pregnancy,  and  has  the  usual 
subjective  symptoms  of  that  condition.  There  is  not 
uncommonly  some  pain  in  one  or  the  other  ovarian 
regions,  but  usually  so  slight  as  not  to  alarm  either 
the  patient  or  her  friends.  Menstrual  suppression, 
while  not  the  rule,  sometimes  occurs.  Statistics  show 
that  the  menses  persist  in  about  forty-three  per  cent, 
of  the  cases. 

If  the  fetus  dies  at  an  early  period — i.e.  before 
rupture  or  tubal  abortion — there  is  usually  a  discharge 
of  blood  from  the  uterus.  This  may  be  mistaken  for 
the  return  of  a  delayed  menstrual  period  or  an  early 
abortion. 

In  the  majority  of  cases  the  first  indication  of  any- 
thing being  wrong  is  the  occurrence  of  a  sharp,  lancin- 
ating pain  in  the  ovarian  region,  followed  soon  by 
signs  of  collapse.  When  collapse  occurs  it  is  usually 
the  result  of  intraperitoneal  hemorrhage,  either  from 
a  rent  in  the  tube  wall  or  from  the  fimbriated  extrem- 
ity after  tubal  abortion,  and  it  is  readily  seen  how, 
unless  immediate  relief  he  obtained,  the  collapse  may 
become  deeper  and  deeper  and  the  individual  finally 
bleed  to  death  into  her  peritoneal  cavity.  On  the 
other  hand,  the  hemorrhage  may  not  be  of  sufficient 
extent  to  be  fatal,  and  here  the  result  will  be  a  retro- 
uterine hematocele. 

If  the  hemorrhage  is  severe  the  symptoms  are  those 
of  collapse — weak,  rapid  pulse,  subnormal  tempera- 
ture, pallor,  etc. — while  in  those  cases  in  which  the 
hemorrhage  is  slight  and  is  followed  by  the  formation 
of  an  hematocele,  we  have  a  general  improvement  of 
the  symptoms.  The  present  opinion  is  that  by  far 
the  majority  of  pelvic  hematoceles  are  the  result  of  an 
extrauterine  pregnancy. 

Hematocele  usually  is  the  result  of  tubal  abortion 
and  not  of  tubal  rupture,  and  according  as  the  hemato- 
cele occupies  the  greater  part  of  the  pelvis  or  forms  a 
smaller  mass  in  the  region  of  the  fimbriated  end  of  the 
tube,  we  can  differentiate  between  diffuse  and  solitary 
pelvic  hematoceles.  In  the  former  case  adhesions  of 
the  pelvic  viscera  are  necessary  to  prevent  the  escape 
of  the  blood  into  the  general  peritoneal  cavitv,  but 
not  in  the  case  of  the  latter,  for  according  to  t^anger 
the  solitary  hematocele  is  the  result  of  a  gradual  drip- 
ping of  blood  from  the  fimbriated  end  of  the  tube. 
The  formation  of  an  hematocele  is  almost  always  a 
favorable  termination  for  extrauterine  pregnancy, 
for  in  this  way  the  acute  hemorrhage  is  checked. 
However,  cases  have  been  reported  in  which  the  hem- 
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orrhage  at  the  center  of  the  mass  continues,  finally 
causing  its  rupture  into  the  peritoneal  cavity  and 
death.  Another  unfavorable  termination  of  hemato- 
cele is  suppuration. 

Occasionally  the  patient  does  not  succumb  to  the 
first  loss  of  blood,  and  here,  if  the  placenta  is  not 
entirely  separated  from  its  attachment  to  the  tube 
wall,  a  secondary  abdominal  pregnancy  will  result. 
In  such  a  case  the  ordinary  symptoms  of  pregnancy 
will  continue,  possibly  with  an  abnormal  amount  of 
pain. 

In  a  small  number  of  cases  rupture  may  occur 
between  the  folds  of  the  broad  ligament,  and  further 
development  go  on  only  to  rupture  again  into  the 
peritoneal  cavity;  then  the  fetus  becomes  abdominal 
while  the  placenta  remains  between  the  folds  of  the 
broad  ligament.  Term  may  be  reached  in  such  an 
instance. 

When  a  patient  with  a  secondary  abdominal  preg- 
nancy reaches  term,  what  is  known  as  false  or  spurious 
labor  sets  in,  during  which  there  are  distinct  con- 
tractions similar  to  those  occurring  in  the  early  stages 
of  normal  labor.  The  contractions,  however,  are  not 
of  the  gestation  sac,  for  this  structure  contains  so  few 
muscle  fibers  that  its  contraction  is  a  matter  of  im- 
possibility; but  the  contracting  organ  is  the  uterus. 
False  labor  continues  for  several  days  and  during  that 
time  the  child  dies.  After  fetal  death  the  placental 
circulation  becomes  obliterated;  the  fetal  sac  shrinks 
and  becomes  closely  applied  over  the  body  of  the  child, 
which  then  undergoes  one  of  the  changes  above 
mentioned.  The  abdomen  here  of  course  becomes 
smaller,  a  symptom  which  is  usually  noticed  by  the 
patient. 

In  certain  instances  the  extrauterine  pregnancy 
may  exLst  at  the  same  time  as  an  intrauterine  one. 
Parry  pointed  out  the  frequency  of  this  occurrence 
and  found  that  it  occurred  twenty-two  times  in  500 
cases.  Parry  called  the  conditions  "combined  preg- 
nancy." More  rarely  twin  extrauterine  pregnancy 
has  been  noted,  and  in  very  rare  cases  both  fetuses 
were  in  the  same  tube. 

Repeated  tubal  pregnancy  has  been  observed  and 
reported  in  a  number  of  instances.  Williams  has 
collected  a  total  of  sixty-six  such  cases  in  which  the 
diagnosis  has  been  confirmed  at  operation  or  autopsy. 
This  phenomenon  has  been  utilized  by  certain 
observers  to  explain  points  in  the  etiology  of  the 
affection.  The  anatomical  findings,  however,  have 
not  been  uniform,  and  little  information  has  been 
gained  from  this  source. 

Diagnosis. — The  symptoms  of  an  early  unruptured 
extrauterine  pregnancy  are  so  uncertain  that  they 
render  a  diagnosis  at  this  stage  almost  an  impossi- 
bility. Tait  made  the  statement  that  it  was  impossi- 
ble to  make  a  diagnosis,  and  most  operators  agree 
with  him.  In  rare  cases  a  diagnosis  of  the  condition 
is  made,  but  it  is  almost  the  rule  that  after  such  a 
diagnosis  the  operator  finds  the  mass  in  question  to  be 
either  an  inflamed  tube  or  a  small  ovarian  cyst. 

The  diagnosis  would  be  based  upon  the  following 
symptoms:  A  patient  who  had  been  sterile  for  some 
time  thinks  herself  pregnant,  having  the  usual  sub- 
jective symptoms,  with  possibly  an  abnormal  amount 
of  pain  in  the  ovarian  region.  If  such  a  patient  were 
the  subject  of  a  tubal  pregnancy,  on  examination  the 
uterus  would  be  found  to  be  enlarged  and  somewhat 
soft  and  boggy,  and  off  to  one  side  there  would  be  a 
small  pulsating  (?)  tumor  roughlj'  the  size  of  the 
supposed  pregnancy.  But  as  has  already  been  said, 
it  is  common  to  find  after  such  a  diagnosis  (?)  that  the 
mass  is  of  other  than  the  suspected  nature.  Taylor 
has  called  attention  to  the  fact  that  the  pregnant 
tube  may  prolapse  into  the  cul-de-sac  of  Douglas  and 
give  one  the  impression  of  a  retroflexed  pregnant 
uterus^a  statement  proven  by  the  fact  that  several 
cases  have  been  reported  in  which  rupture  of  the 
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tube  followed  an  attempt  to  replace  that  which  was 
thought  to  be  the  fundus. 

According  to  Williams,  Veit  in  Germany  in  1883  and 
.Tanvrin  in  this  country  in  1888  were  the  first  to  con- 
firm by  abdominal  section  the  diagnosis  of  unruptured 
t\ibal  pregnancy.  This  state  of  affairs  is  very  rare, 
the  writer  never  having  seen  a  case  in  a  considerable 
experience  as  resident  obstetrician  in  the  Johns 
Hopkins  Hospital,  and  he  knows  of  only  one  case  in 
the  hands  of  a  colleague  (Upham  of  Columbus, 
Ohio). 

If  the  fetus  die  before  rupture  of  the  tube  a  diagnosis 
is  still  very  difficult,  such  cases  usually  being  taken  for 
uterine  abortion  associated  with  an  inflammatory 
tubal  mass.  The  source  of  error  is  that  when  the 
fetus  dies  the  uterine  decidua  is  cast  off  in  shreds 
giving  the  appearance  of  the  discharge  of  a  normally 
implanted  ovum. 

Most  observers  believe  that  the  discharge  of  a  more 
or  less  complete  decidual  cast  of  the  uterine  cavity  is 
an  infallible  sign  of  extrauterine  pregnancy.  The 
fallacy  of  this  sign  is  shown,  however,  by  the  fact 
that,  relying  on  this  sign  alone,  some  operators 
(Griffith  and  Dolan)  have  opened  the  abdomen  only 
to  find  it  free  from  abnormality,  or  that  the  supposed 
extrauterine  pregnancy  had  been  simulated  by  a 
small  ovarian  cyst. 

_  It  has  been  advised  that  the  uterus  be  curetted  for 
diagnostic  purposes,  the  presence  of  decidua  on  the 
scrapings  affording  conclusive  evidence  as  to  the 
existence  of  extrauterine  pregnancy;  but  as  the 
decidua  may  have  been  cast  off  early  in  the  j^regnancy, 
the  discharge  being  considered  by  the  patient  to  be  a 
menstrual  period,  the  uncertainty  of  this  procedure  is 
obvious. 

At  the  occurrence  of  rupture  or  of  tub.al  abortion 
with  intraperitoneal  hemorrhage,  the  symptoms  are  so 
characteristic  that  an  almost  certain  diagnosis  can  be 
made  even  without  an  examination.  The  patient 
may  or  may  not  have  given  the  above  history  when 
suddenly,  with  a  sharp  attack  of  pain  in  the  ovarian 
region,  she  goes  into  a  condition  of  collapse,  with 
weak  rapid  pulse,  pallor,  subnormal  temperature,  etc. 
Vaginal  examination  here  usually  reveals  but  little, 
as  the  patient  is  too  sensitive  to  allow  a  thorough 
exploration.  A  crepitating  sensation  may  be  im- 
parted to  the  examining  finger  in  the  cul-de-sac,  due  to 
pressure  upon  recently  clotted  blood.  With  the 
above  symptoms  the  diagnosis  of  ruptured  tubal 
pregnancy  is  practically  a  certainty,  and  if  not  speedily 
relieved  by  operation  the  patient  will  die.  If  she 
recover  from  the  collapse  the  probabilities  are  that  a 
tubal  abortion  has  taken  place  and  that  the  hemor- 
rhage lias  been  checked  by  the  formation  of  a  pelvic 
hematocele. 

As  tubal  rupture  may  occur  very  early  in  preg- 
nancy, even  before  the  patient  has  thought  herself 
pregnant,  one  should  always  regard  collapse  with 
signs  of  intraperitonal  hemorrhage  as  strong  proba- 
bilities in  favor  of  ruptured  extrauterine  pregnancy; 
and  in  such  a  case  only  by  acting  promptly  can  the 
life  of  the  patient  be  saved. 

If,  as  is  often  the  case,  she  is  not  seen  until  after 
primary  rupture,  examination  will  reveal  a  large 
tumor  filling  the  posterior  portion  of  the  jjelvis,  and  an 
exploratory  puncture  through  the  posterior  vaginal 
fornix  will  render  the  diagnosis  certain. 

In  cases  in  which  the  fetus  has  survived  the  damage 
done  at  the  time  of  primary  rupture  and  has  con- 
tinued to  develop  in  the  abdominal  cavity  or  in  a 
gestation  sac,  the  diagnosis  is  not  usually  made, 
because  attention  is  not  directed  to  the  fact  of 
early  rupture,  and  it  is  not  until  false  labor  sets  in 
that  our  suspicions  arise  as  to  the  child's  not  being 
in  the  uterine  cavity.  If  careful  examination  be 
made,  however,  the  condition  should  offer  little 
difficulty;  the  child  is  found  to  be  more  easily  palpable 
than  normal,  its  movements  give  the  mother  a  certain 
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amount  of  pain,  and  by  bimanual  examination  the 
uterus  is  found  to  be  practically  normal  in  size.  If 
an  hematocele  has  formed  between  the  folds  of  the 
broad  ligament,  the  mass  will  lie  largely  in  the  small 
pelvis  and  the  uterus  will  be  pushed  over  to  one  side. 
When  an  extra-and  an  intrauterine  pregnancy  occur 
together  and  have  reached  term,  the  diagnosis  of  twins 
has  usually  been  made,  and  it  Ls  not  until  the  cause  of 
delay  in  the  birth  of  the  second  child  is  investigated 
that  its  extrauterine  existence  is  noted. 

Tre.\tment. — Before  Rupture. — When  an"  extra- 
uterine pregnancy  is  diagnosed  before  rupture,  it  must 
be  regarded  as  a  malignant  growth  and  removed  by 
laparotomy  as  soon  as  possible.  This  procedure 
cannot  be  too  urgently  advised,  for  until  it  is  removed 
the  patient  is  in  imminent  danger  of  a  fatal  rupture. 
AH  methods  which  have  as  their  end  the  destruction 
of  the  fetus,  such  as  electricity  or  the  injection  of 
medicinal  substances,  are  to  be  strongly  condemned; 
for,  as  we  know,  even  the  death  of  the  child  does  not 
preclude  the  possibility  of  rupture  of  the  tube. 
However,  from  what  lias  already  been  said,  it  is 
apparent  that  such  a  line  of  treatment  will  rarely  be 
thought  of  owing  to  the  uncertainty  of  diagnosis  at 
this  time. 

After  Rupture. — The  diagnosis  of  ruptured  tube  and 
intraperitoneal  hemorrhage  once  having  been  made 
b}'  the  characteristic  symptoms  already  discussed, 
the  abdomen  must  immediately  be  opened  (unless 
the  degree  of  collapse  is  so  great  that  the  i)atient  is 
moribund  when  first  seen).  Then  immediately  after- 
ward long  clamps  are  to  be  passed  down  into  the 
pelvis  and  applied  on  both  sides  of  the  tubal  mass. 
This  will  at  once  check  all  hemorrhage,  and  the  in- 
jured tube  can  be  excised  without  unnecessary  haste. 
If  the  peritoneal  cavity  is  tilled  with  clotted  blood 
which  obscures  the  field  of  operation,  the  clamps  must 
be  applied  by  the  sense  of  touch  alone. 

The  loss  of  blood  ma}^  call  for  the  infusion  of  phy- 
siological salt  solution.  This  can  be  done  during  the 
operation  and  the  infusion  allowed  to  run  into  the 
submammary  subcutaneous  tissue  or  injected  directly 
into  the  circulation. 

Operation  through  the  vagina  has  many  obvious  dis- 
advantages and  is  mentioned  here  only  to  be  con- 
demned. Among  the  disadvantages  may  be  mentioned 
the  small  field  of  operation  in  the  vaginal  method  as 
compared  to  the  large  one  in  the  abdominal,  and  the 
frequent  necessity  of  having  to  open  the  abdomen 
to  arrest  hemorrhage  which  has  been  started  in  the 
vaginal  operation. 

Hematocele. — It  has  been  shown  that  the  majority 
of  eases  of  pelvic  hematocele  undergo  spontaneous 
cure  and  rarely  require  operation.  Thorn  reports  157 
cases,  in  only  six  of  which  was  operation  thought 
necessary,  the  rest  having  been  treated  by  careful 
watching  and  rest  in  bed.  The  total  mortality  here 
was  only  six-tenths  of  one  per  cent.  Fehling  has 
reported  ninety-one  cases,  treated  in  a  similar  man- 
ner, without  a  "single  death.  A  disadvantage  of  the 
method,  however,  is  that  it  is  extremely  slow  and  the 
patients  have  to  remain  many  weeks  in  bed. 

On  the  other  hand,  there  are  certain  condition 
which  render  operation  imperative  in  cases  of  hein 
atocele:  such  indications  as  rapid  increase  in  the  size 
of  the  tumor,  signs  of  suppuration,  or  pressure  on  im- 
portant organs.  When  such  conditions  are  present 
the  hematocele  is  best  attacked  by  way  of  the  vagina. 
An  incision  is  made  through  the  posterior  vaginal  wall, 
the  clot  is  evacuated,  and  the  cavity  is  at  once  packed 
with  sterile  gauze.  This  usually  gives  most  excellent 
results,  but  all  operators  agree  that  it  is  frequently 
necessary  to  open  the  abdomen  in  order  to  check 
hemorrhage  that  cannot  be  controlled  by  the  pack; 
therefore  one  .should  always  have  the  abdonien 
prepared  for  a  laparotomy  before  making  the  vaginal 
incision. 


Treatmeyit  during  lite  Liiler  .Mditthn  of  l^regnaucy. — 
Occasionally  in  the  latter  half  of  pregnancy  we  shall 
lind  the  fetus  enclosed  in  a  large  tubal  or  ovarian  sac; 
more  commonly,  however,  the  fetus  has  escaped 
through  the  rent  in  the  tube  wall  and  we  have  to  deal 
with  a  secondary  abdominal  pregnancy  in  which  the 
placenta  is  attached  to  the  pelvic  floor  while  the  fetus 
lies  free.  In  such  cases,  as  there  is  always  danger  of  a 
secondary  rupture,  prompt  laparotomy  is  indicated. 
If  the  child  is  within  a  few  weeks  of  viability  some 
hav(^  advised  a  waiting  policy,  thus  giving  the  child  a 
chance  that  it  would  not  have  were  immediate  opera- 
tion done.  If  such  a  course  be  decided  upon  the 
dangers  to  the  mother  should  always  be  e.xplained  to 
the  family. 

As  to  the  best  method  of  operating  in  such  cases,  un- 
questionably the  ideal  procedure  is  to  open  the  abdomen 
and  remove  the  entire  gestation  sac;  but  frequently, 
on  account  of  adhesions  to  neighboring  organs,  such  a 
course  is  inadvisable,  and  here  the  sac  should  be 
incised,  care  being  taken  to  avoid  wounding  the 
placenta  if  possible.  Then  the  child  should  be  re- 
moved and  the  edges  of  the  sac  should  be  stitched 
to  the  margins  of  the  abdomiiuil  wound,  the  cavity 
being  packed  with  gauze  and  the  placenta  allowed 
to  come  away  piecemeal.  This  entails  a  longer 
convalescence,  but  on  the  whole  is  better  than  en- 
dangering the  life  of  the  patient  by  attempting  to 
remove  an  adherent  placenta.  In  certain  ca.ses  this 
plan  cannot  be  carried  out,  and  then  the  entire  sac 
must  be  removed  no  matter  how  serious  the  pro- 
cedure may  seem. 

When  the  fetus  dies  the  danger  to  the  mother 
materially  diminishes,  for  when  the  fetal  circulation 
ceases,  the  hemorrhage  from  the  placental  site  is  not  so 
much  to  be  feared.  If  a  diagnosis  of  the  death  of  the 
child  be  made,  operation  should  be  deferred  for  a  short 
time  in  order  to  favor  closure  of  the  maternal  blood 
spaces  and  scpar.ation  of  the  placenta;  it  being 
understood,  however,  that  immediate  operation  may 
be  necessarv  at  anv  time.  George  W.  Dobbin. 


Qeuda  Springs. — Cowley  County,  Kansas. 

Post-office. — Geuda  Springs.  Hotel  and  boarding 
houses. 

The  Geuda  Mineral  Springs  are  located  on  the 
Midland  Valley  Railroad  and  the  Kansas  and  South- 
western Railroad,  one  mile  distant  from  the  .\rkansas 
River  and  eight  miles  north  of  Indian  Territory. 
Geuda  is  an  Indian  term  meaning  healing  water.  The 
town  of  Geuda  Springs  is  pleasantly  situated  at  the 
edge  of  a  beautiful  and  undulating  plateau,  which 
is  everjTvhere  dotted  with  fine  farms  and  neat  farm- 
houses. The  elevation  above  the  sea  is  about  1,400 
feet,  and  the  atmosphere  is  pure  and  wholesome. 
The  winters  are  short  and  open,  making  constant 
outdoor  exercise  possible.  There  are  very  few  hot 
days  in  summer,  the  thermometer  rarely  rising  above 
100°  F.,  but,  as  a  rule,  the  days  are  balmy  and  the 
nights  cool  and  refreshing.  Geuda  Springs  artesian 
mineral  well  flows  a  solid  six-inch  stream.  The  other 
springs  are  seven  in  number,  and  bublile  up  in  a  space 
ess  than  twenty  feet  square.  Near  the  springs  is  a 
beautiful  lake  of  salt  water,  ^vith  an  area  extending 
to  the  westward  nearly  two  miles,  and  another  to  the 
.southward  nearly  half  that  distance.  The  evaporation 
of  the  water  causes  the  beach  to  be  covered  with 
pure,  crvstallized  salt.  This  picturesque  body  of 
salt  water,  constantly  fed  by  salt  springs,  furnishes 
fine  advantages  for  bathing.  The  lake  bottom  is  hard 
and  sandy,  and  bathers  can  secure  any  depth  of  water 
desired.  A  commodious  bath-house  in  connection 
with  the  springs  affords  opportunities  for  any  variety 
of  bath  which  may  be  desired.  Following  is  a  de- 
tailed analysis  of  the  seven  springs  by  Professor 
Bailev,  of  the  Kansas  State  University: 
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NciMBBR  OF  Grains  in  Each  United  States  Gallon  of  231  Cubic  Inches. 


Spring  No.  1. 

Spring  No.  2. 

Spring  No.  3. 

Spring  No.  4. 

Spring  No.  5. 

Spring  No.  6.  Spring  No.  7. 

Sodium  chloride 

1030.93 

199.64 

25.56 

16.55 

3.70 

12.12 

.02 

.02 

Trace 

.16 

.38 

.41 

1056.28 

204.73 

24.24 

19.96 

5.90 

1.69 

.02 

.02 

.16 

.40 
.32 

815.68 

167.58 

28.53 

10.01 

5.99 

1.90 

.02 

.01 

Trace 

.15 

.18 

.39 

671.76 

158.29 

26.64 

7.90 

6.86 

1.90 

.02 

Trace 

357.05 

145,88 

24.98 

8.45 

10.67 

.82 

.04 

432.20 
147  33 

504.21 
mn   IT 

Calcium  sulphate         ....    * 

Magnesium  sulphate 

27.43        1          22.86 

Calcium  bicarbonate 

12.50 
.54 
.08 

5.51 

.47 
08 

.08 

.12 
.02. 
.49 

.12 
.03 
.31 
.65 
Trace 
.06 

.25 

03 

Sodium  biearboniiti- 

Sodium  sulphide 

.69 

.60 

Lithium  chloride 

Trace 
.07 
.06 
.67 

Trace 

Trace 
.19 
.01 
.86 

Trace 

Trace 
.07 

Trace 
.05 
.01 
.79 

Trace 

Trace 
.03 
.01 
.92 

Trace 

Trace 
OS 

.01 

Silica.  .  .    . 

.81 
Trace 

.73 
Trace 

79 

Organic  matter 

Trace 

Total 

Free  carbonic  acid  gas  in  cubic  in. 

1290.29 
34.96 

1314.78 
27  .69] 

1031.33 
18.32 

874.99 
17.64 

549.48 
23.98 

626.93 

22.16 
Trace 

1.009 
63°  F. 

704.72 
29.05 

Specific  gravity 

1.018 
63°  F. 

1.016 
63°  F. 

1.013 
63°  F. 

1.012 
63°  F. 

i.008 
63°  F. 

1  009 

63°  F. 

The.se  waters  may  be  classed  as  belonging  to  the 
muriated  and  sulphated-saline  variety  (carbonated). 
They  have  found  their  most  suitable  application  in 
liver,  kidney,  and  stomach  disorders,  general  debility, 
anemia,  and  rheumatism.  Some  of  the  springs  have 
gained  considerable  celebrity  in  the  local  treatment 
of  conjunctivitis,  indolent  ulcers,  leucorrhea,  and  other 
disorders.  Emma  E.  Walker. 

Geum. — See  Avens. 

Giant  Cells. — The  term  giant  cell  is  applied  to 
certain  normal  and  pathologic  cells  of  great  size. 
These  masses  of  protoplasm  may  possess  many 
nuclei  (over  100  at  times),  or  there  may  be  one  large 
regular,  or  an  irregular  lobulated  nucleus.  The  giant 
cells  are  derived  from  the  mesenchymal  tissues  and 
usually  arise  from  the  repeated  divisions  of  the  nucleus 
without  the  usual  segmentation  of  the  cytoplasm. 
Some  writers  hold  that  gaint  cells  arise  from  "the  fusion 
of  endothelial  or  other  connective-tissue  cells;  the 
possibility  of  their  formation  by  the  fusion  of  leuco- 
cytes must  also  be  borne  in  mind.  Giant  cells  rep- 
resent elements  of  low  organization,  yet  play  an  im- 
portant part  in  normal  and  pathologic  processes. 
An  important  property  of  giant  cells  is  that  of  phago- 
cytosis— that  is  the  removal  of  small  foreign  particles 
that  enter  the  body,  or  of  dead  and  useless  tissues  that 
result  from  disease  or  injury.  The  leucocytes  may 
fuse  around  the  foreign  particles  or  bacteria  forming 
a  Plasmodium,  or  giant  cell;  this  cell  then  digests  the 
enclosed  substance  or  separates  it  from  the  tissues 
rendering  it  innocuous.  These  giant  cells  may  secrete 
a  ferment  that  will  dissolve  dead  or  useless  tissue  so 
that  in  the  liquid  state,  they  may  be  carried  away  by 
the  lymphatics  and  be  eliminated  from  the  system. 
This  phagocytic  action,  especially  of  the  leucocytes, 
has  an  important  bearing  upon  immunity  and  re- 
covery from  infectious  diseases. 

As  giant  cells  are  found  in  normal  and  pathological 
processes,  they  will  be  considered  under  these  heads. 

Normal. — Under  normal  conditions,  giant  cells  are 
found  in  certain  tissues  and  organs  as  the  bone-marrow 
hemolymph  nodes,  lymph  nodes,  spleen,  and  liver. 

Mijdoplax. — In  red  bone-marrow  is  a  large  cell 
called  the  megacaryocyte,  or  myeloplax.  It  consists 
of  a  very  large  mass  of  granular  protoplasm,   con- 
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taining,  usually,  a  single  large  nucleus  that  might 
show  divisions  by  its  lobulation.  The  cytoplasm 
contains  oxyphilic  granules  that,  however,  do  not  seem 
to  be  the  same  as  those  of  leucocytes.  According  to 
M.  Heidenhain,  the  protoplasm  shows  three  distinct 
zones.  He  also  states  that  each  cell  contains  a  num- 
ber of  nucleoli  as  well  as  a  number  of  centrioles. 
These  latter  may  be  either  grouped  or  scattered;  if 
the  nucleus  be  annular,  the  centrioles  lie  in  a  group 


Fig.  2787.— Giant  Cell  of  the  Bone-marrow,  Showing  Multiple 
Centrioles  at  /;  a,  6,  c,  d.  represent  the  different  zones  of  proto- 
plasm; e,  nucleus.     (After  M.  Heidenhain.) 

within  the  ring.  Those  cells  are  said  to  be  ameboid, 
but  not  phagocytic  and  are  to  be  found  in  other 
erythrocyte-forming  organs. 

Osteoclasts. — In  the  marrow  of  growing  bones  as 
well  as  upon  the  surface  of  adult  bones  is  seen  a 
specific  form  of  giant  cell  called  osteoclast.  Such  a 
cell  is  somewhat  similar  in  appearance  to  the  preceding. 
It  is  spheroidal  or  flattened,  but  the  cell  outline  is 
regular  and  the  granular  protoplasm  contains  two  to 
ten  or  more,  clear,  round  nuclei.  The  side  of  the 
cell  attached  to  the  bone  is  often  striated.  These 
cells  are  numerous  in  developing  bone  where  bone 
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absorption  Ls  active.  In  finished  bone,  they  are  seen 
lying  in  small  depressions  {Howsldp's  Incunce)  upon 
tiie  surface  beneath  the  periosteum.  They  are  also 
found  in  connection  with  the  roots  of  the  milk  teeth 
that  are  undergoing  absorption  and  in  the  repair  and 
tumors  of  bone. 

In  hemolymph  nodes  giant  cells  with  large  lobulated 
nuclei,    similar    in    appearance    to    those    of    bone- 


mm 


Fig.  2788. — Osteoclasts  from  Growing  Bone,     a.  Shows  a  striated 
border,     (.\fter  KoUiker.) 

marrow,  are  seen.  They  seem  to  have  to  do  with  the 
formation  of  erythrocytes.  During  fetal  life  and  in 
young  animals  similar  giant  cells  are  found  in  the  tirer 
and  in  the  spleen;  while  their  function  is  not  known, 
they  are  supposed  to  be  connected  in  some  way  with 
the  formation  of  erythrocytes. 

Pathological. — Giant  cells  seem  to  occur  more 
frequently  in  pathological  conditions. 

Tuberculosis. — In  tuberculosis  these  cells  are  quite 
characteristic.     They  are  large  masses  of  protoplasm 
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Fig.  2789. — Giant  Cell  in  Tuberculosis. 

that  often  contain  a  hundred  nuclei.  One  view  of 
their  origin  is  that  they  arise  by  repeated  division  of 
the  nucleus  without  a  corresponding  division  of  the 
protoplasm.  They  appear  during  the  active  cell 
proliferation  caused  by  the  presence  of  the  tubercle 
bacilli  and  often  contain  these  bacilli  in  the  cytoplasni, 
which  fact  points  to  their  phagocytic  property.  This 
fact  points  also  to  another  view  as  to  their  origin. 


namely,  that  the  large  endothelial  cells  immediately 
surrounding  the  bacilli  fuse  to  form  a  multinucleated 
mass,  a  giant  cell,  with  the  bacilli  in  the  center.  The 
increa.se  in  nuclei  may  then  be  accounted  for  by  a 
division  of  the  primary  nuclei. 

Granulation  Tissue. — Giant  cells  are  frequently  seen 
In  granulation  tissue  where  they  assist  in  the  disposal 
of  the  necrotic  tissue. 

Tumors. — Giant  cells  are  common  to  or  may  be 
found  in  all  orders  of  tumors  and  are  frequently  seen  in 


Fio.  2790. — Giant  Cells  in  Granulation  Tissue. 

neoplasm  undergoing  degeneration.     Von  Hansemann 
classifies  these  giant  cells  as  follows: 

1.  Foreign  body  gianl  cells  found  in  necrotic  and 
degenerating  areas.  These  cells  are  like  those  in 
tuberculosis,  having  peripheral,  or  polar  collections 
of  nuclei  and  a  central  hyalin,  or  necrotic  substance. 
They  are  endothelial  or  leucocytic  in  origin. 

2.  Parenchymatous  giant  cells,  which  represent 
modifications  of  the  cells  proper  of  the  tumor,  and  due 
to  nuclear  and  not  protoplasmic  division.  The  nuclei 
are  variable  in  size,  may  bo  joined  by  fibrils,  or 
bridges,  or  they  may  simply  show  lobulation.     They 


Fig.  2791.— Two  Giant  Cells  from  a  Myeloid  Sarcoma. 

may  be  found  In  cancer  and  are  especially  common  in 
endotheliomas.  They  are  not  constant,  neither  are 
they  regularly  distributed  in  such  tumors. 

3.  Myeloplaxes  ditfer  from  (1),  in  having  the 
nuclei  e\'enly  distributed  throughout  the  cell  and.  in 
that,  the  central  area  of  the  cell  does  not  show  dis- 
integration. They  differ  from  (2).  in  having  nuclei  of 
uniform  size.  These  are  ^ound  in  bone-marrow  as 
osteoclasts;  in  giant-celled  myelomas  of  bone  they  are 
the  characteristic  cells,  being  present  in  great  numbers. 
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Under  pathological  conditions  they  develop  from  the 
periosteum  or  marrow;  some  consider  them  as  derived 
from  the  adventitial  cells  of  the  blood-vessels  and  they 
are  intimately  associated  with  the  fine  capillaries  even 
in  tumors.  Ritter  considers  bone  growth  and  bone 
absorption  brought  ab(jut  by  two  states  of  the  same 
cells.  When  the  tumor  arises  in  the  marrow,  it  causes 
resorption  of  the  bone. 

The  sarcoblastic  type  of  giant  cell  has  been  seen  m 
the  red  lake-trout.     Here  the  tumor  consisted  of  the 


Fio.  2792. — Giant    Cell    in    Experimentally    Produced    Glanders. 
(,\f  ter  Duval  and  White.l 

sarcoblastic  cells,  the  majority  of  which  were  multi- 
nucleated, some  containing  many  scores  of  nuclei. 
The  cells  showed  a  tendency  to  elongation  and,  in 
parts,  showed  definite  cross-striations. 

Glanders. — Duval  and  White  found  giant  cells  in 
glanders  and  noted  here  that  the  giant  cell  nuclei  re- 
sulted from  amitotic  division  of  the  original  nuclei. 

H.  E.  Radasch. 


Gibson,  George  Alexander. — Born  at  Kelliebank, 
Perthshire,  Scotland,  Janu.ary  27,  1854.  He  received 
his  academic  education  at  the  Universities  of  Glasgow 


Fig.  2793. — George  Alexander  Gibson. 

and  Edinburgh,  and  was  graduated  M.  D.  from  the  lat- 
ter institution  in  1881.  He  held  the  following  hospital 
appointments  at  one  time  or  another  during  the  course 
of  his  professional  career:  Resident  Physician  at  the 
Roval  Infirmarv  of  Edinburgh;  Assistant  Physician 
at  "the    General    Hospital    of    Birmingham;    Visiting 
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Physician  at  the  Royal  Infirmary  of  Edinburgh;  and 
Visiting  Physician  at  the  Deaconess  Hospital.  For  a 
few  years  he  was  Tutor  in  Clinical  Medicine  in  connec- 
tion "with  the  Extramural  School  at  Edinburgh,  and 
subsequentlv  he  held,  for  limited  periods,  the  position 
of  Lectm-er  "on  Materia  Medica  and  that  of  Lecturer 
on  the  Principles  and  Practice  of  Medicine,  in  the 
same  school.  In  1897  he  became  one  of  the  lecturers 
on  clinical  medicine  at  the  Royal  Infirmary.  He 
died  on  January  18,  1913,  from  the  effects  of  cardiac 

c\  1 SPIS^ 

Of  his  published  writings  the  following  deserve  to 
receive  special  mention:  "A  Treatise  on  Physical 
Diagncsis"  (in  conjunction  with  Dr.  WiUiam  Russell), 
third  edition  in  1902;  "On  Cheyne-Stokes  Respira- 
tion," 1892;  "On  Diseases  of  the  Heart  and  Aorta," 
1898;  "On  Nervous  .\ffections  of  the  Heart,"  second 
edition  in  1905;  and  in  1901  he  edited  a  "Text-book 
of  Medicine."  A.  H.   B. 


Gibson,  William. — Born  in  Baltimore,  Maryland, 
March  1-1,  1788.  He  received  his  early  medical  edu- 
cation partlv  at  the  University  of  Pennsylvania  and 
partlv  at  tlie  University  of  Edinburgh;  he  obtained 
the  degree  of  Doctor  of  Medicine  from  the  latter  insti- 
tution. From  Edinburgh  he  went  to  London.  He 
entered,  as  a  private  pupil,  the  family  of  Sir  Charles 
Bell,  who  was  at  that  time  a  practitioner  of  surgery  in 
London.  After  an  absence  of  three  years  Dr.  Gibson 
returned  home  and  entered  upon  the  practice  of  his 
profession  in  Baltimore.  Two  years  later  (in  1812), 
he  was  ai^pointed  to  the  Chair  of  Surgery  m  the  I  ni- 
versity  of  Maryland,  but  he  held  the  position  for  only 
two  or  three  "vears.  After  traveling  a  great  deal 
abroad,  in  Asia  and  Africa  as  well  as  m  Europe,  he  ac- 
cepted in  1819  a  call  from  the  University  of  Pennsyl- 
vania to  fill  the  Chair  of  Surgery,  recently  left  vacant 
by  the  death  of  Dr.  John  Syng  Dorsey.  In  1855, 
thirty-six  years  later,  he  resigned  this  chair  and  was 
appointed  "Emeritus  Professor  of  Surgery.  His  death 
occurred   on  March  2,  1868. 

According  to  Stone,  Dr.  Gibson  was  very  successful, 
both  as  a  lecturer  and  as  an  operator.  He  was  the 
first  surgeon  to  perform  the  cesarean  operation  twice, 
successfullv  to  both  mother  and  child,  on  the  same 
patient.  (For  details,  see  the  American  Journal  of  the 
Medical  Sciences,  August,  1835.)  In  1824  he  pub- 
lished his  "Institutes  and  Practice  of  Surgery,  a 
book  which  passed  through  six  editions.  The  last  ten 
vears  of  his  life  were  spent  in  Newport,  Rhode  Island. 

A.  H.  B. 


Gigantism. — The  word  giant  is  derived  from  the 
Middle  English  "geant,"  the  equivalent  of  the  French 
"g^ant,"  which  may  be  traced  back  to  the  Greek 

Very  early  in  the  world 's  history  we  meet  with  refer- 
ences "to  huge  beings  of  supernatural  strength.  Even 
before  the  flood,  in  the  story  of  Noah,  we  are  informed 
that  "there  were  giants  in  the  land  in  those  days,"  and 
there  are  stray  allusions  to  giants,  Emmim  and  Ana- 
kim,  in  the  accounts  of  the  early  Jewish  conquests,  in 
the  sight  of  whom  the  people  were  "as  grasshoppers, 
to  use  the  characteristic  Eastern  hjiserbole.  Later, 
we  have  the  celebrated  battle  between  David  and 
Goliath  of  Gath,  one  of  the  few  remaining  descendants 
of  these  Anakim,  whose  height  was  six  cubits  and  a 
span.  The  Greeks,  also,  had  their  giants  m  the  man- 
eating  Cvclopes  and  Lestrygones.  The  Titans,  too, 
fortv-five  in  number,  whose  children  were  the  Gigantes 
were  of  enormous  size.  They  did  not  fear  to  encoun- 
ter the  gods,  and  were  said  to  have  heaped  up  moun- 
tains, to  have  "piled  Ossa  on  Pelion,"  in  order  to  scale 
the  heavens.  All  nations,  alike  in  their  love  of  the  niar- 
veUous  and  their  svmpathy  with  the  weaker  side, 
have  their  stories  of  unequal  battles,  reealhng  the 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES 


GlKsntlsm 


struggle  between  the  pygmies  and  the  giants,  waged 
between  brave  men  and  monst<>rs  of  immense  size  and 
strength,  in  which  the  lesser  power  comes  off  the  con- 
queror. An  instance  that  will  be  familiar  to  all  is  the 
popular  nursery  tale  of  "Jack  the  Giant-killer,"  wliidi 
used  to  delight  us  so  much  in  our  youth.  As  is  usually 
the  case,  human  credulity  and  tlio  intiatc  tendency  to 
exaggeration  have  magnified  many  of  these  tales  be- 
yond the  bounds  of  credibility.  While  it  must  be 
admitted  that  in  former  times  there  have  been  infii- 
viduals  anfl  even  races  that  far  exceeded  in  strength 
and  stature  the  ordinarj-  run  of  mankind,  the  apjilica- 
tion  of  the  rigid  canons  of  modern  scientific  int|uiry 
has  resulted  in  the  dethronement  of  the  suijcrnalural 
element  and  the  reduction  of  the  subject,  though 
marvellous  enough  still,  to  more  manageable  propor- 
tions. Before  passing  on  to  discuss  the  nature  of  this 
curious  anomaly  of  development  that  we  call  gigant- 
ism, we  may  with  advantage  pause  for  a  moment  to  de- 
termine wliat  constitutes  giant  growth. 

This  is  not  so  easy  as  it  seems.  If  any  one  asks  him- 
self the  question,  "Where  does  giant  growth  begin?" 
he  will  at  once  realize  that  his  ideas  are  somewhat 
hazy  and  his  language  conventional.  In  popular  par- 
lance a  giant  may  be  said  to  be  any  individual  who 
exceeds  in  a  notable  degree  the  average  height  of  hu- 
man beings.  A  person  of  six  feet  six  or  upward  would 
ordinarily  be  called  gigantic.  This  is,  of  course,  an 
exceedingly  loose  and  b.v  no  means  scientific  definition. 
It  fixes  no  limits,  it  takes  no  account  of  age,  weight, 
or  strength;  in  short,  it  lacks  precision.  Larcher 
defines  a  giant  to  be  "A  being  who,  free  in  other 
respects  from  all  defect  in  the  essential  characteristics 
of  the  organization,  excels  notably  in  height  other 
beings  of  the  same  race  who  have  reached  adult  age." 
In  such  a  case  the  structural  harmony  and  the  relation- 
ships between  the  different  parts  are  manifestly 
normal,  the  sole  deviation  being  the  striking  increase 
in  size.  It  is  scarcely  necessary  to  point  out  that 
this  definition  portrays  for  us  the  ideal  or  perfect 
giant,  a  being  more  often  read  about  than  seen.  No 
doubt  there  have  been  individuals  of  great  size  and 
strength,  handsome,  well  proportioned,  and  well 
balanced  in  all  their  faculties,  but  these  are  the  rarw 
or  rather  the  rarissima:  aiies.  As  a  matter  of  fact, 
the  immense  majority  of  giants  present  the  unmis- 
takable stigmata  of  defect  or  degeneration.  The 
definition  further  ignores  the  fact  that  gigantism  is  a 
process,  an  anomalous  one  it  is  true,  but  still  a  process 
of  growth  which  may  and  does  manifest  itself  in 
embryonic  life  and  childhood,  as  well  as  in  the  adult 
period.  Pierre  iSIarie  recognized  two  forms  of 
gigantism:  (1)  True  gigantism,  consisting  in  a  simple 
exaggeration  of  the  normal  process  of  growth;  and  (2) 
symplomalic  gigantism,  a  manifestation  of  pre-existent 
disease.  Meige  would  restrict  the  term  gigantism  to 
Marie's  second  class  on  the  ground  that  the  members 
of  the  first  group  are  in  all  respects  normal  persons, 
differing  in  no  way,  save  in  size,  from  other  individuals 
of  the  same  s]jecies.  This,  while  no  doubt  contrib- 
uting to  precision  of  language  and  lessening  the  possi- 
bility of  confusion  in  description,  is  in  my  opinion  too 
extreme  a  position  to  take,  for  who  will  maintain 
that  an  exaggeration  of  a  normal  process  of  growth 
is  not  a  pathological  manifestation?  We  ought  not, 
therefore,  hastily  to  conclude  that  true  gigantism 
and  symptomatic  gigantism  are  necessarily  or  essen- 
tially" different  processes,  or  that  the  former  should 
be  left  out  of  our  consideration  of  the  general  subject 
of  gigantism.  We  shall  be  helped  considcr.ably 
toward  a  proper  conception  of  what  constitutes  giant 
growth  if  we  consider  briefly  what  may  be  called  the 
"law  of  deviation"  enunciated  by  Thoma. 

Thoma  states,  on  the  basis  of  an  extended  series  of 
observations,  that  in  adults  the  normal  length  of  the 
body  averages  approximately  169  centimeters  in  the 
male  and  163  centimeters  in  the  female;  the  normal 
average  body  weight  is  60  kilograms  and  56  kUograms 


respectively.  Considerable  variations  on  one  or 
other  sifie  of  this  norm  occur.  In  one-half  the  total 
number  of  iiullviduals  the  amount  of  deviation  is 
anywhere  from  0.0  to  .3.8  centimeters  for  height,  and 
from  0.0  to  .5  kilograms  for  weight.  In  accordance 
with  observations  he  has  made,  Thoma  finds  that 
the  fifth  multiple  of  the  figures  representing  the  amount 
of  normal  deviation,  namely  19  centimeters  and  25 
kilograms,  is  exceeded  only  once  in  a  thou.sand  indi- 
viduals. According  to  this  an  adult  male  would  be 
regarded  as  a  giant  if  his  height  exceeded  169  plus  19 
or  ISS  centimeters,  or  if  his  weight  were  more  than 
()0  plus  25  or  85  kilograms.  The  normal  limits,  how- 
ever, for  the  upper  woU-nourished  classes  are  some- 
what higher  than  the  figures  given,  namely,  175 
centimeters  and  06  kilograms,  .so  that  the  lower  limit 
for  giant  growth  would  be  more  correctly  placed  at 
175  ])lus  19  or  194  centimeters,  and  66  plus  25,  or 
91  kilograms  (6  feet  4§  inches,  and  200  pounds  5i 
ounces).  In  the  case  of  new-born  infants  the  normal 
average  for  length  is  50  centimeters  and  for  weight 
3.2  kilograms.  The  amount  of  fleviation  is  approxi- 
mately 1.4  centimeters  and  0.2S  kilogram  respectively. 
Ai)i)lying  the  same  rule  we  may  assume  giant  growth 
in  children  if  they  exceed  57  centimeters  in  length 
and  4.6  kilograms  in  weight.  For  Thoma,  then,  a 
giant  is  literally  a  man  in  a  thousand.  We  cannot, 
however,  assume  that  because  an  individual  exceeds 
these  dimensions  he  is  necessarily  a  giant.  It  should 
be  noted  that  height  and  weight  are  not  necessarily 
clo.sely  correlated.  In  true  gigantism  no  doubt  they 
would  be,  but  in  many  cases  we  find  that  those 
gigantic  in  stature  are  not  heavier  than  many  normal 
persons.  This  is  often  to  be  explained  on  the  score  of 
some  wasting  disease  which  is  present,  or  that  the 
individuals  in  question  have  died  or  been  observed 
before  the  consolidation  of  the  body  had  been  properly 
attained.  Further,  an  excess  in  weight  above  the 
limit  of  91  kilograms  cannot  in  itself  constitute  gigan- 
tism, for  this  weight  is  frequently  attained  by  tho.se 
who  would  be  regarded  as  normal  indiviiluals,  and 
has  also  been  attained  in  cases  of  diffuse  lipomatosis, 
elephantiasis,  and  when  large  tumors  are  present. 
Gigantism  is  quite  different  from  this.  Properly 
understood,  it  implies  not  a  mere  increase  in  the 
bulk  of  any  tissue  or  group  of  tissues,  but  rather  an 
abnormal  increase  in  the  size  of  the  body  as  a  whole, 
due  to  some  peculiar  and  inherent  nutritive  disturb- 
ance. The  term  macrngcnrsy  would  perhaps  most 
correctly  designate  the  condition. 

Gigantism  manifests  itself  in  an  excessive  growth 
of  the  bones,  more  especially  in  the  direction  of  length, 
but  also  to  some  extent  in  thickness.  The  long  bones 
are  most  noticeably  involved,  but  all  the  bones  of  the 
body  may  be  to  some  degree  affected.  With  this 
there  is  a  corresponding  increase  in  size  of  the  nerves, 
vessels,  and  soft  tissues  generally.  The  most  striking 
and  constant  feature  in  giants,  however,  is  their  great 
height.  The  deviation  in  weight  is  less  apparent,  is 
usually  less  and  rarelj'  more  than  the  increase  in 
height  would  warrant. 

From  a  pathological  standpoint  gigantism  belongs 
to  the  group  of  tissue  hypertrophies,  of  which  there 
are  many  less  extreme  manifestations  than  the  com- 
jilete  giant.  Local  hypertrophies  of  undoubtedly 
devolopment.al  origin  are  not  infrequently  met  with, 
particularly  in  the  head  and  extremities.  In  the  case 
of  the  head  the  bones  of  the  cranium  and  face  are 
usually  involved,  giving  rise  to  an  extensive  and 
remarkable  deformity  Ueontiasis  ossea  of  \'irchow), 
the  exact  nature  of  which  is  somewhat  obscure  but 
appears  to  be  essentially  a  diffuse  hyperostosis.  The 
form  found  in  childhood  is  especially  common  in  the 
upper  limbs,  and  may  be  unilateral  or  bilateral. 
.\l)art  from  these  instances  of  local  gigantism,  which 
are  characterized  mainly  by  an  abnormal  increase  in 
the  bulk  of  the  affected  i);irt.  there  are  other  condi- 
tions, regarded  by  some  as  forms  of  gigantism,   in 
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which  the  excess  is  numerical,  as,  for  example,  poly- 
dactylism,  accessory  ribs  and  vertebrae,  and  super- 
numerary organs. 

Gigantism,  or  macrogenesy.  is  comparatively  rare  as 
a  congenital  anomaly.  Fuchs  in  the  extensive  mate- 
rial of  the  Lying-in  Hospital  at  Kiel  found  the  average 
weight  of  the  new-born  child  at  full  term  to  be  from  3 
to  3.5  kilograms,  figures  which  agree  accurately  with 
those  given  by  Thoma.  This  limit  was  not  often 
passed,  and  a  body  weight  of  5  kilograms  (11  pounds) 
was  of  the  greatest  rarity.  In  3,600  births  at  the 
Dublin  Rotunda  only  one  child  reached  5  kilograms. 
Ahlfeld  in  fifteen  years'  experience  met  with  no 
case  above  5.1  kilograms.  Spiegelberg  and  Wiener 
observed  two  infants  weighing  5.2  and  6  kilograms 
respectively.  Baudelocciue  in  many  j-ears  saw  only 
one  infant  that  reached  6.375  kilograms.  Fuchs 
has  described  in  detail  two  infants  that  weighed 
6.1  and  7.55  kilograms  and  measured  60  and 
65  centimeters  respectively.  The  most  extensive 
statistics  are  those  of  von  Winckel,  who  in  30,000 
births  found  no  child  reaching  6  kilograms;  in  17,000 
cases  at  Munich  only  5  were  found  weighing  from  5  to 
5.32  kilograms.  These  dimensions,  striking  as  they 
are,  have  been  considerable  .surpassed  by  some  found 
in  English  and  .4merican  literature.  Eddowes  men- 
tions the  birth  of  a  child  weighing  twenty-two  pounds 
two  ounces.  The  mother  was  thirty-three  years  of 
age,  and  had  previously  borne  two  children  of  large 
size.  Chubb  met  with  one  case  in  which  the  child 
weighed  twenty-one  pounds.  The  other  children  of 
the  family  were  exceptionall.v  large.  The  fact  that 
some  women  have  a  tendency  to  bear  large  children  is 
also  well  illustrated  by  an  observation  of  Dickinson's, 
where  a  woman  was  delivered  by  craniotomy  and 
evisceration  of  a  child  weighing  sixteen  pounds. 
Her  first  child  weighed  nine  pounds  and  her  second 
twenty.  Beach  records  the  birth  of  the  child  of 
Captain  Bates  and  Anna  Swann,  both  of  gigantic 
proportions,  which  weighed  twenty-three  pounds 
twelve  ounces.  Baldwin  quotes  the  case  of  a  woman 
who  after  having  three  miscarriages  finally  had  a  child 
weighing  twenty-three  pounds.  There  are  at  least 
ten  other  instances  on  record  of  new-born  children 
weighing  from  thirteen  to  twenty  pounds.  The  larg- 
est child  I  have  been  able  to  find  recorded  is  a  case  of 
Dubois,  which  attained  the  almost  incredible  weight 
of  11.3  kilograms  (2-4  pounds  13 j  ounces). 

As  will  readily  be  understood,  the  fate  of  giant  chil- 
dren is  often  an  untoward  one.  Not  infrequently 
they  die  in  the  later  months  of  gestation.  When 
brought  to  term,  they  have  to  be  delivered  by  opera- 
tive interference  of  some  kind,  and  are  often  still- 
born. It  is  an  interesting  fact  th.at  the  dvstocia  is 
brought  about,  not  by  the  head,  which  usuall.v,  unless 
hydrocephalic,  does  not  exceed  in  size  that  of  a  normal 
child,  but  by  the  size  of  the  trunk.  The  biacromial 
diameter  is  excessive.  In  Dubois'  series  of  forty-four 
cases  only  twenty-six  were  born  alive.  Children  of 
eight  kilograms  and  over  are  invariably  still-born. 
In  those  that  survive,  the  excessive  size  at  birth  is 
sometimes  compensated  for  by  Slow  growth  subse- 
cjuently,  but  the  pathological  nature  of  the  process  is 
sufficiently  indicated  by  the  fact  that  such  children 
often  grow  very  fast  and  attain  puberty  in  the  third 
to  the  sixth  year.  It  is  perh.aps  questionable  whether 
all  cases  of  precocious  development,  wherein  the  indi- 
vidual attains  the  structural  and  functional  charac- 
teristics of  the  adult  in  early  childhood,  are  to  be 
regarded  as  manifestations  of  gigantism.  'WTien 
associated  with  excessive  height  and  weight  no  doubt 
they  should  be.  Some  at  least  have  this  in  common 
with  gigantism  that  tliey  show  evidences  of  early 
senility.  Development  is  rapid  and  decay  is  prema- 
ture. Phlegmon  ("De  Mirabilibus,"  cap.  32)  is  the 
authority  for  the  statement  that  Craterus,  the  brother 
of  King  Antigonus,  was  an  infant,  a  young  man, 
married  and  begat  children,  and  became  an  old  man 
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in  the  short  space  of  seven  years.  In  1741  a  boy  was 
born  at  Willingham,  near  Cambridge,  who  when 
twelve  months  old  presented  all  the  appearances  of 
puberty  and  died  an  old  man  at  the  age  of  five  years 
(Philos.  Trans,  of  the  Royal  Soc.  of  London).  The 
subsecjuent  history  of  unusually  large  children  is  un- 
fortunately not  often  to  be  traced,  but  there  is  some 
slight  evidence  to  show  that  they  may  develop  into 
gigantic  adults.  Bonardi  reports  an  interesting  case 
which  throws  some  light  upon  this  point.  A  boy  at 
the  age  of  fifteen  had  the  size  and  development  of  an 
adult  male.  At  twenty-two  he  began  to  suffer  from 
pains  in  the  head  with  nausea,  and  soon  after  the  hands, 
feet,  maxilla;,  and  tongue  began  to  increase  in  size. 
At  the  age  of  twenty-nine  he  measured  194  centi- 
meters, and  presented  all  the  signs  of  acromegaly.  In 
other  instances,  too,  the  abnormal  increase  in  size  has 
been  known  to  begin  quite  early.  Gilbert  of  the  H6- 
pital  Broussais  met  with  an  individual  who  began 
to  grow  rapidly  after  an  attack  of  some  acute  fever 
in  his  earliest  infancy  and  eventually  attained  the 
height  of  196  centimeters.  The  American  giant 
Wilkins  began  to  grow  rapidly  at  the  age  of  four, 
and  reached  his  full  height  (245  centimeters)  at 
eighteen.  As  a  rule,  however,  the  excessive  growth 
does  not  become  in  evidence  until  some  time  between 
the  tenth  and  twentieth  years,  usually  with  the  onset 
of  puberty. 

The  student  of  ancient  lore  will  be  intere.sted  and 
amused  to  see  how  superstition  and  the  love  of  the 
marvellous  have  combined  to  render  many  of  the 
accounts  of  giants  that  have  come  down  to  us  thor- 
oughly unreliable.  Judging  from  these  stories,  the 
height  to  which  the  human  race  may  attain  has  varied 
between  wide  limits.  Pliny,  like  Augustine,  believed 
that  the  stature  of  mankind  had  deteriorated,  but  this 
is  not  substantiated  by  the  examination  of  such 
ancient  remains  as  we  possess.  The  rabbinical  legends 
teem  with  incredible  accounts  of  the  height  of  the 
various  Biblical  characters.  Adam's  height  was 
calculated  to  be  one  hundred  and  twenty-three  feet 
and  Eve's  one  hundred  and  eighteen.  According 
to  the  Biblical  account  the  bedstead  of  Og,  King  of 
Bashan,  was  nine  cubits  long.  Pliny  mentions  the 
giant  Gabbaras,  between  nine  and  ten  feet  high,  who 
was  brought  from  Arabia  by  the  Emperor  Claudius, 
and  states  further  that  the  remains  of  Posio  and 
Secundilla,  found  in  the  Sallustian  Gardens  in  the  time 
of  .\ugustus  Ciesar,  measured  each  ten  feet  three. 
Josephus  refers  to  a  Jew  nearly  eleven  feet  high,  who 
was  sent  as  a  hostage  to  Rome  by  the  King  of  Persia. 
Some  remarkable  stories  are  told  of  the  Emperor 
Maximin  (C.  Julius  Verus  Maximinus)  who  was  born 
in  173  in  one  of  the  frontier  villages  of  Thrace.  A 
shepherd  in  his  youth,  he  soon  became  noted  for  his 
extraordinary  height  and  strength.  He  took  part  in 
the  games  given  by  Septimus  Severus  to  celebrate 
the  occasion  of  the  birth  of  his  son,  and  overcame 
sixteen  of  the  most  powerful  wrestlers  without  taking 
breath.  The  Emperor  attached  him  to  his  own 
person  and  he  was  made  a  centurion  by  Caracalla. 
Capitolinus  says  that  he  was  a  finger's  breadth  over 
eight  feet  in  height.  His  thumb  was  so  large  that  he 
could  use  his  wife's  bracelet  for  a  ring.  He  stopped 
a  wagon  with  one  hand,  broke  the  jaw  of  a  horse  with 
a  blow  of  his  fist,  and  could  break  its  leg  with  a  kick. 
He  is  credited  with  eating  forty  pounds  of  meat  in  a 
day  and  used  to  drink  as  much  as  a  Capitoline  amphora 
(about  twenty-six  liters).  He  became  tribune  under 
Alexander  Severus,  and,  conspiring  against  him  later, 
was  elected  emperor.  He  reigned  for  three  years, 
execrated  for  his  cruelty,  and  was  finally  assassinated 
by  the  soldiers  in  238. 

Coming  to  more  recenMimes,  we  have  some  equally 
extraordinary  tales  brought  back  by  travellers. 
Magellan  is  said  by  some  to  have  given  the  name 
P.atagonia  to  the  country  he  discovered  because  its 
inhabitants  measured  five  cubits.     Lemaire,   in  de- 
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scribing  his  voyage  in  1G15  to  the  Straits  of  Magellan, 
states  that  at  Port  Desire  he  found  several  graves 
covered  with  stones  in  which  were  skeletons  of  men 
measuring  from  ten  to  eleven  feet.  More  recent 
travellers  have,  however,  found  the  Patagonians  to  be 
not  excessively  large;  in  fact  many  of  them  are  rather 
diminutive.  The  naturalist  Turner  believed  that  he 
saw  on  the  River  Plata  near  the  coast  of  Brazil 
savages  twelve  feet  high.  Accounts  more  marvellous 
still  are  given  of  giants  from  nineteen  to  thirty-six 
feet  high,  who  have  existed  at  various  time.s  in  Europe. 
These  are  based  on  the  discovery  of  bones  of  prodigious 
size,  which  were  erroneously  regarded  as  human.  In 
those  days  nothing  was  known  about  comparative 
anatomy,  and  the  remains  in  question  were  no  doubt 
those  of  some  of  the  lower  animals.  Sir  Hans  Sloane, 
in  an  elaborate  and  learned  disquisition  on  the  subject, 
came  to  the  conclusion  that  the  bones  referred  to 
were  parts  of  whales,  mastodons,  elephants,  or  other 
enormous  beasts,  although  he  thought  that  some  of 
the  stories  could  not  be  entirely  discredited.  It  is  a 
fact,  however,  that  in  more  recent  times,  when  such 
matters  are  much  more  narrowly  scrutinized,  no  such 
instances  of  excessive  height  can  be  substantiated. 
Buffon,  the  great  naturalist,  usually  a  reliable  author- 
ity, had  no  doubt  that  human  beingsi^had  existed  who 
were  from  ten  to  fifteen  feet  high.  It  is  not  until  we 
come  to  the  eighteenth  century  that  we  get  reliable 
data  as  to  the  height  of  giants.  According  to  Dana' 
not  more  than  100  giants  have  been  exhibited  in 
public  since  1700,  and  of  this  number  only  about 
twenty  were  said  to  have  been  over  eight  feet.  Tojjin- 
ard  measured  the  tallest  man  in  the  Austrian  army, 
and  found  him  to  be  eight  feet  four  and  a  half  inches. 
Winckelmeyer  was  eight  feet  six  inches.  Marianne 
Wehde,  a  more  recent  German  giantess,  was  eight 
feet  four  and  a  half  inches  when  sixteen  and  a  half 
years  old.  In  view  of  these  observations  we  mu.st 
seriously  question  whether  any  human  being  has  ever 
exceeded  nine  feet  m  height.  Quite  a  number  of 
giants  have  been  recorded  who  measured  between 
seven  and  eight  feet,  but  above  this  limit  the  cases  are 
extremely  few.  The  history  of  these  is  often  extremely 
interesting.  Queen  Elizabeth's  porter,  whose  por- 
trait, painted  bj-  Zucchero,  is  now  in  Hampton  Court 
Palace,  was  seven  feet  six  inches  high.  Walter 
Parson,  the  porter  of  James  I.,  was  as  big.  William 
Evans,  the  porter  of  Charles  I.,  was  about  eight  feet 
high.  Cromwell's  porter,  Daniel,  who  died  a  lunatic, 
attained  the  height  of  seven  feet  six.  In  the  reign  of 
George  I.,  an  Englishman,  seventeen  years  old  and 
eight  feet  tall,  was  exhibited  at  the  Bartholomew 
Fair  at  Smithtield.  "Big  Sam,"  the  porter  at  Carle- 
ton  Place  when  George  IV.  was  Prince  of  Wales,  was 
eight  feet  in  height.  In  a  Dutch  village  in  1712  there 
died  a  fisherman  called  Gerrit  Bastiaansen,  who 
measured  eight  feet  and  weighed  500  pounds. 
As  a  contrast  to  this  we  may  cite  a  giant  who  was 
exhibited  at  St.  Petersburg  in  1829,  who  measured 
eight  feet  eight,  but  withal  was  thin  and  emaciated. 

One  of  the  most  celebrated  giants  was  Cornelius 
AIcGrath,  whose  skeleton  is  now  in  the  museum  of 
Trinity  College,  Dublin.  He  was  born  in  1736  in  the 
county  of  Tipperary.  His  parents  and  the  other 
members  of  the  family  were  of  ordinary  size.  After 
.the  age  of  fifteen  he  began  to  suffer  from  violent  pains 
in  the  limbs  and  began  to  grow  rapidly.  At  the  age 
of  sixteen  he  was  six  feet  nine.  In  1753,  six  months 
later,  when  he  first  exhibited  in  public  he  measured 
seven  feet  three  inches  in  his  stocking  feet.  It  is 
said  that  he  was  ungraceful  in  appearance,  of  low 
intelligence,  and  spoke  in  a  childish  manner.  He 
died  at  the  early  age  of  twenty-four.  His  skeleton 
measures  seven  feet  eight  inches. 

John  Middleton,  called  the  "Child  of  Hale,"  was 
born  in  1752  at  Hale  in  Lancashire.  His  portrait  is 
preserved  in  Brazenose  College.  He  is  said  to  have 
measured  nine  feet  three  inches. 


O'Brien  or  Byrne,  the  "Irish  Giant,"  is  celebrated 
not  only  for  his  great  height,  but  for  his  connection 
with  the  distinguished  anatomist  John  Hunter. 
Hunter  was  particularly  anxious  to  secure  his  body 
and  made  the  most  extraordinary  exertions  to  obtain 
it.  O'Brien  was  aware  of  this  desire  on  the  part  of 
the  anatomist  and  wa.s  corre.spondingly  averse  to 
being  "set  up"  as  a  specimen.  Shortly  before  his 
death,  which  occurred  at  the  age  of  twenty-two, 
O'Brien  bribed  some  of  his  friends  to  take  his  body, 
and  after  weighting  it  with  lead  to  sink  it  in  the  sea. 
The  undertaker,  however,  who  had  been  previously 
interviewed  by  Hunter,  managed  to  have  the  coffin 
locked  up  in  a  barn  while  the  escort  was  refreshing 
at  an  inn.  Thereupon  some  men,  stationed  there 
for  the  purpose,  substitut-ed  an  equal  weight  of  paving 
stones  for  the  body  which  was  forwarded  that  night 
to  Hunter.  He  took  it  in  his  carriage  to  Earl's  Court, 
where  it  was  immediately  preparect.  It  is  estimated 
that  it  cost  nearly  five  hundred  pounds  to  secure  the 
body.  O'Brien  is  said  at  the  time  of  his  death  to  have 
been  eight  feet  four  inches  high.  His  skeleton,  how- 
ever, measures  only  seven  feet  seven.  It  is  now, 
together  with  the  kettle  in  which  the  body  was  boiled, 
in  the  museum  of  the  Royal  College  of  Surgeons  in 
London. 

The  successor  of  O'Brien,  Patrick  Cotter,  who  for  a 
time  pxhiljited  under  his  name,  was  born  in  1761.  At 
his  death,  which  occurred  at  the  age  of  forty-five,  he 
is  variously  estimated  to  have  been  from  eight  feet 
one  to  eight  feet  seven  in  height.  At  one  time  he  was 
examined  by  Dr.  William  Blair,  who  found  him  to 
measure  about  seven  feet  ten.  He  was  badly  pro- 
portioned, and  looked  like  a  weakly  or  even  imbecile 
person.  His  forehead  was  low,  his  pulse  feeble,  his 
voice  weak,  and  he  suggested  in  apjjearance  a  sickly 
child    that   had   grown   too   fast. 

Robert  Hale,  the  "Norfolk  Giant,"  who  died  at 
Yarmouth  in  1843  at  the  age  of  forty-three,  was 
seven  and  a  half  feet  high  and  weighed  452  pounds. 

Among  the  better  known  of  the  exhibited  giants 
were  Captain  Bates,  of  Kentucky,  and  his  wife,  Anna 
Swann,  of  Nova  Scotia.  Captain  Bates  enlisted  in 
the  Southern  army  at  the  beginning  of  the  American 
Civil  War,  being  readily  accepted  on  account  of  his 
size,  although  he  was  only  sixteen  years  of  age.  By 
the  end  of  the  war  he  had  attained  the  height  of  seven 
feet  two  and  a  half  inches.  Ho  gradually  increased 
in  weight  also  until  he  turned  the  scale  at  450  pounds. 
While  in  England  in  1871  he  married  at  St.  >Iartin's- 
in-the-Fields  Miss  .Vnna  Swann,  who  measured  seven 
feet  five  and  a  half  inches.  On  neither  side  were  the 
parents  of  more  than  ordinary  stature. 

Chang,  a  celebrated  Chinese  giant,  died  at  Bourne- 
mouth in  1896,  at  the  supposed  age  of  fifty-one.  He 
was  upwards  of  eight  feet  high. 

At  the  Alhambra  in  London  in  1882  was  exhibited 
the  "Queen  of  the  Amazons,"  who  was  eighteen  years 
old,  and  measured  eight  feet  and  half  an  inch. 

The  giant  Turner,  studied  by  Gushing  in  1910,  was 
eight  feet  three  inches  (after  death)  and  weighed  275 
pounds. 

We  owe  much  of  our  present  knowledge  of  the  proc- 
esses of  growth  and  tlevelopment  to  the  epoch-making 
work  of  Winslow,  HaUer,  Meckel,  and  the  Saint-Hil- 
aires,  father  and  son.  Although  of  late  the  interest 
of  scientific  men  has  been  somewhat  revived  in  the 
subject  we  cannot  as  yet  be  said  to  have  attained  final- 
ity, though  we  are  beginning  to  a|>prehend  more  fully 
the  nature  of  the  problems  involved.  We  are  now 
reahzing  the  fact  that  growth  an<i  development  are  a 
very  complicated  matter.  We  see,  for  instance,  that 
we  must  draw  a  distinction  between  mere  growth,  or 
what  m.a.v  be  called  vegetative  force,  function,  and 
reproductive  power.  These  three  factors  are  more  or 
less  correlated,  but  the  correlation  often  varies  both 
in  kind  and  in  degree.  Certain  cells  are  specialized 
for  growth,  others  for  function,  others  for  prolifera- 
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tion.  All  cells  may  at  some  time  in  their  life  history 
be  specialized  in  one  or  other  of  these  directions 
according  to  the  demands  made  upon  them,  but  they 
cannot  be  specialized  in  all  three  directions  to  the  same 
extent  at  the  same  time.  Thus  a  cell  that  is  about  to 
divide  ceases  to  grow  and  enters  into  a  resting  stage 
before  mitosis  occurs.  And  other  illustrations  might 
be  given.  Moreover,  what  is  true  of  the  cell  is  true  of 
the  community  of  cells  known  as  the  individual.  Up 
to  a  certain  period  of  life  the  forces  of  the  body  are  con- 
centrated toward  the  main  object  of  growth.  Later, 
function  becomes  more  in  evidence.  Last  of  all  the 
power  of  reproduction  becomes  established  and  per- 
fected. In  gigantism  disturbance  of  growth  in  the 
direction  of  increased  stature  and  weight  is  the  pre- 
dominant feature,  but,  as  we  shaU  see,  this  does  not 
occur  as  a  rule  without  exacting  a  corresponding 
penalty  in  the  degradation  of  the  general  bodily 
functions  and  the  power  of  reproduction.  The 
causes  which  lead  to  this  result  may  be  inherent  in 
the  germ  cells  so  that  they  make  their  influence  felt 
quickly  in  the  construction  of  the  organism,  or  they 
may  become  operative  subsequently  to  fertilization 
and  segmentation  of  the  ovum,  either  during  intra- 
uterine life  or  after  birth.  These  influences  ma.v, 
further,  be  exerted  upon  the  body  as  a  whole  or  on 
some  part  of  it.  There  is  therefore  a  family  relation- 
ship between  gigantism,  dwarfism,  and  the  various 
malformations  and  monstrosities.  In  both  dwarfism 
and  gigantism,  which  are  not,  as  might  at  first  sight 
be  supposed,  perfect  opposites  one  of  the  other,  there 
is  not  merely  an  inhibition  or  an  exaggeration  of  the 
normal  processes  of  growth,  but  in  the  vast  majority 
of  cases  something  more,  namely,  a  perversion  of 
growth.  In  the  normal  infant  at  birth,  the  head  and 
trunk,  but  particularly  the  head,  are  relatively  large. 
As  the  time  of  puberty  approaches  the  picture  changes. 
Growth  is  rapid  and  irregular.  The  limbs  are  now 
disproportionately  large,  the  hands  and  feet  being 
especially  prominent.  To  u.se  a  common  expression 
the  child  has  become  the  hobbledehoy.  Only  in  the 
later  period  of  puberty  does  the  trunk  enlarge,  the 
figure  consolidate,  until  the  perfect  proportions  of  the 
adult  are  attained.  There  is  a  striking  parallel  be- 
tween the  hobbledehoy  stage  and  what  we  find  in 
gigantism.  In  giants,  growth  is  also  disproportionate 
and  irregular.  The  head  is  often  small,  or  at  least 
about  the  same  size  as  the  head  of  a  normal  youth  or 
adult  of  the  same  age;  the  increase  in  height  is  mainly 
due  to  the  excessive  growth  of  the  lower  extremities  as 
compared  with  rest  of  the  body.  Here,  however,  the 
parallel  ceases.  Giants  are  often  weakly  rather  than 
strong;  the  sexual  organs  are  apt  to  be  badly  developed, 
and  the  sexual  proclivities  are  .sluggish  or  delayed. 
They  are  liable  to  contract  di-sease  and  show  signs  of 
premature  senility;  in  fact  the}'  rarely  reach  middle 
life.  Dwarfs,  on  the  contrary,  are  long-lived.  They 
frequently  have  the  relatively  large  head  of  the  infant, 
with  evidences  of  delayed  ossification  of  the  cartilages, 
and  genital  inadequacy,  facts  which  have  caused  many 
to  regard  dwarf  growth  as  really  infantilism.  Unlike 
the  giants  they  frequently  possess  average  or  more  than 
average  mental  powers.  It  is  clear  that  in  both  gigan- 
tism and  dwarfism  the  disturbance,  whatever  it  is, 
manifests  itself  mainly  in  the  rate  and  extent  of  the 
growth,  but  still  to  a  noteworthj-  degree  in  disordered 
function.  And  it  is  not  merely  the  process  of  ossifica- 
tion that  is  at  fault  but  the  body  as  a  whole — bones, 
soft  parts,  and  internal  organs — is  involved.  Never- 
theless the  disturbance  of  ossification  appears  to  lie 
the  controlling  force,  for  it  undoubtedly  dominates  the 
picture. 

Normally,  the  growth  of  bone  depends  on  the  ac- 
tivity of  certain  specialized  cells — the  osteoblasts — 
which  are  chiefly  situated  in  the  deeper  laj'ers  of  the 
periosteum,  at  the  extremities  of  the  bones,  and  along 
the  interosseous  sutures.  Growth  in  thickness  takes 
place  from  subperiosteal  osteoplasia;  growth  in  length 
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is  due  to  the  influence  of  the  osteoblasts  in  the  spongy 
ends  of  the  bones  and  in  the  epiphyseal  cartilages. 
Inhibition  or  exaggeration  of  stature  is  diie  in  the 
main  to  dystrophic  changes  at  the  extremities  of  the 
long  bones,  although  subperiosteal  osteogenesis  is  also 
to  some  extent  interfered  with.  The  results  depend 
not  only  on  the  inherent  vegetative  forces  at  work  in 
the  cells,  but  on  the  condition  of  the  epiphyseal  discs. 
So  long  as  the  discs  are  movable,  growth  in  length  of 
the  bone  is  possible.  This  is  interestingly  borne  out 
b.v  recent  investigations  with  the  a;-rays  in  certain 
forms  of  anomalous  growth. 

In  acromegaly,  where  the  increase  of  size  of  the 
bones,  notably  at  the  distal  ends,  is  in  breadth  and 
thickness,  rather  than  in  length,  there  is  complete 
union  or  synostosis  of  the  epiphyses.  With  regard  to 
giants  we  unfortunately  have  no  extended  information 
on  this  point,  but  I  think  we  may  fairly  infer  that, 
while  growth  is  in  excess,  epiphyseal  synostosis  is  absent 
ordelayed.  Gushing  has  studied  a  giant  (Turner),  who 
was  thirty-six  years  of  age.  He  presented  little  or  no 
sign  of  acromegaly,  and  the  epiphyseal  line  at  the  lower 
end  of  his  radius  was  distinctly  visible  on  the  skiagram. 
Cases  are  also  recorded  where  giant  growth  has  sud- 
denly supervened  in  cjuite  young  children,  in  whom  it  is 
almost  a  certainty  tliat  the  epiphyses  were  ununited. 
Contrariwise,  cases  are  reported  of  acromegaly  in 
young  persons,  a  girl  of  nineteen  (Claude)  and  a  girl 
of  fourteen  (Franchini  and  Giglioli),  in  whom  luiion 
of  the  epiphyses  was  demonstrated.  Joachimsthal 
found  in  some  lilliputians  that  he  examined  that  the 
bone  formation  was  delayed,  and  the  condition  of  the 
discs  and  of  the  bone  generally  was  strictlj-  comparable 
to  th.at  found  in  the  child,  although  the  subjects  were 
in  the  neighborhood  of  thirty  years  of  age.  Hof- 
meister  also  in  cretinism  found  that  the  epiphyseal 
discs  persisted  for  a  long  time,  and  that  the  epijjhyseal 
ends  of  the  bones  grew  slowly.  In  chondrodystrophia 
foetalis  an  ingrowth  of  periosteum  has  in  some  cases 
been  observed  between  the  disc  and  the  end  of  tlie 
bone.  The  significance  of  this  is  not  cjuite  clear. 
The  importance  of  the  condition  of  the  epiphyseal 
discs  in  modifying  the  extent  and  the  direction  of  the 
growth  is  also  prettilv  illustrated  by  the  observation 
of  Lorain,  who  found  in  some  cases  of  dwarfism  {pre- 
mature ossification  and  union  of  the  epiphyses. 

In  our  discussion  of  growth  and  its  anomalies  so  far 
we  have  contented  ourselves  mainly  with  freeing  the 
subject  from  entanglements,  and  so  to  .speak  preparing 
the  ground  for  action.  When  we  come  to  consider  the 
more  remote  factors  concerned  in  the  cjuestion  of 
growth  we  find  ourselves  in  a  much  more  difficult 
position.  As  we  do  not  know  what  life  is  we  can 
apprehend  its  methods  and  its  manifestations  onlv  in 
an  imperfect  way.  Many  of  our  ideas,  therefore, 
have  to  be  based  upon  inference  rather  than  direct 
proof. 

The  part  played  b.v  heredity  in  gigantism,  as  in  other 
anomalies  of  development,  is  of  considerable  interest 
and  importance.  This  factor  might  be  expected  to  be 
more  prominent  in  cases  of  congenital  gigantism,  and 
as  a  matter  of  fact  it  is  so,  but  its  influence  cannot  be 
overlooked  in  the  other  forms.  It  is  a  matter  of 
common  observation  that  parents  transmit  their 
tendencies  and  peculiarities  to  their  offsjiring,  and 
moreover  these  peculiarities  may  be  traced  through- 
several  generations;  in  fact  they  may  become  familial 
or  racial  characteristics.  This  law  manifests  itself  in 
many  ways,  in  the  size  and  configuration  of  the  body, 
in  the  color  of  the  skin,  the  mentality,  habits,  the 
susceptibility  to  disease,  and  in  many  minor  traits. 
The  peculiarities  derived  from  the  paternal  and 
maternal  sides  may  be  of  such  a  nature  .as  to  neutralize 
one  another,  or  again  they  may  unite  their  forces  to 
produce  an  exaggerated  effect,  an  effect  so  pronounced 
as  to  be  marked  at  once  as  an  anomaly.  With  regard 
more  particularly  to  gigantism,  we  do  not  meet  with 
the  anomaly  as  a  rac.a    characteristic  .at  the  present 
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day.  At  most  we  can  say  that  some  races  tend  to  be 
tall  and  large,  while  others  are  small  or  even  dwarfed. 
If  the  ancient  accounts  are  to  be  believed  giant  peoples 
have,  however,  existed.  Whatever  stress  we  may  lay 
upon  this,  at  the  present  time  gigantism  is  a  sporadic 
affection.  It  is  a  suggestive  and  striking  fact  that 
once  the  tendency  toward  gigantism  is  acquired  it  is 
apt  to  crop  out  at  various  times  in  the  same  lineal 
descent,  exemplifying  the  law  of  atavism.  Again  it 
may  often  be  noted  that  more  than  one  of  the  children 
of  the  same  household  will  be  affected.  A  number  of 
cases  might  be  quoted  to  illustrate  these  points.  In 
Dickinson's  case  mentioned  above,  a  woman  bore  three 
children  who  weighed  nine,  twenty,  and  sixteen  pounds 
respectively.  Fuchs' case  was  a  IX-para.  Her  sixth 
child  weighed  6  kilograms,  her  eight  6.1,  and  herninth 
7.55.  Her  other  children  had  also  been  heavy.  The 
same  thing  has  been  noted  by  other  observers.  Gou- 
lart  refers  to  a  Polish  giant  who  was  exhibited  in 
Paris  in  1571,  and  was  so  tall  that  in  a  lofty  room  lie 
could  touch  the  ceiling  with  his  head.  He  was  married 
and  had  a  son  who  promised  to  be  as  tall  as  he  was. 

James  Toller,  exhibited  in  London  in  1815,  was 
seven  feet  nine  inches  high.  His  parents  were  of 
normal  build,  but  he  had  two  sisters  of  gigantic 
stature.  Louis  Frenz,  a  French  giant,  who  was  born 
in  1800,  and  measured  seven  feet  six,  had  two  sisters 
as  tall  as  he  was  and  one  brother  who  was  much  larger. 
The  family  history  of  Robert  Hales,  "the  Norfolk 
giant,"  is  also  quite  striking.  His  father  was  .six  feet 
and  a  half,  his  mother  six  feet,  in  height.  One  of  his 
ancestors,  who  lived  in  the  reign  of  Henry  VIII., 
measured  eight  feet  eight  inches.  Hales  had  five 
sisters  who  averaged  six  feet  three  and  four  brothers 
who  averaged  six  feet  six.  The  tallest  of  the  sisters 
died  at  the  age  of  twenty,  measuring  seven  feet  two. 
Captain  and  Mrs.  Bates,  both  over  seven  feet,  had  a 
child  which  is  almost  the  largest  on  record.  One  of 
the  sisters  of  Chang,  the  Chinese  giant,  was  even  taller 
than  he  was,  measuring  eight  feet  four. 

These  facts  suggest  that  this  anomaly  of  growth  is 
due  to  peculiarities  inherent  in  the  germinal  cells  of  the 
parents.  This  view  is  supported  bv  the  observations 
of  Engel-Reimers,  who  has  emphasized  the  fact  that 
excessive  muscular  development,  the  so-called  "ath- 
letic habitus,"  appears  to  be  due  to  an  abnormal 
hereditary  predisposition  and  not  to  hypertrophy 
from  functional  overactivity.  This  is  well  borne  out 
by  the  physical  condition  in  new-born  giant  children. 
They  frequently  present  the  athletic  habit.  The 
head  is  about  the  size  of  that  of  the  nornuil  infant, 
but  the  trunk  is  massive.  Now  this  hypertrophv,  if 
we  can  call  it  such,  is  clearly  not  due  to  mechanical 
work  nor  to  compensation,  nor  to  the  other  ordinary 
causes  of  overgrowth.  It  must  be  due  to  some  dis- 
turbance of  nutrition.  The  relative  importance  to  be 
attached  to  peculiarities  of  the  male  and  female  germ 
cells  is  still  in  doubt,  for  in  the  recorded  cases  we  rarely 
have  any  statement  as  to  the  physical  condition  and 
development  of  the  father.  From  the  instances  cited 
it  is  evident  that  both  germinal  elements  may  play  a 
part.  But  it  is  equall.v  evident  that  some  idiosyncrasy 
in  the  maternal  organism  alone  is  sufficient  to  produce 
the  result.  In  Fuchs'  case,  for  instance,  the  father  is 
noted  as  having  been  in  a  poor  state  of  nutrition. 
This  has  led  Werth  to  suggest  that  the  tendency  to 
produce  large  children  is  due  to  an  inherent  peculiarity 
of  the  ovum,  possibly  to  its  large  size.  However  this 
maj'  be,  we  have  sufficient  evidence  to  show  that  large 
size"  on  the  part  of  one  or  both  parents  is  not  necessary 
to  produce  the  result  in  question.  Yet  it  seems 
probable  that  physical  superiority  in  the  mcither,  if 
not  in  height,  at  least  in  physical  constitution  and 
nutrition,  is  an  important  etiological  factor.  In  178 
cases  of  large  and  giant  children  coU.ated  by  Fuchs, 
166  mothers  are  noted  as  being  of  more  than  usually 
strong  physical  development  aad  nutrition.  The 
remaining  12  were  weakly,  but  in  no  case  did  their 
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children  exceed  4. .36  kilograms  in  weight,  a  size 
which,  according  to  our  adopted  .standard,  cannot  be 
regarded  as  gigantic.  In  view  of  this  fact  we  see  that 
the  influence  of  maternal  development  and  nutrition 
assumes  considerable  importance.  Exceptions  to 
this,  however,  occur.  In  a  case  cited  by  Dubois,  a 
woman  with  extensive  tuberculosis  gave  birth  to  a 
child  weighing  6.3;i6  kilograms,  and  another  with 
severe  diabetes  had  a  child  of  thirteen  and  a  half 
pounds.  Two  possibilities  must  evidently  be  con- 
sid(^red  in  this  connection,  a  primary  peculiarity  of  the 
ovum  or  sperm  cell,  or  both,  and  a  condition  of  in- 
creased intrauterine  nutrition.  The  influence  of 
peculiarities  of  the  primitive  germinal  cells  would 
jjcrhaps  be  best  illustrated  by  instances  of  the  atavistic 
manifestation  of  gigantism,  or  in  those  cases,  like  that 
of  Dubois,  in  which  the  maternal  organism  wa.s  con- 
spicuously weak,  for  in  the  latter  case  increased  intra- 
uterine nutrition  could  obviously  play  no  part. 
Some  of  the  forms  of  minor  terata,  such  as  polydac- 
tylism,  are  no  doubt  also  of  this  nature.  Polydactyl- 
i.sm  has  been  known  to  run  through  a  family  for  three 
four,  or  even  five  generations,  being  eradicated  only 
in  process  of  time  by  marriage  with  normal  persons. 
Curiously  enough  polydactylism  has  been  found 
associated  both  with  dwarfism  and  with  gigantism. 

Intrauterine  nutrition  is  undoubtedly  a  factor  of 
considerable  importance.  In  the  article  on  Nanism. 
or  Nanosomia  in  this  work  the  role  played  by  intra- 
uterine malnutrition  in  the  causation  of  inhibited 
growth  is  dealt  with  at  some  length.  Here  s\-philLs, 
alcoholism,  and  tuberculosis,  together  with  lesions 
resulting  in  interference  with  the  free  circulation  of 
blood  through  the  placenta,  are  of  importance.  Con- 
versely, an  overplus  of  nutritive  energy  might  be 
expected  to  produce  its  effect  upon  the  fruit.  In  this 
connection  we  have  to  take  into  account  the  condition 
and  surroundings  of  the  mother  during  pregnancj'. 
Pinard  compared  the  average  weight  of  500  new-born 
children  whose  mothers  had  worked  up  to  the  time  of 
delivery  with  that  of  the  same  number  of  children 
whose  mothers  had  rested  during  the  later  weeks  of 
pregnancy.  He  found  a  notable  superiority  in  weight 
and  nourishment  in  the  offspring  of  the  latter  class. 
In  a  similar  inquiry  Bachimontin  a  series  of  4,445 
observations  found  the  excess  in  weight  for  the  latter 
class  of  children  to  be,  on  the  average,  .'iOO  grams.  In 
this  particular  it  should  be  remarked  that  verj-laree 
children  lead  perforce  to  a  condition  of  complete 
inactivity  and  inertia  on  the  part  of  the  women 
Ijregnant  with  them.  This  of  course  means  rest  which 
tends  to  increase  in  turn  the  size  of  the  child.  Thus  a 
vicious  circle  is  induced.  The  importance  of  intra- 
uterine nutrition  in  modifying  the  weight  of  the  fruit 
is  well  illustrated  by  the  good  effect  of  dieting  in  those 
cases  in  which  a  woman  has  either  a  tendency  to 
produce  large  children  or  else  has  some  contraction  of 
the  pelvis.  By  this  procedure  it  has  been  found 
possible  to  deliver  such  a  mother  of  a  living  child. 

It  has  been  thought  by  some  that  mothers  in  whom 
the  function  of  menstruation  was  established  early 
were  more  likely  to  have  larger  children  than  others, 
apparently  on  the  theory  that  such  persons  \yere 
possessed  of  greater  re|)roductive  energy.  Negri  on 
the  basis  of  3.33  observations  has  stated  that  the 
children  of  mothers  who  began  to  menstruate  early 
wcre  both  larger  and  heavier  than  the  offspring  of 
those  whose  menstruation  was  late  in  coming  on. 
This  has  not  been  confirmed,  however,  by  other 
observers.  The  point  can  probably  not  be  decided 
until  more  studies  on  the  subject  are  forthconving. 
It  is,  nevertheless,  true,  so  far  as  the  records  go,  that 
large  children  are  more  likely  to  be  borne  bv  those 
who  are  at  the  height  of  rei>roductive  activity  and 
who  have  had  previous  children.  In  elucidation  of  this 
point  we  may  perhaps  quote  Fuchs'  statistics.  In 
176  of  his  cases,  already  referred  to,  the  age  was 
ascertained.     These     were     divided     as     follows:  I. 
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Under  twenty  j'ears,  5;  of  this  number  5  were  jjrimi- 
parffi.  II.  Twenty  to  twenty-five  years,  72;  of  this 
number  18  were  primipane.  III.  Twenty-six  to 
thirty-five  years,  75;  of  this  number  2  were  primipara;. 
IV.  Thirty-six  to  forty-eight  years,  24;  of  this  number 
none  were  primipara-. 

Between  the  ages  of  twenty  and  thirtj'-five,  the 
years  of  the  greatest  sexual  activity,  the  number  of 
large  children  was  greatest.  Now,  taking  the  third 
class,  we  find  that  only  2.6  per  cent,  were  primipara;. 
If  these  results  be  compared  with  those  obtained  from 
a  series  of  1,000  normal  births,  in  342  of  which  the 
mothers  belonged  to  the  third  age  period,  it  will  be 
found  that  there  were  .57  primipara",  a  proportion  of 
10.9  per  cent.  This  corroborates  the  observation 
made  a  little  while  ago  that  certain  women  show  a 
tendency  to  ))roduoe  large  children,  or  in  other  words 
that  the  tendency  once  manifested  tends  to  perpetuate 
itself. 

Some  attention  had  been  directed  to  the  subject  of 
prolonged  gestation  and  its  effect  in  producing  large 
children.  The  statistics  seem  to  show  that  this  factor 
has  a  certain  amount  of  importance,  but  it  is  probably 
effective  only  when  combined  with  other  causes.  It 
does  not  seem  to  me,  however,  that  it  is  justifiable  to 
place  cases  of  this  kind  in  the  same  category  with 
giant  growth.  If,  for  example,  a  child  is  retained 
within  the  uterus  for  308  days  instead  of  280,  it  is 
practically  in  the  same  position  as  an  infant  one 
month  old,  due  allowance  being  made  for  differences 
between  intrauterine  and  extrauterine  modes  of 
nourishment.  Such  a  child  would  derive  no  perma- 
nent advantage  from  its  prolonged  retention  within 
the  uterus,  and  would  probably  develop  later  much 
as  other  chOdren  do.  In  other  words,  the  vitium  of 
excessive  growth  is  not  inherent.  Unfortunately 
many  of  these  points  we  have  touched  upon  cannot  be 
verified  by  any  large  series  of  observations.  Gigan- 
tism in  the  first  place  is  much  rarer  than  dwarfism. 
Then  the  majority  of  giant  children  are  still-born. 
Even  those  cases  in  which  giant  growth  manifests 
itself  later  in  life  are  beset  with  difficulties.  The 
number  of  carefully  made  studies  is  not  great  and 
prolonged  observation  is  rarely  possible,  not  only 
from  the  fact  that  giants  are  apt  to  die  early,  but  on 
account  of  their  nomadic  kind  of  life. 

In  deahng  with  the  question  of  heredity  we  have 
adduced  numerous  facts  to  show  its  importance  in  the 
causation  of  anomalous  forms  of  growth.  The  influ- 
ence of  this  factor,  while  perhaps  more  direct  and 
striking  in  the  case  of  giant  births,  is  nevertheless,  as 
we  have  shown,  to  be  taken  into  account  in  the  post- 
natal forms. 

But  besides  this  we  have  to  consider  the  bearing  of 
internal  metabolism  on  the  subject.  The  more 
recent  work  done  on  cretinism  and  the  results  of  the 
experimental  removal  of  the  thyroid  gland  have 
taught  us  that  a  condition  of  athyroidea,  which 
undoubtedly  acts  by  perverting  the  metabolic  proc- 
esses of  the  organism  involved,  has  a  profound  effect 
on  the  function  of  growth  and  development,  namely, 
in  the  direction  of  inhibition.  In  that  other  most 
remarkable  perversion  of  growth,  acromegaly,  where 
there  are  enlargement  and  deformity  of  the  body,  or 
excessive  growth,  gross  lesions  of  the  pituitary  body 
have  been  found.  Disorders  of  internal  secretion 
obviously  are  of  great  importance. 

The  general  resemblance  between  acromegaly  and 
gigantism  has  led  to  the  promulgation  of  the  view 
that  the  two  conditions  are  one  and  the  same  thing, 
and  the  controversy  over  this  point  has  waxed  hot  and 
heavy.  Without  being  prejudiced  on  either  side,  I 
think  that  the  careful  observer  cannot  fail  to  be  im- 
pressed with  the  parallelism  which  exists  between  the 
two  affections.  Brissaud  and  Meige  have  been  the 
chief  exponents  of  the  identity  theory,  whOe  Marie, 
who  first  differentiated  acromegaly  as  a  disease  entity, 
though  he  has  somewhat  receded  from  his  first  position 
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that  acromegaly  and  gigantism  are  entirely  distinct, 
has  not  been  entirely  convinced  by  the  arguments 
adduced  against  his  position. 

Marie  in  his  first  studies  on  acromegaly  summarized 
it  as  a  peculiar  affection,  characterized  by  a  massive 
hypertrophy  of  the  bones  of  the  extremities  and  the 
extremities  of  the  bones.  He  arlmitted  that  a  number 
of  cases  had  been  confounded  with  gigantism,  for  the 
reason  that  attention  had  been  directed  to  the  ex- 
cessive height  to  the  exclusion  of  the  less  obtrusive 
signs,  while  the  disease  in  those  of  normal  stature 
had  been  overlooked.  Shortly  after,  Guinon,  follow- 
ing Marie's  lead,  took  the  same  position  that  the  two 
affections  were  essentially  different,  on  the  ground  that 
as  our  knowledge  had  increased  it  had  to  be  recognized 
that  persons  with  acromegaly  were  by  no  means 
always  gigantic;  in  fact  they  were  often  below  the 
average  height,  and  again  that  the  configuration  of 
the  body  was  different  in  both.  The  various  parts  of 
the  face  and  limbs  preserved  their  normal  proportions 
in  gigantism  while  the  course  of  the  two  affections 
was  different.  Guinon  even  went  so  far  as  to  state 
that  gigantism  is  as  a  rule  simply  an  exaggeration  of  a 
normal  process,  while  acromegalj'  is  a  disease.  It  is 
undoubtedly  a  fact  that  typical,  or  what  we  might 
call  "text-book"  cases  of  the  two  affections  present  an 
entirely  different  picture.  There  have  been  some 
giants  that  presented  none  of  the  morphological 
characteristics  of  acromegaly,  as  there  have  been 
persons  with  acromegaly  that  were  not  giants.  It 
ought  to  be  unnecessary,  however,  to  point  out  that 
even  the  best-known  diseases  present  at  times  wide 
variations  from  the  type.  The  case  of  typhoid  fever, 
for  in.stance,  need  only  be  mentioned.  This  being 
the  case  it  by  no  means  follows  that  two  disea.ses,  at 
first  sight  dissimilar,  have  nothing  in  common,  or 
even  that  they  are  not  due  to  the  same  cause.  The 
point  may  be  further  illustrated  by  the  history  of 
cretinism  and  myxedema.  At  one  time  it  was  believed 
that  these  conditions,  which  in  many  ways  are  so 
unlike  one  another,  at  least  to  superficial  examination, 
were  distinct  disea.ses.  More  careful  study  has,  how- 
ever, shown  that  both  depend  on  a  condition  of  athy- 
roidea, and  few  will  be  found  now  to  deny  that  cretin- 
ism and  myxedema  are  one  and  the  same  thing.  The 
modifying  factor  has  been  found  to  be  the  age  and  the 
concomitant  stage  of  development  of  the  affected 
individual.  If  athyroidea  becomes  manifest  in  in- 
fancy before  the  bony  skeleton  is  consolidated  we  get 
cretinism.  If  it  develop  later,  when  the  bony  skeleton 
is  complete,  the  soft  parts  only  are  involved  and  we 
get  m.yxedema.  It  is  unsafe  then  to  conclude  that 
one  and  the  same  cause  may  not  at  times  ]3roduce 
widely  different  results.  In  other  words,  the  tropho- 
genic  function  of  the  individual  maj-  be  so  predominant 
that  it  is  sufficient  to  alter  a  morbid  state  almost 
beyond  recognition.  It  has  alread.v  been  pointed  out 
that  the  normal  process  of  growth  manifests  itself 
most  strongly  at  the  epiphyseal  ends  of  the  long  bones, 
and  that  increase  in  length  of  the  bones  is  possible 
only  so  long  as  the  epi]jhyseal  discs  remain  ununited, 
save  by  the  softer  structures,  to  the  diaphyses. 
Similarly,  the  abnormal  processes  of  growth,  such  as 
dwarfism  and  gigantism,  manifest  themselves  at  the 
same  points.  Deficient  vegetative  energy  in  early 
life  will  result  in  stunting  the  growth  of  the  long  bones, 
and  the  same  thing  will  hajipen  if  the  epiphyseal 
cartilages  are  prematurely  ossified.  Excessive  vege- 
tative power  during  adolescence  results  in  increase  in 
height;  if  synostosis  of  the  epiphyses  has  taken  place, 
as  is  the  case  in  adult  life,  then  it  is  conceivable 
that  increase  in  length  being  impossible,  increase 
in  breadth  and  thickness  must  occur.  Do,  then, 
acromegaly  and  gigantism  bear  to  one  another  a 
relationship  similar  to  that  existing  between  myx- 
edema and  cretinism?  Many  facts  point  in  this 
direction.  Numerous  observations  have  shown  that 
acromegaly     frequently     supervenes     on     gigantism. 
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Surniont  in  1S90  reported  a  case  of  acromegaly  in  a 
girl  of  eighteen,  in  whom  the  symptoms  were  preceded 
by  a  notable  increase  in  the  size  of  the  body.  The 
enlargement  was  generalized,  but  most  marked  at  the 
extremities.  Byrom  Bramwell  mentions  the  case 
of  a  giantess  who  was  a,tt.acked  by  acromegaly. 
Swanzy  also  demonstrated  the  lesions  of  acromegaly 
on  the  skeleton  of  JMcClrath,  the  Irish  giant,  before 
the  Ro.val  Academy  of  Medicine  of  Ireland.  8hat- 
tock  believed  the  skull  of  O'Brien  to  be  acromegalic. 
In  1893  Dana  published  two  case  of  acromegaly 
associated  with  gigantism,  and  he  remarks  that  the 
coinciflence  of  the  two  affections  is  more  common  than 
has  usually  been  supposed.  He  further  mentions  a 
great  many  symptoms  which  they  have  in  common, 
and  brings  out  the  most  important  point,  viz.,  that 
out  of  twelve  autopsies  on  giants  the  ])ituitary  body 
was  enlarged  in  ten.  In  the  case  of  "Adma,"  a 
French  giantess,  who  died  at  the  age  of  twenty-one, 
measuring  six  feet  eight  and  a  half  inches,  Hutchinson 
states  that  the  face  and  extremities  presented  the 
well-known  features  of  acromegaly.  At  the  autopsy 
the  pituitary  gland  was  found  to  be  considerably 
enlarged.  A  striking  case,  also,  is  reported  by 
Brissaud  and  Meige.  J.  P.  Mazas,  the  giant  of 
Montastruc,  began  to  grow  rajiidly  when  thirteen 
years  of  age,  and  became  very  strong  and  robust.  At 
twenty-one  years  he  was  212  centimeters  high, 
eventually  reaching  220  centimeters.  At  the  age  of 
thirty-seven  he  experienced  a  severe  pain  in  the  back, 
which  he  attributed  to  lifting  a  heavy  weight.  De- 
formity of  the  back  set  in  and  his  height  began  to 
diminish.  He  gradually  developed  enlargement  of 
the  face  and  extremities,  headache,  weakness,  in- 
tellectual and  sexual  torpor,  and  all  the  classic  symp- 
toms of  acromegaly.  Sternberg,  also,  in  an  elaborate 
paper  on  the  subject  found  signs  of  acromegaly  in 
forty-two  per  cent,  of  giants.  More  recently  Walker 
reported  an  instance  of  acromegaly  in  a  bo.y,  who 
began  to  grow  rapidly  when  six  years  old,  and  who 
at  sixteen  was  six  feet  five  and  a  third  inches  high, 
and  weighed  245  pounds.  Bonardi  refers  to  the 
case,  already  mentioned  in  another  connection,  of  a 
boy  who  at  the  age  of  fifteen  had  the  size  and 
development  of  an  adult  male.  When  twenty-two 
years  old  he  began  to  sufTer  from  pains  in  the  head 
and  nausea.  Soon  after,  general  weakness  set  in, 
with  enlargement  of  the  hands,  feet,  maxilkp,  and 
tongue.  At  twenty-nine  he  was  194  centimeters 
high  and  was  typically  acromegalic.  By  a  careful 
study  of  the  recorded  cases  we  see,  therefore,  that  a 
considerable  degree  of  parallelism  exists  between  the 
two  affections.  Perhaps  the  most  important  points 
are  to  be  noted  in  the  skeleton. 

The  tyjiical  features  in  acromegaly  are  enlargement 
of  the  bones  of  the  face  and  extremities.  The  hands 
are  ".spade-like,"  and  the  fingers  rounded.  In  severer 
cases  all  the  bones  of  the  body  become  involved.  The 
thorax  enlarges  and  the  trunk  becomes  scoliotic,  so 
that  a  loss  of  height  takes  jjlace.  There  exist,  how- 
ever, lesser  disturbances  of  bone  formation  that  are 
difficult  to  class,  being  on  the  border  line  between 
gigantism  and  acromegaly.  In  such  cases  the  dys- 
trpohic  disturbance  is  confined  to  one  oi>more  parts  of 
a  member,  or  to  two  members  symmetrically.  Such 
malformations  may  be  both  congenital  and  acquired. 
Of  such  a  nature  are  those  cases  in  which  there  is 
deformity  of  the  face  without  enlargement  of  the 
hands.  "ChaufTard  reports  a  case  in  which  a  man  of 
thirty-two  presented  the  features  of  prognathism,  mac- 
roglossia,  prominence  of  the  external  occipital  protu- 
berance, headache,  anemia,  loss  of  vision  to  the  right, 
and  slight  kyphosis.  Some  of  the  anomalies,  then,  that 
are  to  be  found  in  acromegaly  may  be  found  without  the 
other  features  of  the  disease  in  certain  forms  of  devel- 
opmental dystrophy,  and  may  arouse  a  susijicion  as  to 
the  acromegalic  nature  of  the  case.  When  such  pecu- 
liarities are  met  with  in  giants  we  may  properly  imiuire 


whether  they  are  the  .stigmata  of  acromegaly,  or 
whether  they  merely  simulate  that  dLsea.se.  In  giants 
thickenings  of  the  extremities  of  the  long  bones, 
hyperostoses,  and  exostoses  have  been  noted,  identical 
with  tho.se  that  for  .so  long  have  been  regarded  as 
characteristic  of  acromegaly.  Deformities  of  the 
knees,  which  as  Osborne,  Midflleton,  Schultze, 
Ilitschmarin,  and  Uoswell  Park  have  shown,  are 
fairly  common  in  acromegaly,  have  also  been  met  with 
in  gigantism.  Lucas  Charapionnierc  in  1S99  demon- 
strated to  the  .Vcademy  of  Medicine  a  giant,  aged 
twenty-seven,  who  measured  203  centimeters,  and 
presented  an  extreme  genu  valgum.  This  peculiarity 
h.as  a  rlouble  interest  in  that  it  affords  a  link  between 
acromegaly  and  gigantLsm,  and  also  connects  the 
Latter  with  infantilism.  The  curvature  of  the  spine 
and  the  rounded  thorax,  so  often  found  in  acromegaly, 
have  been  found  in  gigantism,  but  our  information  is 
defective  in  this  regard. 

With  respect  to  muscular  power  great  variations 
may  occur  both  in  gigantism  and  in  acromegaly. 
Several  observers,  notably  Meige,  Dallemagne, 
Virchow,  P.  Marie,  Souza-Leite,  Bourncville,  and 
Regnault,  have  noted  acromegaly  devolojjing  in 
persons  of  exceptional  muscular  vigor.  Some  giants, 
like  the  Emperor  Maximin  and  the  Countess  Lodoiska, 
h.avo  been  of  great  strength.  This,  however,  seems 
to  be  the  exception.  Geoffroy  Saint-Hilaire  states 
that  giants  are  "without  activity,  without  energy, 
slow  in  their  movements,  avoiding  work,  quickly 
fatigued;  in  a  word,  feeble  in  bodv  as  well  as  in  mind." 
A  myasthenia  and  general  weakness  are  by  no  means 
uncommon  in  acromegaly. 

As  is  well  recognized  there  is  a  characteristic  facies 
in  acromegaly.  Meige  is  our  avithority  for  the  state- 
ment that  giants  who  are  still  in  the  period  of  growth 
present  no  special  facial  peculiarities.  In  tho.se  who 
have  ceased  to  grow  there  is  an  exaggerated  develop- 
ment of  the  face  as  compared  with  the  cranium.  We  can 
sometimes  note  that  the  malar  eminences  are  promi- 
nent, the  lower  jaw  enlarged,  and  the  angle  widenefl, 
while  the  li])s  are  tliick.  The  beard  is  often  thin,  the 
skin  thick  and  dark,  the  pupils  dull,  aufl  the  whole 
appearance  lacks  vivacity.  These  peculiarities  are 
by  no  means  invariable  in  giants,  nor  indeed  are  they 
so  in  acromegaly.  We  have  to  allow  here  as  elsewhere 
for  individual  variations.  In  fact,  we  may  i)erhaps 
with  Hoffmann  distinguish  between  acromegaly  of  the 
soft  ])arts  and  acromegaly  of  the  bones.  Meige  is, 
on  the  whole,  inclined  to  believe  that  the  face  in  giants 
at  one  time  apjiroaches  the  acromegalic  type,  at 
another  the  infantile. 

Vascular  disturbances  have  been  found  in  both 
acromegaly  and  gigantism.  In  both  the  pulse  is  slow, 
the  circulation  sluggish,  and  there  may  be  varices. 

Pains  in  the  head  have  been  found  in  both  affections. 
Pains  also  in  the  limbs,  vertebral  colunm,  and  the  vis- 
cera have  been  met  with  in  about  half  the  recorded 
cases  of  acromegaly.  These  may  simply  amount  to  a 
sense  of  fatigue  or  lameness,  ]mt  may  bo  actually  ar- 
ticular, muscular  or  neuralgic.  It  is  a  ])opular  belief 
that  rajiid  growth  in  children  is  associated  with 
"growing  pains,"  and  it  is  interesting  that  the  same 
thing  lias  often  been  noted  in  giants.  In  the  case  of 
Mc(!rath,  for  instance,  the  increase  in  growth  was 
associated  with  the  most  violent  pains  in  the  limbs. 

Visual  disorders  have  been  met  with  both  in  acro- 
megaly and  in  gigantism.  In  acromegaly,  at  least, 
they  have  been  found  to  be  dependent  on  the  presence 
of  a  tumor  of  the  pituitary  body. 

Polydipsia,  polyphagia,  and  abundant  sweating 
have  been  observed  in  both  affections.  Polyuria  and 
glycosuria  are  occasionally  met  with  in  acromegaly 
and  in  giants  who  become  acromegalic. 

In  both  gigantism  and  acromegaly  there  is  often  to 
be  noted  sexual  frigidity  in  the  male,  and  amenorrhea 
in  the  female. 

To  sum  up,  the  two  affections  frequently  have  the 
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following  symptoms  in  common ;  asthenia  in  the  widest 
sense  of  the  term;  muscular  weakness,  notwithstand- 
ing the  absence  of  atrophy;  intellectual  degradation; 
melancholy;  headache;  diminution  of  sexual  desire  in 
the  male;  amenorrhea  in  the  female;  alterations  in  the 
skin  varices.  Lastly,  of  a  great  importance,^  lesions 
of  the  pituitary  gland  have  been  found  in  a  majority  of 
both  affections. 

Further,  the  influence  of  heredity  is  marked  in  acro- 
megaly as  in  gigantism,  and  indeed  it  is  not  uncommon 
in  probing  into  the  family  history  to  find  that  acro- 
megaly and  gigantism  are  lialjle  to  be  met  with  in  the 
same  family.  Schwoncr,  for  instance,  records  a  case 
of  acromeg:i.ly  in  a  woman  of  forty-five,  whose  mother 
had  become  acromegalic  at  fifty.  All  the  members  of 
the  family  on  both  sides  of  the  house  are  noted  as  hav- 
ing been  of  great  stature.  Lackey  describes  a  case 
of  acromegaly  in  a  negro  who  reached  the  extraordin- 
ary height  of  "eight  feet  six.  His  grandfather  is  said  to 
have  been  a  giant.  Possibly  here  we  have  to  deal 
with  an  inherited  functional  instability  of  the  pituitary 
gland,  for  it  is  this  organ  which,  as  we  shall  see,  is  the 
dominant  factor  in  the  production  of  skeletal  over- 
growth. 

In  view  of  the  facts  outlined  above,  Brissaud  and 
Meige  would  discover  a  general  principle  underlying 
the  dystrophic  disturbances  that  result  in  excess. 
Growth  at  all  periods  of  life  tends  to  be  manifested 
most  conspicuously  at  the  epiphyseal  ends  of  the  long 
bones.  The  effect  produced  is  controlled  by  the  age 
of  the  patient,  or,  in  other  words,  by  his  vegetative 
capacity  and  the  condition  of  his  epiphyseal  cartilages. 
The  same  pathological  process  which  in  the  young 
gives  rise  to  gigantism  will,  if  continued  after  the 
normal  period  of  growth  in  stature  is  passed,  cause 
acromegaly.  If  it  becomes  operative  in  later  youth, 
when  the  bones  are  largely  formed  but  growth  is  not 
complete,  we  get  a  combination  of  acromegaly  with 
gigantism.  This  is  to  some  extent  corroborated  by 
the  lesions  in  acromegaly,  for,  as  Marie  himself  has 
shown,  in  cases  of  acromegaly  that  begin  early  in  life, 
the  extremities  are  more  elongated  than  thickened,  and 
are  quite  unlike  the  spade-like  extremities  character- 
istic of  the  disease  as  it  occurs  in  later  life.  Further, 
it  may  be  safely  stated  that  acromegaly  has  never 
preceded  gigantism,  while  acromegaly  has  succeeded 
gigantism  in  almost  half  the  cases.  Brissaud  and 
Meige,  however,  would  go  further.  They  see  the 
same  principle  at  work  in  the  chronic  rheumatism  so- 
called  of  the  aged,  in  rheumatoid  arthritis  and  gout; 
in  youth,  in  gigantism;  in  adult  life,  in  acromegaly;  in 
old  age,  in  nodes.  They  support  this  by  an  observa- 
tion made  by  Gaston  and  Brouardel  with  the  i-rays 
on  a  woman  of  sixty,  who  began  to  show  signs  of 
acromegaly  at  forty-two  after  the  menopause.  The 
disease  was  slowly  progressive,  and  thickenings  in  the 
form  of  nodules  could  be  made  out  on  the  epiphyseal 
lines. 

While  not  endorsing  unreservedly  the  rather  striking 
proposition  put  forth  by  Brissaud  and  Meige,  that 
"acromegaly  is  gigantism  of  the  adult;  gigantism  is 
acromegaly  of  adolescence,"  it  seems  to  me  that  the 
unprejudiced  observer  cannot  fairly  deny  that  they 
have  proved  their  main  contention.  There  is  un- 
doubtedly a  close  connection  between  acromegaly  and 
gigantism,  and  the  two  affections  in  a  large  proportion 
of  cases  merge  gradually  one  into  the  other.  Gigan- 
tism frequently  becomes  acromegaly.  But  how  about 
the  other  fifty-eight  per  cent,  of  eases  of  gigantism 
th.at  present  no  signs  of  acromegaly?  Are  these,  too, 
of  the  same  nature,  or  are  they  in  a  different  category? 
It  is  not  impossible  nor  even  unlikely  that  some  of 
them  are  due  to  the  same  factors  as  acromegaly,  as  it 
is  ordinarily  understood.  Here  we  have  to  consider 
the  natural  variations  of  disease.  Diseases  do  not  in- 
variably run  their  course.  They  may  become  ameli- 
orated or  may  be  aborted.  Acromegaly  itself  may 
present  an  extremely  slow  progression,  and  in  fact  may 
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cease  to  advance.  A  fatal  termination  does  not  always 
occur.  It  may  well  be,  therefore,  that  acromegaly 
beginning  in  early  adolescence  may  progress  only 
sufficiently  far  to  produce  increase  in  length  of  bone 
without  the  other  signs  supervening.  It  may  be 
recalled  in  this  connection  that  the  majority  of  giants 
die  early.  Byrne,  the  Irish  giant,  died  at  twenty-two; 
James  Toller  at  twenty-four;  the  "Queen  of  the 
Amazons"  at  about  twenty.  This  may  perhaps  be 
the  effect  of  the  acuteness  of  their  malady,  but  in 
many  cases  it  is  due  to  intercurrent  disease,  as  the 
resisting  power  of  giants  is  notoriously  low.  However 
this  may  be,  it  is  plain  that  many  giants  die  before  the 
period  of  age  incidence  of  acromegaly,  that  is  to  say, 
before  adolescence  is  completed.  We  cannot  therefore 
say  that  they  would  not  have  become  acromegalic  had 
they  lived.  It  is  possible,  therefore,  that  a  majority 
of  the  cases  of  gigantism  are  to  be  explained  on  the 
same  pathogenetic  principles  as  acromegaly. 

There  has  been  considerable  debate  as  to  the  exact 
nature  of  the  cause  or  causes  at  work  in  acromegaly. 
Klebs  advanced  the  theory  that  acromegaly  is  due  to 
angiomatosis.  Vascular  lesions  are  undoubtedly  pres- 
ent both  in  acromegaly  and  in  gigantism.  Witness 
the  arteriosclerosis,  the  varices,  the  vasomotor  ataxia, 
and  the  hypertrophy  of  vessels  to  adjust  themselves 
to  the  increased  size  of  the  body.  But  there  is  no 
proof  of  any  new  formation  of  vessels.  Lancereaux, 
again,  has  suggested  that  it  is  a  trophoneurosis.  The 
enlargement  of  the  hands  and  the  disturbed  innerva- 
tion met  with  in  s\Tingomyelia  might  suggest  this. 
This  view  is  not,  however,  supported  by  any  known 
facts,  von  Striimpell  has  thought  that  it  is  a  con- 
genital dystrophy.  The  majority  of  observers  ai'c,  I 
think,  practically  agreed  that  acromegaly,  like  gigan- 
tism, is  dependent  on  some  gross  lesion  of  the  pituitary 
body,  in  the  form  of  hypertrophy,  cystic  growth, 
adenoma,  or  other  tumor  growth.  Osborne  believes 
that  gigantism  in  its  perfect  development  is  due  to  a 
normal  hypertrophy  of  the  pituitary  gland;  that  is,  to 
a  hypersecretion  occurring  at  the  age  of  puberty  or  age 
of  general  or  symmetrical  body  growth  and  develop- 
ment. He  believes  further  that  gigantism  will  re- 
main such  as  long  as  the  pituitary  body  is  in  normal 
hypertrophy,  but  that  these  cases  of  gigantism  will 
assume  later  an  acromegalic  type,  if,  as  is  often  the 
case,  the  pituitary  body  begins  to  take  on  pathological 
conditions.  In  other  words,  he  believes  that  an  ex- 
cess of  normal  secretion  from  the  ])ituitary  gland  is  the 
cause  of  gigantism,  while  perverted  secretion  is  the 
cause  of  acromegaly.  This  conception  is  very  differ- 
ent from  that  of  Brissaud  and  Meige,  in  that  it  attrib- 
utes the  lesions,  which  we  call  gigantism  and  acro- 
megaly, to  two  distinct  and  separate  states  of  the 
pituitary  function.  Brissaud  and  Meige's  view  im- 
plies that  the  same  condition  of  the  ]5ituitary  function 
is  at  work  in  both  cases,  any  differences  in  the  results 
produced  being  attributable  to  the  age  period  at  which 
the  process  begins.  For  my  part,  I  do  not  like  the 
term  "normal  hypertrophy,"  as  applied  to  the  pitii- 
itary.  W'e  have,  it  is  true,  what  might  be  called 
normal,  or  physiological,  hypertrojihy  in  the  case  of 
the  i)rcgnant  uterus  and  possibly  in  the  functioning 
breast,  yet  this  is  but  a  temporary  condition  and  is 
paralled,  so  far  as  I  know,  nowhere  else  in  the  body. 
Gigantism  is  an  abnormal  condition,  and  to  my  mind 
cannot  be  explained  on  the  basis  of  a  "normal" 
hypertrophy.  It  may,  however,  be  true  that  it  is  due 
to  an  excess  of  pituitary  secretion.  But  if  this  can 
produce  increase  in  the  length  of  bone,  why  is  it  not 
also  competent  to  produce  increase  in  thickness  of 
bone?  One  seems  as  likely  as  the  other.  Whether 
acromegaly  is  due  to  a  hypersecretion  on  the  part  of  the 
pituitary,  as  man^'  seem  to  think,  cannot,  however, 
be  regarded  as  settled. 

The  later  work,  experimental  and  operative,  notably 
the  remarkable  studies  of  Harvey  Gushing,  have  done 
much  to  clarify  our  ideas  on  this  interesting  subject 
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It  is  now  known,  for  example,  that  the  h>TJophysis  is  a 
gland  possessing  a  dual  character,  the  function  of  the 
anterior  portion  being  distinctly  different  in  many 
ways  from  that  of  the  posterior.  It  is  the  secretion  of 
the  pars  anterior  which  has  most  to  do  with  skeletal 
overgrowth.  While  it  is  not  .vet  admitted  on  all  hands 
that  the  peculiar  skeletal  changes  characteristic  of 
gigantism  and  acromegaly  are  due  to  hyperplasia  of 
the  pars  anterior,  with  the  production  of  an  excessive 
or  perverted  secretion,  all  the  available  evidence  at  our 
present  command  points  strongly  in  that  direction. 
One  thing  at  least  seems  to  be  now  universally  ac- 
cepted, that  is  that  gigantism  and  acromegaly  are 
manifestations  of  one  and  the  same  morbid  process. 
The  condition  of  the  epiphyseal  discs  controls  the 
pathological  situation.  The  dictum  of  Bri.ssaud  and 
Mcige,  above  quoted,  may  now  be  changed,  with 
Launois  and  Roy,  into  "Le  gigantisme  est  I'acro- 
megalie  des  sujets  aux  cartilages  6piphysiaires  non 
ossifies,  quel-que  soit  leur  age." 

The  evidence  in  favor  of  the  hj^perpituitarism  con- 
cept of  acromegaly  maj-  be  summarized  as  follows: 

(1)  In  gigantism,  acromegaly,  and  eunuchism,  there 
can  usually  be  demonstrated  an  enlargement  of  the 
pituitary  gland  or  an  actual  cellular  hyperplasia. 

(2)  Extirpation  of  the  pituitary  body  leads  to  stunt- 
ing of  the  skeletal  growth  in  experimental  animals,  and 
an  analogous  state  of  affairs  has  been  found  in  human 
beings  the  subject  of  tumors,  injuries,  and  other  de- 
structive processes  affecting  this  organ. 

(.3)  Acromegaly,  as  Cushing  has  shown,  tends  to 
assume  the  pathological  picture  characteristic  of  pitu- 
itary glandular  insufficiency,  adiposity  and  high  sugar 
tolerance.  The  fact  that  there  is  a  low  assimilation 
limit  for  carbohydrates  in  the  earlier  stages  of  this 
disease  argues  for  a  coincident  period  of  functional 
overactivity. 

(4)  Partial  removal  of  the  pars  anterior  in  certain 
cases  of  acromegaly  has  led  to  apparent  improvement 
in  the  symptoms.  Conversely,  hypophyseal  feeding 
has  caused  an  aggravation  of  them. 

Tumors,  cysts,  and  plain  hypertrophj-  of  the  pitu- 
itary have  been  found  in  the  majority  of  autopsies  on 
acromegalic  cases,  and  tumors  of  the  pituitary  in 
acromegalic  giants  (Buday  u.  Jancto,  Oestreich  u. 
Slawyk).  Possibly  simple  hypertrophy  or  adeno- 
matous growths  may  imply  oversecretion:  but  cysts 
or  destructive  tumors,  like  the  sarcomata  that  are  so 
frequently  found,  might  be  interpreted  as  lessening  the 
amount  of  secretion.  Yet  it  should  be  pointed  out 
that  malignant  tumors  and  cysts,  or  other  degenerative 
conditions,  may  be  "end"'  stages  of  a  previously 
existing  hypertrophy  and  need  not  therefore  be  in- 
terpreted as  upsetting  the  validity  of  a  theory  based 
on  over-secretion.  Conversely,  tumors  of  the  pituitary 
may  exist  without  signs  of  acromegaly,  as  in  two  cases 
that  have  come  under  my  own  observation.  Both 
were  malignant  (one  sarcoma  and  one  endothelioma). 
Here,  on  a  superficial  consideration,  one  would  assume 
either  that  the  pituitar.v,  despite  its  transformation, 
was  still  able  to  furnish  the  proper  amount  and  kind  of 
secretion,  or  else  that  compensation  had  taken  place. 
We  are  realizing  more  and  more  the  importance  of  the 
principle  of  compensation  in  regard  to  the  body  met- 
abolism. We  see,  for  instance,  that  there  is  a  close 
relationship  between  the  th^Toid  gland  and  the  pitu- 
itary body.  In  acromegaly  the  thyroid  gland  has  been 
found  hypertrophied,  cystic,  or  atrophic,  and  the  dis- 
ease may  be  complicated  by  the  symptoms  of  exoi)h- 
thalmic  goiter  or  myxedema.  In  this  connection  may 
be  mentioned  a  most  remarkable  case,  reported  by 
Pope  and  Clarke,  in  which  a  man  suffering  from 
acromegaly  had  a  daughter  with  m\-xedema  and  an 
atrophied  "th.yroid,  who  at  the  age  of  twenty  presented 
the  phvsical'and  mental  characters  of  a  child  of  five. 
Ponfick,  Hymanson,  Pineles,  and  Green,  in  particular, 
have  noted  the  association  of  acromegaly  with  myxe- 
dema, and    Murray  its   combination  with  exophthal- 


mic goiter.  Conversely,  the  pituitary  has  been  found 
enlarged  in  cases  in  which  the  thyroid  wa.s  atrophied 
(Boyce  and  Beadles),  and  when  this  occurs  it  seems 
to  prevent  at  least  the  immediate  results  of  thyroid 
defect,  namely,  cretinism  or  myxedema.  In  the  ar- 
ticle on  Xitniam,  by  the  present  writer,  elsewhere  in 
this  work,  the  relationship  of  thyroid  dystrophy  to  that 
other  anomaly  of  growth  allied  to  gigantism,  namely, 
dwarfism,  is  dealt  with  at  length,  and  it  is  there  shown 
how  the  condition  of  athyroidea  may  result  in  inhib- 
ited growth  and  genital  insufficiency.  The  stigmata 
of  infantilism  in  acromegaly  and  in  gigantism  have 
suggested  the  possibility  of  disorder  of  the  thyroid  in 
these  affections,  and  there  have  not  been  wanting 
tho.se  who  would  attribute  acromegaly  to  thyroid 
dystrophy.  Facts,  however,  do  not  favor  this  view. 
A  third  possibility,  however,  is  suggested  by  the  ob- 
servations of  Erdheim,  Goetsch  and  Dandy,  namely, 
that  the  necessary  secretions  may  be  supplied  by  cells, 
of  the  nature  of  "rests,"  derived  from  the  epithelium  of 
the  ectoflermic  diverticulum  of  Rathke,  situated  in 
the  hypophyseal  cleft  or  along  the  line  of  the  cranio- 
pharyngeal  canal,  or  by  the  dural  parahypophysis. 
Genital  h\-poplasia  and  malformation,  as  well  as 
genital  inadequacy,  have  been  met  with  in  dwarfism, 
cretinism,  infantilism,  gigantism,  and  acromegaly,  and 
this  leads  us  to  discuss  in  how  far  disorders  of  the 
sexual  apparatus  are  responsible  for  anomalies  of 
growth.  In  this  connection  a  number  of  interesting 
facts  may  be  adduced.  The  sexual  languor,  as  it 
might  be  termed,  found  in  both  acromegaly,  and 
gigantism,  has  been  referred  to.  Garnier  and 
Santenoise  have  observed  a  case  of  gigantism  asso- 
ciated with  feminism,  cryptorchidism,  and  polysarcia. 
Thoma  mentions  having  met  with  defective  forma- 
tion of  the  genital  organs  in  a  case  of  hemiliypertrophy. 
In  acromegaly,  as  soon  as  the  changes  in  the  bones 
become  manifest,  the  secondary  sexual  attributes 
are  changed.  In  the  male  the  hair  becomes  scanty, 
while  in  the  female  hair  is  apt  to  grow  on  the  face 
much  as  it  does  after  the  menopause  or  in  ovarian 
disorders.  The  larynx  h^-pertrophies  and  the  voice 
deepens.  Infantilism  and  hypoplasia  of  the  genital 
organs  have  also  been  observed  in  cases  of  tumor 
growth  in  the  pituitary  in  the  absence  of  signs 
of  acromegaly.  Some  years  ago  I  performed  an 
autopsy  on  a  woman  about  thirty  years  of  age 
who  had  a  perithelial  sarcoma  of  the  pituitary  with- 
out signs  of  acromegaly.  She  had  menstruated  only 
once  and  the  genital  organs  wore  markedly  undevel- 
oped. Babinski  also  reported  to  the  Neurological  So- 
ciety of  Paris  (June  7,  1900)  the  case  of  a  girl  of 
seventeen,  who  presented  the  signs  of  infantilism, 
amenorrhea,  abundant  fat,  scantinessof  hair,  but  with- 
out acromegaly.  She  developed  pains  in  the  head 
with  disordered  vision,  and  epileptiform  convulsions. 
After  death  it  was  discovered  that  she  had  a  tumor  of 
the  pituitary.  It  is  clear  then  that  there  is  some  rela- 
tionship between  lesions  of  the  pituitary  and  thyroid 
glands  and  genital  disturbances.  What,  then,  and 
where  is  the  primary  disorder  which  leads  to  such 
extraordinary  anomalies  of  growth  and  development? 
Breton  and  Michaut  have  suggested  that  there  is  a 
trophic  deviation  of  the  genital  activity  to  the  bone 
marrow  so  that  the  medullary  bone-forming  function 
preserves  its  activity  indefinitely.  The  cessation 
of  genital  activity  would  lead  to  acromegaly.  This 
view  is  somewhat  similar  to  that  promulgated  pre- 
viously by  Freund.  Klebs,  and  Verstraeten.  who  held 
that  there  is  a  disturbance  of  the  evolution  of  the 
genital  function.  If  genital  evolution  is  in  excess  we 
get  gigantism  and  acromegaly;  if  defective,  we  get 
infantilism  and  dwarf  growth.  It  is,  of  course,  well 
recognized  that  with  the  onset  of  puberty  the  efflores- 
cence of  the  sexiial  characteristics  is  coincident  with 
increased  growth  and  development  of  the  body  as  a 
whole.  The  operation  of  castration  has  been  observed 
to  exert  a  notable  effect  on  the  stature  of  the  body  as 
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well  as  in  iiihil)itiiig  the  development  of  the  secondary 
sexual  peculiarities.  In  eunuchs  the  height  is  often 
extreme.  This  is  due  chiefly  to  a  disproportionate 
increase  in  the  length  of  the  legs.  Lortet  has  con- 
firmed this  statement  by  an  examination  of  the  skele- 
ton of  an  Egyptian  eunuch  196  centimeters  high.  In 
castrated  animals,  the  capon  and  the  ox,  the  same  in- 
creased growth  of  the  lower  or  hind  extremities  is  to  be 
observed.  Silva  has  further  recorded  a  curious  ob- 
servation in  a  youth  who  was  normal  until  the  age 
of  thirteen.  The  testes  then  remained  atrophic  and 
when  about  twenty  he  began  to  grow  rapidly,  even- 
tually manifesting  some  enlargement  of  the  head 
and  "extremities,  muscular  weakness,  anosmia,  slight 
scoliosis,  to  such  a  degree  as  to  suggest  acromegaly. 
Of  interest,  also,  in  this  connection,  is  a  case  reported 
by  Sachi,  where  a  boy,  the  subject  of  a  tumor  of  the 
left  testicle,  attained  puberty  at  the  age  of  five.  At 
nine  he  was  five  feet  six  inches  high  and  weighed  ninety  - 
seven  pounds.  He  had  a  black  beard  and  full  sexual 
development. 

While  such  facts  as  those  just  mentioned  are  suggest- 
ive of  some  relationship  between  genital  dystrophy 
and  disorders  of  growth  and  nutrition,  to  my  mind  the 
evidence  is  not  strong  enough  to  induce  us  to  accept 
the  view  that  deficiency  of  the  genital  organs  is  the 
sole  cause  of  these  disorders.  Two-thirds  of  the  cases 
of  acromegaly  develop  after  puberty  is  practically 
reached.  The  loss  of  sexual  power  in  the  male  is 
gradual  and  progresses  pari  passu  with  the  extension 
of  the  disease  itself.  In  the  female,  too,  while  amenor- 
rhea is  a  frecjuent  and  often  the  first  symptom  of  the 
disease,  it  is  not  invariable.  _  Again  genital  hypoplasia 
and  other  signs  of  infantilism  are  often  present  in 
dwarfs,  and  the  argument  might  be  applied  with  equal 
force  to  explain  dwarfism.  The  same  cause  could 
hardly  produce  at  one  time  dwarfism  and  at  another 
gigantism.  Moreover,  w^hile  genital  hypoplasia  has 
been  often  observed  in  cases  of  thyroid  atrophy  and 
gross  lesions  of  the  pituitary  body,  so  far  as  is  known 
castration  does  not  produce  a  converse  effect  on  these 
particular  organs.  While,  then,  genital  dysplasia  un- 
doubtedly plays  some  role  in  osteogenesis,  it  seems  to 
be  quite  a  subordinate  one,  and  appears  to  be  inade- 
quate to  explain  the  more  marked  aberrations  from  the 
normal  path  of  development.  The  functions  of  the 
thyroid  gland,  the  pituitary  body,  and  the  sexual 
organs  are,  however,  no  doubt  correlated,  and  it  is 
probable  that  the  normal  course  of  growth  and  devel- 
opment is  dependent  on  a  certain  balance  of  power 
•  exerted  by  these  glands.  Of  what  nature  is  this  cor- 
relation we  are  to  a  great  extent  in  the  dark.  It  is 
now  generally  believed  that  the  glands  mentioned 
produce  internal  secretions  that  are  essential  to  the 
normal  course  of  the  metabolic  processes.  That  the 
correlation  is  actual  and  not  theoretical  is  shown  in 
the  recent  observation  that  definite  histological 
changes  in  the  pituitary  can  be  demonstrated  as  a 
result  of  pregnancy,  in  the  direction  of  a  hyperplasia 
of  the  chromophobe  cells  and  a  readjustment  of  the 
eosinophiles.  It  may  be  inferred  that  while  the  metab- 
olic processes  referred  to  are  vital  in  nature,  they  are 
inextricably  associated  \vith  chemical  transformations. 
The  importance  of  chemical  substances  in  the  growtli 
of  the  organism  is  well  illustrated  by  the  experi- 
mental work  of  Wegner,  Maas,  and  Gies.  Wegner 
proved  th.at  by  feeding  r.abbits  with  minute  doses  of 
phosphorus  for  a  prolonged  period  he  could  get  a 
marked  increase  in  the  formation  of  bone  at  the 
epiphyseal  sut\ires  of  the  long  bones.  The  same  thing 
has  been  found  to  occur  with  arsenic.  Observations 
upon  the  nature  of  the  metabolism  in  giants  are 
hitherto  lacking,  but  we  have  considerable  evidence 
to  show  that  in  acromegaly  metabolism  is  disordered. 
There  appears  to  be  a  tendency  to  an  overproduction 
of  lime  salts  in  acromegaly.  Deposits  of  lime  have 
been  found  in  various  parts  of  the  body,  especially  in 
the  pituitary,  the  thyroid,  and  the  vessels   (arterio- 


sclerosis). Ossiform  infiltration  of  the  dura  mater  has 
been  observed.  Von  Moraczewski  has  also  demon- 
strated a  tendency  to  the  retention  of  lime  and  phos- 
phorus in  the  system  in  cases  of  acromegaly.  Not 
only  then  is  there  an  increased  deposit  of  lime  at  the 
extremities  of  the  bones,  but  also  in  widely  distant 
parts  of  the  body. 

We  are,  I  think,  led  to  the  inevitable  conclusion 
that  gigantism,  like  acromegaly,  is  very  often  a  dis- 
order of  development  brought  about  by  abnormal 
metabolic  processes  We  must  also  admit  that  a 
large  proportion  of  cases  of  gigantism  are  etiologic- 
ally  the  same  thing  as  acromegaly,  and  th.at  an  addi- 
tional but  uncertain  number  are  probably  abortive 
acromegaly  (acromegalie  fruste).  One  consideration 
must,  however,  be  by  no  means  overlooked  in  any 
discussion  of  the  question  of  internal  secretion.  The 
doctrine  of  internal  secretion  as  at  present  understood 
implies  the  existence  of  certain  substances  in  the  body 
u]5on.which  the  secretion  of  the  glands  in  question  may 
act.  Now  the  gland,  thyroid  or  hypophysis,  may  be 
totally  unable  to  perform  the  duties  required  of  it, 
owing  to  some  lesion,  or  it  may  be  only  relatively  so. 
In  either  case  similar  symptoms  would  arise.  On  the 
one  hand,  relative  inadequacy  of  a  gland  will  set  in  as 
soon  as  its  reserve  power  has  been  exhausted,  and  may 
increase  until  it  becomes  absolute.  On  the  other 
hand,  there  may  be  an  excess  of  the  substances  upon 
which  the  internal  secretion  is  supposed  to  act. 
Therefore  it  is  quite  possible  that  certain  forms  of  de- 
velopment disorder  may  be  due  to  relative  inadequacy 
on  the  part  of  some  of  the  important  glands,  that,  as 
we  have  seen,  are  competent  to  modify  nutritive  proc- 
esses. In  the  case  of  gigantism,  relative  inadequacy 
of  the  pituitary,  or  it  may  be  a  relative  overadequacy, 
short  of  prodiicing  the  regular  symptoms  of  acromeg- 
aly, might  influence  growth  so  as  to  bring  about 
excess. 

However  this  may  be,  and  the  deduction  is  alluring, 
there  still  remains  some  small  proportion  of  cases  of 
gigantism  which  cannot  be  explained  on  any  of  these 
theories.  Such  are  the  cases  in  which  in  addition  to 
excessive  height  there  is  great  strength  with  perfect 
proportion.  Here  there  can  be  no  question  of  disease 
in  the  ordinary  acceptation  of  the  term.  Such  giants 
are  examples  of  the  so-called  "athletic"  habit  of  body, 
and  are  strictly  comparable  to  the  giant  infants  before 
referred  to.  They  represent  the  structure  of  the  hu- 
man body  carried  to  its  highest  point.  They  may  be 
reg.arded  as  examples  of  true  or  essential  gigantism. 
Infantilism  and  pituitary  dyscrasia  cannot  exjilain 
them.  Rather  are  they  to  be  referred  to  peculiarities 
inherent  in  the  germinal  cells  of  the  progenitors. 
This  view  is  supported  by  the  fact  that  certain  anoma- 
lies, for  example  Polydactyly,  malformations  of  the 
genital  organs,  and  congenital  hydrocele,  are  apt  to  be 
associated  with  the  increase  in  size  and  weight. 

Albert  George  Nicholls. 


Qigantorhynchus. — A  genus  of  round  worms. 
(7.  gigas  passes  its  larval  stages  in  beetles  and  becomes 
an  adult  in  the  intestines  of  pigs.  This  species  has 
been  reported  in  man.     See  Nematoda.  k     <    r> 


A.  S.  P. 


Qigli,  Leonardo. — Born  April  30,  1863,  in  Villa 
di  Quarto  in  the  Commune  of  Sisto  Fiorentino,  Italy. 
He  obtained  his  medical  degree  in  1889  and  the  same 
year  was  appointed  assistant  in  Chiari's  Clinic.  For 
"a  year  (1892-3)  he  studied  with  Mikulicz  in  the  Bres- 
laii  Clinic  and  while  there  invented  the  saw  which 
bears  his  name.  On  returning  to  Florence,  in  189-1, 
he  was  appointed  surgeon  to  the  Hospital  of  Santa 
^Iaria  Nuova.  The  operation  of  hebosteotomy, 
which  he  devised,  is  kno^yn  as  Gigli's  operation.  He 
died  AprU  4,  190S.  T.  L.  S. 
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colanders 


Qila  A\onster. — Helodcrma  suspedum,  the  only 
lizard  knuwii  to  be  poisonous.  The  poison  glands  are 
in  the  lower  jaw,  and  they  secrete  a  substance  which 
is  similar  to  snake  venom  in  its  action.        A.  S.  P. 


Qllroy     Hot 

California. 


Springs. — Santa     Clara     County, 


Post-office. — Gilroy  Springs.  Hotel,  cottages, 
and  furnished  tents.  These  springs  are  located  on  the 
Coyote  River,  fourteen  miles  northeast  of  the  town 
of  Gilroy,  and  forty-three  miles  from  San  Jose,  in  the 
Santa  Clara  Mountains.  They  are  reached  by  the 
Southern  Pacific  Railroad  to  Gilroy,  and  from  thence 
by  stage  or  automobile  over  the  picturestjue  moun- 
tain road.  The  springs  lie  nestled  in  among  the 
mountains,  surrounded  by  fragrant  forests  of  spruce  and 
pine.  The  elevation  is  1,240  feet.  The  temperature 
averages  7 1°  F.  in  summer  and  57°  F.  in  winter.  There 
are  no  winds,  no  fogs,  no  moscjuitoes  and  no  malaria. 
The  atmosphere  is  rich  in  ozone,  and  the  climate  very 
genial.  There  is  one  main  .spring,  which  flows  in  great 
abundance.  The  temperature  of  the  water  varies  from 
108°  to  115°  F.     Ander.son's  analysis: 


One  United  States  Gallon  Contains: 


Solids. 
Sodium  chloride.  . 
Sodium  carbon.ite 
Sodium  sulphate.  .  . 
Potassium  iodide.  .  .  . 
Potassium  sulpkhate 
Magnesium  carbonate 
Magnesium  sulphate 

Calcium  chloride 

Calcium  sulphate 

Ferrous  carbonate. . .  . 

Ferrous  oxide 

Arsenic 

Silica 

Organic  matter 


Grains. 

.     31.75 

1.42 

.  75 
.  Trace. 
2.16 
.  2.45 
.  9.04 
.  8.50 
.       2.70 

.26 
.  Trace. 
.  Trace. 
.       3.31 

.52 


Total  solids 62.86 

Gases.  Cubic  inches. 

Free  carbonic  acid  gas 12. 17 

Free  sulphureted  hydrogen 9.25 

The  analysis  shows  a  light  alkaline,  .sulphureted 
■water.  It  is  used  with  considerable  benefit  in  syphilis, 
rheumatism,  gout,  lead  and  mercurial  poisoning, 
alcoholism,  tuberculosis,  in  glandular  swellings,  in 
chronic  skin  eruptions,  kidney  and  liver  troubles,  and 
bladder  and  urinary  complaints.  The  water  is  also 
used  for  bathing,  for  which  excellent  facilities  have 
been  constructed.  E.mma  E.  W.\lker. 

Qimbernat,  Antonio. — Born  in  1742.  He 
studied  medicine  and  became  a  professor  in  Barcelona 
from  1762  to  1774  and  later  a  surgeon  in  Madrid.  He 
was  appointed  Surgeon-in-ordinary  to  King  Carlos  III, 
and  in  1787  founded  and  became  director  of  the  Col- 
lege of  Surgeons  of  San  Carlos.  He  died  in  1790. 
Gimbernat  was  a  famous  anatomist,  surgeon,  and  her- 
niologist;  his  name  has  been  perpetuated  through  his 
discovery  of  the  ligament  called  after  him,  Gimber- 
nat's  ligament.  Among  his  most  noted  contributions 
to  medical  literature  are  "Xuevo  metodo  de  operar 
en  la  hernia  crural,"  and  "Disertacion  sobre  el  recto 
y  abuso  de  las  suturas."  E.L.J. 

Ginger. — See  Zingiber. 

Qingivitis. — See  Gums,  Diseases  of  the. 

Ginseng. — A  name  applied  to  the  roots  of  several 
species  of  Panax  L.  highly  prized  in  superstitious 
Chinese  medicine,  and  chiefly  so  used,  though  they 
have  some  mild  aromatic  properties  (see  Aratiacece). 
The  original  Ginseng  ("Schin-Seng")  is  P.  Ginseng  C. 
A.  Meyer,  of  China,  rarely  seen  in  commerce  here. 
The  .\merican  variety,  from  P.  quinqnefolium  L. 
(Aralia  q.  Decne),  is  chiefly  exported  to  China  and  is 


bought  eagerly,  at  high  prices,  by  Chinese  merchants 
for  that  purpose.  It  used  to  be  very  abundant  in  rich 
forest  lands  of  the  Eastern  United  States,  but  has  been 
largely  exterminated,  except  in  remote  sections.  It  is  of 
very  slow  growth  and,  when  well  developed,  presents 
two"  principal  branches,  and  occasionally  a  small  intflr- 
mediate  one.  From  this  peculiar  form,  it  is  regarded 
as  effective  in  determining  the  sex  of  the  unborn  child, 
whence  its  high  repute  in  China.  It  contains  consider- 
able gum  and  starch  and  a  little  volatile  oil  and  resin  and 
the  peculiar,  but  apparently  inert,  sweetish  substance 
PatiaquiUin,  soluble  in  alcohol  and  water.  Obviously, 
there  is  no  dose  for  so  inactive  a  drug. 

He.vry  H.  Rusby. 

Qiraldfes,  Cardozo    Cazado    Joachim  Albin. — 

Was  born  in  Portugal  in  ISOS.  He  obtained  his  medi- 
cal degree  in  Paris,  December  23,  1830.  About  1848 
he  became  surgeon  to  the  Hospital  des  Enfants  in 
Paris,  at  which  i)lace  he  delivered  lectures  in  surgery 
until  his  death  on  November  26,  1875.  Few  surgeons 
of  France  obtained  more  fame  through  brilliancy  of 
mind  and  skill  of  hand  than  Giraldds,  hamperds 
though  he  was  by  his  smallness  of  stature  and  the  lose 
of  one  eye,  due  to  an  accident  at  an  operation.  He 
discovered  the  paradidymis  which  has  been  named 
after  him,  the  organ  of  Giraldes.  Among  his  many 
contributions  to  medical  literature  are  the  following: 
M(5moire  sur  la  terminaison  des  bronches,  1839; 
Des  luxations  de  la  machoire,  1844;  Du  degre  d'utilit6 
de  I'anatomie  comi)aree  dans  r(5tude  de  I'anatomie 
humaine,  1846;  Observation  et  description  anatomo- 
pathologique  des  kystes  congenitaux  du  cou,  1860: 
Note  sur  un  nouvel  organe  glanduleux,  situ6  dans 
le  cordon  spermatique,  et  pouvant  donner  naissance  ^ 
des  kystes,  1859;  Des  calculs  urinaires  chez  les 
enfants,  1862;  Le<^ons  cliniques  sur  les  maladies  chi- 
rurgicales  des  enfants,  1869.  E.L.J. 

Qizeh. — See  Egypt. 

Glanders. — Farcy,  equinia;  malleus,  malleus  humi- 
dus  et  farcinosus;  Rotzkrankhcit,  Hautwurm 
(German);  Morve,  Farcin  (French;;  Morvo,  Farcino 
(Italian). 

Glanders  is  an  infectious  disea.se  characterized  by  the 
formation  of  nodules  on  the  skin,  mucous  membrane, 
lungs,  lymphatics,  and  other  organs.  The  nodules 
have  a  tendency  to  break  down  leaving  ulcerations. 
The  bacillus  mallei  is  the  causative  agent  of  the  disease. 

Glanders  has  been  known  since  the  remotest  time, 
it  having  been  mentioned  by  Hippocrates  and  also 
by  Vegetius.  The  name  malleus  owes  its  origin  to 
.\ristotle.  Its  infectious  nature  was  recognized  by 
Apsyrtus  and  Vegetius,  although  not  until  the  eight- 
eenth century  was  it  generally  recognized  as  an  in- 
fectious disease.  In  1749,  Lafosse  in  presenting  ".\ 
Memoir  of  the  Glanders  in  Horses"  claimed  that  the 
disease  is  not  a  blood  infection,  but  represents  only  a 
local  malady  confined  to  the  nasal  cavities.  His 
prominent  position  exerted  a  great  influence  on  the 
acceptance  of  his  belief,  which  lasted  for  about  a  half 
century.  In  1784,  -strict  veterinary  police  measures 
were  enacted  by  the  French  Government  for  the 
control  of  the  disease,  and  at  that  time  \'iborg  regarded 
glanders  indentical  with  farcy.  In  1S40,  Renault 
and  Bouley  at  .\lfort  proved  the  contagious  nature  of 
the  disease  by  successful  inoculation  experiments,  and 
although  even  later  some  conceived  the  possibility 
of  the  spontaneous  development  of  the  disea.se,  its 
infectious  nature  was  no  longer  doubted.  In  1882, 
Loeffler  and  Schiitz  isolated  and  successfully  culti- 
vated the  bacillus  mallei  and  about  the  same  time 
Bouchard,  Capitan  and  Charrin  had  successfully 
grown  cultures  from  infected  animals  with  which  they 
succeeded  in  producing  glanders  in  guinea-pigs,  and 
asses,  even  in  the  fifth  generation. 

.\fter  the  discovery  of  the  causative  agent  the 
disease  continued  to  be  the  subject  of  investigation. 
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Helman  and  Kalning  obtained  from  the  sterilized 
cultures  a  product  known  as  mallein  which  has  been 
and  is  at  present  used  as  a  diagnostic  agent.  In 
more  recent  times  Schiitz  and  Miessner,  Schniircr, 
Pfeiller,  Mohler,  and  Eichhorn  have  contributed  to 
the  methods  of  diagnosing  this  disease  with  the  aid  of 
the  agglutination  and  complement-fixation  tests. 

Glanders  is  a  very  widely  spread  disease,  and  with 
the  exception  of  Australia,  has  occurred  practically  in 
every  country  of  the  world.  Its  spread  has  been 
favored  no  do'ubt  during  the  infestations  of  armies  of 
the  different  wars,  and  in  the  French  army  alone  over 
five  per  cent,  of  all  horses  had  to  be  destroyed  on 
account  of  glanders  every  year  from  1835  to  18-4.5. 
At  the  present  time  glanders  "prevails  quite  extensively 
in  the  different  countries,  although  its  spread  is 
checked  bv  the  effective  sanitary  police  measures  and 
also  by  the  more  satisfactory  diagnostic  methods 
which  we  have  at  our  command  at  the  present  for 
diagnosing  latent  cases  of  the  disease.  In  the  United 
States  the  disease  is  prevalent,  especially  in  the 
larger  eastern  cities  where  the  unsanitary  and  un- 
hygienic stabling  conditions  are  very  favorable  for 
the  propagation  of  the  disease.  Some  observers  claim 
that  in  these  cities  the  disease  exists  in  more  than  five 
per  cent,  of  all  the  horses. 

The  bacillus  mallei  is  a  straight,  or  slightly  curved 
rod,  it  is  non-motile,  from  two  to  four  microns  long 
and  fij  to  fo  of  a  micron  in  diameter.  The 
bacillus  of  glanders  is  easily  cultivated,  but  thrives 
onlv  at  a  temperature  above  20°  C.  and  ceases  to  grow 
at  4.5°.  The  media  most  suitable  for  its  cultivation 
should  be  neutral  or  slightly  acid.  Glycerin  media  is 
also  well  adapted  for  its  growth.  The  cultures  grown 
on  solid  media  have  a  peculiar  slimy  consistency. 
The  growth  on  potatoes  in  most  characteristic.  At 
first  small  honey-drop-like  translucent  colonies 
result  which  later  coalesce  into  a  ropy  mass  of  a  dark, 
almost  chocolate  color.  The  bacilli  are  not  very 
resistant  to  the  influences  of  external  agencies.  In 
decomposing  substances  thev  retain  their  virulence 
from  thirteen  to  fourteen  days.  Drying  destroys 
them  in  from  one  to  two  weeks  or  at  the  longest  in 
three  months.  Sunlight  destroys  them  in  twenty-four 
hours,  while  they  resist  heat  at  55°  C.  for  ten  minutes, 
and  for  only  five  minutes  at  80°.  Secretions  from 
affected  animals,  also  the  tissues,  lose  their  virulence 
within   a  few   days. 

Subcutaneous  inoculation  of  cultures  or  tissue  con- 
taining virulent  bacilli  or  applying  it  to  the  mucous 
membrane  of  the  nose  results  in  susceptible  animals 
developing  typical  cases  of  glanders.  The  first 
indication  of  the  disease  in  such  cases  is  manifested 
by  the  formation  of  nodules  which  after  breaking 
down  ulcerate;  the  lymph  vessels  and  lymph  glands  of 
the  neighboring  parts  also  become  involved.  The 
disease  may  also  be  produced  by  feeding  and  some 
of  the  recent  investigators  maintain  that  in  the 
natural  form  of  infection  this  mode  is  the  most 
frequent  by  which  animals  become  infected. 

Asses  are  the  most  susceptible,  then  follow  mules, 
horses,  and  carnivorous  animals.  In  fact,  nearly  all 
warm-blooded  animals  are  susceptible  with  the  excep- 
tion of  cattle,  hogs,  and  white  mice.  Man,  although 
not  as  susceptible  as  solipeds,  may  become  infected 
either  by  ingestion  or  inoculation. 

The  infection  of  healthy  animals  always  takes  place 
through  the  direct  or  indirect  transmission  of  the 
bacillus  mallei  from  infected  horses.  The  direct 
transmission  may  be  through  contact  of  healthy 
animals  with  those  affected,  while  indirectly  this  may 
be  accomplished  through  the  infective  organisms 
after  leaving  the  animals  with  the  excretions  re- 
maining deposited  where  they  may  be  taken  up  by 
susceptible  animals  or  men,  thus  giving  rise  to  the 
development  of  the  disease. 

Infection  may  take  place  either  through  abrasions 
of  the  skin  or  mucous  membrane,  through  the  air 


passages,  by  inhalation  and  by  ingestion  through  the 
digestive  tract.  Infection  through  the  digestive 
tract  is  without  doubt  the  most  frequent  in  horses, 
and  this  has  been  satisfactorily  proved  by  the  experi- 
ments of  Hutj-ra.  Experimental  studies  on  the 
other  modes  of  infection  were  also  made  and  estab- 
lished the  possibilities  of  such  forms  of  infection.  The 
fact  that  glanderous  lesions  are  almost  invariably 
found  in  the  lungs  and  very  frequently  the  disease  is 
confined  to  the  pulmonary  lesions  does  not  point  to  an 
infection  by  inhalation.  The  infection  may  readily 
reach  the  lungs  through  the  digestive  tract  without 
leaving  visible  traces  of  infection  in  other  parts.  The 
predilection  of  the  glanders  bacillus  for  the  lungs  is 
well-known  and  McFadyean's  statement,  that  no 
cases  of  glanders  have  been  reported  in  which  the 
lungs  were  not  affected  to  a  greater  or  lesser  extent,  is 
well  founded. 

The  bacilli  of  glanders  are  eliminated  either  with 
the  discharge  from  the  nose  or  they  may  be  coughed 
up  with  the  bronchial  secretion  from  the  hmgs,  the 
virus  in  such  cases  remaining  active  under  ordinary 
conditions  for  a  considerable  length  of  time,  and 
especially  in  damp,  poorly  ventilated,  dark  stables 
they  retain  their  infectivity  for  weeks  or  even  months. 
The  discharging  cases  of  glanders  are  of  course  the 
greatest  source  of  danger  since  such  an  animal  will 
infect  the  water  supply  of  a  stable,  the  utensils,  and 
ignorant  attendants  will  not  take  proper  precautions 
and  measures  to  prevent  the  spread  of  the  disease  in 
such  cases.  Frequently  sponges  are  used  for  the 
cleansing  of  the  noses  of  horses  with  nasal  discharges, 
and  in  this  manner  the  disease  is  transmitted  to 
healthy  animals  or  men  with  relative  frequency. 

On  the  other  hand,  the  presence  of  latent  cases  of 
glanders,  in  which  the  pulmonary  lesions  commimi- 
cate,  with  the  bronchi  may  also  be  a  continuous 
source  of  danger  for  infection,  and  especially  since 
this  form  of  the  disease  may  persist  in  a  horse  for 
months,  yes,  even  years  without  the  animal  showing 
any  external  indications  of  ill  health. 

In  the  presence  of  cutaneous  glanders  (farcy) 
various-sized  nodules  or  ulcers  develop  on  the  skin 
(Fig.  2794).  These  lesions  may  appear  on  any  part  of 
the  body,  but  most  frequently  they  are  located  on  the 
inside  of  the  thigh.  The  nodules  are  located  in  the 
subcutaneous  tissue  and  after  degeneration  burst 
leaving  ulcerated  areas  on  the  surface  of  the  skin. 
The  tissues  surrounding  the  nodules  show  a  gelat- 
inous infiltration,  while  the  centers  of  the  nodules 
proper  contain  a  yellowish-gray  or  red,  viscous  pus. 
The  h-mph  vessels  around  the  nodules  and  ulcers 
are  greatly  thickened,  cord-like,  and  the  correspond- 
ing lymph  glands  are  also  indurated  and  enlarged. 
In  cases  of  nasal  glanders  the  submaxillary  hiuph 
glands  are  very  frequently  involved  and  on  cross- 
section  the  parenchyma  shows  one  or  more  puru- 
lent foci  from  the  size  of  a  pinhead  to  that  of  a  pea. 
In  nasal  glanders  the  septum  manifests  nodular  forms 
or  ulcers.  In  the  early  stages  of  nasal  glanders  the 
septum  shows  gray  or  yellowish  nodules  of  the  size 
of  a  millet  seed  which  are  surrounded  by  reddened 
mucous  membranes.  After  the  breaking  down  of 
the  nodules,  ulcers  develop  which  as  a  result  of  the 
progressive  degenerations  become  irregular  in  shape 
(Fig.  2795).  Their  base  is  frequently  covered  with  pus 
detritus  or  with  a  brow-nish  scab.  Small  ulcers  may 
coalesce  and  in  this  manner  large  areas  of  ulceration 
result.  The  healed  ulcers  in  horses  disclose  the 
almost  characteristic  cicatrix  in  the  form  of  a  radi- 
ating scar.  These  scars,  as  before  stated,  being  known 
as  the  star  shaped  scars  of  glanders  (Fig.  2796). 

The  lungs  are  affected  in  a  large  percentage  of  eases 
of  the'disease,  and  infections  here  may  be  primary  or 
secondary.  They  manifest  either  tubercle-like  or 
lobular  pneumonic  areas  as  the  initial  lesions.  The 
glanderous  nodule  is  the  most  characteristic  finding 
in  the  lungs.     These  vary  in  size  and  appearance  in 
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the  same  individual.  They  usually  range  from  the 
(ize  of  a  pinhead  to  that  of  a  bead,  shot-like  on  palpa- 
tion and  do  not  "shell  out "  readily  from  the  surroiind- 
ingtissue  (Fig. 2797).  In  later  stages  of  their  develop- 
ment they  are  found  in  the  centers  of  small  hemor- 
rhagic pneumonic  islands.  The  older  nodules  are  sur- 
rounded by  firm  fibrous  capsules.     On  cross-section 


Fig.  2794. — Farcy  .A.ffecting  the  .Skin   of   the  Shoulder. 


the  center  is  yellowish,  caseous  or  dry  and  crumbling. 
Calcareous  deposits  in  old  arrested  glanderous  nodules 
may  occur.  These  nodules  are  usually  not  in  great 
abundance,  and  often  in  advanced  cases  may  not 
number  more  than  forty  or  fifty  in  both  lungs. 
Larger  numbers,  however,  are  not  infrequent. 

The  microscopic  appearance  of  the  glanderous 
nodules,  especiall\-  of  the  lung':,  has  been  the  s\ibject 
of  careful  study  by  Pflug,  Rabe, 
Csokor  and  Le-Clainche,  Montane, 
Schiitz,  Councilman,  Kitt,  Nocarde 
and  others.  The  microscopic  ap- 
pearance of  fresh  nodules  manifests 
a  congestion  of  the  capillary  vessels, 
and  the  alveoli  occluded  with  red 
blood  cells,  fibrin,  desquamated  epi- 
thelia,  leucocytes  and  blood-color- 
ingmaterial.  Nodules  with  necrotic 
centers  showed  the  alveoli  to  be 
filled  with  fine  granular  debris,  and 
a  verv  dense  mass  of  broken-down 
nuclei  (Fig.  279S).  _  The  outside 
border  of  the  debris  is  more  homo- 
geneous and  contains  less  broken- 
down  nuclear  material  than  the 
center.  The  entire  mass  of  deb-is 
lies  inside  of  the  alveoli  and  tills 
them  U])  in  the  form  of  plugs  so  that 
the  septa  of  the  alveoli  are  recogniz- 
able only  in  parts  and  indistinctly. 
Besides  these  broken-down  masses, 
round  cells  are  present  around  the 
necrotic  mass  forming  a  more  or 
le.ss  distinct  zone  of  infiltration 
(Figs.  2799  and  2800).  Larger 
glanderous  nodules  manifest  the 
same  picture;  the  peripherj-  of  the 
zone  of  the  cellulra  infiltration  is  surroimded  by  a  large 
cellular  fibro-plastic  tissue  zone  which  represents  the 
granulation  tissue.  The  fibroplastic  proliferation  starts 
from  the  capillaries  of  the  alveolar  septa  and  the  granu- 
lation tissue  grows  into  the  lumen  of  the  alveoli  filling 
the  same.  This  forms  the  connective  ti.ssue  capsule  of 
the  glanderous  nodules.     This,  however,  may  also  be 


subject  to  necrobiosis  and  the  process  again  extending 
to  the  neighboring  lung  tissue  results  in  cellular 
infiltration  and  granulation  in  that  way  forming  the 
extension  of  the  glanderous  focas  (Fig.  2801). 

A  catarrhal  pneumonic  form  of  glanders  of  the  lungs 
is  manifested  in  atelectatic  areas  which  have  a  Vjrown- 
ish-red  color.  In  a  later  stage,  however,  they  break 
down  as  a  result  of  a  central  softening, 
forming  a  yellowish  caseopurulent  mass, 
and  become  surrounded  by  a  red  hepatized 
zone,  which  is  very  fre(|uently  infiltrated 
with  a  yellowish  gelatinous  exudate.  In 
cases  where  the  lungs  show  an  extensive 
involvement  an  acute  l>ronchitis  is  usually 
present  in  a.ssociation  with  it.  The  mu- 
cous membranes  of  the  bronchi  in  such 
ca.ses  .show  nodules  or  ulcerations  besides 
the  usual  characteristics  of  this  affection. 
Other  organs  in  which  changes  occur 
are  the  spleen  and  the  liver.  These  quite 
frequently  manifest  small  translucent 
nodules  which  contain  either  a  yellowish 
pus  or  a  dry  mortar-like  mass.  The 
nodules  in  these  organs  are  usually  sur- 
rounded by  a  white  den.se  connective- 
tissue  capsule.  Nodules  of  glanders  have 
also  been  obser\-ed  occasionally  in  the 
kidneys,  brain,  body  musculature,  and  in 
the  heart  muscle.  Of  the  bones,  the  ribs 
are  most  frequently  involved,  and  in  the.se 
different-sized  caverns  form,  which  are 
filled  with  a  yellowish  tenacious  sul>- 
stance.  The  corresponding  lymph  glands 
of  the  affected  organs  are  also  usually 
aflfected,  showing  acute  swelling  in  fresh  infections, 
while  in  chronic  cases  a  dense  tough  indurated  con- 
dition is  noted. 

A  differential  diagnosis  of  the  nodules  becomes  very 
frequently  necessary,  and  in  such  cases  the  nodules 
of  anthracosis,  metastatic  pyemia,  malignant  tumors, 
and  especially  parasitic  nodules  come  into  considera- 
tion.    The  nodules  of  anthracosis  are  rare.     Thev  are 


Fig.  2795. — Lesions  of  Glanders  in  the  Nasal  Septum. 


small,  usually  contain  pigment,  and  are  composeo 
entirely  of  fibrous  tissue.  In  metastatic  centers  of 
pyemia  the  pus  is  more  fluid,  the  connective-tissue 
wall  is  thin,  the  condition  is  acute,  and  the  primary 
seat  of  infection  can  usually  be  found.  In  metastatic 
tumors  there  are  no  fibrous  walls  surrounding  the 
growth,  and  on  cross-section  the  tumor  cuts  easily  and 
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contains  no  central  area  of  degeneration,  but  is  homo- 
geneous. The  primary  tumor  can  be  fovmd  in  some 
other  part  of  the  body.  The  parasitic  nodules  caused 
by  the  Strongylus  arnfieldi  and  the  Ecchinococcus  are 
quite  simihxr  to  glanders  nodules.  Parasitic  nodules, 
however,  no  matter  how  small,  are  always  surrounded 
by  a  capsule.     The  periphery  is  translucent  and  the 


Fia.  2790.- 


-Stellate  Cicatri.x  from  Nas.il  Septum, 
chronic  glanders.     (Kitt.) 


From  a  ca^jc  of 


center  usually  contains  lime  salts.  In  the  large 
nodules  the  capsule  is  not  thick  as  in  the  old  caseous 
glanders  nodules. 

Nodular  multiplex  bronchitis,  which  is  character- 
ized b}'  small,  uniform,  gray,  frequently  calcified 
nodules,  ma.y  be  mistaken  for  glanders.  In  the  pres- 
ence of  this  affection,  however,  the  surrounding  limg 
ti-ssue  appears  normal;  l)esides,  the  broncliial  lymph 
glands  show  no  involvement.  In  chronic  interstitial 
pneumonia    the    inter-alveolar    connective    tissue    is 
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extensively  and  uniformly  thickened  and  there  are 
no  nodules  and  no  gelatinous  infiltration  is  present. 
In  tuberculosis,  which  is  very  rare  in  horses,  there  are 
different-sized  nodules,  some  of  which  resemble 
sarcomatous  growths,  and  there  is  also  a  caseation  of 


Fig.  2797. — Section  of  Lung  of  Horse  (Natural  Size),  showing 
Nodules  and  Cicatrices.  The  lobules  are  more  prominent  than  is 
natural.     (Kitt.) 


Fig.  2798. — Section  of  Beginning  Nodule  Adjoining  an  Inter- 
lobular Septum  in  Horse's  Lung.  The  darker  central  portion  ia 
composed  of  cellular  and  nuclear  detritus.  The  walls  of  the  alveoli 
are  necrotic. 

the  thoracic  lymph  glands.  In  botryomycosis  and 
pneumomycosis  the  changes  show  a  more  chronic 
character,  and  in  these  infections  a  microscojjical 
examination  will  readily  disclose  the  character  of  the 
affection, 
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The  time  of  incubation  usually  depends  on  the 
manner  and  on  the  intensity  of  the  infection.  Arti- 
ficial infections  may  be  followed  by  the  appearance  of 


Fio.  2799. — Section  of  Gluiiders  NuduK-  in  the  Lung  of  Horse.  Tlie 
dark  central  mass  is  composed  of  cell  and  nuclear  debris  in  which  no 
lung  structure  can  be  recognized. 


tion  of  the  surrounding  subcutaneou.s  tissue  which  may 
spread  over  a  large  area  resulting  in  extensive  doughy 
painless  swellings.  In  horses  th(;  swelling  appears  u.su- 
ally  on  the  lower  abdoincn  and  on  the  extremities. 

Constitutional  symptoms  usually  accompany 
the  disease,  varying  in  severity  in  accordance  to 
whether  the  disease  runs  an  acute  or  chronic  course, 
and  also  whether  the  manifestations  are  in  the  skin 
or  in  tlie  internal  organs,  especially  the  lungs. 

The  bacilli  may  break  into  the  blood  at  any 
stage  of  the  disease  causing  a  septicemic  affection. 
.Mixed  infections  have  also  been  observed  at  times 
in  man  in  which  cases  usually  the  streptococci  are 
associated  with  the  glanders  bacilli. 

The  disease  in  man  is  manifested  either  in  the 
fiirm  of  acute  or  ciironic  glanders,  or  acute  or 
chronic  farcy.  When  the  acute  form  does  not 
cause  death  in  three  or  four  weeks  the  patient 
may  linger  on  with  the  chronic  form  showing  itself 
by  more  or  less  active  lesions  which  may  heal,  but 
usually  reappear  in  different  parts  of  the  body. 
The  symptoms  in  the  acute  form  are  a  high  fever, 
chills,  headaches,  and  pains  in  the  limbs.  These 
may  remain  the  only  manifestations  for  a  week  or 
longer  when  a  cutaneous  rash  appears  in  the  form 
of  nodules  which  rapidly  break  down  into  ulcer- 
ations, p'recjuently  this  rash  is  not  visil)le  until 
shortly  before  death  when  the  patient  dies  from 
acute  septicemia  after  the  manifestation  of  local 
lesions,  i 

The  lesions  are  frequently  accompanied  by  ery- 
.sipelatous  conditions  in  different  parts  of  the 
body,  principally,  the  nose,  lips,  cheeks,  and  fore- 
head which  show  swellings  and  discoloration.  The 
external  lesions  usually  develop  on  these  parts. 


symptoms  in  from  two  to  three  days.  After  natural 
infections,  however,  several  weeks  and  sometimes 
months  may  elapse  before  external  indications  of  the 
disease  are  manifested. 

The  pulmonary  form  of  the  disease  develops 
very  insidiously  and  the  progress  of  the  disease 
may  be  very  slow,  and  again  it  may  take  on 
.an  acute  form  from  the  on.set  in  which  case 
death  may  result  from  a  glanderous  pneu- 
monia. This  form  is  observed  from  time  to 
time  in  horses.  The  existence  of  the  disease 
of  the  lungs  is  sometimes  indicated  by  fre- 
quent nose-bleeding  as  a  result  of  destructive 
pulmonary  processes.  In  the  nasal  form  the 
first  appearance  is  indicated  by  a  catarrh 
which  is  followed  by  unilateral  or  bilateral 
serous  discharges,  which  later  become  purulent 
and  frequently  contain  streaks  of  blood.  The 
mucous  membrane  of  the  septum  soon  shows 
a  formation  of  gray  or  yellowish  nodules  of 
the  size  of  a  hemp  seed  which  break  down 
leaving  ulcerations  with  well-defined  borders 
which  after  spreading  assume  ragged  outlines 
and  a  raised  border.  They  may  also  be  pres- 
ent on  the  turbinated  bones,  in  fact,  in  all  parts 
of  the  nasal  cavity,  including  the  larynx  and 
trachea.  The  ulcerations  may  become  aggra- 
vated and  may  be  accompanied  by  extensive 
destruction  of  the  deeper  tissues,  resulting 
very  frequently  in  perforations  of  the  septum. 
At  other  times  the  ulcers  may  heal  leaving  the 
characteristic  cicatrices,  already  described. 

In  the  cutaneous  form  of  the  disease,  the 
nodules  may  develop  on  any  part  of  the  body, 
in  the  skin  or  subcutaneous  connective  tissue, 
which  break  down  and  leave  ragged  ulcers. 
The  discharge  is  a  viscous,  yellowish-gray  ])us, 
which  at  times  is  intermixed  with  blood.  The 
region  of  the  nodules  and  ulcers  of  the  skin  and  sub- 
cutaneous tissue  and  the  lymphatics  show  a  marked 
thickening  and  the  regional  lymph  glands  also  show 
induration.     Around  the  nodules  there  is  an  infiltra- 


DiAGNOSis. — This  is  rather  difficult  in  human 
beings  since  manifestations  in  the  early  .stages  are  not 
characteristic      The  appearance  of  pus  in  the  subcu- 


Fio.  2S00. — .Section  of  Chronic  Glanders  Nodnle  in  the  I.une  of  Ilorso, 
leas  advanced  in  it3  formation  than  Fig.  2799.  In  the  center  of  the  nodule 
the  lung  structure  is  still  visible. 


taneous  lesions  should  be  utilized  for  microscopic 
examination  and  in  doubtful  cases  animal  inocula- 
tions should  be  resorted  to. 

Diagnosis  by  (iiiiuea-pig  Inocxilalion. — This  method 
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was  first  suggested  by  Straus,  and  is  often  termed 
"Straus's  guinea-pig  test  for  glanders."  It  is  a  sim- 
ple and  valuable  means  of  diagnosing  those  cases  of 
glanders  showing  farcy   buds  or  a  nasal  discharge. 


Fia.  2.'!01. — Section   of  a  DifFu.se  Acute  Nodule  Showing  .Several 
Centcra  in  Lung  of  Horse. 

Although  it  is  usuall,v  done  at  a  laboratory-,  this  is 
not  essential,  as  any  veterinarian,  with  the  usual  pre- 
cautions, can  apply  the  test  in  his  office.  It  is  only 
necessary  to  have  one  or  two  male  guinea  pigs  and  an 
ordinary  hypodermic  syringe.  The  nasal  discharge 
is  collected  on  a  cotton  swab  and  emulsified  with  boiled 
water,  so  that  it  can  be  drawn  up  into  the  syringe. 
The  guinea  pig  is  turned  over  on  its  back  by  an 
assistant,  the  h;iir  is  clipped  with  .scissors  from  a  small 
area  on  the  abdomen,  and  the  part  washed  with  an 
antiseptic  solution.  The  needle  of  the  syringe  is  then 
pushed  through  the  abdominal  wall  and  a  few  drojis 
of  the  material  injected.  The  second  guinea  pig  is 
treated  in  the  same  way.  Two  are  inoculated  to 
guard  against  one  dying  of  peritonitis  before  the 
glanders  lesions  have  had  time  to  develop.  It  is 
better  to  allow  the  animals  to  live  for  from  three  to  four 
days  after  the  inoculation  before  chloroforming,  unless 
by  examining  the  testicles  they  are  foimd  to  be 
enlarged  and  the  skin  covering  them  hot  and  reddened, 
in  which  case  they  may  be  killed  at  once.  The  char- 
acteristic lesions  of  glanders  are  found  in  the  testicle 
and  consist  of  the  thickening  of  the  tunica  vaginalis 
and  adhestions  between  the  latter  and  the  testicles. 
When  these  are  forcibly  separated  the  surface  of  the 
testicle  is  found  to  contain  small  white  purulent  areas. 
From  such  a  testicle  the  organisms  of  glanders  can  usu- 
ally be  grown  in  pure  culture.  Where  such  changes 
are  found  in  a  guinea  pig  it  is  proof  that  the  horse  is 
affected  with  this  disease. 

In  all  cases  where  there  is  the  slightest  suspicion  of 
the  existence  of  the  disease  in  man,  the  up-to-date 
method  of  serum  diagnosis  should  be  employed  for 
diagnosis  or  elimination. 

For  the  diagnosis  of  the  di'sease  in  animals  various 
methods  have  been  devised.  The  oldest  allergic 
method  is  the  m.allein  test  which  is  at  the  present 
time  one  of  the  most  valuable  means  by  which  glanders 
may  be  diagnosed  in  animals. 
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Kelning,  a  Rus.sian  veterinarian,  discovered  niallein, 
a  toxic  substance  obtained  from  the  cultures  of  the 
bacillus  mallei.  Like  tuberculin,  when  this  product 
is  injected  subcutaneously  into  an  infected  animal, 
it  results  in  both  a  general  and  local  reaction, 
the  general  reaction  manifesting  itself  by  dull- 
ness, inappetence  and  fever,  while  the  local 
reaction  is  indicated  by  large  painful  edemat- 
ous swellings  at  the  point  of  injection  from 
which  the  Ij-mphatics  radiate  In  the  form  of 
hard  cords.  The  mallein  produces  a  febrile 
reaction  only  in  sensitized  animals.  A  rise 
of  temperature  in  such  animals  is  character- 
istic. This  begins  in  from  four  to  eight  hours 
after  the  injection,  and  the  maximum  tem- 
perature is  reached  in  from  ten  to  twenty 
hours  with  a  gradual  return  to  normal.  The 
difference  between  the  before  and  after  tem- 
peratures should  be  at  least  2. .5°  F.  to  consti- 
tute a  positive  reaction.  In  the  presence  of  a 
marked  local  reaction,  however,  it  is  not 
necessary  to  have  the  temperature  rise  to  the 
height  given  above. 

Alore  recently  the  ophthalmic  mallein  test 
has  gained  in  favor  because  of  its  simpler 
application.  The  concentrated  mallein  is  ap- 
plied into  the  conjunctival  sac  of  the  suspected 
animal  with  the  aid  of  a  camel's  hair  brush 
or  a  glass  rod  and  in  the  existence  of  [the 
disease  the  treated  eye  develops  a  severe  puru- 
lent conjunctivitis  with  or  without  a  marked 
swelling  of  one  or  both  of  the  eyelids  (Fig. 
2S02). 

The  characteristic  manifestations  of  a  posi- 
tive reaction  occur  in  from  five  to  six  hours 
and  last  thirty-six   to   forty-eight    hours.     A 
purulent  secretion  or  discharge  with  reddening 
of  the  conjunctiva  alone   is   significant   of   a 
positive  reaction.     Swelling  and  gluing  of  the 
lids  may  be  .seen  in  severe  reactions.     The  eye  should 
be  examined  in  a  good  light  sixteen  to  eighteen  hours 
after  the  application  of  the  te.st. 

Generally  the  positive  reaction  is  not  accompanied 
by  rise  of  temperature  or  systemic  disturbances.     A 


Fig.  2S02. — Ophthalmic  Mallein  Reaction  in  Glanders. 

variation  in  temperature  does  not  occur  in  negative 
tests  or  normal  animals.  Occasionally,  however, 
affected  hor.ses  are  hypersensitive,  so  that  often  a 
trace  of  mallein  which  enters  the  circulation  pro- 
duces fever.     Accordingly,  it  is  advisable  to  accora- 
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pany  the  ophthalmoreaction  with  temperature  meas- 
urements. For  tliis  purpose  the  temperature  should 
be  taken  twice,  the  first  time  when  the  eye  test  is 
being  made  and  the  second  time  when  it  is  judged. 
In  a  doubtful  eoe  reaction  where  there  i.9  an  in- 
creasing temperature  over  101  5°  F.,  the  test  should 
be  considered  positive  if  the  animal  ead  a  normal 
temperature  at  the  time  the  test  was  made.  If  tlie 
result  of  the  test  is  negative  or  questionable  twenty- 
four  hours  after  the  first  application  the  test  may  be 
repeated  at  once  on  the  same  eye  or  the  control  eye. 

The  intensity  of  the  ophthalmic  test  bears  no  rela- 
tion to  the  stage  of  development  of  the  infection. 

For  a  practical  test  to  be  used  by  veterinarians  on 
horses  the  ophthalmic  method  is  without  doubt  the 
most  satisfactory  since  it  is  simple  in  its  application 
and  can  be  rapidly  applied  to  a  large  number  of  ani- 
mals. There  is  no  reference  indicating  that  this  form 
of  diagnosis  has  ever  been  employed  on  human  beings, 
but  from  its  characteristic  appearance  in  animals  it 
should  be  likewise  effective  in  human  beings. 

Various  authors  have  advised  the  cutaneous  mallein 
test  for  the  diagnosis  of  glanders.  This,  however, 
affords  no  advantages  over  the  subcutaneous  or  oph- 
thalmic methods.  The  reaction  consists  in  an  edem- 
atous thickening  of  the  skin  which  varies  in  accordance 
with  the  intensity  of  the  reaction. 

Serum  Diagnosis. — The  opsonin,  conglutination, 
and  precipitation  tests  have  been  employed  experi- 
mentally for  the  diagnosis  of  glanders.  The  first  two 
proved  laborious  and  impracticable  and  the  latter 
unreliable. 

Of  the  .serum  tests  for  diagnosis,  the  agglutination 
and  complement-fixation  have  without  doubt  proven 
the  most  reliable  and  constitute  at  the  present 
time  the  best  laboratory  means  of  diagnosing  the 
disease. 

The  agglutination  te.st  was  first  suggested  by 
McFadyean.  Later  extensive  work  was  done  on 
this  subject  by  Schiitz  and  Miessncr.  They  used  the 
dead  cultures  of  the  bacillus  mallei  with  the  sediment 
macroscopic  method,  while  McFadyean  employed  the 
hanging-drop  microscopic  method. 

In  this  country  the  most  extensive  work  in  diagnosis 
by  the  agglutination  test  was  carried  out  by  Moore  and 
Mohler  and  Eichhorn.  In  using  this  method  of 
diagnosis  it  is  important  to  have  suitable  strains  of 
glanders  bacilli  and  the  best  results  are  obtained  with 
a  combination  of  several  strains.  The  test  fluid  is 
prepared  in  the  ordinary  way  by  washing  agar  cultures 
after  they  have  been  heated  to  60°  for  two  hours. 
The  fluid  from  the  culture  tubes  is  collected  in  flasks 
and  a  proper  dilution  made  by  comparison  with  a 
sample  of  w-ell-known  agglutinating  test  fluid  as  to  its 
density. 

Dilutions  are  then  made  of  the  sera  to  be  tested  with 
carbolized  salt  solution  in  amounts  to  represent  froni 
1  to  400  to  1,000  to  4,000  or  over.  The  1  or  2  c.c.  of 
test  fluid  used  is  to  be  considered  in  the  calculation 
of  the  dilutions.  The  same  quantity  of  test  fluid  is 
added  to  each  tube.  After  the  dilutions  the  rack 
containing  the  tubes  is  placed  in  an  incubator  for 
twenty-four  hours  and  tlien  allowed  to  stand  at  room 
temperature  for  twelve  hours  when  the  reading  is  made. 

A  more  convenient  way  and  one  which  at  the  pres- 
ent is  practised  with  good  satisfaction  consists  in 
keeping  the  racks  containing  the  diff'erent  dilution 
tubes  in  an  incubator  for  one-half  hour  only  when 
they  are  centrifugalized  for  ten  minutes  in  a  centrifuge 
making  from  1,.500  to  l,(iOO  revolutions  per  minute. 
After  removal  thej'  are  allowed  to  stand  for  one  and 
one-half  hours,  when  the  results  are  read.  These 
results  can  be  seen  perfectly  by  taking  the  stand  con- 
taining the  tubes  and  holding  it  up  toward  the  light  of 
the  window  to  see  the  bottom  of  the  test-tubes.  The 
appearance  of  an  irregular,  veil-like  clumping  at  the 
bottom  of  the  tube  with  a  clearing  of  the  upper  part 
of  the  fluid  indicates  an  agglutination,  while  the  collec- 


tion of  a  dense  white  precipitation  at  the  bottom  of 
the  tube  and  a  cloudiness  of  the  upper  part  of  the  fluid 
indicate  failure  of  agglutination. 

After  extensive  experience  with  the  agglutination 
test,  Schiitz  and  Miessner  established  the  following 
rules  to  serve  as  guides  in  judging  the  results  of  the 
agglutination  test: 

1.  All  animals  suspected  of  being  affected  with 
glanders  should  be  subjected  to  the  agglutination 
test. 

2.  All  those  horses  should  be  destroyed  in  which 
the  blood  shows  an  agglutination  of  1,000  and  over. 

3.  All  horses  should  be  destroyed  in  which  the  blood 
shows  an  agglutinating  value  of  from  .500  to  800  and 
which  at  the  same  time  show  clinical  manifestations  of 
glanders. 

4.  All  other  horses  in  which  the  blood  shows  an 
agglutinating  value  from  .500  to  800  should  be  isolated 
and  destroyed  only  in  case  the  agglutinating  value 
changes  on  the  .second  examination. 

.5.  All  liorses  in  which  the  blood  shows  an  agglutin- 
ating value  of  500  to  800  should  be  considered  free  of 
glanders  when  the  agglutinating  value  remains  un- 
changed on  the  second  examination. 

6.  If  the  presence  of  the  disease  has  been  established 
in  a  stable,  the  blood  of  all  horses  should  be  retested  at 
the  end  of  the  third  week. 

Malleinization  of  the  horses  shortly  before  the  blood 
is  taken  for  the  agglutination  test,  influences  the 
results  of  the  test  often  to  a  great  extent,  and  therefore 
it  is  absolutely  essential  not  to  attempt  to  make  the 
agglutination  test  in  cases  where  the  mallein  test  has 
just  been  made.  Ten  days  to  two  weeks  should 
elapse  before  the  blood  should  be  taken  for  the  agglu- 
tination test  from  horses  which  have  been  tested  with 
mallein. 

Complement-fixation  Test. — In  1909  Schiitz  and 
Schubert  published  the  results  of  their  important  work 
on  the  application  of  the  method  of  complement- 
fixation  for  the  diagnosis  of  glanders.  And  since  their 
experiments  were  followed  by  splendid  results,  exceed- 
ing by  far  the  results  obtained  from  either  the  mallein 
or  the  agglutination  test,  they  recommended  that  this 
method  of  diagnosis  in  combination  with  the  agglu- 
tination test  be  taken  as  the  official  test  in  Germany. 
This  method,  overcoming  as  it  does  the  disadvantages 
of  the  mallein  and  agglutination  tests,  constitutes 
without  doubt  the  most  reliable  method  for  the  diag- 
nosis of  glanders  which  we  have  at  our  command  at 
the  present  time.  The  complement-fixation  test  is, 
in  fact,  the  most  definite  method  known  for  determin- 
ing specific  infections  and  is  as  nearly  perfect  as  a 
biological  test  can  be.  It  has  recently  been  thor- 
oughly studied  by  this  bureau  and  has  given  excellent 
results. 

The  principle  of  this  test  is  presented  in  the  phe- 
nomenon of  hemolysis,  which  was  first  discovered  and 
stvidied  by  Bordet  and  Gengou,  and  extended  by  Ehr- 
lich,  Morgenroth,  and  Sachs.  It  is  called  the  comple- 
ment fixation  test  on  accoimt  of  the  fact  that  the  com- 
plement has  been  fixed  by  the  combination  of  anti- 
gen with  antibody  and  thus  prevented  from  participat- 
ing in  the  hemolytic  process  in  which  its  presence  is 
essential  in  order  that  hemolysis  may  take  place. 
By  this  method  even  small  quantities  of  glanders  am- 
boceptors (antibodies)  can  be  demonstrated  in  a  serum. 

The  presence  of  the  specific  imnume  l)odics  (bac- 
teriolytic amboceptors)  in  the  serum  of  glandered 
horses  brings  about  the  fixation  of  the  complement 
when  the  antigen  in  the  form  of  glanders  bacilli 
extract  is  added  to  the  hemolytic  system.  The  serum 
of  glandered  horses,  therefore,  contains  antibodies 
(immune  bodies)  against  glanders  bacilli,  which  are 
specific  only  for  the  glanders  bacilli  and  for  no  other 
infection.  The  complement-fixation  accordingly  rep- 
resents a  specific  test,  as  only  in  the  presence  of  the 
glanderous  imniune  bodies  and  glanderous  antigen 
will  the  reaction  take  place.     If,  instead  of  the  glan- 
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derous  immune  bodies,  other  antibodies  of  another 
infectious  disease  be  present  in  the  blood  serum,  they 
will  exert  no  effect  whatsoever  on  the  glanderous  anti- 
gen; and,  on  the  other  hand,  if  serum  containing 
glanderous  immune  bodies  is  brought  in  contact  with 
an  antigen  of  another  infectious  disease  it  will  also 
have  no  effect  on  the  reaction.  By  this  fixation  of  the 
complement  the  hemolytic  system  is  left  incomplete, 
and  as  a  result  no  hemolysis  will  take  place.  This 
fixation  pf  the  complement'by  the  antigen  and  immune 
bodies  of  glanders  in  horse  serum  constitutes  the  diag- 
nostic test  for  this  disease. 

The  results  of  the  complement-fixation  test  should 
be  interpreted  as  follows: 

1.  Horses  in  which  the  serum  produces  a  complete 
fixation  of  the  complement  in  the  quantities  of  0.1 
and  0.2  c.c.  should  be  considered  as  glandered. 

2.  Horses  in  which  the  serum  gives  a  complete  fixa- 
tion in  the  quantity  of  0.2  c.c.  and  an  incomplete  fixa- 
tion in  the  quantify  of  0.1  c.c.  should  likewise  be 
considered  as  glandered. 

3.  Horses  in  which  the  serum  produces  an  incom- 
plete fixation  of  the  complement  in  the  quantities  of 
0.1  and  0.2  c.c.  should  also  be  considered  as  glandered. 

4.  Horses  in  which  the  sermn  shows  no  fixation  of 
the  complement  in  either  tube  should  be  considered 
free  of  glanders. 

In  order  to  reduce  the  possibility  of  error  to  a 
minimum  the  agglutination  test  may  be  applied  to 
the  latter  cases,  and  if  this  shows  a  value  of  1  to  1,000 
or  over,  the  animal  should  be  considered  as  glandered. 
However,  such  cases  are  extremely  rare. 

Of  the  laboratory  methods  of  diagnosis  the  combined 
complement-fixation  and  agglutination  offer  the  be.st 
advantages  and  with  their  aid  glanders  can  be  readily 
diagnosed  in  animals  and  man.  Furthermore,  the 
disease  in  animals  could  be  well  controlled  by  the 
application  of  these  tests  on  horses  suspected  or  ex- 
posed to  the  disease.  The  gratifying  results  obtained 
in  the  eradication  work  of  glanders  in  Prussia  is  en- 
tirely due  to  the  application  of  the  combined  comple- 
ment-fixation and  agglutination  tests  in  all  stables 
where  the  disease  has  appeared  or  has  been  suspected. 

The  complement-fixation  may  also  be  emploj'ed 
with  satisfaction  for  the  diagnosis  of  the  disease  in  man. 
Its  efficiency  for  this  purpose  has  been  tested  by  the 
writer  on  two  positive  cases  and  on  several  that  were 
negative.  Carnivorous  animals  suspected  of  glanders 
were  also  tested  by  this  method  and  the  results  were 
uniformly  satisfactory.  Thus,  in  an  outbreak  of 
glanders  among  lions  and  tigers  of  a  circus  the  disea.se 
was  satisfactorily  diagnosed  and  eradicated  by  this 
method. 

Prognosis. — The  prognosis  in  man,  as  well  as  ani- 
mals, is  always  unfavorable,  although  there  is  no 
question  but  that  chronic  cases  of  glanders  or  farcy 
may  recover;  the  acute  forms,  however,  almost 
invariably  terminate  fatally.  The  character  of  the 
encapsulated  calcified  glanders  nodules  of  horses 
which  are  found  on  postmortem  appear  to  indicate 
that  recoveries  from  .slight  infections  of  equine  glanders 
are  not  so  very  infrequent. 

Tre.^tment. — No  satisfactory  treatment  is  known. 
The  skin  should  be  treated  in  accordance  with  the 
principles  of  surgery.  The  abscesses  and  ulcers  should 
be  .swabbed  out  with  strong  antiseptics  and  properly 
dressed.  The  nose  should  be  washed  out  with  mild 
antiseptics  followed  by  insufflations  of-  iodoform  or 
aristol. 

Repeated  injections  of  very  small  doses  of  mallein 
have  been  tried  in  infections  of  man  with  apparently 
good  results.  Other  methods  of  vaccine  therapy, 
while  extensively  carried  out  on  animals,  have  not 
been  used  on  human  beings. 

Glanders  in  animals,  especially  in  horses,  is  not 
treated  since  the  danger  of  infection  from  such  an 


animal  to  others  is  too  great  to  make  any  attempts  in 
this  direction  permissiljle.  Accordingly,  it  is  aimed 
to  control  and  possibly  eradicate  the  disease  by  the 
destruction  not  alone  of  all  clinical  cases  of  the  disease, 
but  also  the  latent  forms  which  without  doubt  are 
responsible  in  a  great  measure  for  the  propagation 
of  the  di.sease.  Unless  the  latent  forms  of  the  disease 
are  diagnosed  and  are  eliminated  as  possible  sources 
of  spreading  the  disease  it  cannot  be  eradicated. 
With  the  present  means  of  diagnosis,  however,  it  is 
possible  and  would  require  only  stringent  sanitary 
police  measures  and  the  proper  execution  of  the  same 
to  control  and  eradicate  the  disease. 

Immunization  experiments  which  have  been  made 
repeatedly  with  dead  cultures  of  the  glanders  bacillus 
prepared  in  various  ways  and  also  with  mallein  have 
[jroved  unsatisfactory.  The  writer  hat  attempted 
to  immunize  by  this  means,  but  the  vaccinated  animals 
failed  to  show  an  increased  resistance  as  compared 
with  other  untreated  animals. 

Adolph  Eichhorn. 

Glands. — The  term  gland  is  loosely  applied  to 
some  organs  that  are,  strictly  speaking,  not  true 
glands.  In  a  strict  sense,  a  gland  is  an  organ  of 
epithelial  structure,  the  cells  of  which  form  a  sub- 
stance which  is  a  secretion,  if  it  is  to  be  further  used 
by  the  body,  and  an  excretion,  if  it  represents  waste 
products  that  are  to  be  eliminated.  The  ovaries 
and  testes,  in  addition  to  forming  a  secretion,  also 
give  rise  to  cells  (ova  and  spermia)  that  pass  out 
with  the  fluid  and  are  classified  as  cylogetiic  glands. 
Under  the  same  head  Minot  classifies  certain  of  the 
ductless  organs,  so-called  glands,  as  the  thymus, 
spleen,  lymph  nodes,  hemolymph  nodes,  tonsil,  and 
bone-marrow.  These  organs  form  blood  cells  which 
are  not  to  be  considered  as  secretion  or  excretion 
products.  Although  the  lungs  do  not  directly  se- 
crete, they  have  the  structure  of  true  glands,  are 
developed  like  them  and  assist  in  the  passage  of  oxygen 
to  the  blood  and  carbon  dioxide  and  organic  gases 
from  the  blood.  The  latter  might  be  looked  upon  as 
an  excretion. 

Most  of  the  glands  are  offshoots,  or  derivatives, 
of  mucous  membranes  and  the  great  majority  still 
retain  their  connection,  in  the  completed  condition, 
with  the  surface  from  which  they  are  derived;  others 
became  disconnected  or  isolated  (hypophysis,  thyroid, 
parathyroid)  while  a  few  develop  independently  of  a 
mucous  membrane  (adrenal,  epiphysis). 

These  organs  vary  greatly  in  size  from  the  liver 
(40-60  ounces),  to  the  parathyroid  (0.1  gram),  but  in 
general  the  structure  is  about  the  same. 

Glands  are  classified  under  two  great  divisions, 
externally  secreting,  or  those  with  ducts,  and  internally 
secreting,  or  ductless.  In  the  former  class  belong  those 
glands  in  which  the  fluid,  resulting  from  the  cellular 
activity  in  the  secretorj-  units,  passes  out  of  the 
organ  through  a  series  of  ducts  or  tubes,  simple  or 
complicated.  To  the  latter  class  belong  those  glands 
that  are  unprovided  with  ducts.  In  these  the  secre- 
tion is  taken  up  by  either  the  blood  capillaries  or  the 
lymph  channels,  or  both.  The  externally  secreting 
glands  comprise  those  connected  with  the  alimentary, 
respiratory,  genito-urinary  tracts  and  the  skin.  Their 
secretion  is  of  a  lif|vud  nature,  with  the  exception  of 
ovary  and  testes,  which  also  pass  out  cells  (ova  and 
.spermia). 

As  these  glands  differ  greatly  in  structural  form, 
they  have  been  divided  into  (i)  tubular,  (2)  tubulo- 
alveolar,  (3)  racemose.  The  goblet  cells  of  the  alimen- 
tary and  respiratory  tract  are  considered  independent 
unicellular  glands.  The  tubular  glands  comprise 
the  (o)  simple,  or  mere  test  tube-like  depressions,  as 
in  the  cardiac  end  of  the  stomach  and  throughout  the 
intestines;  (b)  coiled,  a  long  slender  tube  the  lower 
end  of  which  is  coiled  upon  itself,  as  in  the  sweat  and 
ceruminous   glands;    (f)   the   branched,   in  which   the 
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secretory,  or  lower  part,  consists  of  several  short 
tubes  that  lead  into  a  common  duct,  or  excretory  tulie, 
as  the  pyloric,  duodenal,  prostatic,  and  uterine  glands; 
(d)  com/Mund,  or  those  glands  in  which  the  secretory 
tubules  are  very  great  in  number  and  the  duct  system 
highly  developed,  as  the  liver,  kidneys,  testicles, 
lacrimal  and  mucous,  salivary,  respiratory,  and  genito- 
urinary glands. 

2.  T uhulo-nlveolar  glands  are  those  with  a  more  or 
less  highly  developed  duct  system  and  with  secretory 
units  that  are  both  tubular  and  saccular  as  the 
submaxillary,  sublingual  and  mammary  glands  and 
the  lungs. 

3.  Saccular  glands  are  (a)  simple,  or  those  con- 
sisting of  merely  sac-like  offshoots  of  the  epithelial 
surface,  as  the  small  sebaceous  glands;  (b)  compound 
saccular,  or  those  with  a  well-developed  system  of 
ducts  and  secretory  units  all  of  the  saccular  type,  as 
the  pancreas,  parotid,  and  large  sebaceous  glands. 

As  the  secretion  of  the  different  salivary  glands 
varies,  these  organs  are  classified  as  serous,  mucous, 
and  mixed.  The  serous  glands  are  those  that  give  rise 
to  a  thin  albuminous  secretion,  as  the  pancreas  and 
parotid  and  a  number  of  small  unnamed  glands. 
The  secretory  cells  are  smaller  than  those  of  the 
mucous  type  and  are  somewhat  pyramidal  in  shape 
and  stain  deeply  with  ordinary  protoplasmic  stains. 
Mucous  glands,  as  the  esophageal,  duodenal,  and  small 
unnamed  salivary  glands  and  including  glands  of  the 
respiratory  and  genito-urinary  systems,  give  out  a 
thick  viscid  .secretion.  The  secretory  cells  are  larger 
and  of  a  more  columnar  type  and  stain  lightly  with 
the  ordinary  protoplasmic  stains.  Mixed  glands,  as 
the  submaxillar}-  and  sublingual  contain  both  serous 
and  mucous  secreting  units,  have  a  mixed  secretion 
and  have  lighth'  and  darkly  staining  secretory  units. 

Although  the  general  structure  of  all  glands  is 
about  the  same,  there  are  variations  according  to 
function.  Each  is  surrounded  by  a  capsule  of  white 
fibrous  tissue  that  sends  in  septa  dividing  the  organ 
into  large  divisions  called  lobes  and  smaller  ones 
called  lobules;  the  latter  repre.sent  the  structural  units 
of  the  gland.  The  lobules  are  completely  separated 
from  one  another  (except  in  the  liver)  by  the  inter- 
lobular connective  tissue,  this  sends  in  bands  that  form 
a  meshwork  in  which  are  supported  the  secretory 
units  that  may  be  of  the  tubular  or  saccular  type, 
or  both.  The  capsule  and  interlobular  tissue  serve 
to  hold  the  whole  together,  to  connect  the  glands  to 
the  surrounding  organs,  and  to  support  the  larger 
blood-vessels,  nerves,  lymph  channels,  and  ducts. 
The  intralobular  connective  tissue  consists  of  reticuli»m 
and  s\ipports  the  vascular  capillary  plexuses  and 
terminal  nerve  fibers  and  supports  the  secretory 
epithelium.  The  secretory  units  consist  of  a  single 
layer  of  columnar  and  pyramidal  cells  (different  in 
liver,  adrenal,  and  others)  that  rest  upon  a  basement 
membrane  and  efni^ty  their  secretion  into  a  central 
space,  or  lumen,  that  connects  with  the  smallest 
divisions  of  the  duct  system.  In  other  words,  the 
gland  is  a  mucous  membrane  in  ■which  the  tunica 
propria  is  represented  by  the  intralobular  connective 
tissue.  From  each  .secretory  unit  pas.ses  a  fine  duct, 
lined  by  low  simjjle  epithelium,  that  joins  others 
within  the  lobule  to  form  a  few  ducts  (intralobular) 
that  empty  into  the  interlobular  ducts  that  lie  be- 
tween the  lobules.  These,  in  turn,  empty  into  larger 
ducts  between  the  lobes  and  these  latter  join  to  form  a 
single  duet  for  the  gland.  The  epithelium  of  the  ducts 
varies  from  simple  to  stratified  columnar  in  the  larger 
ducts.  These  cells  rest  upon  a  basement  membrane 
that  is  supported  by  a  tunica  propria.  In  the  larger 
ducts  a  muscle  coat  and  a  fibrous  coat  are  also  present. 
The  large  arteries  pass  through  the  capsule  and  in 
most  glands  there  is  a  definite  place,  the  hilus  at 
■which  this  occurs;  the  vessels  then  divide  into  branches 
that  follow  the  interlobular  partitions  and  ultimately 
reach  the  lobules.      Here  thej-  form  capillary  plexuses 


within  lobules  around  the  secretory  units  and  then 
pas.s  over  the  venous  capillaries  that  return  the  Wood 
to  venules  in  the  interlobular  septa.  From  here  the 
blood  is  collected  by  larger  ves.sels  and  ultimatt-ly 
emerges  from  the  hilus  by,  usually,  a  single  veiii. 
Capillaries  are  also  seen  in  the  ducts  and  intt-rlobular 
tissue.  The  cells  receive  their  nutrient  material  and 
oxygen  from  the  lymph  that  bathes  them;  the 
lym/jli  is  derived  from  the  blood-vascular  capillaries 
and,  in  addition,  takes  up  the  waste  pnjducts  of 
the  cells  and  carries  these  products  into  the  clo.sed 
lymphatic  capillaries  that  empty  the  lymph  into 
larger  ves.sels.  These  ultimately  take  the  lymph 
from  the  organ,  usually  at  the  hilus.  The  nerves 
are  both  vasomotor  and  excitoglandular.  The  vaso- 
ninlor  pass  to  the  blood-vessels  and  end  in  the  muscu- 
lar coat  and  are  va.soconstrictor  and  vasofiilatcjr.  The 
fXcj/of/ZuKf/u/ar  nerves  pass  from  the  hilus  to  the  inter- 
lobular septa,  enter  the  lobule  and  terminate  between 
the  glandular  cells.  They  are  of  two  kinds,  trophic, 
that  by  excitation  cause  increa.sed  production  of 
.secretion  products  within  the  cell,  and  secreting 
til/ers,  that  cause  a  rapid  discharge  of  the  secretion 
from  the  cells. 

In  addition  to  general  characteristics  of  glandular 
cells,  some  contain  minute  channels  by  which  the 
secretion  enters  the  lumen  of  the  duct  system. 
In  the  liver  cells  the.se  secretory  ranaliculi  empty  the 
bile  into  the  bile  capillaries.  These  canaliculi  have 
been  found  in  the  parotid  and  other  serous  glands, 
between  the  cells  and  in  the  deniilimes  of  Heidenhain 
of  the  salivary  gland,  the  acid  cells  of  the  stomach 
and  between  the  alveolar  cells  of  the  pancreas. 

During  the  periods  of  rest  and  activity  the  glandular 
cells  differ  in  api)earance.  The.se  cells  al.so  differ 
in  shape  in  the  various  glands,  as  in  the  saccular 
glands  they  are  pyramidal,  in  the  tubular  gland, 
cuboidalor  columnar,  while  in  .some  others  as  the  liver 
and  sebaceous  glands,  they  are  polygonal.  The 
goblet  cell,  a  unicellular  gland,  varies  from  an  irregular 
column,  in  the  empty  state,  to  the  form  of  a  goblet, 
when  filled  with  mucin. 

All  glandular  cells  consist  of  a  more  or  less  granular 
protoplasm  containing  a  nucleus  and  centrosome.  The 
position  of  these  last  two  structures  and  the  nature 
of  the  protoplasm  depend  upon  the  .state  of  activity 
of  the  cell.  All  secreting  cells  contain  granules, 
whether  serous  or  mucous,  but  they  differ  in  these 
two  kinds  of  glands  in  size,  nimibcr,  chemical  com- 
position, and  stain  reaction.  The  granules  of  the  same 
cell  may  vary  also,  representing  different  stages  of 
development.  In  the  early  resting  stage,  the  nucleus 
lies  near  the  center  of  the  cell  surrounded  by  evenly 
distributed  granules.  The  cell  itself  is  slightly  smaller. 
.■\s  secretory  activity  begins,  fine  granules  begin  to 
appear  and  these  gradually  become  increased  in  size 
and  number  to  the  ripe  stage  and  then  the  appearance 
of  the  cells  changes.  The  granules  migrate  toward 
the  lumen  end  of  the  cell  occupying  the  bulk  of  the 
cell,  while  the  nucleus  is  forced  to  the  basal  zone 
and  is  surrounded  by  clear  or  only  finely  granular 
protoplasm.  At  the  height  of  secretory  activity, 
the  granules  and  fluid  are  expelled  into  the  lumen  of 
the  saccule  or.tubule  and  the  cell  returns  to  a  period 
of  rest  and  accumulation  of  granules.  If  secretory 
activity  be  stimulated,  all  of  the  granules  leave  the 
cell,  and  without  a  period  of  rest  the  granules  cannot 
form  and  accumulate,  so  the  protoplasm  is  clear.  The 
granules  of  mucous  and  some  other  gland  cells  are  not 
seen  in  tissue  fixed  and  stained  by  the  ordinary 
methods,  as  the  water  of  the  fixing  agents  and  even 
alcohol  causes  these  granules  to  swell  and  go  into 
solution.  To  study  them  osmic  acid  vapor  or  a 
mixture  of  equal  parts  of  five  per  cent,  osmic  acid  and 
saturated  potassiiun  bichromate  solutions,  or  a 
saturated  picric  acid  solution  should  be  used  for 
fixation. 

In    gohlet    cells   the    granules    accumulate    in    the 
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peripheral  half  of  the  cell  only.  The  nucleus  lies  in 
the  basal  half  surrounded  by  a  clear  protoplasm. 
The  mucin  granules,  at  first  small,  become  gradually 
larger  and  respond  well  to  the  special  mucin  stain. 
As  they  increase  in  size  and  number,  the  part  of  the 
cell  they  occupy  becomes  swollen  to  the  form  of  a 
goblet.  When  fully  distended,  the  granules  pass  out 
of  the  cell,  probably  through  the  flooding  of  the  cell 
with  the  watery  portion  of  the  lymph.  They  swell 
immediatelv  and  become  dissolved  to  form  a 
mucous  plug.  The  empty  cell  exhibits  a  delicate 
reticular  structure  in  the  former  mucous  area  and 
this  gradually  refills  and  repeats  the  process. 

In  ncrous  glands  there  is  less  disturbance  of  the  form 
of  the  cell.  This  process  of  extrusion  of  the  secretory 
granules  seems  to  be  an  exciting  cause  of  the  formation 
of;new  granules  and  the  ever  recurring  cycle  continues 
during  normal  conditions.  If  excessive  secretion  Ije 
induced,  then  the  discharge  becomes  more  rapid  and 
the  protoplasm  is  soon  deprived  of  all  of  the  granules; 
as  a  result  the  secretion  will  become  altered  and  the 
gland  will  require  a  longer  period  of  rest  to  recuperate. 
The  origin  of  the  secretion  granules  is  not  quite  clear, 
yet  there  seems  to  be  good  reason  to  believe  that,  in 
some  glands  at  least,  they  arise  from  the  mitochondria. 
The  nucleus  seems  to  be  connected  with  the  secretory 
activity  of  the  cell.  During  the  time  it  undergoes 
enlargement  indicating  an  excess  of  metabolic  ac- 
tivity. It  seems  to  extrude  part  of  its  chromatin  into 
the  neighboring  protoplasm  and  this  material  ap- 
parently goes  into  the  formation  of  secretory  granules. 
The  chromatin  may  remain  as  an  independent  mass, 
consisting  of  granules  or  threads,  and  constitutes 
then  a  paranucleus. 

Excretion  is  the  process  by  means  of  which  sub- 
stances that  represent  waste  or  end  products  of  met- 
abolism are  removed  from  the  body.  These  products, 
if  retained  too  long,  would  produce  a  harmful  effect, 
hence  their  early  removal  is  necessary.  The  organs 
of  excretion  are  the  kidneys,  that  form  the  urine;  the 
sweat  glands,  that  form  perspiration ;  the  liver,  that 
excretes  cholesterin  and  lecithin  in  the  bile  and  forms 
the  urea,  that  is  eliminated  by  the  kidneys;  the  lungs, 
which  remove  the  carbon  dioxide  and  organic  matter. 
These  organs  are  all  true  glands,  have  ducts,  and  the 
cellular  activity  during  the  process  of  excretion  is 
analogous  to  that  during  the  act  of  secretion. 

Internal  Secretion. — The  glands  that  give  rise  to 
an  internal  secretion  are  the  thyroid,  parathyroids, 
adrenals,  pituitary  body,  pineal  body,  carotid  and 
coccygeal  glands,  areas  of  Langerhans  of  the  pancreas, 
interstitial  cells  of  the  testicle  and  corpora  luteaofthe 
ovary.  These  organs  belong  to  the  ductless  variety 
as  tliey  possess  no  regular  outlet  for  their  secretion. 
In  what  manner  the  secretion  leaves  is  unkno'mi,  but 
it  must  be  by  way  of  the  blood-vessels  or  lymph- 
channels,  or  both.  In  this  way  the  products  of 
cellular  activity  are  carried  to  the  organs  requiring 
them,  and  as  long  as  the  secretion  is  normal  in  quantity 
and  quality,  they  maintain  a  certain  balance,  especi- 
ally nutritive.  If  the  nature  or  quantity  of  the  secre- 
tion be  altered,  this  balance  is  disturbed,  and  certain 
symptoms  exhibited,  indicated  the  disturbance  of 
certain  glands.  The  function  of  each  gland  is  deter- 
mined by  the  symptoms  exhibited,  when  it  is  diseased 
or  removed,  experimentally  or  for  di.sease,  and  by 
the  administration  of  its  extract  for  experimental 
purposes. 

Glandular  activity  is  controlled  by  nerve  centers 
located  in  the  central  nerve  system.  All  normal 
secretion  is  a  reflex  act.  Secretion  may  be  caused 
by  the  stimulation  of  these  centers,  by  impressions 
made  upon  the  peripheral  terminals  of  afferent 
nerves,  by  emotional  states,  or  by  changes  in  the  com- 
position of  the  blood.  The  nerves  are  from  the  cere- 
brospinal and  sympathetic  systems.  Some  claim  the 
two  distinct  efferent,  or  excitor  nerves  are  required, 


trophic,  that  stimiJate  the  production  of  organic  con- 
stituent, and  secretor,  those  that  stimulate  the  secre- 
tion of  water  and  inorganic  .salts.  The  internally 
secretive  glands  have  a  more  intimate  sympathetic 
connection  than  the  externally  secreting  glands. 

H.  E.   Radasch. 


Glandulae  Suprarenales  Siccae. — Desiccated  Su- 
prarenal Glands.  "The  cleaned,  dried,  and  powdered 
suprarenal  glands  of  the  sheep  {Ovis  aries)  or  ox 
(Bos  taurus),  freed  from  fat."  (U.  S.  P.)  As  soon 
as  the  animal  is  killed  the  glands  are  removed,  sepa- 
rated as  far  as  possible  from  the  surrounding  fat,  and 
dried  in  a  current  of  warm  air.  When  dried  they  aro 
coarsely  powdered  and  the  fat  is  dissolved  out  by 
benzin.  They  are  then  dried  again  and  reduced  to  a 
fine  powder.  The  resulting  product  is  a  light  yellow- 
ish-brown amorphous  powder,  one  part  of  which 
represents  five  or  six  parts  of  the  fresh  glands.  "If 
0..5  gram  of  desiccated  suprarenal  glands  be  macerated 
with  25  c.c.  of  water  for  fifteen  minutes  and  filtered, 
the  filtrate  should  give  an  emerald-green  color  u]jon  the 
addition  of  a  few  drops  of  ferric  chloride  test-solution. 
The  green  color  disappears  quite  rapidly."     (U.  S.  P.) 

It  has  been  employed  externally  as  a  hemostatic 
and  internally  in  Addison's  disease.  The  dose  is 
gr.  iii.-v.  (0.2-0..3).  The  preparation  is,  however, 
little  used  in  medicine,  preference  being  given  to  the 
various  liquid  preparations  of  the  suprarenal  gland 
known  as  adrenalin,  suprarenin,  suprarenalin,  epinc- 
phrin,  etc.  T.  L.  S. 


Glandulae  Thyroideae  Siccae. — Desiccated  Thy- 
roid Glands.  "The  cleaned,  dried,  and  powdered 
thyroid  glands  of  the  sheep  {Ovis  aries),  freed  from 
fat."  (U.  S.  P.)  _  This  preparation  is  made  in  the 
same  way  as  the  similar  one  of  the  suprarenal  glands. 
It  is  a  yellowish  amorphous  powder  containing  the 
active  ingredients  of  the  thyroid  gland,  one  part  of 
which  is  ecjuivalent  to  about  five  parts  of  fresh  thyroid 
tissue.  If  one  gram  of  desiccated  thyroid  glands  be 
mixed  with  an  equal  weight  of  pure  sodium  hydroxide 
and  carefully  fused  in  a  silver  dish,  and  oxidized  by 
adding  potassium  nitrate  whUe  fusing  until  a  white 
mass  remains,  and  if  the  fused  mass  be  dissolved  in  a 
small  quantity  of  water,  the  solution  treated  with 
2  grams  of  sodium  nitrite,  acidified  with  concentrated 
nitric  acid,  and  then  shaken  with  5  c.c.  of  chloroform, 
a  decided  pink  to  violet  coloration  should  be  imparted 
to  the  latter  (presence  of  iodine  compounds).  (U.  S. 
P.^  This  preparation  is  largely  used  when  thyroid 
medication  is  indicated,  in  dosesof  gr.  i.-x.  (0.06-0.6). 
See  Organotherapy.  T.  L.  S. 


Glandular       Fever. — Synonyms:        Driisenfieber, 

fievre  ganglionnaire. 

Definition. — Glandular  fever  is  an  acute  infectious 
disease  of  childhood,  characterized  by  sudden  onset, 
fever,  swelling  of  the  cervical  lymphatic  glands,  and 
constipation;  tsut  there  is  no  exanthem.  It  is  prob- 
ably contagious. 

Etiology. — The  cause  of  the  disease  is  unknown. 
It  has  been  suggested  that  the  tonsil  or  pharynx  may 
be  the  portal  of  entry  for  the  infectious  agent,  what- 
ever it  may  be;  but  there  seems  to  be  no  discoverable 
local  lesion.  Another  theory  is  that  the  infection 
finds  entrance  through  the  intestines;  and  some  color 
is  lent  to  this  theory  by  the  suggestion  that  it  might 
possibly  explain  the  fact  that  the  left  cervical  glands 
are  the  ones  chiefly  affected,  since  the  infection  might 
spread  to  them  from  the  thoracic  duct.  It  is  essen- 
tially a  disease  of  childhood,  most,  but  not  all,  of  the 
cases  occurring  before  the  tenth  year.  A  case  of 
glandular  fever  occurring  in  a  young  lady  twenty  years 
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of  age  was  reported  by  Mayer  of  New  York  in  the 
Medical  Record  of  August  11,  1900.  The-  winter 
months  of  the  .year  seem  to  be  the  most  hkelj'  time 
for  the  disease  to  be  contracted;  and  previous  diseases, 
general  malnutrition,  and  lowered  vitality  act  as 
predisposing  causes.  Sex  seems  to  have  no  bearing 
upon  the  etiology. 

The  first  account  of  the  disease  is  probably  that 
by  Filatow  of  Moscow  in  1885.  Four  years  later 
E.  Pfeiflfer  described  the  disease,  and  drew  attention 
to  the  fact  that  it  was  apt  to  occur  in  circumscribed 
epidemics;  he  also  noted  that  where  one  child  in  a 
family  suffered  from  the  disease,  the  others  were  very 
liable  to  suffer  too.  In  December,  1896,  Park  West 
published  an  account  of  an  epidemic  in  eastern  Ohio 
from  1893  to  1896.  The  cases  were  ninety-six  in 
number,  and  occurred  in  forty-three  families.  They 
were  all  in  the  practice  of  Dr.  F.  A.  Korell  of  Busi- 
nessburg,  O.,  and  were  reported  by  him  in  a  paper  read 
before  the  Belmont  County  (Ohio)  Medical  Society  on 
April  27,  1896. 

This  is  probably  the  largest  epidemic  yet  noted, 
and  West's  article,  besides  giving  statistical  tables, 
provides  an  extensive  bibliography. 

Symptoms  and  Course  of  the  Disease. — The  period 
of  incubation  probably  lasts  from  about  five  to  eight 
or  ten  days;  and  during  this  period  there  are  no  symp- 
toms. The  onset  is  sudden,  and  is  accompanied  by 
pain  and  tenderness  in  the  neck,  both  of  which  are 
made  worse  by  moving  the  head.  Fever  is  an  earl.v 
symptom,  and  is  apt  to  be  of  the  remittent  type;  as  a 
rule  it  is  only  of  moderate  degree,  the  body-tempera- 
ture running  from  101°  to  103°  F.,  occasionally  to 
101°  F.  There  is  no  rash,  but  the  face  may  be  fiushcfl 
in  the  early  stage  of  the  disease.  Nausea,  anorexia, 
constipation,  and  abdominal  pain  .are  apt  to  occur. 
Inflammation  of  the  throat  and  pharynx  are  present; 
and  dysphagia  is  marked.  The  lymphatic  glands  are 
enlarged  and  some  of  them  can  be  easily  palpated; 
this  is  particularly  noticeable  in  the  cervical  and 
carotid  regions  just  below  and  near  the  anterior 
border  of  the  sternocleidomastoid  muscle.  The 
swoUen  glands  with  the  accompanying  pain  and  ten- 
derness are  generally  found  on  the  left  side. 

The  posterior  cervical,  axillary,  aud  inguinal  glands 
may  become  similarly  involved.  The  mesenteric 
glands  may  also  be  affected;  and  abdominal  tender- 
ness, with  "enlargement  of  the  spleen  and  the  liver,  is 
present.  The  fever  abates  as  the  adenitis  reaches  its 
height,  and  the  latter  may  last  for  a  couple  of  weeks 
while  the  fever  remains  only  a  few  days.  In  the 
Ohio  epidemic  the  average  duration  of  the  disease  was 
sixteen  days.  The  most  serious  complication  is 
nephritis.  Suppuration  of  the  glands  is  rare,  and  is 
treated  by  incision  and  drainage. 

"In  two  cases  in  which  the  general  symptoms  were 
severe,  Moussous  observed  the  onset,  on  the  third  or 
fourth  day  of  illness,  of  cough  which  occurred  in  par- 
oxysms ending  in  vomiting,  but  without  the  character- 
istic whoop  or  glairv  expectoration  of  whooping-cough. 
This  appears  to  indicate  that  the  tracheobronchial 
glands  may  be  enl.arged  during  the  course  of  the  ill- 
ness" (Dawson  \\'illiams). 

Pathology. — As  the  disease  is  so  very  seldom  fatal, 
opportunities  for  the  study  of  its  pathology  are 
correspondinglv  rare.  In  Mayer's  case,  referred  to 
above,  the  red  blood  cells  were  pale,  and  showed  a 
deficiencv  of  hemoglobin;  the  proportion  of  red  to 
white  cells  was  normal,  but  the  eosinophiles  were 
increased  both  in  size  and  number.  In  addition  to 
what  is  said  above  under  Etiologv  and  Symptoms,  we 
add  the  foUowing  from  the  article  on  "Glandular 
Fever,"  by  Dawson  WiUiams,  m  the  "Twentieth 
Centurv  Practice  of  Medicine." 

"Cantlie  became  familiar  in  Hong-Kong  m  1S91, 
and  therefore  before  the  outbreak  of  plague  (which 
occurred  in   1894),  with  an  idiopathic  glandular  en- 
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largement  occurring  in  children  in  an  epidemic  form. 
The  (enlargement,  he  states,  involved  usually  only  one 
gland  in  the  neck  over  the  sternomastoid  muscle,  but 
at  its  anterior  border.  Apparenth',  therefore,  the 
adenitis  affected  the  superficial  and  not  the  deep 
cervical  lymphatics,  which  are  tho.se  usually  affected 
in  glandular  fever.  He  mentions  the  occurrence  of 
these  cases  in  the  course  of  a  discu.ssion  of  pCHtit 
minor,  without,  however,  suggesting  that  they  were 
examples  of  mild  plague.  It  must  be  admitted  that 
glandular  fever  does  in  the  nature  of  its  local  lesion 
Ijresent  a  certain  resemblance  to  the  mildest  form  of 
bubonic  plague  {pestin  minor).  It  is  a  curious  fact, 
taken  in  conjunction  with  the  extension  of  bubonii; 
plague  in  the  East  since  1894,  that  it  has  been  recog- 
nized in  the  far  East  for  some  years  that  a  disorder 
characterized  by  enlargement  of  the  lymphatic  glands, 
usually  tho.se  in  the  inguinal  region,  might  occur  in 
epidemic  form  both  on  board  ship  and  in  regiments 
ashore.  Although  it  has  only  recently  been  described 
(by  (Jodding),  many  medical  officers,  both  naval  and 
military,  appear  to  have  been  acquainted  with  the 
disorder  under  the  name  'non-venereal  bubo.'  The 
glands  usually  affected  are  the  inguinal,  and  Skinner 
has  suggested  that  as  the  'non-venereal  bubos'  in  the 
cases  he  observed  invariably  occurred  in  the  inguinal 
glands,  and  as  the  patients  always  had  irregular  action 
of  the  bowels,  sometimes  dysentery,  and  at  other 
times  ajjparently  constipation,  the  enlargement  of 
the  inguinal  glands  may  be  due  to  secondary  infection 
from  the  mesenteric  lymph  glands.  The  analogy 
between  this  theory  of  non-venereal  bubo  and  that 
advanced  by  von  Starck  for  glandular  fever  will  be 
observed." 

Di.UiNosis. — This  is  to  be  made  from  the  symptoms, 
particularly  the  cervical  adenitis;  the  diseases  to  be 
excluded  are  tuberculous  adenitis,  pharyngitis,  tonsil- 
litis, mumps,  influenza,  lymphatic  leukemia,  and  (in 
severe  cases)  tj'phoid  fever. 

Prognosis  is  good  except  when  the  case  is  compli- 
cated by  nephritis;  in  the  Ohio  epidemic  referred  to 
above  there  were  no  recurrences  or  sequels,  and  only 
one  patient  died,  and  she  was  a  delicate  child  who  had 
just  had  scarlet  fever. 

"The  beginning  of  convalescence  is  in  many,  per- 
haps the  majority,  of  the  severer  cases  marked  by  the 
liassage  of  thin  greenish  stools  containing  much 
mucus"  (Dawson  Williams). 

Treatment  is  almost  entirely  symptomatic.  Isol.a- 
tion  is  necessary,  in  order  to  ijrevent  the  spread  of  the 
disease.  Rest  in  bed  should  be  insisted  on,  at  any 
rate  during  the  period  of  fever;  and  the  pain  may  be 
relieved,  bv  hot  or  cold  applications.  Iron,  cod-liver 
oil,  light  but  nutritious  food,  and  general  hygienic  sur- 
roundings are  all  indicated.  Calomel  has  been  recom- 
mended, but  it  has  also  been  condemned.  A  mild 
fever  mixture,  which  is  sedative  and  diaphoretic,  may 
be  used,  such  as: 

I^.     Spts.  lelheris  nilrosi 5>>i. 

Tinct.  opii  camphoratas oiij. 

Yin.  ipecac   *^\\\' 

Liq.  ammon.  acetftt Q.s.  ad   5iij.   M- 

SiQ. — One  teaspoonful  q.3.h.,  for  a  child  three  years  old. 

.Vpplications  of  bellarlonna  are  serviceable  for  the 
adenitis,  and  sodium  salicylate  should  be  given  in  the 
early  stage  of  the  disease  when  the  fever  is  high  and 
the  pain  severe.  R.  J-  E.  Scott. 
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Glaser,  Johann  Heinrich. — Born  in  Basel, 
Switzerland,  October  6,  1629.  He  received  his 
degree  in  medicine  from  the  University  in  Basel  in 
1661,  later  studying  in  Heidelberg  and  Paris.  In 
1667  he  was  appointed  professor  of  anatomy  and 
botany  in  the  University  in  Basel.  He  died  in 
that  city  on  February  .5,  1675.  Glaser  was  one  of  the 
noted  surgeons  and  anatomists  of  his  day,  whose 
name  has  been  preserved  through  his  discovery  of 
the  petrotympanic  fissure,  found  in  the  temporal 
bone,  which  is  called  the  Glaserian  fissure.  The 
following  are  some  of  his  contributions  to  medical 
literature:  "  Dissertatio  de  rheumatismo,"  1661; 
"Theses  opticse,"  1664;  ''Casus  medicus  de  mensium 
stippressione,  eorumque  per  aures  excretione,  iit  et 
febre  tertiana  curata,"  1673;  "Tractatus  de  cerebro," 
1680.  E.L.J. 


Glauber,  Johann  Rudolf. — Born  at  Carlstadt, 
Germany,  in  1603.  At  the  age  of  twenty-one,  while 
visiting  Vienna,  he  obtained  relief  from  a  troublesome 
stomach  complaint  by  drinking  the  water  of  a  certain 
spring  situated  near  Xeustadt,  about  thirty  miles  to 


Fig.  2S03.— Johann  Rudolf  Glauber. 

the  south  of  the  capital.  This  experience  led  to  his 
making  some  experiments  for  the  piu^pose  of  ascertain- 
ing what  was  the  essential  chemical  in  those  waters  to 
which  he  owed  the  restoration  of  his  health.  The 
result  of  these  experiments  was  the  discovery  of  sul- 
phate of  soda,  to  which  he  gave  the  name  of  "Sal 
admirabile, "  but  which  all  subsequent  generations 
have  known  as  Glauber's  salts.  (Wootton's  Chron. 
ofPharm.)  A.  H.  B. 


Glaucoma. — The  name  of  this  afTection  of  the  eye 
has  been  bestowed  upon  it  on  account  of  a  greenish 
appearance  (iXauKof)  of  the  pupil,  which,  although 
present  only  in  rare  cases,  may  be  observed  as  one 
of  its  symptoms.  This  name  is  a  misnomer.  It  is, 
however,  generally  adhered  to.  More  recent  names, 
which  were  adapted  to  special  theories  regarding 
the  character  of  the  affection — as,  for  instance,  oph- 
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thalmia    arthritica,     choroiditis    serosa,     etc. — have 
never  been  universally  adoiJted. 

Pathology. — The  chief  characteristics  of  glaucoma 
are  a  slowly  or  rapidly  progressing  diminution  of  the 
acuity  of  vision,  combined  with  an  occasional  or 
continued  increase  of  the  intraocular  pressure,  and 
an  excavation  of  the  optic-nerve  papilla.  Around 
these  chief  symptoms  and  conditions  we  find  grouped 
a  number  of  other  symptoms  which  characterize 
the  different  varieties  of  the  disease.  The.se  varieties 
are  known  as  glaucoma  siinplex  acutum,  glaucoma 
simplex  chronicum,  glaucovia  inflammalnrium  acutum, 
glaucoma  inflammaloriiim  chronicum.  When  any  one 
of  the.se  forms  of  glaucoma  occurs  in  an  eye  which  has 
not  previously  been  affected  in  a  manner  such  as 
to  cause  the  development  of  glaucoma,  we  speak 
of  the  glaucoma  as  being  primary;  when,  on  the 
other  hand,  a  previously  diseased  eye  is,  in  conse- 
quence of  this  former  disease,  attacked  by  glaucoma, 
we  call  it  a  secondary  glaucoma.  We  can  further- 
more, as  a  rule,  recognize  three  stages  in  the  develop- 
ment of  all  forms  of  glaucoma,  the  fir.st  of  which  is 
called  the  prodromal  stage,  the  second  that  of  glau- 
coma evolutum,  and  the  last  that  of  glaucoma  absolutum. 

What  are  usually  described  as  the  prodromes  of 
glaucoma  are  observed  in  a  large  majority  of  the 
cases,  and  are  in  reality  a  series  of  slight  attacks  of 
acute,  glaucoma.  This  prodromal  stage  may  last 
for  many  months,  or  even  for  years,  until  the  attacks 
and  their  consequences  become  more  serious.  The 
prodromal  attacks  are  not  equal  either  in  duration  or 
in  degree;  yet  they  are  not  serious  enough,  as  a  rule, 
to  cause  cupping  of  the  optic  disc,  not  to  reduce  the 
visual  acuity  lastingh-.  On  the  other  hand,  their 
earh'  recognition  is  of  grave  importance  to  the 
patient,  as  the  disease  in  these  early  stages  is  more 
tractable  than  later  on.  The  symptoms  which 
characterize  this  prodromal  stage  are  the  following: 
There  is  an  appearance  of  a  mist  before  the  eye  or 
eyes,  and  this  mistiness  may  change  in  density. 
Rainbow  colors  are  seen,  especiall.v  in  the  shape  of  a 
ring  around  a  candle  flame.  These  rainbow-color 
rings  do  not  touch  the  flame,  but  are  separated  from 
it  by  a  dark  space.  The  range  of  accommodation 
is  reduced,  and  the  eye  appears  prematurely  pres- 
byopic. This  symptom  is  probably  due  to  the 
hyperemia  of  the  ciliary  body.  In  some  cases  the 
eye  becomes  myopic,  which  fact  can  be  explained  only 
by  the  assumption  that  the  crystalline  lens  in  tolo  is 
pressed  forward  toward  the  cornea,  and  that,  in  spite 
of  the  fact  that  in  this  manner  the  zonule  of  Zinn  is 


Fig.  2804. — Section  of  the    Optic  Nerve  in  a    Hypermetropic 
Eye,  just  behind  the  lamina  cribrosa. 

stretched,  and  that  an  applanation  of  the  lens  is 
taking  place.  There  is  pain,  which  may  be  slight 
or  even  excruciating,  and  which  is  located  in  and 
around  the  eye,  and  in  the  forehead,  the  eyebrows, 
the  cheek  bones,  the  nose,  and  the  temple.  There 
is  an  increase  of  the  intraocular  pressure,  which  will 
manifest  itself  by  an  increase  in  the  degree  of  tension 
of  the  eyeball;  this  increased  tension  varj'ing  from  a 
barely  perceptible  to  a  stony  hardness.  The  intra- 
ocular pressure  is  tested  by  directing  the  patient  to 
look  dowmward,  then  gently  laying  the  tips  of  the 
forefingers  upon  the  upper  lid,  and  alternately  press- 
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ing  them  upon  the  eyebaO,  as  we  do  when  we  are 
searching  for  fluctuation  elsewhere.  By  comparing 
the  amount  of  impression  we  are  al)le  to  mal<e  on  a 
diseased  eyeball  with  that  which  we  can  produce 
on  its  healthy  fellow,  or  on  the  healthy  eye  of  a  third 
person,  we  can  form  an  estimate  of  "the  increase  of 
intraocular  tension  in  the  given  case.  According 
to  the  degree  of  hardness,  we  speak  of  it  as  +T. 
(tension) +Ti,+T2,  and  +T3.  Several  instruments 
(tonometers)  have  been  invented  to  give  an  exact 
measurement,  but  untU  the  tonometer  of  Schiotz 
was  produced  none  seemed  to  be  of  real  value. 
The    Schiotz    tonometer    comes    much    nearer    the 
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Fig.  2805. — Section  of  the    Optic  Nerve    in  a  Hypermetropic 
Eye,  near  the  anterior  surface  of  the  lamina  cnbrosa. 

ideal  and  at  the  present  time  is  used  everywhere. 
Thus  the  vague  measuring  of  tension  by  the  finger 
has  given  way  to  a  scientific  measurement  which 
is  very  nearly  exact. 

The  prodromal  stage  passes  over  into  that  of  the 
glaucoma  crolulum  as  soon  as  the  visual  acuity  is 
lastingly  reduced. 

Glaucoma  simplex  acutum  is,  if  ever,  very  rarely 
observed.  It  would  seem  to  have  existed  in  a  few 
cases  in  which  sight  was  lost  within  a  few  hours 
Vfithout  any  inflammatory  symptoms,  and  with 
barely  increased  pressure. 

Glaucoma  simplex  chronicum  is  characterized  by  the 
fact  that  externally  the  eye  shows  no  marked  signs 
of  disease.  The  cornea,  anterior  chamber,  iris,  and 
pupil  appear  normal.  The  main  symptoms  are: 
The  loss  of  vision,  the  excavation  of  the  optic  papilla, 
and  the  increase  of  the  intraocular  pressure.  The 
latter  symptom  may,  however,  be  imperceptible,  or 
it  may  be  present  only  at  times. 

An  increase  of  the  intraocular  pressure  is  generall.v 
accepted  to  be  the  cause  of  the  glaucomatous  excava- 
tion of  the  optic  papilla.  The  normal  optic  papilla 
has  a  more  or  less  centrally  located  depression 
(physiological  excavation)  which  may,  in  rare  cases, 
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FiQ.  2806. — Section    of  the  Optic  Netve   in  a  Hypermetropic 
Eye,  at  the  anterior  surface  of  the  lamina  cribrosa. 

reach  .so  far  toward  the  perijihery  of  the  optic  papilla 
that  at  first  sight  it  will  strike  the  observer  as  a  glau- 
comatous excavation.  1  have  seen  several  cases 
in  which  the  absence  of  all  other  symi)toms  alone 
convinced  me  of  the  fact  that  I  was  not  dealing  with  a 
chronic  glaucoma.  Such  a  physiological  excavation 
may  have  a  sloping  or  a  sharp  edge,  and  may  appear 
quite  deep,  vet  it  can  never  reach  farther  back  than  the 
anterior  surface  of  the  normal  lamina  cribrosa. 
In  our  judgment  of  the  width  as  well  as  of  the  deptli 
of  such  a  phvsiological  excavation  we  must  take 
into  consideration  the  fact  that  the  optic  nerve  fibers. 


after  they  have  passed  through  the  lamina  cribrosa, 
lose  their  marrow,  become  non-inedullated,  and 
are  then  diaphanous.  Thus,  a  physiological  excava- 
tion of  the  optic  papilla  is  likely  to  appear  much 
larger  than  itactuallv  is.  The  illustrations.  Figs.  2804, 
2S0.1,  280(i,  and  2807,  will  give  a  more  palpable  illus- 
tration  of   this  fact.     They  are  specimens  of  a  very 
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Fig.  2807. 


-Longitudinal  Section  of  the  Optic  Nerve  in  a  Hyper- 
metropic Eye. 


short  (hypermetropic)  eye.  Tlie  eye  from  which  they 
were  taken  probably  showed  during  life  an  apparently 
very  large  physiological  excavation,  while  the  central 
(actual)  excavation,  caused  by  the  manner  in  which  the 
nerve  fibers  pass  over  into  the  retina,  isonly  very  slight. 
The  condition  illustrated  by  these  drawings  is  chiefly 
found  in  hypermetropic  eyes,  while  in  myopic  eyes 
the  double-contoured  nerve  fibers  reach  farther  for- 
ward and  end  in  a  straight,  or  even  slightly  convex, 
line. 

If  we  now  compare  with  this  physiological  excava- 
tion the  typical  glaucomatous  excavation  (see  Fig. 
2808),  we  find  that  here  we  have  to  deal  with  an 
actual  and  deep  hollowing  out  of  the  optic  papilla. 

We  furthermore  see,  in  this  figure,  that  the  actual 
excavation  has  for  its  floor  a  thin  layer  of  atrophic 
nerve  fibers  and  the  compres.sed  lamina  cribrosa. 
The  nerve-fiber  layer  and  the  lamina  cribrosa  are 
together  pressed  out  of  the  sclerotic,  and  behind  it 
into  the  trunk  of  the  optic  nerve.  The  walls  of  the 
excavation  are  also  lined  with  a  very  thin  laver  of 


Fig.  2S0S. — Glaucomatous  Excavation. 

atrophic  nerve  fibers.  These  fibers  follow  very  closely 
in  their  course  the  indentations  and  projections  of 
the  surrounding  scleral  tissue,  and  finally  pass  over 
into  the  atrophied  nerve-fiber  layer  of  the  retina. 

From  the  foregoing,  we  mulerstand  that  the  physio- 
logical excavation  in  the  normal  eye  may  appear  as 
having  a  sharp  edge,  but  usually  it  has  none,  and  can- 
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not,  for  obvious  reasons,  reach  to  the  periphery  of 
the  optic  papilla;  that  the  typical  glaucomatous  exca- 
vation, however,  has  always  a  sharp  edge,  and  can 
reach  to  the  very  periphery  of  the  optic  papilla  (when 
all  nerve  fibers  are  destroyed),  and  always  comes 
very  close  to  it.  Moreover,  in  the  typical  glauco- 
matous excavation,  the  lamina  cribrosa  is  pressed 
backward  and  out  of  its  normal  position.  It  can, 
therefore,  not  well  be  confounded  with  a  simple 
atrophic  excavation,  since  this  is  always  very  shallow, 
and  the  lamina  cribrosa  is  found  in  its  normal  position 
and  of  normal  appearance. 

By  the  aid  of  these  anatomical  facts  we  shall  now 
easily  understand  the  ophthalmoscopic  picture  of  a 
glaucomatous  excavation  (see  Fig.  2809). 

The  most  striking  phenomena  of  a  glaucomatous 
excavation  pertain  to  the  retinal  blood-vessels. 
Just   before   reaching   the   optic-nerve  papilla  these 


FiQ.  2S09. — Glaucomatous  Excavation  as  Seen  with  the  Oph- 
thalmoscope. (From  Edward  von  Jaeger.)  a,  a,  Arteries;  v,  v, 
veins;  K,  points,  on  the  border  of  the  papilla,  where  the  vessels 
make  a  sharp  bend;  Vp,  portions  of  blood-vessels  lying  in  the  exca- 
vation; M,  border  of  the  excavation;  Z,  surrounding  yellow  zone. 

blood-vessels  are  seen  to  pass  over  a  yellowish  ring, 
which  corresponds  neither  to  the  normal  scleral 
nor  to  the  normal  connective-tissue  ring  as  seen 
around  the  normal  optic  papilla.  On  the  inner 
margin  of  this  yellow  ring  the  blood-vessels  are  seen 
to  bend  inward,  then  they  disappear  partially  or 
altogether,  and  reappear  dimly  in  the  depth  of  the 
excavation,  but  in  a  parallactic  displacement.  If 
the  excavation  is  very  deep,  it  may  be  impossible  to 
see  those  vessels  which  are  located  in  the  floor,  while 
those  which  occup}'  the  retinal  portion  are  distinct, 
and  vice  versa.  The  depth  of  the  excavation  may  thus 
be  approximately  measured  by  means  of  the  difference 
between  the  glasses  necessary  to  see  the  two  portions 
distinctly. 

The  optic  nerve  forming  the  bottom  of  the  excava- 
tion appears  punctated.  It  has  usually  a  white 
appearance  in  the  center,  where  it  is  directly  illu- 
minated, while  the  parts  which  are  only  indirectly 
illuminated  appear  bluish  or  greenish.  By  moving 
the  mirror  slightly  the  view  may  be  changed  in  such 
a  manner  as  to  make  a  formerly  greenish  part  appear 
whiter.  The  punctation  is  probably  produced  by 
the  fact  that  the  meshes  of  the  anterior  surface 
of  the  lamina  cribrosa  are  visible  on  account  of  the 
atrophy  of  the  nerve  fibers. 

The  yellowish  ring  around  the  optic  papilla,  or  at 
least  what  is  left  of  it,  is  caused  by  an  atrophic 
condition  of  the  choroid,  which  is  undoubtedly  due 
to  the  stretching  of  this  membrane  during  the  develop- 


ment of  the  excavation,   and  is  not  due,   as  some 
authors  maintain,  to  a  chronic  choroiditis. 

A  further  vascular  symptom  is  the  spontaneous 
pulsation  of  the  retinal  arteries.  This  is  but  rarely 
seen  in  recent  cases.  It  can  easily  be  produced  by 
pressure  on  the  eyeballs. 

The  gradual  loss  of  sight  (central  visual  acuity 
and  visual  field)  is  in  a  general  way  in  proportion  to 
the  size  and  extent  of  the  excavation  of  the  optic 
papilla  and  the  consequent  atrophy  of  the  optic 
nerve  fibers.  Nevertheless,  a  number  of  cases  have 
been  observed  and  reported  in  which  an  apparently 
large  and  deep  excavation  had  not  yet  become 
associated  with  a  great  loss  of  vision.  In  some 
cases  the  central  or  paracentral  vision  will  be  de- 
stroyed before  the  periphery  seems  to  be  materially 
altered,  and  in  other  cases  the  loss  of  vision  at  first 
affects  the  peripheral  vision  .alone.  The  contraction 
of  the  visual  field  begins  freqviently  on  the  nasal 
side,  and  gradually  extends  upward  and  downward, 
so  that  in  some  cases  at  a  certain  .stage  a  perfect 
hemianopsia  has  been  observed.  Gradually  the 
visual  field  grows  smaller  and  smaller.  It  often  has 
the  shape  of  a  horizontal  ellipse  with  the  point  of 
fixation  lying  in  the  nasal  focal  point.  This  form  of 
contraction  of  the  visual  field  is  pre-eminently  found 
in  glaucoma,  while  an  actually  conccntrical  limitation 
of  the  visual  field  is  usually  due  to  di.sea.ses  of  the 
optic  nerve  alone,  or  to  retinitis  pigmentosa  with 
sub-secpient  atrophy  of  the  optic  nerve. 

All  these  symptoms  are  accompanied  by  a  gradual 
diminution  of  the  light  sense.  The  color  sense  is 
usually  well  pre.served,  even  when  the  visual  field  is 
reduced  to  almost  nothing. 

The  loss  of  vision  and  the  reduction  of  the  light 
sense  are  the  symptoms  of  glaucoma  simplex  which 
usually  bring  the  patient  to  .seek  relief.  Generally 
one  eye  is  then  already  found  to  be  badly  affected, 
while  the  disease  is  beginning  in  the  second  eye. 

Glaucoma  Inflammaloriuvi  Aculum. — The  attack  of 
acute  inflammatory  glaucoma  comes  on  suddenly, 
and  probably  more  frequently  during  the  night  than 
in  the  daytime.  The  pain,  which  is  the  most  prominent 
symptom  of  this  form  of  glaucoma,  is  often  fairly 
excruciating.  It  is  seated  in  the  eyeball,  the  eyebrow, 
the  forehead,  and  temple,  and  it  may  extend  even 
to  the  occipital  region.  It  may  be  combined,  further- 
more, with  nausea  and  vomiting.  There  is  usually  a 
considerable  secretion  of  tears  and  of  watery  fluid 
from  the  nose,  and  photophobia  is  likely  to  l)e  present. 
These  symtoms  are,  moreover,  accompanied  liy  some 
edema  of  the  eyelids,  and  especially  of  the  upper  one. 
AjTes  has  seen  a  ease  which  was  ushered  in  by  inten.se 
cliemosis.  When  the  lids  are  separated,  the  con- 
junctival blood-vessels  are  found  to  be  considerably 
injected,  and  the  bulbar  conjunctiva  to  be  slightly 
chemotic.  The  episcleral  vessels  around  the  cornea, 
too,  are  hyperemic,  and  form  a  reddish-blue  ring 
around  the  corneo-scleral  margin.  The  anterior 
ciliary  veins  are  distended  and  tortuous. 

The  cornea  has  a  dead  appearance,  like  glass  which 
has  been  breathed  upon.  Under  oblique  illumination 
its  surface  appears  irregular,  as  if  pricked  with  a 
needle,  and  there  ma\»be  slight  deposits  of  fibrin  on 
Descemet's  membrane.  If  the  cornea  is  touched 
with  the  end  of  a  probe,  a  feather,  or  a  thin  roll  of 
tissue  paper,  it  is  found  to  be  almost  anesthetic,  and 
the  reflex  contraction  of  the  orbicularis  muscle  of  the 
eyelids  follows  the  insult  long  after  it  does  so  in  a 
healthy  eye.  This  anesthesia  may  be  noticeable 
over  the  whole  area  of  the  cornea  or  only  in  portions 
of  it.  By  palpation  the  eye  is  foimd  to  be  hard. 
This  sudden  increase  of  the  intraocular  pressure 
is  the  cause  of  the  dimness  as  well  as  of  the  anesthesia 
of  the  cornea. 

The  anterior  chamber  is  shallow,  the  iris  and 
cry.stalline  lens  being  pressed  forward  toward  the 
cornea.     The    pupil    is    wide,    and    reacts    but    very 
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slightly  under  the  stimulus  of  light.  There  may  be 
some  posterior  synechiie. 

When  the  attempt  is  made  to  get  an  ophthal- 
moscopic view  of  the  interior  of  the  eyeball,  it  is  often 
barely  possible  to  see  a  reddish  reflex,  but  no  details 
of  the  fundus.  This  is  due  as  well  to  the  dimness  of 
the  cornea  as  to  a  diffuse  opacity  of  the  vitreoii-s 
body. 

Sight  is  considerably  reduced,  and  it  may  be 
diminished  to  the  bare  preception  of  light.  This 
symptom  is  most  probably  due  to  the  pressure  exerted 
upon  the  optic  nerve  fibers,  the  retina,  and  the  retinal 
blood-vessels,  and  to  the  resulting  paralysis  of  the 
nervous  elements  and  ischemia  of  the  retina.  That 
this  is  the  correct  explanation  of  the  symptoms 
seems  to  be  proven  by  the  pulsation  of  the  retinal 
arteries,  the  systole  of  the  heart  alone  being  able 
to  overcome  the  intraocular  pressure  to  some  extent, 
and  by  the  fact  that  a  release  of  the  pressure  \>y 
operation  will  restore  sight.  The  dimness  of  the 
cornea  and  the  vitreous  body,  moreover,  help  to 
reduce  the  vision. 

The  attack  of  acute  inflammatory  glaucoma  may 
last  from  a  few  hours  to  several  weeks,  and  sight 
may  again  considerably  improve  as  the  attack  passes 
over.  Nevertheless,  the  eye,  although  it  may  look 
so,  is  no  longer  in  the  same  condition  as  before  the 
attack,  and  every  new  attack  will  leave  it  in  a  worse 
state.  Repetitions  of  the  attack  are  the  rule.  In  the 
intervals  between  the  attacks  the  anterior  chamber  re- 
mains usually  shallow,  the  movements  of  the  iris 
are  restricted,  and  the  tension  remains  somewhat  in- 
creased. In  other  cases  the  acute  stage  passes  directly 
over  into  the  chronic  one.  When  all  these  symptoms 
are  less  marked,  the  affection  is  called  glaucoma 
subacutum. 

There  is,  furthermore,  a  limited  number  of  cases  of 
acute  glaucoma  on  record  in  which  sight  was  abso- 
lutely destroyed  during  the  first  attack,  and  in  the 
course  of  a  few  hours.  These  cases  have  been  given 
the  name  of  glaucoma  fulminaiis  (von  Graefe). 

Glaucoma  1  uflammatorium  Chronicum. — In  the 
chronic  inflammatory  form,  which  may  follow  an 
acute  attack  or  begin  with  a  chronic  character,  all 
of  the  glaucomatous  symptoms  are  slowly  developed, 
and  the  external  inflammatory  signs  are  less  marked 
than  in  the  acute  form.  The  injection  of  the  con- 
junctiva is  there,  but  there  is  no  edema  of  this 
membrane,  nor  of  the  eyelids.  The  episcleral  blood- 
vessels, and  especially  the  anterior  ciliary  veins,  are 
plainly  visible  and  tortuous  (see  Fig.  2S10).     There 


Fig.  2810.— Cnromc  Inflammatory  Glaucoma,     (.\fter  Schmidt.) 

is  a  marked  injection  of  the  deeper-seated  blood- 
vessels around  the  corneoscleral  margin,  and  in  the 
later  stages  the  sclerotic  tissue  has  a  peculiar  leaden 
appearance.  The  cornea  mav  be  perfectly  clear,  or 
it  is  slightly  hazy,  and  it  often  shows  minute  sviperiicial 
or  even  deeper  points  of  ulceration.  The  anterior 
chamber  is  shallow  and  becomes  more  and  niore  so 
as  the  disease  advances;  and  the  pupil,  which  is  at 
first  of  medium  size  and  acting  sluggishly,  soon  under- 
goes an  increasing  degree  of  dilatation  and  becomes 
immovable.     The    iris   tissue,    at   first   swollen    and 


fliscolored,  will  be  fo\md,  at  a  later  date,  attenuated, 
and  undergoes  a  slow  process  of  atrophy.  The 
intraocular  ijressure  is  increased  above  the  normal, 
and  there  is  a  gradually  increasing  excavation  of  the 
o|)tic  papilla  with  a  consequent  atrophy  of  the  optic 
nerve  fibers. 

Tlu^  patients  suffer  at  times  from  coiisideraVjle  pain 
and  neuralgia,  especially  at  night.  'J'he  visual  acuity, 
the  visual  field,  and  the  light  sen.se  are  gradually 
more  and  more  reduced.  This  is  the  more  noticeable 
after  each  exacerbation  of  the  process. 

The  chronic  infl.'immatory  glaucoma  seems  to  be  the 
most  fre(|uent  form  in  which  this  disease  is  observed. 
We  must  .state  here  that  the  acute  inflammatory,  as 
well  as  the  chroni('  inllamniatory,  variety  may  be 
preceded  by  a  sim|)le  chronic  glaucoma. 

When  the  sight,  through  the  effects  produced  by  the 
glaucoma  in  one  of  its  different  forms,  has  been 
perfectly  abolished,  or  at  least  to  such  a  degree  that 
merely  the  perception  of  light  is  retained,  we  speak  of 
the  condition  as  glaucoma  absoiulum.  The  progress 
of  the  di.sease,  however,  does  not  end  here,  and  a 
further  glaucomatous  degeneration  of  the  eyeball 
takes  place.  In  some  cases  the  eye  is  only  at  times 
painful  and  shows  but  slight  external  alterations, 
and  the  media  may  remain  for  a  long  period  in  such 
a  condition  that  an  ophthalmoscopic  examination 
can  easily  be  made.  In  most  cases,  however,  the 
increasing  malnutrition  leads  to  the  formation  of 
glaucomatous  cataract.  The  anterior  chamber  be- 
comes so  shallow  that  the  anterior  lens  capsule 
almo.st  touches  the  posterior  surface  of  the  cornea,  or 
actually  does  so.  The  eye  remains  painful,  and  the 
pain  is  at  times  very  considerably  exaggerated. 
Gradually  vesicles  may  be  formed  on  the  cornea, 
ulceration  of  the  cornea  and  the  formation  of  scleral 
or  corneal  staphylomata  may  take  place.  The 
ulceration  may  lead  to  perforation  and  sub.sec|uent 
shrinking  of  the  eyeball.  .Ml  tlicse  symptoms  may 
be  accompanied  by  very  annoying  iihotojjsia^. 

In  the  foregoing  we  have  considered  what  is  des- 
ignated as  primary  glacuoma.  We  come  now  to  the 
forms  of  secondary  glaucoma. 

Secondary  glaucoma  may  appear  in  the  shape  of  a 
simple  or  inflammatory  glaucoma.  It  has  been 
observed  to  follow  various  diseases  of  the  eyeball. 
It  may  follow  a  diffuse  or  sclerosing  keratitis,  vesicular 
(bullous)  keratitis,  or  that  form  which  is  known  as 
ribbon-shaped  keratitis;  yet  it  is  more  frequently  ob- 
served in  cases  of  anterior  synechia,  with  or  without 
leucoma  of  the  cornea. 

So-called  serous  iritis  and  iridochoroiditis  are  apt 
to  cause  glaucomatous  syini)t<)ms.  Glaucoma  may 
fvirthermore  follow  a  plastic  iritis  when  it  has  led  to 
tlie  formation  of  posterior  synechia',  and  especially 
when  a  total  circular  synechia  has  been  formed, 
whether  this  has  led  to  the  seclusion  of  the  pupil 
alone,  or  to  seclusion  comliined  with  occlusion  of 
the  pupil.  But  an  occlusion  of  the  pupil  alone  (which 
can,  for  instance,  follow  an  operation  for  cataract 
extraction)  may  also  be  sufhcient  cause  for  the  pro- 
duction of  glaucoma. 

Dislocation  of  the  crystjdline  lens,  or  a  too  rapid 
swelling  of  the  lens  substance  after  the  operation  of 
discission  or  after  an  injury  to  the  lens  capsule,  may 
lead  to  glaucoma.  This  is  one  of  the  bad  results 
which  often  followed  the  old  method  of  couching 
cataractous  lenses. 

.  Serous  choroiditis,  although  leading  more  fre- 
quently to  detachment  of  the  retina,  may  give  rise 
to  glaucoma. 

The  most  important  one  among  the  diseases  of 
the  retina  which  may  be  followed  by  glaucoma  is 
the  hemorrhagic  retinitis  (glaucoma  hcmorrhagicum). 
In  fact,  hemorrhages  into  the  retina  from  any  cause 
mav  lead  to  hemorrhagic  glaucoma.  The  patho- 
logical substrata  are  some  form  of  disease  of  the  blood- 
vessel walls,  an  inability  of  the  filtration  channels  to 
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carry  off  the  corpuscular  elements  of  the  blood,  and 
a  consequent  blocking  up  of  these  channels.  Glau- 
coma has  been  furthermore  observed  in  cases  of 
pigmentary  retinitis  and  of  atrophy  of  the  optic  nerve. 
In  these  cases  the  occurrence  of  glaucoma  was, 
however,  probably  a  coincidence  only,  and  it  would 
seem  to  have  been  a  primary  glaucoma,  not  a  second- 
ary one. 

Collins,  Keyser,  BuUer,  Knapp,  and  the  writer 
have  had  occasion  to  see  glaucoma  follow  cataract 
extractions  and  needfe  operations.  In  these  cases 
the  lens  capsule  or  the  vitreous  body,  with  or  without 
some  part  of  the  iris,  was  found  to  have  blocked  the 
filtration  angle. 

Secondary  glaucoma  is  apt,  furthermore,  to  occur 
in  eyes  suffering  from  staphyloma,  and  the  increase 
of  pressure  then  helps  to  the  further  increase  of  the 
staphyloma. 

All  intraocular  tumors  are  likely  to  cause  a  glau- 
comatous condition  of  the  eye  during  their  growth. 

Hydrophthalmus  congenitus  (cornea  globosa;  buph- 
thalmus;  keratoglobus)  must  probably  be  regarded  as 
intrauterine  glaucoma. 

Ayres  saw  a  case  of  glaucoma  caused  by  a  very 
large  nasal  polypus.  A  cure  was  effected  by  the 
removal  of  this  tumor. 

The  instillation  of  any  and  all  mydriatics,  even  of 
one  as  weak  as  euphthalmin,  may,  under  favorable 
circum.stances,  bring  about  an  attack  of  acute 
glaucoma. 

Diagnosis. — The  differential  diagnosis  between 
glaucoma  simplex  chronicuni  and  amblyopia  caused 
by  a  simple  atrophy  of  the  optic  nerve  may  be 
sometimes  rather  difficult,  especially  since  there  are 
cases  of  simple  glaucoma  in  which  there  is  no  appre- 
ciable increase  of  the  intraocular  tension,  and  they 
may  come  under  observation  when  as  yet  there  is 
only  a  partial  excavation  of  the  optic  papilla.  This 
difficulty  is  to  be  met  only  by  repeated  careful  ex- 
aminations, until  one  of  the  necessary  symptoms  is 
marked  enough  to  make  the  diagnosis  secure.  In 
this  connection  I  may  mention  that  the  yellowish 
halo  around  the  optic  papilla  which  is  characteristic 
of  glaucoma,  though  little  marked,  seems  to  be  but 
seldom  wanting,  and  may  therefore  help  in  making 
the  diagnosis.  Furthermore,  a  simple  atrophy  of 
the  optic  nerve  may  at  a  comparatively  early  stage 
lead  to  diminution  of  the  color  sense,  while  glaucoma 
does  not  seem  to  interfere  often  with  the  color 
perception. 

The  diagnosis  of  an  acute  primary  inflammatory 
glaucoma  may  appear  plain  from  the  condition  of 
the  eye  when  it  comes  under  observation;  yet  the 
same  general  condition  might  also  be  a  secondary  one 
and  due  to  an  intraocular  tumor.  Here  the  position 
of  the  defect  in  the  visual  field,  the  usual  absence  of 
the  preception  of  rainbow  rings,  and  the  gradual  and 
continuous  loss  of  vision  which  is  likely  to  have  pre- 
ceded the  glaucomatous  condition  under  considera- 
tion, may  help  to  the  diagnosis  of  an  intraocular 
tumor,  even  if  it  cannot  be  otherwise  demonstrated. 
To  distinguish  between  a  hemorrhagic  and  a  primary 
acute  glaucoma  will  hardly  be  possible,  except  in 
cases  in  which  the  retinal  hemorrhages  had  obscured 
vi.sion  very  materially,  or  in  which  the  observer  has 
had  occasion  to  see  the  occurrence  of  such  hemor- 
rhages previous  to  the  glaucomatous  attack.  The 
acute  glaucoma  might,  furthermore,  be  confounded 
with  serous  iritis.  Yet,  the  deposits  on  Descemet's 
membrane  which  are  so  marked  in  this  affection,  the 
depth  of  the  anterior  chamber,  and  the  low  degree 
of  injection  of  the  visible  external  blood-vessels 
(there  may  be  none  at  all)  will  usually  make  it  possible 
to  exclude  a  primary  glaucoma  in  such  cases. 

Glaucomatous,  as  well  as  anj'  other  complicated, 
cataract  may,  of  course,  by  a  careless  observer,  be 
taken  for  an  uncomplicated  cataract. 


The  primary  chronic  inflammatory  glaucoma  cannot 
well  l)e  confounded  with  any  other  eye  affection. 

Glaucoma  is  observed  in  about  one  per  cent,  of  all 
eye  patients.  It  seems  to  be  a  little  more  prevalent 
among  females  than  among  males.  It  has  been  seen 
to  occur  in  children  as  well  as  in  old  age.  Yet  the 
majority  of  the  cases  are  observed  after  the  fiftieth 
year  of  life  has  been  reached,  and  it  is  very  seldom 
seen  before  the  twentieth.  Although  glaucoma  may 
at  first  attack  only  one  eye,  it  is  the  rule  that  it  will 
sooner  or  later  attack  the  fellow-eye.  In  this  con- 
nection we  may  state  that  the  attack  in  the  second 
eye  seems  to  be  apt  to  make  its  appearance  soon  after 
the  first  one  is  operated  upon. 

In  the  relative  frequency  of  their  occurrence  the 
chronic  inflammatory  glaucoma  takes  the  first,  the 
chronic  simple  glaucoma  the  second,  the  acute  in- 
flammatory glaucoma  the  third,  and  the  (doulDtful) 
acute  simple  glaucoma  the  last  place.  The  disease 
is  almost  confined  to  e}^es  afflicted  with  hj-peropia 
or  hypermetropic  astigmatism,  although  it  is  found 
also  occasionally  to  appear  in  myopic  eyes,  especially 
the  chronic  simple  form.  Some  authors  maintain 
that  tliere  is  an  inherited  tendency  to  glaucoma  in 
some  families. 

Where  there  is  a  tendency  to  glaucoma,  an  attack 
may  be  brought  on  by  an  extraordinary  straining  of 
the  eyes,  by  mental  disturbances,  by  excesses  of 
various  kinds,  by  various  diseases,  by  the  stopping 
of  habitual  secretions,  especially  of  the  menstrual 
flow  in  the  climacteric  period  in  females,  and,  as 
stated,  b}-  the  instillation  of  a  mydriatic  into  the 
conjunctival  sac. 

Before  considering  the  nature  of  this  disease  we 
■will  next  see  what  data  the  anatomical  examination  of 
eyes  afflicted  with  glaucoma  gives  us  to  buUd  our 
theories  upon. 

Pathological  Anatomy.— The  most  interesting  part 
of  a  glaucomatous  eye  has  been  for  a  long  time  the 
optic-nerve  papilla,  with  its  excavation.  In  a  case 
which  is  not  very  far  advanced,  we  find  a  compara- 
tively shallow  excavation,  which  is  deepest  usually 
in  the  center,  sometimes  at  one  side  (especially  the 
temporal  one).  The  bottom  of  this  excavation  lies 
behind  the  level  of  the  choroid,  and  consists  of  a  thin 
layer  of  nerve  fibers.  Nerve  fibers  are,  furthermore, 
seen  to  line  the  walls  of  the  excavation,  and  to  join 
the  retina  at  a  more  or  less  acute  angle.  The  retinal 
blood-vessels  lie  within  this  nerve-fiber  layer,  and 
come,  according  to  the  stage  of  the  disease,  more  or 
less  close  to  the  edge  of  the  excavation.  The  fibers 
of  the  lamina  cribrosa  appear  pressed  closely  together, 
so  as  to  render  this  membrane  thinner  than  in  the 
normal  eye,  and  the  whole  lamina  is  bulged  outward. 
Its  choroidal  portion  is  no  longer  in  distinct  connec- 
tion with  the  choroid.  The  small  blood-vessels  found 
in  the  normal  eye  in  this  region  are  reduced  in  numbers 
or  wanting  altogether,  and  the  nerve  fibers  are  atro- 
phied. The  retinal  veins  are  usually  hyperemic. 
All  these  conditions  are  considerably  exaggerated 
in  an  advanced  case  like  the  one  from  which  Fig. 
2808  was  t.aken,  yet  I  have  never  seen  a  glaucomatous 
excavation  which  had  not,  though  ever  so  thin,  a 
lining  laj'cr  of  nerve  fibers. 

The  portions  of  the  choroid  and  the  retina  which 
surround  the  excavation  are  drawn  to  some  extent 
down  into  it  and  toward  its  axis,  and  the  choroid  is, 
even  in  the  more  recent  cases,  very  thin  and  atrophic. 
It  lacks  blood-vessels,  especially  capiUaries,  its  pig- 
ment cells  have,  in  a  certain  measure,  or  altogether, 
disappeared,  and  the  pigment  molecules  are  found 
lying  in  the  adjoining  tissue  of  the  sclerotic.  This 
condition  is  undoubtedly  the  anatomical  explanation 
of  the  glaucomatous  halo.  In  some  cases  smaU  foci 
of  infiltration  are  found  in  this  portion  of  the  choroid. 

The  choroid  in  general  shows  an  anemic  condition 
of  the  capiflary  layer;  while  the  venae  vorticosse  are 
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usually  choked  with  blood.  Atrophic  patches  are 
sometimes  found  in  its  periphery. 

The  retinal  nerve-fiber  layer  in  very  advanced  cases 
is  atrophied,  and  the  blood-ves.sels  of  this  membrane 
are  partially  or  altogether  obliterated. 

In  more  recent  time  (Knies)  the  interest  of  the 
examination  has  been  centered  especially  on  the  con- 
dition of  the  iris  angle.  We  find  here,  although  not 
at  all  invariably,  an  adhesion  between  the  periphery 
of  the  iris  and  the  posterior  surface  of  the  cornea. 
Thus  the  spaces,  which  in  the  normal  human  eye 
lie  between  the  fibers  of  the  ligamentum  pectinatum 
and  correspond  with  the  canal  of  Fontana,  are  par- 
tially or  totally  obliterated.  In  recent  cases  the 
tissue  surrounding  Leber's  venous  plexus  (corneo- 
scleral tissue)  is  infiltrated  with  round  cells,  and  the 
periphery  of  the  iris,  being  pressed  forward,  comes 
in  contact  with  Descemet's  membrane,  the  endothelial 
coat  of  which  begins  to  proliferate.  In  this  way  a 
small  amount  of  new  connective  tissue  is  formed 
between  Descemet's  membrane  and  the  periphery 
of  the  iris,  and  this  glues  the  two  together,  thus  caus- 
ing the  obliteration  of  the  spaces  of  Fontana  (see 
Fig.  2811). 

It  is  doubtful  whether  this  agglutination  of  the 
iris  to  Descemet's  membrane  is  due  alone  to  the 
increased  intraocular  pressure,  or  to  the  direct  pres- 
sure (Weber,  Brailey)  of  the  swollen  and  hyperemic 
ciliary  bodies.  According  to  Brailey,  the  blood- 
vessels of  the  ciliary  region  are  found  to  be  consid- 
erably dOated,  and  their  walls  are  reduced  in  thickness. 
Later  on,  the  ciliary  bodies  and  muscles  are  found  to 
be  thin  and  atrophic,  and  the  smaller  blood-vessels 
are  obliterated.  Leber's  plexus  is  foimd  patent  or 
closed.  In  other  cases  the  iris  angle  is  found  to  be 
quite  large  and  not  Ijlocked  by  iris  tissue.  In  such 
cases  the  filtration  channels  are  fiUed  with  cell  detritus 
and  fibrin,  and  thus  a  stoppage  results. 


Fig.  2811. — .Adhesion  of  Periphery  of  the  Iris  to  Descemet's 
Membrane,  causing  Dilatation  and  Immobility  of  the  Pupil,  and 
Obliteration  of  the  Iris  Angle. 

Cusco  stated  that  the  sclerotic  coat  is  always 
thicker  in  glaucomatous  eyes,  and  especially  near  the 
entrance  of  the  optic  nerve.  Weichselbaum  and 
others  found  the  episcleral  veins  filled  with  blood, 
and  dilated  and  surrounded  by  foci  of  round  cells. 
In  some  cases  a  proliferation  of  the  endothelial  coat 
of  the  venff  verticosa-  has  been  observed.  _ 

Ulricli  examined  pieces  of  the  iris  which  he  had 
excised  from  glaucomatous  eyes  when  making  an 
iridectomy.  Me  found  the  tissue  of  the  iris  atrophied 
and  thin, "and  lacking  cellular  elements.  The  blood- 
vessels were  partially  dilated,  and  the  thickness  of 
their  walls  was  considerably  reduced — some  of  them 
(especiallv  of  the  smaller  ones)  were  totally  obliterated. 

In  some  cases  the  vitreous  body  has  Ijeen  found 
detached.     The  cornea  is  usually  edematous. 

It  will  be  seen  from  the  foregoing  remarks  that 
our  knowledge  of  the  pathological  anatomy  of 
glaucoma  is  as  yet  verv  meager.  This  is  the  more 
astonishing,  as  'a  great  many  able  workers  have 
devoted  considerable  study  to  this  interesting,  and 
as  yet  mysterious,   disease.     Glaucoma,  or  at  lea.st 


a  similar  condition,  has  been  experimentally  produced 
in  animals  by  ligating  the  vena;  vorticosa,-,  by 
burning  the  corneo.scleral  margin  (Seh'jeler),  anil 
b\'  injecting  oil  into  the  anterior  chamber  (Weber). 

It  is  therefore  evident  that  even  to  this  day  it  has 
hecn  impossible  to  find  a  common  cau.se  for  all  the 
different  forms  of  affections  which  produce  the  in- 
crease of  intraocular  pressure,  as  well  as  the  gradual 
destruction  of  vision,  combined  with  an  excavation 
of  the  optic  nerve — in  brief,  for  the  disea-se  which 
we  call  glaucoma.  Consequently,  it  is  not  to  be 
wonderetl  at  that  the  number  of  theories  constructed 
for  the  explanation  of  the  nature  and  seat  of  glaucoma 
is  legion.  These  theories  may  be  classed  under 
three  heads:  Those  which  make  the  increase  of  the 
intraocular  pressure  the  main  feature;  the  theories 
which  deal  with  the  disease  as  originally  due  to  a 
.strange  affection  of  the  optic  nerve;  and,  finally, 
those  which  seek  the  cause  in  an  inflammation  of 
the  choroid.  To  these  must  be  added  the  newest 
theory  of  .Stransky  who  considers  an  indurating 
inflammation  of  the  sclerotic  to  be  the  cause  par- 
ticularly of  chronic  .simple  glaucoma.  The  failure  of 
iridectomy  in  this  form  of  glaucoma  he  considers 
a  strong  proof  of  his  theory. 

Theories  Pnx  Forward  ix  Expla.natio.n-  op  the 
Di.sE.\sE. — The  theories  making  the  increased  intra- 
ocular pressure  the  main  feature  attribute  it  to  a 
hypersecretion  into  the  vitreous  body,  consequent 
upon  an  active  but  somewhat  atypical  inflammatory 
process  in  the  choroid;  or  they  consider  it  due  to  an 
irritation  of  the  secretory  nerves;  or  the  increase  in 
pressure  is  thought  to  be  the  result  of  reduced  facilities 
of  excretion  from  the  eyeball,  or  of  stasis  of  the  venous 
blood  (passive  hypersecretion.  Mauthner). 

Von  Graefe  thought  that  glaucoma  was  a  choroiditis 
or  an  iridochoroiditis,  with  diffuse  imbibition  of  the 
vitreous  body — processes  which  would  lead  to  an 
increase  in  volume  of  the  vitreous  body,  and  con- 
sequently to  increased  intraocular  pressure.  Later 
on,  he  thought  this  choroiditis  to  be  due  to  an  irrita- 
tion of  the  secretory  nerves.  Arlt  and  Sattler  adheie 
to  the  former  theory.  The  latter  found  inflammatory 
changes  in  the  choroid,  but  his  dcscri[)tion  of  these 
changes  is  such  that  it  seems  hardly  po.ssible  to 
attribute  a  disease  of  the  character  of  glaucoma  to 
so  slight  a  cause.  If  this  explanation  were  correct, 
why,  it  may  be  asked,  is  not  a  glaucoma  produced 
in  every  case,  or  at  least  in  the  majority  of  cases,  by 
an  exudative  choroiditis? 

The  neurotic  theory  has  been  put  forth  by  Donders. 
He  says  that  in  glaucoma  chronicum  simplex  we  have 
no  signs  of  an  inflammatory  character,  and,  further- 
more, the  increase  of  pressure  has  always  preceded 
the  inflammatory  symptoms  where  they  exist.  The 
cause  of  the  increased  pressure  must,  therefore,  lie 
in  the  irritation  of  secretory  nerves.  Von  Graefe,  as 
stated  before,  partially  adopted  this  theory;  but  he 
characterized  even  the  glaucoma  chronicum  simplex 
as  an  inflammatory  condition.  Schnabel,  who  also 
supports  the  neurotic  theorv,  refuses  to  acknowledge 
the  inflammatory  character  of  any  form  of  glaucoma. 
He  claims  that  the  glaucomatous  ophthalmia  is 
simply  a  neuralgia  of  the  sensory  ner\-es,  while  the 
increased  pressure  is  due  to  a  neuralgia  of  the  secretory 
nerves  of  the  eye.  Glaucomatous  ophthalmia,  then, 
and  anomaly  of  pressure,  spring  from  the  same  root. 

The  cause  of  the  secretory  neurosis  is  found  in  the 
atrophy  of  the  ciliary  processes  and  the  consequent 
enlargement  of  the  diameter  of  the  circle  formed  by 
these  proces.ses,  which  enlargement  causes  an  increased 
tension  of  the  suspensory  ligament  of  the  crystalline 
lens. 

The  intraocular  irritation  of  the  secretory  ner\-e.s 
lies,  therefore,  in  the  anterior  part  of  the  eyeball, 
the  iris,  and  the  ciliary  body  (Donders,  Schnabel, 
Roeder),  and  is  a  reflex  neurosis. 
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It  might,  however,  with  the  same  right  be  claimed 
that  it  is  an  extraocular  affection  which  brings  about 
such  a  reflex  neurosis,  and  thus  Hutchinson  and 
Schmidt-Rimpler  have  considered  a  neuralgia  of 
the  trigeminus  nerve  as  the  cause  of  glaucoma. 
Mooren  finds  the  cause  in  affections  of  the  brain  or 
spinal  medulla. 

Weill  has  formulated  and  elaborated  a  theory  in 
which  he  tries  to  prove  that  all  the  symptoms  of  glau- 
coma are  due  to  irritation  of  the  sympathetic  nerve. 

The  most  plausible  theories  yet  advanced  are  those 
which  refer  the  cause  of  glaucoma  to  mechanical 
obstructions  to  the  drainage  of  the  fluids  from  the 
eyeball,  either  by  obliteration  of  the  Ivmphatic  chan- 
nels in  the  iris  angle  and,  perhaps,  in  the  optic  nerve, 
or  by  obstruction  of  the  reflux  of  the  venous  blood 
from  the  eyeball.  Such  obstructions  must  un- 
doubtedly cause  an  increase  of  intraocular  pressure, 
if  at  the  same  time  the  afflux  remains  the  same. 

The  present  status  of  our  knowledge  of  the  course 
of  the  nutritive  fluids  of  the  eyeball  is  chiefly  due  to 
the  laljors  of  Knies.  He  found  that  the  fluids  are 
secreted  by  the  choroid,  ciliary  body,  and  iris.  The 
fluids  coming  from  the  choriocapillary  layer  take 
their  course  through  the  retina  into  the  vitreous  body, 
then  forward  toward  the  crystalline  lens.  While  a 
portion  of  these  fluids  now  penetrates  the  equatorial 
portion  of  the  lens,  the  larger  quantity  goes  through 
the  suspensory  ligament  and  around  and  through 
(Ulrich)  the  iris  into  the  anterior  chamber.  The 
aqueous  humor  is  secreted  b}'  the  anterior  portion 
of  the  ciliary  body  and  the  iris.  In  the  normal 
eye  no  fluid  is  excreted  through  the  cornea  (Leber), 
or,  if  any  is  excreted,  the  cjuantity  is  very  small. 
The  way  by  which  the  largest  portion  of  the  aqueous 
humor  leaves  the  eyeball  is  through  the  iris  angle; 
here  it  goes  partially  into  Leber's  venous  plexus  and 
partially  into  the  lymph  canals  of  the  conjunctival 
and  episcleral  tissue,  and  of  Tenon's  space;  and, 
perhaps,  a  part  leaves  by  way  of  the  iris  itself. 

It  seems,  therefore,  evident  that  an  obstruction  of 
the  excretory  canals  will  cause  glaucoma.  Such  an 
obstruction  may  be  due  to  an  inflammation  in  the 
iris  angle,  which,  as  we  saw,  brings  about  an  actual 
adhesion    between    Descemet's    membrane    and    the 

Eeriphery  of  the  iris,  with  or  without  obliteration  of 
eber's  venous  plexus  (Knies);  or  it  may  be  due  to 
entanglement  of  cell  detritus  in  the  meshes  of  the 
ligamentum  pectinatum;  or,  finally,  it  may  be  due 
simply  to  the  swelling  of  the  ciliary  processes,  which 
will  press  the  periphery  of  the  iris  against  the  corneo- 
scleral tissue  (Priestly-Smith,  Brailey,  Weber).  Ac- 
cording to  Priestley-Smith  the  size  of  the  lens  is,  so 
to  speak,  too  large  for  the  eye  in  most  cases.  Thus 
accommodative  strain  may  crowd  the  iris  periphery 
against  the  cornea.  Furthermore,  the  obstruction 
may  be  caused  by  the  atrophy  of  the  iris  tissue  and  the 
consequent  obliteration  of  the  channel  by  which,  in 
the  normal  eye,  fluids  pass  directly  through  the  iris 
(Ulrich).  Some  authors  speak  of  an  obliteration  of 
the  lymph  canals  near  and  in  the  optic-nerve  entrance 
as  the  partial  cause  of  glaucoma.  Gifford  has  shown 
that  there  is  a  current  backward  in  the  lymph  spaces 
accompanying  the  central  retinal  vessels. 

The  obstruction  of  the  reflux  of  the  venous  blood 
from  the  eyeball  may  be  due  to  an  increased  rigidity 
of  the  sclerotic  (St«llwag,  Arlt);  to  inflammation 
and  consequent  increased  thickness  of  the  sclerotic 
(Cusco);  to  fatty  degeneration  of  the  sclerotic  (Coc- 
cius),  all  of  which  pathological  changes  will  tend  to 
compress  the  venous  blood-vessels.  Magni  finds 
that  the  ciliary  nerves  are  atrophic  in  cases  of  glau- 
coma. This  atrophy  of  the  cUiary  nerves  causes 
shrinking  of  the  vitreous  body  and  sclerotic,  and 
stasis  in  the  venous  blood-vessels.  This  stasis, 
according  to  others,  may  be  due  to  an  infiltration  of 
the  tissue  surroimding  the  veins,  or  to  a  proliferation 
of  their  endothelial  coat. 
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All  of  these  theories  take  glaucoma  to  be  a  disease 
due  to  a  reduction  of  the  area  of  the  channels  of 
excretion,  and  they  consider  all  other  symptoms  of 
the  disease,  including  inflammatory  attacks,  anesthe- 
sia of  the  cornea,  and  excavation  of  the  optic  papilla, 
to  be  directly  dependent  on  the  increased  intraocular 
pressure. 

Most  recently  Schoen  has  advanced  a  new  theory  of 
glaucoma,  which  also  refers  the  cause  of  the  disease  to 
mechanical  conditions  of  the  eyeball.  Although  it 
does  not  strictly  belong  among  the  "pressure 
theories,"  it  may  find  its  place  here.  He  says  that 
an  overstrain  of  the  accommodation  is  the  etiological 
momentum  in  the  development  of  all  ca.ses  of  primary 
glaucoma.  This  may  act  in  two  ways:  by  pulling 
the  sheaths  of  the  optic  nerve  forward  (thus  causing 
excavation),  and  by  pressing  the  crystalline  lens 
forward  (thus  producing  glaucomatous  increase  of 
pressure).  As  long  as  all  the  fibers  of  the  ciliary 
muscles  act,  glaucoma  simplex  will  follow  this  over- 
strain. When  the  inner  fibers  of  the  ciliary  mu.scle8 
become  insufficient  as  compared  with  the  outer  ones, 
the  lens  is  pushed  forward,  and  glaucoma,  with 
increased  pressure,  is  the  result.  The  two  modes 
can  act  combinedly  in  various  ways.  The  patho- 
logical changes  found  in  the  ciliary  body  are  due  to 
subsequent  inflammation. 

The  theories  which  consider  glaucoma  due  to  an 
affection  of  the  optic  nerve  were  inaugurated  by 
Jaeger.  He  sees  the  direct  cause  of  the  disease  in 
changes  in  the  ring  of  blood-vessels  which  bring  blood 
to  the  portion  of  the  sclerotic  surrounding  the  optic- 
nerve  entrance,  to  the  lamina  cribrosa,  and  to  the 
optic  papilla  (Haller's  ring).  He  denies  that  the 
increased  intraocular  pressure  is  characteristic  of 
the  glaucomatous  process,  although  it  is  an  important 
symptom.     Schnabel  and  Klein  support  this  theory. 

The  theories  which  take  glaucoma  to  be  the  result  of 
a  choroiditis,  and  assume  that  this  choroiditis  alone 
(without  increase  of  pressure)  would  lead  to  the  loss 
of  function  and  excavation  of  the  optic  papilla,  have 
found  their  most  urgent  advocate  recently  in  Mauth- 
ner.  He  says  that  glaucoma  is  an  inflammator_v  process 
in  the  system  of  the  ciliary  blood-vessels — a  process 
which  may  concern  the  whole  area  of  this  system,  or 
leave  some  portions  of  it  free;  an  inflammatory  pro- 
cess which  (with  the  exception  of  the  location  of 
the  glaucomatous  halo)  is  distinct  from  others  by  the 
lack  of  formed  elements  in  its  products,  and  by  the 
faculty  of  inducing  a  rapid  atrophic  process  in  the 
tissues  involved.  This  inflammation  is  often  com- 
bined with  an  increase  of  the  intraocular  pressure. 
This  is  less  marked  when  the  inflammation  concerns 
only  the  area  of  the  short  posterior  ciliary  arteries 
that  go  to  the  choroid,  but  is  hardU-  wanting  whenever 
the  area  of  the  anterior  ciliary  arteries  and  long 
posterior  ciliary  arteries  (ciliary  body,  iris,  and 
cornea)  is  attacked;  in  this  latter  case  the  fluid 
secreted  into  the  vitreous  body  is  exuded  from  the 
inflamed  ciliary  body  (Brailey).  The  increased 
intraocular  pressure  is  not  a  constant  symptom,  and 
it  is  not  the  source  of  the  functional  trouble.  This 
latter  is  caused  by  the  fact  that  the  inflammatory 
process  of  the  choroid  exerts  its  action  upon  the 
neighboring  layer  of  the  retina  (the  rods  and  cones) 
while  the  affection  of  the  optic  papilla,  characteristic 
of  glaucoma  and  due  to  the  inflammation  in  the  area 
of  the  arterial  scleral  ring,  plays  only  a  secondary 
or  final  role  in  the  total  ruin  of  vision. 

When  the  glaucomatous  inflammation  suddenly 
attacks  the  area  of  the  long  posterior  and  anterior 
cUiary  arteries  (a  kind  of  kerato-iridocyclitis),  we 
have  the  acute  inflammatory  glaucoma.  The  dis- 
turbance of  vision  is  only  proportionate  to  the  dim- 
ness of  the  media;  the  function  of  the  retina  does  not 
suffer  from  the  sudden  increase  of  the  intraocular 
pressure.  In  exceptional  cases  the  uveitis,  which  is 
the  glaucoma,  will  suddenly   attack  the   whole  area 
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of  the  ciliary  blood-vessels;  the  attack,  then,  of  course, 
includes  the  choroid.  The  function  of  the  rods  and 
cones  may  be  thus  suddenly  (and  usually  forever) 
destroyed  by  the  exudation;  this  is  the  case  in  glau- 
coma fulminans;  or  these  organs  may  at  least  suffer 
considerably  and  lastingly;  this  is  the  case  in  glau- 
coma acutum  inflammatorium. 

Whenever  the  inflammatory  process  creeps  slowly 
and  in  a  chronic  manner  from  in  front  backward,  or 
vice  versa,  we  have  the  glaucoma  chronieum  inflam- 
matorium. In  the  former  ca.se  the  excavation  will 
be  developed  at  a  late  period  only,  while  in  the  latter 
case  the  excavation  will  exi.st  before  any  inflammatory 
changes  appear  in  the  anterior  portion  of  the  eyeball. 

When  the  affection  is  a  chronic  choroiditis  posterior, 
we  have  the  glaucoma  chronieum  simplex;  and  the 
glaucoma  acutum  simplex  is  that  rare  form  in  which 
this  posterior  choroiditis  appears  acutely;  a  form  of 
glaucoma,  however,  which  is  very  soon  followed  by 
the  anterior  choroiditis  in  such  a  manner  that  the 
painless  increase  of  intraocular  pressure  and  blindness 
are  soon  succeeded  by  inflammatory  changes  in  the 
anterior  portion  of  the  eyeball. 

The  writer  may  here  state  that  it  seems  to  him 
impossible  to  adopt  such  a  theory,  as  the  choroiditis 
on  which  it  hinges  does  not  seem  to  exist.  Careful 
examinations  of  many  glaucomatous  eyeballs  have  not 
revealed  the  presence  of  inflammatory  changes  in 
the  choroid  which  would  be  important  enough  to  be 
taken  as  a  cause  of  the  series  of  symptoms  constituting 
the  disease  which  we  call  glaucoma.  It  seems  to 
the  writer  that  the  theories  which  seek  the  cause  of 
glaucoma  in  a  mechanical  obstruction  of  the  outlets  of 
blood  and  lymph  fluids  from  the  eyball  are  the  most 
plausible  ones,  and  there  can,  it  seems,  be  no  doubt 
but  that  a  number  of  different  influences  may  bring 
about  such  an  obstruction.  That  the  once  increased 
pressure  can  easily  cause  an  excavation  of  the  optic 
papilla  in  hvperopic  eyes,  at  least,  seems  to  be  plain 
from  Figs.  2S04-2S07. 

We  may  here  again  mention  the  theory  which  sees 
in  an  indurating  scleritis  the  source  of  glaucoma. 

In  more  recent  years  Richey  and  a  number  of 
followers  have  again  brought  forward  an  older  theory, 
according  to  which  glaucoma  is  said  to  be  the  result 
of  uric-acid  diathesis,  and  they  seem  to  have  streng- 
thened their  views  by  numerous  observations  of 
improvements  and  cures  by  careful  treatment  of  the 
lithemia. 

Progxosls. — The  prognosis  of  glaucoma,  unless  its 
progress  is  interfered  with  by  therapeutical  or  opera- 
tive measures,  is  absolutely  bad. 

TREATiffiXT. — In  the  medical  treatment  of  glaucoma 
an  important  step  forward  has  been  made  since  the 
myotics,  and  especially  the  sulphate  of  eserine 
(physostigmine,  Laqueur)  and  the  muriate  of  pilo- 
carpine have  been  found  to  reduce  the  intraocular 
pressure.  The  value  of  these  remedies  in  glaucoma 
is,  however,  a  rather  limited  one._  They  do  not  and 
cannot  cure  glaucoma,  but  by  their  tension-diminish- 
ing influence  they  act  beneficially  during  the  prodromal 
stage,  and  they  "may  well  serve  to  stave  off  a  threat- 
ening attack  of  glaucoma.  By  the  forcible  contrac- 
tion of  the  sphincter  pupillse,  induced  by  the  action 
of  the.se  remedies,  the  periphery  of  the  iris  is,  as  long 
as  this  is  yet  possible,  pulled  away  froni  the  liga- 
mentum  pectinatum  and  thus  its  obstruction  may  be 
partially  or  even  totally  abolished  for  the  time  being. 
These  remedies  are,  furthermore,  of  value  before  and 
after  an  operation  for  this  disease.  When  instilled 
i  to  the  eye  they  generally  also  ease  the  pain  of  an 
inflammatorv  attack. 

To  this  must  be  added  the  subconjunctival  injec- 
tion of  sodium  citrate  (Fischer)  which  does  not  seem 
to  be  of  much  value.  Furthermore,  the  in<Testion  of 
calcium    chloride    which    has    been    advocated    by 


AN'eekors  and  in  the  hands  of  the  writer  hau,  also, 
proved  of  some  value. 

A  cure  of  glaucoma  or,  at  l^ast,  an  arrest  of  the 
process,  is  to  be  accomplished  only  by  operative 
measures.  Among  the.se  iridectomy  (von  Graefe) 
as  yet  holds  the  first  place.  Its  value  is  greatest  in 
the  acute  inflammatory  and  then  in  the  chronic  in- 
flammatory forms,  least  in  the  chronic  simple  glau- 
coma. An  early  iridectomy  in  a  case  of  acute  in- 
flammatory glaucoma  is  likely  to  bring  vision  again 
\i\>  to  the  normal.  If  performed  at  a  later  stage  it 
may  not  be  able  to  restore  more  than  a  part,  or  even 
nothing,  of  the  lost  vision.  In  the  chronic  inflam- 
matory form  the  iridectomy  usually  restores  a  jjart 
of  the  lo.st  vision;  the  quantity  of  this,  however, 
depends  very  much  upon  what  pathological  changes 
the  optic  papilla  and  the  nen'e  fibers  had  already 
undergone  at  the  time  of  the  operation.  In  the  chronic 
simple  glaucoma  the  iridectomy  generally  arrests 
the  progress  of  the  disea.se,  and  may  produce  an 
improvement  of  vision,  although  it  does  so  but  rarely. 
On  general  principles  we  may  state  that  the  earlier 
the  operation  is  performed  the  greater  may  we  expect 
its  effect  to  be. 

It  is  as  yet  an  unsettled  question  why  an  iridec- 
tomy will  lastingly  reduce  the  intraocular  pressure, 
although  the  fact  is  undoubted.  It  seems  to  be  most 
likely  that  the  explanation  lies  in  the  fact  that  the 
removal  of  a  piece  of  iris  tissue  not  only  lessens  the 
quantity  of  the  blood-vessels,  and,  therefore,  of  blood 
within  the  eyeball,  but  also  takes  away  a  part  of  the 
obstacle  to  the  draining  of  the  fluids  from  the  anterior 
chamber.  It  has  been  stated  by  Exner  that  a  direct 
communication  between  the  arteries  and  veins,  with- 
out intervening  capillary  network,  would  tv.ke  place 
in  the  parts  of  the  iris  directly  wounded  by  the 
iridectomy.  The  writer,  when  reporting  his  studies 
on  the  process  of  healing  after  an  iridectomy,  had 
occasion  to  state  that  he  had  never  been  able  to  see 
such  a  condition.  Arlt,  in  his  recent  book  on  glau- 
coma, takes  pains  to  say  that  the  writer's  statements 
in  regard  to  this  question  are  of  no  value,  since  he 
had  not  injected  the  blood-vessels.  The  writer's 
paper  on  the  question,  however,  states  plainly  that 
he  injected  most  of  the  animals  experimented  upon 
with  Berlin  blue,  and  for  the  truth  of  the  matter  it  is 
necessary  to  state  here  again  that  he  was,  and  is  to 
this    day,    unable    to    verify    Exner's    observations. 

More  recently  Henderson  has  claimed  that  the  iris 
wound  after  an  iridectomy  does  not  heal  and  sees 
therein  the  value  of  the  iridectomy.  In  the  writer's 
opinion,  based  on  numerous  examinations  of  eyes  on 
which  an  iridectomy  had  been  performed,  the  wound 
on  the  iris  stump  does  heal  as  a  rule. 

A  number  of  authors  maintain  that  the  scar  in  the 
corneo-scleral  tissue  is  of  more  importance  even 
than  the  excision  of  a  piece  of  iris  tissue  (Wecker), 
and  they  consider  this  scar  a  means  of  continued 
filtration  of  fluids  from  the  anterior  chamber.  No 
direct  proof  for  this  opinion  has  thus  far  been  given, 
but  there  is  no  doulit  that  scar-tissue,  when  con- 
solidated, is,  as  a  rule,  more  compact  than  normal 
tissue.  It  would,  therefore,  seem  that  we  have  a 
right  to  expect  an  effect  just  opposite  to  the  one  here 
given  as  an  explanation  of  the  action  of  an  iridectomy 
in  glaucoma. 

Whatever  the  explanation  of  the  healing  influence 
of  an  iridectomy  in  glaucoma  may  be,  one  thing  is 
certain,  that  we  have  occasion  to  see  cases  in  which  a 
typically  performed  iridectomy  has  not  been  able 
til  stay  the  progress  of  glaucoma,  as  well  as  ca-ses 
in  which  a  very  imperfect  operation  has  had  the  de- 
sired effect.  This  would  seem  to  show  that  science 
will  some  day  find  a  procedure  which  will  supersede 
the  empirical  operation  of  iridectomy  for  glaucoma. 
At  present,  however,  it  seems  to  many,  as  yet.  to  be 
the  safest  and  the  most  satisfactory  measure  in  our 
hands. 
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Based  on  the  theory  that  the  corneoscleral  or 
scleral  incision  necessary  to  perform  an  iridectomy  was 
the  main  feature  of  this  operation  in  glaucoma,  and 
that  the  excision  of  a  piece  of  iris  tissue  was  wholly 
vinimportant  to  the  end  in  view,  besides,  of  course, 
having  other  disagreeable  features  (Quaglino,  Wecker, 
and  others),  simple  sclerotomy,  and  either  anterior 
sclerotomy  or  posterior  sclerotomy  have  been  pro- 
posed and  introduced  in  place  of  iridectomy.  The 
eflforts  which  have  been  made  to  supersede  the 
iridectomy  by  the  sclerotomy  have,  however,  failed. 
This  failure  "is  not  only  due  to  the  danger  arising 
from  prolapse  or  from  incarceration  of  the  periphery 
of  the  iris  in  the  corneoscleral  wound,  l)ut  also  to  the 
fact  that  the  combined  experience  of  many  observers 
has  shown  that  this  operation  is  insufficient,  and 
especially  so  in  the  inflammatory  forms  of  glaucoma. 
It  may  be  performed  with  more  success  in  chronic 
simple  glaucoma,  and  in  cases  in  which  an  iridectomy 
has  not  Ijeen  able  to  cut  short  the  progress  of  the 
disease  altogether,  and  in  which  a  second  and  even 
a  third  Iridectomy  has  by  some  authors  been  advo- 
cated. It  may,  furthermore,  be  considered  of  value  in 
cases  of  glaucoma  absolutum,  when  the  pathological 
changes  of  the  iris  tissue  no  longer  allow  of  the  per- 
formance of  an  iridectomy. 

Several  authors  have  tried  to  replace  iridectomy  by 
an  operation  which  aims  at  cutting  the  ciliary  muscle 
(Hancock)  or  the  tendinous  portion  at  its  insertion 
into  the  corneoscleral  tissue.  These  procedures 
seem  not  onl_v  to  be  of  doubtful  value,  but  also  to  be 
fraught  with  danger  from  subsequent  sympathetic 
ophthalmia.  The  latter  objection  has,  however, 
also  been  urged  against  sclerotomy.  A  more  recent 
procedure  is  excision  of  the  superior  cervical  sym- 
pathetic ganglion  as  introduced  by  Jonnesco.  This 
operation  is  still  subjudice,  having  its  ardent  admirers 
as  well  as  enemies.  A  careful  critical  paper  on  the 
subject  by  Ziehe  and  Axenfeld  says  that  in  all  cases 
of  glaucoma  in  which  our  present  therapeutic  measures 
have  not  sufficed,  the  extirpation  of  the  cervical 
sympathetic  is  a  justifiable  and  advisable  experiment, 
although  it  does  by  no  means  afford  help  in  every 
instance. 

More  recent  statistics  show  that  this  operation, 
though  theoretically  well  founded,  has  not  justified 
the  enthusiasm  with  which  it  was  introduced,  since 
its  effect  does  not  seem  to  be  permanent. 

It  seems  that  a  real  progress  in  the  operation  for 
glaucoma  has  been  made  recently  by  the  excision 
or  trephining  out  (sclerectomy)  of  a  piece  of  sclera 
(Lagrange,  Elliott,  and  others),  thus  producing  a 
permanent  filtrating  scar.  This  is  usually  com- 
bined with  an  iridectomy. 

Aside  from  the  operation,  the  general  condition  of 
a  patient  suffering  from  glaucoma  ought  to  be  at- 
tended to.  He  ought  to  be  especially  restrained  from 
everything  which  may  in  his  case  be  apt  to  act  as  an 
occasional  cau.se  for  a  glaucomatous  .attack.  If 
there  is — and  this  is  the  rule — an  error  of  refraction 
or  accommodation,  or  of  both,  it  nmst  be  corrected. 
In  fact  it  is  claimed  that  careful  attention  to  refractive 
errors  as  practised  in  this  country  has  reduced  the 
number  of  cases  of  glaucoma. 

Glaucoma  not  always  being  easy  to  recognize,  it 
wUl  be  always  well  to  examine  carefully,  with  re- 
gard to  the  possible  presence  of  this  disease,  every 
patient  who  comes  to  his  physician  complaining  of, 
and  seeking  relief  from,  neuralgia  of  the  eye  and 
head,  combined  with  obscurations  of  sight  and 
with  nausea.  Adolf  Alt. 


Qlen  Alpine  Mineral  Springs. — El  Dorado 
County,  California. 

Access. — Southern  Pacific  to  Truckee,  thence  Lake 
Tahoe  Railway  and  Transportation  Company's  rail 
line  and  steamer  to  Tallac.     Leaving  San  Francisco 


in  the  evening,  travelers  are  due  at  Glen  Alpine  at 
1  p.  M.  the  next  day.  Or  Soutliern  Pacific  to  Placer- 
ville  and  auto  stage  to  Tallac.  The  automobile  route 
runs  from  Sacramento  on  State  Highway  to  Tallac. 

Back  in  the  mountain  fastnesses  at  a  distance  of 
seven  miles  from  Lake  Tahoe,  and  at  an  elevation  of 
6,700  feet  above  the  sea-level,  are  Gilmore's  Glen 
Alpine  Mineral  Springs  and  Health  Resort.  The 
daily  steamer  is  met  at  Tallac  by  Glen  Apline  auto 
stage.  The  wild,  rugged  gorge  in  which  the  springs 
are  situated  runs  back  from  Tahoe  a  distance  of  some 
ten  miles.  It  is  diversified  throughout  its  length  with 
varied  scenes  of  beauty  and  grandeur,  and  terminates 
abruptly  in  a  glacial  amphitheatre.  The  region  is 
rich  in  exquisite  (lowers  and  ferns.  "Those  dimpling 
lakes,  with  the  wild  beauty  of  their  surroundings  are 
sufficient  to  enthrall  the  heart  of  him  who  visits 
them;  but  if  he  be  devoted  to  the  rod  and  reel  he  will 
find  an  additional  charm  in  the  swarms  of  speckled 
beauties  which  sport  in  the  clear  depths  and  rise  to 
the  glancing  fly. 

This  region  has  been  opened  to  the  public  with 
great  labor  and  expense  by  the  construction  of  a  wagon 
road  as  far  as  Glen  Alpine  Springs,  and  mountain 
trails  to  all  the  lakes,  including  a  path  for  the  ascent 
of  Mount  Tallac,  which  rears  its  head  9,716  feet  above 
the  level  of  the  sea,  and  commands  a  wide  and  mag- 
nificient  view  of  the  distant  peaks  and  numerous  lakes. 
The  climb  to  Pyramid  Peak,  elevation  10,020  feet, 
may  be  taken  in  one  day.  A  few  of  the  other  climbs  are 
Mt.  Agassis,  Mt.  Echo,  Keith's  Dome,  Ralston 
Cracked  Crag,  Richardson,  Jack's,  Dick's,  and  Angora 
Peaks.  Good  accommodations  for  guests  will  now  be 
found  at  Glen  Alpine  Springs.  The  season  is  from 
about  June  first  to  about  October  first.  Analysis 
by  Dr.  Anderson: 

One  United  States  Gallon  Contains: 
Solids.  Grains." 

Sodium  chloride '.  21.17 

Sodium  carbonate 32 .  75 

Potassium  carbonate Trace. 

Magnesium  carbonate 9 .  96 

Calcium  carbonate 4.5.09 

Calcium  sulphate 4  .  10 

Ferrous  carbonate 1  .SO 

Alumina 1.43 

Borates Trace. 

Silica 2.50           »l 

Organic  matter Trace.           li 

Total  solids 118.80  f; 

Free  carbonic  acid  gas,  138.36  cubic  inches.  J 

Temperature  of  water,  39.6°  F.  li 

The  water  is  very  palatable   and   sparkling.    Its 
action  is  gently  aperient  and  diuretic,  and  the  water    ■ 
is  useful  in  dyspepsia  and  torpidity  of  the  bowels  as  > 
well   as   in   renal   and   cy.stic   disorders.     It   contains 
sufficient  iron  to  give  it  important  properties  as  a 
ferruginous  tonic.  Emma  E.  Walker. 

Qlen  Springs. — Schmder  County,  New  York.  | 

Post-office. — Watkins.     Hotel  and  sanitarium.       " 

Access. — Watkins  is  situated  on  the  Northern 
Central  Division  of  the  Pennsylvania  Railroad,  on 
the  Pennsylvania  Division  of  the  New  York  Central 
Railroad  and  on  the  main  line  of  the  Lehigh  Valley 
Railroad,  between  Elmira  and  Rochester  The 
Northern  Central  runs  from  Rochester  to  Baltimore, 
Philadelphia  and  Washington.  It  connects  at  Roches- 
ter with  the  New  York  Central,  West  Shore,  Michigan 
Central  and  other  railroads,  at  Canandaigua  with  the 
Auburn  branch  of  the  New  York  Central,  and  at 
Elmira  with  the  Erie  and  the  Del.aware,  Lackawanna 
and  Western  Railroad.  This  beautiful  and  modern 
health  resort  and  watering-place  stands  vipon  a  broac 
plateau  300  feet  above  Seneca  Lake,  whose  winding 
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course  it  overlooks  for  nearly  thirty  miles.  It  is 
surrounded  by  pine  forests  and  backed  by  an  ami)hi- 
theatre  of  hills  rising  in  regular  terraces  to  nearlv 
1,500  feet.  At  the  foot  of  the  hill,  less  than  a  quarte'r 
of  a  mile  away,  lies  the  village  of  Watkins,  with  its 
churches,  shady  streets,  and  lovely  homes,  while  the 
entrance  to  the  famous  Watkins  (ilen  and  the  landing 
of  the  Seneca  Lake  steamers  are  both  within  .seven 
minutes'  easy  walking  distance.  Seneca  Lake  is  one 
of  the  most  remarkable  bodies  of  water  known.  It 
is  fed  by  deep  springs,  and  has  been  frozen  over  only 
twice  during  the  last  century.  For  beauty  of  .scenery 
and  richness  of  coloring  it  has  no  superior,  its  shores 
are  grand  and  picturesque,  the  sides  thickly  wooded 
in  places,  in  others  covered  with  friut  orchards  and 
vineyards.  This  great  body  of  water,  nearly  forty 
miles  long  and  from  two  to  four  miles  in  width,  exerts 
an  unquestioned  modifying  influence  on  the  atmos- 
phere, tempering  it  in  winter  and  cooling  and  fresh- 
ening it  in  simimer.  A  remarkable  feature  of  this 
region  is  the  great  number  of  its  sunny  days  during  the 
fall,  winter,  and  spring.  The  record  for  36.5  days  has 
shown  that  there  were  only  o5  cloudy  days,  and  17 
of  those  were  in  May.  These  features  tend  to  make 
the  location  a  very  desirable  winter  as  well  as  summer 
resort.  The  Glen  Springs  Park  comprises  sixty  acres 
of  woodland  and  lawn,  about  ec|ually  divided,  and  one 
can  wander  for  miles  over  well-built  walks,  obtaining 
from  almost  every  point  grand  and  beautiful  vistas 
of  lawn,  lake,  forest  and  glen.  Within  the  park  are 
bowling-alleys,  tennis  courts,  croquet  grounds,  and 
golf  links.  Pleasant  drives  abound  in  every  direction, 
while  to  those  who  prefer  the  water  the  fine,  large 
steamers  of  the  Seneca  Lake  Navigation  Company, 
plying  six  times  a  day  between  Geneva  and  Watkins, 
afford  every  comfort  and  luxury.  Good  fashing  is 
found  in  Seneca  Lake,  and  within  easy  driving  dis- 
tance over  good  roads  one  can  reach  Keuka,  Lamoka, 
Cayuta,  and  Little  Lakes,  all  famous  fishing  resorts. 
The  main  building  of  the  Glen  Springs  sanitarium, 
heated  by  steam  and  lighted  by  electricity  and  gas, 
consi-stsof  four  stories  and  abasement,  constructed  in 
a  substantial  manner  of  brick  and  stone.  There  is  also 
an  annex.  The  two  buildings  are  connected  by  a 
wide  corridor  enclosed  in  glass  and  heated  in  cold 
weather  by  steam.  It  affords  ample  space  for  exer- 
cise, and  forms  an  excellent  solarium  during  the  winter 
months.  These  buildings  are  provided  with  all  mod- 
ern comforts  and  luxuries.  On  the  grounds  there  are 
several  large  mineral  springs  which  are  used  for 
drinking  and  bathing.  The  following  analy.ses  of 
the  first  three  springs  were  made  by  Prof.  S.  A.  Latti- 
more,  of  the  University  of  Rochester. 

Senega  Spring — Calcic. 
One  United  St.ites  Gallon  Contains: 
Solids.  Grains. 

Calcium  carbonate 9 .  90 

Calcium  sulphate .47 

Magnesium  carbonate 2 .  10 

Sodium  chIori<U'  -12 

Silica 07 

Iron  oxide Trace. 


Total 12.60 

The  water  is  entirely  free  from  organic  matter. 
This  spring  is  situated  two  hundred  feet  higher  than 
the  buildings.  It  flows  about  4,000  gallons  of  water 
per  hour,  and  is  used  in  the  buildings  for  general 
domestic  purposes. 

Salubria  Spring — Muriated-Saline. 
One  United  St.ates  Gallon  Co.ntains: 
Solids.  Grains. 

Sodium  chloride 196.28 

Calcium  carbonate 19 .  68 

Magnesium  carbonate ■  Oo 

Silica Trace. 


Total 216.01 


This  spring  i.ssues  from  the  rock  at  a  depth  of  2.50 
feet,  and  resembles  the  class  known  in  Germany  as 
muriated  (chloride  of  sodium)  alkaline  springs.  It 
is  somewhat  similar  to  the  waters  of  Vichy,  Sachingen, 
and  Bilin,  but  is  more  like  those  of  Kis.singen,  Hom- 
burg,  and  Wiesbaden.  The  water  has  a  stimulating 
effect  upon  the  mucous  membrane  of  the  .stomach  and 
bowels  and  increases  the  flow  of  gastric  juice  and  bile 
and  promotes  digestion  and  absorption.  It  has  about 
the  proper  quantity  of  .sodium  chloride  favorably  to 
influence  the  process  of  osmosis.  In  large  doses  it  is 
purgative. 

Vulcan  Spring. 

One  United  States  Gallon  Contains: 

Grains. 

Calcium  carbonate 29.80 

Magnesium  carbonate 11 .37 

Iron  carbonate 1.87 

.Sodium  chloride 149.06 

Alumina ._ Trace. 

Silica Trace. 

Total  mineral  constituents 192. 10 

This  water  also  contains  much  carbonic  acid  gas. 

The  analy.ses  of  the  following  springs,  Glen  Kissin- 
gen,  Nauheim  and  Deer  Lick  Springs  were  made  by 
D.  W.  Fetterolf,  M.  D.,  Demon.strator  of  Chemistry, 
Medical  School,  University  of  Pennsylvania. 

Glen  Kissingen  Spri.vg. 

One  United  .States  Gallon  Contains: 

Grains. 

Sodium  chloride 71 .  5189 

Calcium  bicarbonate 09.8269 

Magnesium  chloride 1 .5575 

Magnesium  sulphate 2.4646 

Potassium  chloride .  1288 

Ammonium  chloride .6243 

Sodium  iodide .  1336 

.Sodium   bromide Trace. 

Iron  bicarbonate 3.2074 

Alumina „ 1.5683 

Silica 8167 

Phosphoric  acid  as  PiO« Trace. 

Total 151.8470 

This  is  a  clear,  sparkling  water,  and  issues  from  the 
rocks  at  a  depth  of  100  feet.  It  resembles  the  waters 
of  Kissingen,  and  has  diuretic,  tonic,  mildly  aperient, 
and  slightly  alterative  properties. 

N.AUHEiM  Spring. 

One  United  States  Gallon  Contains: 

Grains. 

Sodium  chloride 0941.8650 

Calcium  chloride 2718.4110 

Magnesium  chloride 685. 1971 

Ammonium  chloride 131 .  7900 

Potassium  chloride .  7000 

Sodium   bromide 4.2001 

Sodium  iodide I  .  0004 

Barium  bicarbonate 1 .4980 

Iron  bicarbonate 14.3920 

Alumina 13.4758 

Silica 13.0004 

Lithium   chloride Trace. 

Sulphuric  acid  as  SOa Trace. 

Phosphoric  acid  as  PsOs Trace. 

Total 10525.5298 

This  water  con.stitutes  a  strong  brine.  It  is  quite 
remarkable  for  its  large  proportion  of  calcium  chloride 
and  its  total  freedom  from  calcium  sulphate  (gypsum). 
In  its  principal  ingredients  it  resembles  the  brine 
springs  of  Micliigan  and  the  .springs  of  Nauheim, 
Rclune,  and  .laxtfelt.  It  may  be  classed  as  an  iodo- 
bromated  saline  spring,  and  while  not  adapted  for 
drinking  purposes,  is  of  great  value  for  bathing. 
By    charging   the   water   with   carbonic   acid   gas   it 
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becomes  very  similar  to  the  Nauheim  waters  and  the 
treatn.ent  of  glandular  and  '"•'-"^f^- *-"  f^^^Xd 
luml.ago,  and  sciatica,  as  well  as  the  bchott  method 
!n  chr,mic  diseases  of  the  heart,  .s  earned  out  a  tOlen 
Snrings.  This  water  is  also  employed  m  the  electro 
XmiVal  and  eleetro-vapor  baths,  douches  and  spra>s^ 
The  spring  is  said  to  have  its  origin  about  1,/UU 
fcfct  below  the  surface  of  the  earth. 

Deer  Lick  Spking-Alkalixe,  Salini:,  Chaltbea-e. 


One  I'siTED  States  Gallon  Contains: 


26. 


Sodium  chloride 

Calcium  bicarbonate 
Barium  bicarbonate - 

Magnesium  chloride 

Potassium  chloride 

Ammonium  chlori  '  ■  

Sodium  bromide.  

Sodium  iodide 

Lithium  chloride ,2  Tkc 

Iron  bicar'mi.lt;- ^^,„-^ 

....  .4900 

.6067 

Trace. 

.......        Trace. 


Grains. 

117.0200 

70.5863 

.4413 

5715 

1448 

5018 

2320 

2177 


Alumina 

Silica 

Sulphuric  acid  as  SOa 

Phosphoric  acid  as  PiOs. 


Total. 


230.0099 


This  water  is  clear  and  sparkling,  without  odor,  and 
with  a  slightlv  astringent,  mildly  saline  taste.  Con- 
taining, as  it  does,  besides  chloride  of  sodium  and  iron, 
the  rare  ingredients  of  iodine  and  bromine  (in  com- 
bination), it  may  be  ranked  as  a  ferro-iodo-bromo- 
muriated  spring.  It  is  also  rich  in  carbonic  acid  gas. 
It  resembles  in  many  respects  the  waters  of  Kreuznach, 
Hall,  Duerkheim,  and  Krauenheit.  It  is  an  excellent 
drinking-water  and,  unlike  many  of  the  foreign  iodo- 
bromated  waters,  may  be  taken  as  it  flows  without 
dilution.  The  Deer  Lick  water  possesses  tonic, 
alterative,  diuretic,  and  mildly  aperient  properties. 
Tissue  metabolism  is  promoted  and  the  red  cells 
of  the  blood  are  increased.  Its  physiological  action 
fits  it  for  use  in  anemia,  neura.sthenia,  chronic  renal 
diseases,  glycosuria,  and  chronic  diseases  of  the  uterus. 

Emma  E.  Walker. 

Qlen  Summit  Springs. — Luzerne  County,  Penn- 
sylvania. 
Post-office. — Glen  Summit  Water.     Hotel. 

Access. — Via  the  Central  Railroad  of  New  Jersey 
and  the  Lehigh  Valley  Railroad,  about  150  miles 
from  New  York  and  125  miles  from  Philadelphia. 
Glen  Summit  Springs  Hotel  is  at  Glen  Summit 
Springs  on  the  Lehigh,  and  is  about  three-quarters 
of  a  mile  from  the  Glen  Summit  Springs  and  Glen 
Summit  Water  on  the  New  Jersey  Central. 

This  attractive  summer  resort  is  on  the  summit 
of  the  Nescopeck  Mountain,  2,000  feet  above  tide- 
water, and  about  nine  miles  from  Wilkesbarre  bv 
carriage  drive.  The  romantic  scenery  of  the  sur- 
rounding country  and  its  easy  accessibility,  coupled 
with  an  excellent  modern  hotel  furnished  with  all  the 
recent  improvements,  have  of  late  years  served  to 
bring  the  place  into  well-deserved  prominence. 
The  charming  surroundings  and  pure,  invigorating 
mountain  air  offer  an  enticing  refuge  from  the  toils 
and  cares  of  city  life  during  the  hot  weather.  Numer- 
ous eases  are  cited  of  the  apparent  complete  arrest 
of  incipient  lung  disease  after  a  few  weeks  spent  here 
The  sprmgs  about  Glen  Summit  are  of  the  ascending 
J^Vf  >;-  ,^'elling  up  along  the  lines  of  jointing  in  thi 
L-atskill  formation  from  far  down  in  the  subterranean 
recesses  below.  The  temperature  of  the  water  is 
acquired  from  the  rocks  at  depths  sufficient  to  be 
beyond  the  influence  of  surface  temperatures,  and 
^  cold  enough  to  cause  an  unpleasant  chill  to  the 
hands    when    submerged    for    a    few    seconds.     An 

owp"5b"p1^""'i  ^"^-!r\  '^'}^  ■^^°^'  ^l^^t  these  waters 
owe  their  value  rather  to  their  purity  and  palatability 
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than  to  their  chemical  ingredients.  The  following 
analysis  was  made  by  Prof.  W.  H.  Dean,  chemist, 
of  Wilkesbarre,  in  1913: 


Parts  in 
100,000. 


Grains  per 
gallon. 


Silica 

Iron  and  alu~.in2 

Calcium 

Magnesium 

Sodium  and  potassium 

Chlorine 

Sulphate  r.if!:''  ■ 

Nitrates 

Nitrites 

Free  carbonic  acid 

Total  solids  on  ev5"'i7-ti:>n 

Loss  on  ignition 

Fixed  residue 

Bacteria  per  c.c.  (72  hr.  growth). 


.335 
.010 
.339 
.110 
.090 
.280 
.587 
.000 
.000 
.750 

2.300 
.550 

1.750 

1 


.195 
.006 
.198 
.064 
.052 
.163 
.342 
.000 
.000 
.438 

1.340 
.320 

1.020 


This  shows  a  very  pure  and  valuable  water  for 
domestic  uses.  The  water  is  soft  containing  only  a 
trifle  more  then  one  grain  of  solids  to  the  gallon, 
and  W'ill  keep  unchanged  for  an  indefinite  length  of 
time.  Among  other  excellent  pure-water  springs  in 
the  neighborhood  are  the  "Great  Indian'  Spring, 
yielding  over  4,000  gallons  hourly  (it  supplies  the 
hotel);  the  "Twin"  Springs,  the  "Bear  Spring, 
and  the  "Counterfeiters"  Spring.  There  are  also 
other  springs  which  have  not  been  named. 

Emma  E.  Walker. 


Springs. — Spartanburg    County,    South 


Glenn 

Carolina. 

Post-office. — Glenn  Springs.     Hotel  and  cottages. 

Access. — From  Spartanburg,  a  distance  of  12  miles 
by  automobile  line.  The  Springs  are  six  miles  from 
White  Stone  on  the  Asheville  and  Columbia  branch 
of  the  Southern  Railway,  by  hack  line.  There  is  a 
prospect  for  an  electric  car  line  from  Spartanburg. 

These  springs  are  located  in  a  charming  section  of 
the  country,  broken  by  granite  and  sandstone  hills. 
The  elevation  is  about  1,000  feet  above  the  sea-level. 
Man}-  improvements  have  recently  been  added,  the 
hotel  having  been  greatly  enlarged  and  comfortable 
cottages  built.  Many  additional  improvements  are 
under  way,  and  when  completed  Glenn  Springs  will, 
it  is  claimed,  bid  fair  to  compete  with  the  leading  spas 
of  the  country.  The  following  analysis  of  the  Glenn 
Springs  water  was  made  bv  Professor  J.  W.  Mallet, 
M.  D.,Ph.  D.,LL.  D.,F.  R.  8.,  of  University  of  Virginia: 

Parts  per 
million. 

Potassium  sulphate -  .  7 .  26 

Sodium  sulphate 44 .  62 

Lithium  sulphate .63 

Calcium  sulphate 1542 .  80 

Calcium  chloride 3 .  82 

Calcium  phosphate .08 

Calcium  nitrate .41 

Calcium  carbonate 48.57 

Strontium  carbonate Trace. 

Magnesium  carbonate 12 .  15 

Ammonium  carbonate -.      Trace. 

Iron  carbonate .23 

Manganese  carbonate Trace. 

-Aluminium  tydroxide .09 

Meta-silicic  acid 41.14 

Organic  matter Trace. 

Cubic  centimeters 
Dissolved  g.ises.  per  liter. 

Nitrogen 1 1 .  34 

Oxygen 5.72 

Carbon  dioxide 16.26 


33.32 
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Glenn  Springs  Mineral  Water  is  a  natural  alkaline, 
saline,  calcic  water.  It  has  been  in  use  many  years. 
Numerous  wellknown  physicians  of  South  Carolina 
attest  to  its  virtues,  especially  in  disorders  of  the 
alimentary  tract,  dyspepsia,  diarrhea,  dysentery, 
and  hemorrhoids.  It  is  said  to  be  very  useful  in 
functional  uterine  affections,  dysmenorrhea,  amenor- 
rhea, and  leucorrhea,  as  well  as  in  torpidity  of  the 
liver,  biliousness,  malaria,  rheumatism,  and  general 
debility.  .The  water  is  used  commercially.  The  sea- 
son lasts  from  June  first  to  October  first. 

Emma  E.  W.^lker. 


Qlenwood  Springs. — Garfield  County,  Colorado. 

Post-office  . — Glen  wood  Springs.  Hotels :  The  Col- 
orado and  numerous  smaller  hotels. 

Access. — Via  the  Denver  and  Rio  Grande  and  the 
Colorado  Midland  Railroads.  The  winter  climate  is 
bracing  and  delightful.  The  weather  is  dry  and  cold, 
bright  and  clear.  The  elevation  is  about  5,600  feet 
above  sea  level.  Although  the  treatments  at  the 
Springs  may  be  advantageously  taken  at  any  season 
of  the  year,  the  months  of  May,  June,  September 
and  October  are  strongly  recommended  to  patients 
as  being  especially  pleasant  and  favorable  because 
of  their  even  temperature.  (See  also  the  article  on 
Colorado.  Vol.  III.,  p.  211.) 

The  following  analysis  of  the  waters  at  Glenwood 
Springs  was  made  by  Prof.  Charles  F.  Chandler  of 
New  York. 

Y.\MPAH     SpRIXG MURIATED,     S.\LIXE,     ScLPHmETED. 

One  United  States  Gallon  Contains: 


Solids. 

Grains. 

Sodium  chloride 

1,089.83 

Magnesium  chloriu^ 

13.09 

Sodium  bromide.  .  - 

.56 

Sodium  iodide.  .  .  . 

Trace. 

Calcium  fluoride. 

Trace. 

Potassium  sulphate 

24.04 

Calcium  sulphate 

82.38 

Lithium  bicarbonate. 

.22 

Magnesium  bicarbonate- 

13.55 

Calcium  bicarbonate. .  . 

24.37 

Iron  bicarbonate. .  . 

Trace. 

Sodium  phosphate   . 

Trace. 

Trace. 

Trace. 

Silica 

1.97 

Organic  matter. 

.    ...        Trace. 

Total 

1.250.01 

Carbonic  acid  gas  and  sulphureted  hydrogen  are 
copiously  discharged  from  the  springs,  and  are  re- 
tained in  the  bottled  water  in  varying  quantities. 
The  famous  Hot  Springs  from  which  the  town 
derives  its  name  'boil'  out  of  the  ground  on  both  sides 
of  the  Grand  River  and  are  about  fifty  in  number. 
The  appearance  of  boiling  is  due  to  the  pressure  of 
carbonic  acid  and  sulphureted  hydrogen. 

The  temperature  of  the  Yampah,  the  largest  spring 
of  the  group,  and  of  the  "Chicken-broth"  or  "Cock- 
tail" spring,  is  127°  F.  The  specific  gravity  of  the 
former  when  cooled  down  to  8.3°  F.  was  1.013,  and  of 
the  latter  a  trifle  less.  The  flow'  of  Yampah  Spring 
is  2,889  gallons  per  minute.  The  estimated  total 
flow  of  Glenwood  Springs  is  G,000  gallons  per 
minute.  The  waters  are  highly  radio-active.  That 
the  waters  here  are  strongly  impregnated  with 
sulphureted  hydrogen  is  amply  attested  by  the  heavy 
deposit  of  sulphur  crystals  on  stones  seen  in  the 
springs,  and  on  the  surrounding  sandstone  walls. 
In  the  Yampah  Spring  the  gas  is  in  sufficient  quantity 
to  impart  a  decided  bluish  tinge  to  the  water,  render- 
ing it  .slightly  opalescent.  The  atmosphere  im- 
mediately surrotmding  the  springs  is  heavily  charged 


with  the  escaping  vajior.  The  waters  of  the 
springs  in  flowing  into  the  great  swimming-pool — 
the  largest  out-door  pool  in  the  world — are  cooled  to 
some  extent  by  contact  with  the  air  and  by  evapora- 
tion, but  the  temperature  is  further  lowered  by  an 
artificial  cold-water  geyser  near  the  western  end  of 
the  basin,  supplied  from  a  nearby  mountain  reservoir. 
An  average  temperature  of  from  84°  to  94°  F.  is  thus 
maintained,  and  bathing  may  be  indulged  in  the  year 
round.  Another  interesting  and  unique  feature  of 
Glenwood  Springs  should  not  pass  unnoticed.  Across 
the  Grand  River  from  the  Hotel  Colorado,  and  two 
or  three  hundred  yards  upstream,  is  the  entrance  to 
a  cave  which  extends  for  a  considerable  distance 
under  the  mountain.  This  cave  has  a  natural  tem- 
perature of  about  112°  F.,  and  the  atmosphere  is 
saturated  at  all  times  with  the  vapor  of  water  strongly 
impregnated  with  sulphur  like  that  at  the  springs. 
After  one  has  remained  for  a  few  minutes  in  the  cave 
the  surface  of  the  body  becomes  bedewed  with  a 
profuse  perspiration.  Advantage  has  been  taken 
of  this  ready-made  Ru.ssian-bath  vapor  chamber, 
and  a  stone  bath-house  with  the  requisite  adjuncts 
has  been  constructed  at  its  entrance.  Here  are 
the  resident  physician's  office,  and  laboratory, 
also  a  medical  gymnasium  for  Swedish  movements, 
with  instructors,  masseurs  and  masseuses.  The 
cave  itself  is  lighted  by  electricity,  and  attendants 
are  on  hand  to  supply  the  wants  of  bathers  either  in 
the  caverns  or  in  the  private  rooms. 

As  we  have  thus  seen,  the  waters  at  Glenwood, 
besides  being  saline-alkaline  and  sulphureted,  are 
highly  thermal.  The  waters  have  proved  very 
beneficial  in  cases  of  chronic  rheumatism,  gout, 
cutaneous  and  renal  diseases.  They  are  also  very 
useful  in  diseases  of  the  liver,  gastro-intestinal  dis- 
orders, obesity,  nervous  diseases;  alcohol,  nicotine, 
and  blood  poisoning,  metallic  poisoning,  and  in  catarrh 
of  nose,  throat  and  larynx.  Although  these  springs 
have  been  developed  principally  for  bathing  purposes, 
the  waters  are  useful  both  internally  and  locally. 
They  are  used  commercially.  In  common  with 
all  hot  baths,  these  waters  are  contraindicated 
in  fatty  degeneration  of  any  important  structure,  in 
atheroma,  aneurysm,  or  structural  heart  trouble,  and 
in  the  predisposition  to  pulmonary,  cerebral,  gastric, 
or  intestinal  hemorrhage.  Many  sources  of  recrea- 
tion are  at  the  disposal  of  the  guests,  among  which 
are  riding,  driving,  walking,  out-door  bathing,  tennis, 
polo,  golf,  fishing  and  shooting.  Many  camping 
parties  go  from  the  Springs  into  the  regions  nearby 

Em.m.\  E.  W.\lker. 


Gliadin. — Alcohol-soluble  proteins  are  chiefly 
important  as  constituents  of  the  cereal  grains.  The 
best  known  example  of  this  group  of  proteins  is  gliadin 
which  occurs  to  the  extent  of  approximately  fifty  per 
cent,  of  the  proteins  of  the  wheat  kernel.  The  gliadin 
and  glutenin  (proteins  insoluble  in  all  neutral  solvents, 
but  readily  soluble  in  dilute  acids  and  alkalies)  to- 
gether constitute  the  gluten  of  flour. 

F.  P.  r. 


Qlioma. — A  glioma  is  a  new  growth  which  arises 
from  the  supporting  tis.sue  of  the  central  nervous 
system  and  which  is  therefore  composed  principally 
of  proliferating  neuroglia  and  its  accompanying  blood- 
vessels. Since  the  glial  cell,  the  essential  and  char- 
acteristic element  of  the  glioma,  is  of  ectodermal 
origin,  it  would  be  altogether  proper  from  the  stand- 
point of  embryology  to  class  the  various  types  of 
gliomas  with  the  epithelial  tumors  derived  from  the 
epiblast.  By  some  writers,  this  course  has  been 
followed.  However,  in  structure,  manner  of  growth 
and  life  history,  the  simple  gliomas  closely  resemble 
the  ordinarv  connective-tissue  tumors  and  it  is  with 
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allv  described.     In  a 
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*"lhe"';!";',na  is  bv  far  tlie  most  common  brain  tumor 
Tol  ^  f>lumi  that  49.2  per  cent,  of  2oS  m.croscc,Mca  y 
verified  brain  tumors  were  gliomas.  In  Ins  ''tatistics 
^lioums  eon..tituted  58.7  percent,  of  f >  "e^P'^/?;^^",^ 
the  forebrain,  50  per  cent,  of  those  of  the  mid-bram 
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Fig.  .'M.'  ~;\licTO|.liiilOKraph  ul  a  .Mmple  Olluiiiu.  Kelatively 
low  RTade  magnification  to  show  the  scarcity  of  nuclei  and  the  pre- 
ponderance of  intercellular  fibrils. 

and  38.9  per  cent,  of  those  of  the  cerebellum,  pons, 
etc.  He  found  that  the  glioma  incidence  is  highest 
in  the  age  period  twenty-one  to  forty.  Although 
most  frequently  foimd  in  the  brain  itself  the  gUoma 
occurs  also  in  the  spinal  cord,  in  the  retina  and  very 
rarely  along  certain  cerebral  nerves  and  in  the  region  of 
the  coccyx,  where  it  arises  from  remains  of  the  neural 
canal. 

In  the  gross,  the  glioma  is  usuallv  a  solitarv  tumor, 
yarymg  from  the  size  of  a  pea  to  that  of  a  walnut 
In  rare  instances  it  may  reach  the  size  of  the  fist  or 
larger.  These  tumors  are  usuallv  without  a  capsule 
of  any  sort  although  the  firmer  examples  may  prove 
exceptions  to  this  rule.  In  color  the  glioma  "mav  so 
closely  resemble  the  normal  brain  tissue  that  only  the 
absence  of  the  usual  differences  between  various 
structures  m  the  brain  substance  gives  evidence  of 
the  presence  of  the  tumor.  In  such  cases  it  may  be 
quite  impossible  to  recognize  the  boundaries  of  the 
growth  as  It  passe.s  imperceptibly  into  the  surrounding 
tissue.  Other  gliomas  are  grevish  pink,  vellowi^h 
pink,  or  even  dark  red  and  mav  then  be  readilv 
recognized.  This  deeper  color  mav  be  due  to  a  high 
degree  of  vascularity  in  the  neoplasm  or  to  areas  o 
HpfrpI  ?^^  ^,"  '"•'">'  ^■■'■^''^  ^^'  t"mo^  shows  a  higher 
and  thi^H^-ff  "''"'■'"''•'■  ^^"'^  ^^'^  "°™^''''  brain  tis  ue 
rpnnJi-  •  '^'^IV'''''^  «  appearance  is  of  as.sistance  in 
recogmzmg   the   presence    and   e.xtent   of  the  new 

In  consistency,  also,  gliomas  exhibit  as  wide  a  ran^e 
of  variation  as  in  color.  AU  gradations  are  fCmd 
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from  those  which  are  very  soft,  because  of  their  high 
degree  of  cellularity  or  areas  of  necrosis  and  cystic 
degeneration,  to  firm  tumors  in  which  the  fibrillar 
substance  is  relatively  increased  over  the  cells.  It 
must  be  noted  that  various  portions  of  the  same 
tumor  may  differ  widely  in  this  respect. 

In  the  microscopical  section  a  fuUy  developed 
glioma  of  the  usual  type  shows  numerous  cellular 
elements  not  differing  greatly  from  normal  glial  ccUs. 
Round  or  bluntly  oval  nuclei,  somewhat  vesicular 
but  staining  readily,  are  surrounded  by  small  masses 
of  protoplasm,  which  are  seen  with  some  difficulty  in 
material  prepared  according  to  the  usual  methods.  In 
teased  preparations  examined  in  the  fresh  state  a 
branching  cell  body  can  be  demonstrated.  These  glial 
cells  are  enmeshed  in  a  loose  but  very  fine  reticulum 
of  glistening  fibrils.  The  exact  relationship  of  these 
fibrils  to  the  cell  bodies  has  been  much  discussed. 
The  best  work  seems  to  demonstrate  that  they  neither 
begin  nor  end  in  the  cell  body  by  which  they  were 
produced  but  that  they  adhere  to  it  at  some  point 
along  their  course.  In  addition  to  cells  and  intercel- 
lular fibrUlne,  blood-vessels  are  the  only  elements  in 
the  simple  type  of  glioma.  Such  a  tumor  closely 
resembles  a  diffuse  gliosis  in  its  microscopical  feat- 
ures and  in  some  cases  differentiation  is  not  readily 
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Fig,  2S13. — Microphotograph  Showing  much  Higher  Magnifi- 
cation of  the  Same  Simple  Glioma  .is  in  Fig.  2812.  The  rich 
feltwork  of  intercellular  fibrils  is  well  shown. 


possible.  The  more  diffuse  gliomas  infiltrate  the  sur- 
rounding tis.sues  and  blend  with  the  normal  neuroglia 
so  gradually  that  even  in  the  microscopical  section  it  is 
often  quite  impossible  to  define  their  limits. 

From  the  type  of  glioma  above  described  the  most 
frequent  variation  is  in  the  direction  of  increase  in 
the  cellular  elements  at  the  expense  of  the  intercellular 
fibrilhy.  Such  a  tumor  is  much  softer  than  the  sim- 
ple glioma  and  upon  section  is  seen  to  be  richly 
nucleated.  Oftentimes  the  nuclei  show  a  tendency  to 
be  placed  in  creseentic  or  circular  groupings  in  which 
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the  long  axes  of  the  nuclei  are  radially  arranged. 
Karely  this  grouping  takes  the  form  of  a  rosette  about 
a  small  blood-vessel.  These  highly  cellular  gliomas 
are  much  softer  than  those  in  which  the  intercullar 
substance  is  more  in  evidence.  Such  a  tumor  is 
therefore  classed  as  a  medullary  glioma  or  glioma 
mo^/f  while  a  firmer  neoplasm  with  fewer  cells  is  spoken 
of  as  glioma  durum.  Although  this  is  the  usual 
classification  of  gliomas  it  must  be  borne  in  mind 
that  all  gradations  between  the  two  types  are  to  be 
found,  oftentimes  in  different  portions  of  the  same 
tumor  mass,  and  that  this  classification  therefore 
loses  much  of  its  weight.  These  ricMy  nucleated 
gliomas  with  little  intercellular  substance  and  many 
blood-vessels  are  sometimes  not  readily  differentiated 
from  sarcomas.  In  fact,  some  authors  put  them  in 
that  class  whOe  such  terms  as  gliosarcoma  and  glioma 
sarcomatodes  are  used  to  designate  tumors  of  appar- 
ently intermediate  position.  Undoubtedly  some  of 
the  grow-ths  included  under  these  terms  have  been 
purely  sarcomatous,  whUe  others  have  been  de- 
scribed as  exhibiting  a  rapid  proliferation  of  the 
perivascular  connective  tissue  in  addition  to  the 
formation  of  an  atypical  neuroglia.  In  strict  usage, 
the  term  gliosarcoma  should  be  reserved  for  this 
latter  type  alone,  unless,  as  Adami  suggests,  the 
term  sarcoma  is  used  only  in  the  general  histologic 
sense. 

Certain  other  descriptive  terms  are  applied  to  some 
gliomas.  Those  in  which  "brain  sand  "  is  found  are 
called  psajnmogtiovias.  To  those  which  are  edemat- 
ous the  term  myxoglioma  is  sometimes  incorrectly 
applied.  A  glioma  lelangiectaticum  is  one  with  numer- 
ous and  widely  dilated  blood-vessels  and  if  it  has  large 
hemorrhagic  areas  it  may  be  described  as  a  glioma 
hcemorrhigicum  or  glioma  apoptecticum. 

A  related  variety  is  the  neuroglioma  gangliocellulare 
or  neuroglioma  ganglionare,  a  tumor  of  the  central 
nervous  system  which  differs  from  the  simple  glioma 
in  that  it  contains  ner\-e  fibers  and  ganglion  cells  in 
addition  to  a  proliferating  neuroglia.  It  is  not  at  all 
certain  that  the  ganglion  cells  and  ner\"e  fibers  are  not 
mere  inclusions  in  a  developing  glioma  and  play  no 
active  part  in  the  neoplastic  process.  For  this  reason 
the  term  neuroglioma  has  come  into  disfavor  and  has 
been  dropped  entirely  by  some  WTiters.  The  ap- 
pearance may  depend  entirely  upon  some  develop- 
mental anomaly.  In  a  similar  way  can  be  explained 
the  occurrence  of  mixed  tumors,  in  part  gliomatous 
and  in  part  epithelial,  in  which  gland-like  spaces  are 
scattered  throughout  the  atypical  glial  tissue.  A 
number  of  these  very  interesting  tumors  have  been 
described  and  in  some  it  has  been  possible  to  demon- 
strate that  the  epithelial  elements  have  had  their 
origin  from  the  ependyma.  Such  a  growth  is  called 
a  neuroepithelioma  gliomatosum. 

Various  degenerative  changes  may  occur  in  gliomas. 
The  most  common  of  these  is  cyst-formation.  This 
process  begins  with  a  thinning  of  the  stroma  and  a 
coalescence  of  the  tissue  spaces  thus  formed.  Such 
cysts  may  be  single  or  multiple  and  may  attain  a 
large  size  Areas  of  necrosis  are  also  frequently  noted 
in  gliomas.  These  result  from  obliterative  changes 
in  the  blood-vessels,  a  process  which  is  frequently  to 
be  noted  in  gliomas  of  long  standing. 

As  with  all  other  brain  tumors,  the  symptoms 
produced  by  a  glioma  readily  fall  into  two  groups; 
those  which  are  dependent  upon  either  increased 
intracranial  pressure  or  upon  fluctuations  in  intra- 
cranial pressure,  and  those  which  are  dependent  upon 
interference  with  the  functioning  of  certain  cerebral 
areas  or  of  the  fiber  tracts  leading  to  or  from  them. 
Of  the  general  symptoms,  optic  neuritis  of  the 
"choked  di.sc"  type,  headache,  stupor,  vomiting, 
vertigo,  slow  pulse  and  general  convulsions  are  most 
frequently  of  diagnostic  importance.  The  localizing 
symptoms  are  most  variable,  depending  upon  the 
region   involved.     Such   symptoms   may   he  entirely 


absent  or  there  may  be  Jacksonian  epilepsy,  paralysis, 
aphasia,  apraxia,  or  amblyopia,  making  it  possible 
to  localize  the  new  growth. 

The  simple  gliomas,  both  of  the  hard  and  soft 
varieties,  are  relatively  benign  tumors  in  that  they 
show  no  tendency  to  set  up  metastases.  Sometimes 
they  are  slow  growing  and  seem  to  have  periods  of 
latency.  In  other  eases  they  soon  reach  a  'large  size 
and  produce  severe  symptoms  at  an  early  date. 
They  grow  by  infiltrating  the  brain  substance  and 
replacing  it  instead  of  compressing  the  surrounding 
tissues  by  an  expansive  grow'th,  as  do  the  sarcomas. 
The  tA-pical  glioma  does  not  invade  the  meninges  or 
the  bones  of  the  skull. 

Whether  a  glioma  is  a  suitable  one  for  surgical 
treatment  depends  upon  its  location,  size  and  his- 
tological character.  The  firmer  types,  those  which 
are  less  cellular  and  correspond  more  nearly  to  the 
mature  connective  tissue  tumors  of  mesenchymal 
origin,  have  been  successfully  removed  in  a  number 
of  cases.  Some  of  these  patients  have  lived  several 
years  without  evidence  of  a  recurrence.  Brain  punc- 
ture is  frequently  made  use  of  in  obtaining  a  tissue 
specimen  for  microscopical  examination,  although  it 
sometimes  seems  that  even  this  comparatively  slight 
surgical  interference  sers-es  to  awaken  a  latent  malig- 
nancy. _  In  cystic  gliomas  temporary  relief  of  a  high 
degree  is  sometimes  afforded  by  puncture  and  drain- 
age. No  general  rule  in  regard  to  surgical  interven- 
tion can  be  laid  down;  each  case  must  be  considered 
upon  its  own  merits. 

The  true  glioma  of  the  spinal  cord  usually  arises 
in  the  central  portion  of  the  cervical  cord  and  often 
can  be  distinguished  from  a  secondary  gliosis  by  its 
sharper  boundary.  Through  cystic  changes  in  the 
tumor  the  picture  may  be  that  of  syringomyelia. 
However,  such  a  condition  must  be  distinguished 
from  syringomyelia  with  secondary  proliferation  of 
the  neurogli.a.      (See  Syringomyelia.) 

The  so-called  glioma  of  the  retina  must  be  men- 
tioned here,  for  it  is  by  this  title  that  it  is  commonly 
known.  It  differs  very  much  from  the  ordinary 
gliomas  and  it  is  doubtful  if  it  properly  belongs  in 
this  group.  It  rarely  contains  typical  glial  cells 
and  intercellular  fibrils  may  be  entirely  absent.  The 
numerous  small  cells  composing  the  tumor  are 
radially  arranged  about  the  smaller  blood-vessels 
and  rosettes  of  cells  are  much  more  constantly 
found  than  in  cerebral  gliomas.  These  rosettes 
consist  of  groups  of  cells  radially  arranged  about  a 
lumen  which  is  lined  by  a  clear  protoplasmic  mem- 
brane. These  formations  are  usually  interpreted  as 
representing  the  rods  and  cones  of  the  retina.  This 
retinal  tumor  appears  as  grayish  or  reddish-gray 
nodules  projecting  into  the  vitreous  from  the  retina. 
If  allowed  to  grow  it  may  completely  fill  the  eyeball 
and  even  project  externally,  or  it  may  infiltrate  the 
sclera  and  extend  into  the  orbit  and  along  the  optic 
nerve  into  the  cranium.  Thus  it  differs  from  the 
simple  glioma  in  its  power  to  infiltrate  tissues  other 
than  tho.se  of  the  central  nervous  sy.stem,  and, 
unlike  a  simple  glioma,  it  may  give  rise  to  metastases. 
The  retinal  glioma  sometimes  affects  both  eyes 
simultaneously,  is  most  frequent  in  children  under 
the  age  of  five  years,  and  may  exhibit  a  marked  tend- 
ency to  occur  in  successive  children  of  the  same 
family.  An  early  enucleation  or  exenteration  offers 
the  only  hope  of  staying  the  progress  of  the  disease. 

C.VRL  ^'ER^"o^•  Weller. 

Qlion. — See  Montreux. 

Glisson,  Francis. — Celebrated  English  anatomist 
and  one  of  the  first  to  formulate  the  modern  doctrine 
of  irritability.  Born  in  Kampisham,  Dorsetshire, 
England,  in  1.597.  He  received  the  degree  of  Doctor 
of  ^ledicine  from  the  University  of  Cambridge,  and 
somewhere  about  the  year  1635  he  was  made  Professor 
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of  Mo.lioino  and  Anatomy  in  the  same  ""i^'^'.f  >''^ 
D.sition  which  he  hckl  for  many  years  At  the 
Ccg  n  h»g  of  the  Civil  War  lie  retired  to  Colchester  and 
hved  in  that  city  wliile  it  was  bemg  besieged  by  he 
Pari  amentarv  troops.  After  the  surrender  he  settled 
per-ll^m-ntly  in  Lon'don  and  was  a  promment  figure 
among  the  scientific  men  who  founded  the  Roj  al 
Society.     He  died  in  1(577,  at  the  age  of  eighty. 

Glisson's  name  is  perpetuated  in  the  term  '  Glisson 
capsule  "-the  fibrous  capsule  of  the  liver  Of  his 
published  writings  the  following  deserve  to  recene 
special  mention:  "Anatomia  hepatis  etc.,  London, 
1C..54;  and  -'Tractatus  de  natura  substantia  energet- 
ica,  seu,  de  vita  natura-,  etc.,"  London,  16/ 2- 

A.   xi.   t>. 


Globulins.— The  globulins  constitute  a  great  group 
of  the  simple  proteins,  being  differentiated  prmcipallj 
from  the  albumins  by  being  insoluble  in  pure  watei. 
As  a  rule  the  albumins  and  globulins  are  very  often 
associated,  as  for  example  in  the  blood  serum,  m  egg 
white,  etc.  In  general  the  globulms  predominate  in 
animal  tissues  and  plants  whereas  the  albumins  are 
most  abundant  in  the  animal  fluids  (blood,  etc.). 
The  use  of  appropriate  prefixes  serves  to  indicate  the 
origin  of  the  globulins,  as  ovoglobulin,  serum-globulin, 
lactoglobulin,  etc.  F-  P-  ^  • 

Qlossina. — The  genus  of  the  tsetse-fiies,  which  is 
confined  to  Tropical  .\frica  and  Arabia.  The  eyes  of 
these  insects  are  large  and  bare;  the  proboscis  projects 
forward  horizontally.  The  larva  are  born  alive  and 
pupate  without  feeding.  G.  palpalis  carries  Trypano- 
soma gamhiense.  the  cause  of  sleeping  sickness.  See 
lusccts,  parasitic.  A.  S.  P. 

Glottis,  Edema  of. — See Larijttgitis,  Actde. 

Glucosamine. — This  substance  CH..OH  is  a  de- 

(iH.OH)a 

I 
CH.XH, 

I 

COH 
rivative  of  glucose  and  is  an  a-amino  sugar.  It  has 
a  reducing  action  similar  to  glucose  but  is  not  fer- 
_  mentable.  It  was  first  prepared  from  chitin  by  the 
action  of  concentrated  hydrochloric  acid.  Recently 
it  has  been  obtained  as  a  cleavage  product  of  several 
mucin  substances  and  proteins. 

F.  P.  Underbill. 
Glucose. — See  Dexlroae. 

Qluge,  Gottlieb.— A  distinguished  Belgian  worker 
in  the  domain  of  pathological  histology.  Born  of 
JewLsh  parents  in  Brakel,  northern  Prussia,  on  June 
18,  1812.  He  received  his  doctor's  degree  from  the 
Lnivcrsity  of  Berlin  in  1835,  and  in  1838  he  was 
appointed  Professor  m  the  University  of  Brussels 
Helgium.  Of  hLs  numerous  published  writings  the 
following  deserve  to  receive  special  mention:  "Patholo- 
gische  Histologic,"  Jena,  1850  (an  English  translation 
ol  this  w;ork  by  Joseph  Leidy  was  published  in  Phila- 
delphia in  1853);  "La  nutrition,  ou  la  vie  consideree 
dans  ses  rapports  avec  les  ahments,  etc.,"  Bruxelles, 
i!»ob,and  Abces  de  la  rate :guerison,"  1870.  Hedied 
m  .Nice,  in  the  south  of  France,  December  22  1898 
h\^u^J  f^'"",-'?  ''"1'"''='^  '^  permanent  place  'in  the 
knou^  t  ^r  '""f  ^'''""-h  his  discovery  of  the  bodies 
Known  as     Gluge's  corpuscles."  A.  H.  B. 
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Glutelin.— A  glutelin  is  a  simple  protein  which  is 
...so  uble  in  all  neutral  solvents  bit  readily  soluble  in 
^ery  dilute  acids  and  alkalies.  The  most  typical 
736 


example  is  perhaps  glutenin   of  wheat    flour.     The 
elutelins  occur  in  abundance  in  the  seeds  of  the  cereals. 

F.  P.  U. 

Gluten  is  that  part  of  wheat  flour  which  is 
composed  of  the  proteins  gliadin  and  glutenin.  The 
baking  qualities  of  the  flour  are  directly  influenced  by 
the  proportions  of  these  prot«ins  present. 

F.  P.  r. 

Glutoid  Capsules  are  gelatin  capsules  which  have 
been  hardened  in  formalin.  They  are  used  for  the 
administration  of  drugs  (such  as  copaiba,  eucalyptus, 
creosote,  guaiacol,  etc.)  which  it  is  desired  to  have 
set  free  in  the  intestine,  and  not  in  the  stomach. 
These  capsules  are  made  in  three  grades,  according 
to  the  degree  of  resistance  to  the  action  of  the  gastric 
juice.  R.  J.  E.  Scott. 

Glutol,  also  called  gluloform,  and  formaldehyde- 
gelatin,  is  an  odorless,  yellowish  powder,  formed  by 
the  action  of  formaldehyde  on  gelatin.  It  has  been 
used  as  a  dusting  powder  and  as  a  wound  disinfectant, 
the  action  being  due  to  the  setting  free  of  the  formalde- 
hyde. Its  action  causes  pain,  and  the  setting  free  of 
the  formaldehyde  is  not  without  danger.  It  must  be 
remembered  that  formaldehyde  is  obtained  by  the 
oxidation  of  methj'l  alcohol.  R.  J.  E.  Scott. 

Glycerin. — Glycerin,  or  glycerol,  C3H5(OH)3,  is, 
chemically,  a  triatomic  alcohol,  and  results  from  the 
decomposition  of  natural  fats  by  alkalies.  The 
Ignited  States  Pharmacopoeia  recognizes  under  the 
title  Glyccrinum,  Glycerin  or  Glycerol,  "a  liquid 
obtained  by  the  decomposition  of  vegetable  or  animal 
fats,  or  fixed  oils,  and  containing  not  less  than  ninety- 
five  per  cent,  of  absolute  glycerol."  Glycerin  can  be 
obtained  as  a  by-product  in  the  making  of  lead  plaster 
or  of  soap,  but  is  derived  in  purest  condition  b.v  acting 
on  fats  with  water  at  a  high  temperature,  under 
pressure.  Under  those  conditions  the  fats  break  up 
into  glycerin  and  fatty  acids.  Glycerin  so  prepared 
is  known  as  distilled  glycerin,  and  the  famous  Price's 
glycerin  is  of  such  kind.  Glycerin  appears  as  "a 
clear,  colorless  liquid,  of  a  thick,  syrupy  consistence, 
smooth  to  the  touch,  odorless,  sweet  to  the  taste,  and 
producing  a  sensation  of  warmth  in  the  mouth;  when 
exposed  to  the  air,  it  absorbs  moisture.  Specific 
gravity:  not  less  than  1.240  at  2.5°  C.  (77°  F.).  Solu- 
ble, in  all  proportions,  in  water  and  alcohol;  also 
soluble  in  a  mixture  of  3  parts  of  alcohol  and  1  p-irt 
of  ether,  but  insoluble  in  ether,  chloroform,  carbon 
disulphide,  petroleum,  benzin,  benzene,  and  fixed  or 
volatile  oils"  (U.  S.  P.).  On  heating,  glycerin  under- 
goes some  decomposition:  boils  at  329°  F.,  and  finally 
is  wholly  decomposed  and  dissipated. 

In  its  medicinal  relations  gl3-cerin  is  unique,  because 
of  the  following  combination  of  qualities:  It  is  at 
once  viscid,  non-volatilizable,  unalterable  on  exposure, 
antiseptic  yet  non-poisonous,  and  has  an  unusual 
range  of  solvent  powers,  dissolving  bromine,  iodine, 
sulphur  iodide,  the  fixed  alkalies,  lime,  tannic  and  other 
vegetable  acids,  many  vegetaljlo  organic  principles, 
such  as  salicin  and  santonin,  sugar,  gum,  and  pepsin, 
and  yerj-  many  inorganic  salts.  Physiologically 
glycerin,  in  concentrated  condition,  is  somewhat 
irritant  to  very  sensitive  parts,  probably  because  of 
abstraction  of  water  from  the  tissues;  but  upon 
ordinary  surfaces  it  is  perfectly  bland.  S\vnllowed 
by  the  human  subject  in  quantities  of  an  ounce  or 
more,  glycerin  produces  no  other  etTcct  than  a  very 
mildly  laxative  action;  but  experimentally  adminis- 
tered to  the  lower  animals  it  proves  toxic,  producing 
tetanus  in  the  frog,  apparently  from  direct  action 
upon  the  muscular  tissue  (.\midon:  Archives  of 
Medicine,  October,  1881),  and  varied  signs  of  nervous 
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derangement  in  rabbits  and  dogs,  even  to  death  by 
conjoint  failure  of  respiration  and  heart  action. 

The  uses  of  glycerin  are,  pharmaceutically,  as  a 
solvent,  preservative,  and  sweet-tasting  viscid  addi- 
tion to  fluid  preparations,  or  pill  masses;  and  surgi- 
cally, as  an  antiseptic,  bland,  and  unalterable  viscid  ap- 
plication to  wound  surfaces  and  sores.  Medicalh', 
glycerin  has  been  used  as  a  laxative  in  cases  of  hemor- 
rhoids, as  a  preventive  of  flatulency,  pyrosis,  and  the 
fermentation  of  the  ingesta  in  the  alimentary  canal 
(Ringer  and  Murrell),  and  as  a  harmless  sweetening 
addition  to  foods  in  cases  of  diabetes  mellitus.  A 
reputation  which  the  substance  once  enjoyed,  of 
tending  directly  to  oppose  the  morbid  process  of 
diabetes,  is  now  no  longer  credited.  Glycerin  may 
be  given  internally'  in  quantities  varying  from  a 
teaspoonful  to  a  tablespoonful. 

The  United  States  Pharmacopoeia  makes  official 
Suppositoria  Glycerini,  Suppositories  of  Glycerin. 
These  suppositories  are  compounded  of  glycerin,  with 
a  Uttle  sodium  carbonate  and  stearic  acid,  and  each 
suppository  contains  three  grams  (about  45  grains) 
of  glycerin.  They  are  used  for  the  relief  of  constipa- 
tion, but  should  not  be  employed  habitually',  for  fear 
of  irritating  the  bowel. 

Certain  solutions  of  substances  in  glycerin  consti- 
tute pharmacopceial  preparations  called  Glycerites. 

Edwakd  CmTis. 
R.  J.  E.  Scott. 

Glycerita. — A  glycerite  (glyceriium)  is  a  mixture 
of  medicinal  substances  with  glycerin.  The  glycerite 
of  starch  is  a  semi-solid  mass;  the  remaining  official 
glycerites  are  solutions.  They  are  useful  preparations 
and  can  be  diluted  with  water  or  alcohol  without 
precipitation.  The  United  States  Pharmacopceia 
contains  six  glycerites,  and  the  National  Formulary 
also  contains  six. 

Gltcerita  of  the  U.  S.  Pharmacopceia  and  National 

FORMrLARV. 


Glj'cerituni     acidi     tannicii    U.  S.  P. 

(glycerite  of  tannic  acid). 
Glyceritum  amyli  (glycerite,    U.  S.  P. 

of  starch).  ' 

Glyceritum    blsmuthi    (gly-        X.  F. 

cerite  of  bismuth). 


Glyceritum      boroglyceriai      U.  S.  P. 
(glycerite  of  boroglycerin) 

Glyceritum  ferri,  quininse  et     L'.  S.  P. 
strj'cbnince    phogphatum. 
(glycerite     of     the     phos- 
phates of  iron,  quinine  and 
strj'chnine). 

Glyceritum    guaiaci    (glyc-        N.  F. 
erite  of  guaiac). 


Glyceritum  hydrastis  (glyc-     U.  S,  P. 
erite  of  hydrastis). 

Glyceritum    pepsini    (glyc-        X.  F. 
erite  of  pepsin). 


Glyceritum  phenoUa   (glyc-     U.  S.  P. 

erite  of  phenol). 
Glyceritum     picis     liquids        X.  F. 

^glycerite  of  tar). 


Glyceritum      tragacanthse  X.  F. 

(glycerite  of  tragacanth).  I 
Glyceritum  vitelU  (glycerite,       X.  F. 

of  yolk  of  egg). 


Tannic  acid,  20;  glycerin, 
80. 

Starch,  10;  water,  10; 
glycerin,  80. 

Bismuth  subnltrate,  156; 
nitric  acid,  148;  tartaric 
acid,  236:  sodium  bi- 
carbonate, 266;  glycerin, 
500;  distilled  water,  q.  s. 
ad  1,000. 

Boric  acid,  31;  glycerin, 
q.s.  ad  100. 

Soluble  ferric  phosphate, 
80;  quinine,  104;  strj'^ch- 
n  i  n  e,  0.8;  phosphor  c 
acid,  200;  glycerin,  500; 
water,  q.  s.  ad  1,000. 

Guaiac,  85;  solution  of 
potassium  hydroxide,  G5; 
glycerin,  650;  water,  q.  s. 
ad  1,000. 

Hydrastis,  100;  glycerin, 
50 ;  alcohol  and  water, 
q.  9.  ad  100. 

Pepsin,  85;  hydrochloric 
acid,  10;  purified  talc,  15; 
glycerin,  500;  water,  q.  s. 
ad  1,000. 

Liquefied  phenol,  20;  glyc- 
erin. 80. 

Tar,  63 ;  magnesium  car- 
bonate, 125;  glycerin,  250; 
alcohol,  125;  water,  q.  s. 
ad  1.000. 

Tragacanth,  125;  glycerin, 
775;  water.  185. 

Fresh  yolk  of  egg,  45;  glyc- 
erin, 55. 


Glyceryl  Trinitrate. — This  substance,  better 
known  as  nitroglycerin,  called  also  glonoin,  would  be 
more  correctly  named  trinitroglycerol.  Reference  to 
the  accompanying  formulae  will  show  the  relation 
of   nitrogl3'cerin  to  glycerin: 


CH2OH 

I 
CHOH 

I 
CH.OH 

Glycerin. 


CH2ONO2 
HONO2 


i 


CH2OXO2 

Nitroglycerin. 


R.  J.  E.  Scott. 


Nitroglycerin  is  made  by  the  aetiou  of  nitric  and 
sulphuric  acids  upon  glycerin,  and  is  a  transparent, 
colorless,  dense  oily  fiuid,  of  about  the  specific  gravity 
1.6;  slightly  soluble  in  water,  but  freely  soluble  in 
ether  or  alcohol.  It  is  slightly  volatile,  inodorous,  and 
of  a  sweet,  pungent,  aromatic  taste.  Upon  concus- 
sion, it  explodes  with  extreme  violence.  Nitro- 
glycerin itself  is  not  official  as  a  medicine,  but  the 
United  States  Pharmacopoeia  recognizes  a  one-per- 
cent, alcoholic  solution  of  the  substance  under  the 
title  Spiritus  Glycerylis  Nitratis,  Spirit  of  Glycerj-1 
Nitrate,  or  Spirit  of  Nitroglycerin.  This  spirit  pre- 
sents only  the  physical  characteristics  of  alcohol,  in 
appearance,  taste,  and  sraeU,  and  is  entirely  non- 
explosive.  But  if  some  of  it  be  spilled,  so  that  the 
alcohol  has  a  chance  to  evaporate,  the  nitroglycerin 
will  become  concentrated,  and  a  dangerous  explosion 
becomes  possible.  The  spirit  should,  therefore,  be 
handled  with  great  care.  If,  through  accident,  it  is 
spUled,  a  solution  of  potassium  hydroxide  should  be 
at  once  poured  over  it;  this  will  produce  two  com- 
paratively harmless  substances,  glycerin  and  potas- 
sium nitrate: 

C3H5(ON02)3-|-3KOH  =  C3H6(OH)3+3KN03 

It  should  be  kept  in  tin  cans  instead  of  in  glass 
bottles,  and  these  should  be  well  stoppered  and  stored 
in  a  safe  and  cool  place,  away  from  exposure  to  light 
or  fire. 

The  effects  of  a  one-per-cent.  solution  of  nitro- 
gh-cerin  upon  the  animal  system  are,  in  kind,  exactly 
those  of  the  nitrites  (see  Nitrites),  with  the  additional 
symptom  of  a  severe  and  obstinate  headache.  In 
rapidity  of  action,  nitroglycerin  occupies  a  position 
between  amyl  nitrite  on  the  one  hand,  and  the  nitrites 
of  the  alkaU  metals  on  the  other.  The  agent  is  power- 
ful; a  single  drop  of  the  one-per-cent.  solution  taken 
upon  the  tongue  produces  within  three  or  four  minutes 
a  transient  feeling  of  cerebral  fulness  and  frontal  pain, 
and  a  dose  of  four  or  five  drops  quickly  determines  a 
fuU  nitrite  derangement — flushed  face,  throbbing 
arteries,  violent  and  disorderly-  heart  action,  hurried 
respiration,  and  splitting  headache.  Overdosage  is 
extremely  dangerous,  as  shown  by  a  reported  case  in 
which,  after  a  dose  of  two  and  a  half  drops  of  a  five- 
per-cent.  solution,  the  typical  nitrite  effects  were 
quickly  succeeded  by  sickness,  faintness,  and  coma 
with  stertorous  breathing.  The  heart's  action  became 
alarmingly  weak,  but  the  patient  finally  recover-^d. 

Nitroglycerin  produces  thus  exactl_v  the  effects  of  a 
nitrite,  and  accordingly  the  inference  is  that  in  the 
career  of  the  compound  in  the  animal  economy  it 
suffers  change  into  a  nitrite,  and  as  such  nitrite  ex- 
erts its  activity.  This  subject  of  a  possible  chemical 
conversion  of  nitroglycerin  within  the  system  was 
studied  by  Matthew  Ha3'  (Practitioner,  June,  1883), 
who  found  that  nitroglycerin  is  decomposed  by  alka- 
lies and  alkaline  carbonates,  with  the  conversion  of 
two-thirds  of  its  nitric  acid  into  nitrous,  which  nitrous 
acid  then  combines  with  the  alkali  to  form  a  nitrite 
of  the  same.  This  reaction,  furthermore.  Ha}'  was 
able  to  produce  b}-  treating  a  one-tenth-per-cent. 
solution  of  nitroglycerin  in  water  with  freshly  drawn 
defibrinated  blood,  and  digesting  the  mixing  for 
forty  minutes  in  an  oven  at  a  temperature  ranging 
between   104°  and   113°   F.     Such  mixture  assumed 
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,|„)Colate  color  of  nitrite  poisoned  blood 


the  peculiar 


'"'S^^Z^s  to  be,  for  the  pharmacolo- 
gist and  physicinn,  but  a  nitrite-furnishmg  com 
«.hose    d'istinguishing  Jeature__  :b  ^solely^  the^^  ^^^ 


extra- 


ordinary intensity  of  its  action,^ 


accounts  for  by  the  fact  that  '"fos'^'f ™  ^f-.^^  f^ 
neculiaritv  of  its  composition,  exempt  from  the  de 
^S-ition  by  the  acid  of  the  ga.tno  ^-^o^wlnch 
nitrites 


renders  inert  a  certain  proportion  of  each  dose  of  a 
nitrite  swallowed  as  such.  ,      .,       ,         ■      „,o 

The  therapeutic  appUcations  of  nitroglycerin  are 
those  of  the  nitrites.  Tlie  remedy  has  been  used  with 
benefit  in  angina  pectoris,  asthma,  and  epilepsy 
esneciallv  in  petit  mal,  and  also  in  the  anemic  form  of 
migraine,  and  in  nephritis  attended  with  a  hard  corded 
pulse  The  dose,  in  an  untried  subject,  should  be  at 
first  but  a  single  drop  of  the  customary  one-per-cent. 
alcoholic  solution,  to  be  repeated  every  fifteen  min- 
utes untU  four  or  five  drops  shall  have  been  taken  or 
relief  experienced.  In  habitual  use,  as  for  epileptics 
the  dose  will  verv  likely  require  gradual  increase.  At 
the  rate  of  an  additional  drop  per  dose  each  month  so 
large  a  dosage  as  twelve  drops  three  times  a  day  of  the 
one-per-cent.  solution  has  been  taken  without  the 
production  of  undue  derangement. 

Edward  Curtis. 
R.  J.  E.  Scott. 

Qlvciphagus.— A  genus  of  mites,  Tyroglyphidw, 
found  in  flour,  sugar,  etc.  G.  p'-unoriim  and  G. 
domesticus  cause  the  grocer's  itch.     See  Arachnidn. 

A.  S.  P 

Qlycocoll.— Glycocoll,  CHj.NHj.COOH,  amino- 
acetic  acid  (glycine)  is  a  derivative  of  protein  formed 
during  pancreatic  digestion  or  by  hydrolytic  cleavage. 
It  is  the  compound  that  unites  with  any  benzoic 
acid  entering  the  bodv  to  form  hippuric  acid. 

F.  P.  U. 

Glycogen. — Glycogen,  Cr.HioOs,  was  first  dis- 
covered by  Claude  Bernard  who  called  it  animal 
starch.  It  is  a  complex  carbohydrate  closely  related 
to  the  starches  or  dextrins.  It  forms  an  amorphous, 
white,  tasteless  and  odorless  powder  which  gives  a 
characteristic  opalescent  solution  with  water.  On 
treatment  with  iodine  a  solution  of  glycogen  jaelds 
a  wine-red  color.  This  reaction  is  especialh-  sensitive 
in  the  presence  of  small  quantities  of  sodium  chloride. 
It  is  precipitated  from  its  solutions  by  addition  of  an 
equal  volume  of  ninety-five  per  ceiit.  alcohol.  By 
diastatic  enzymes  glycogen  is  changed  into  maltose 
or  dextrose  depending  upon  the  nature  of  the  enzyme. 
Itis  transformed  into  dextrose  by  the  action  of  dilute 
mineral  acids.  Glycogen  is  found  in  relatively  large 
quantities  in  the  liver  and  in  smaller  amounts"  in  the 
muscles.  It  is  found  in  traces  in  nearlv  all  the 
tissues  of  the  body  and  is  therefore  regarded  as  a 
primary  or  essential  cell  constituent.  Some  animals, 
as  the  Tsnia  and  Ascaridte  and  certain  of  the 
mollusca,  as  the  pectin  irradians,  are  very  rich  in 
glycogen.  Many  fungi  contain  significant  quantities 
of  glycogen. 

The  amount  of  glycogen  in  the  organs  of  the 
body  depends  primarily  upon  the  food.  In  starva- 
tion it  may  almost  completelv  disappear.  Feeding 
again  causes  anew  the  storage  of  glvcogen  and  this 
retention  occurs  more  rapidly  when  "large  quantities 
of  carbohydrates  are  fed.  The  quantitv  of  glvcogen 
'"f*K  u'T  '^''^  depends  upon  the  muscular  activitv 
o  the  body  muscular  work  lieing  performed  preferabl"y 
at  the  expense  of  carbohydrates  of  the  body  of  which 
glycogen  is  the  source.  Frank  P.  UNiERHiLL. 
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Glycolysis. — By  the  term  glycolysis  is  meant  the 
process  by  which  dextrose  is  transformed  within  the 
bodv  to  lower  products.  It  is  presumed  that  the 
action  is  of  an  enzj-me  nature  and  there  is  considerable 
evidence  that  many  of  the  body  tissues  contain 
glycolytic  enz\ines.  Cohnheim  attempted  to  prove 
that  the  glycolyt'C  power  of  muscles  is  dependent  on 
an  internaf  secretion  of  the  pancreas.  It  was  shown 
that  if  dextrose  were  incubated  with  muscle  press 
juice  or  with  pancreas  press  juice  little  of  the  dextrose 
disappeared.  On  the  other  hand,  if  fresh  muscle 
and  pancreas  were  minced  together,  the  mixed  press 
juice  possessed  marked  glycolytic  properties.  Cohn- 
heim demonstrated  that  this  activation  of  the  muscle 
was  not  dependent  upon  enzymes,  since  boiled  extracts 
of  the  pancreas  would  behave  in  a  like  manner. 
Claus  and  Embden  ascribed  the  glycolytic  action  of 
the  mixed  juices  to  bacterial  contamination.  This 
has  been  disputed  by  Cohnheim  and  a  full  confirma- 
tion of  Cohnheim's  work  has  been  made  by  Hall. 
The  glycolytic  power  of  the  blood  is  well  known,  hav- 
ing first  been  demonstrated  by  Claude  Bernard. 
The  products  formed  as  a  result  of  this  glycolysis 
are  not  precisely  known,  although  it  has  been  asserted 
that  alcohol  may  be  produced. 

Literature  may  be  found  in  Vernon:  Intracellular 
Enzymes,  London,  1908. 

FrAXK  P.  UXDERHILL. 


Glycoprotein. — A  compound  of  the  protein 
molecule  with  a  substance  or  substances  containing  a 
carbohydrate  group  other  than  a  nucleic  acid.  As 
instances  of  a  glycoprotein  may  be  given  such  sub- 
stances as  mucin  and  mucoids. 

F.  P.  U. 

Qlycosolveol. — See  Anlidiahelin. 

Glycuronates. — Glycuronic  acid  has  not  been 
found  in  the  free  state  in  the  animal  body.  It  occurs 
to  a  slight  ex-tent  in  normal  urine  as  a  conjugated 
acid,  phenol — and  probably  also  indoxyl — and  skatoxyl 
glycuronic  acid.  Very  large  amounts  of  these  con- 
jugated glycuronates  occur  in  the  urine  after  the 
ingestion  of  various  therapeutic  agents  and  other 
substances  as  chloral  hydrate,  camphor,  naphthol, 
borneol,  turpentine,  morphine,  etc.  The  excretion 
of  glycuronates  may  be  markedly  increa.sed  in 
severe  disturbances  of  the  respiration.  In  extreme 
dyspnea,  in  diabetes  and  by  the  direct  introduction  of 
large  quantities  of  dextrose.  According  to  the  sub- 
stance with  which  thev  are  combined  the  glycuronates 
vary  in  behavior.  Xlpon  treatment  with  boiling 
mineral  acids  they  split  into  glycuronic  acid  and  the 
conjugated  group.  They  are  precipitated  with  basic 
lead  acetate  or  with  basic  lead  acetate  and  ammonia. 
Most  of  the  conjugated  glycuronates  have  a  reducing 
action  upon  metallic  oxides  only  after  hydrolysis 
with  acids.  Certain  of  them,  on  the  other  hand, 
exert  a  reducing  action  on  alkaline  copper  solutions 
and  hence  may  cause  errors  in  testing  urine  for  sugar. 
Glycuronates  of  theglucosidc  type  rotate  the  plane  of 
polarized  light  to  tlie  left  whereas  free  glycuronic 
acid  gives  dextro-rotation.  Glycuronates  of  the 
ester  type  rotate  the  plane  of  polarized  light  to  the 
right.  Fr-otk  P.  Underbill. 


Qlycyrrhiza. — Liquorice  Root.  The  dried  rhi- 
zomes and  roots  of  Glycyrrhiza  t/Iabra  L.  (Spanish 
liquorice)  or  of  G.  glandulifera  Waldstein  and  Kittaibel 
(Russian  liquorice)  (fain.  Lcgumitinsa-). 

The  liquorice  plants  are  large  perennial  herbs,  the 
different  species  either  smooth  or  hairy.  That  first 
named  grows  princip.ally  in  southern  Europe,  the 
second  chiefly  in  southwestern  .■\sia  and  adjacent 
Europe.     Both    are    largely    cultivated,   the    former 
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much  more  extensively.  The  plant  sends  down  a 
very  long  root,  which  is  nearly  vertical,  but  may  have 
several  smaller  branches.  From  the  crown,  just 
underneath  the  surface  of  the  ground,  a  number  of 
long  horizontal  rhizomes  emanate.  These,  though  fre- 
quently mLxed  with  liquorice  to  increase  the  yield,  are 
not  nearly  so  good  as  the  roots.  They  have,  how- 
ever, an  important  use  for  purposes  of  propagation. 

Liquorice  root,  when  first  collected,  is  fleshy  and 
juicy,  and  is  largely  employed  in  this  condition.  For 
commercial  purposes  the  roots  are  thoroughly  cleaned 
and  dried  rapidly  to  prevent  moulding.  The  Russian 
variety  has  its  outer  bark  removed. 

There  are  great  differences  of  opinion  concerning 
the  relative  quality  of  the  two  varieties.  The  correct 
view  probably  is,  that  Spanish  liquorice  is  sweeter, 
while  Russian  liquorice,  when  powdered,  is  lighter  in 
color  and  offiner  appearance.  Russian  liquorice  is 
rather  more  Inclined  to  be  free  from  bitterness,  pro- 
vided care  be  taken  to  excise  all  black,  knotty,  decayed 
pieces.  If  these  be  allowed  to  remain,  even  to  a  slight 
extent,  they  impart  a  marked  bitterness  to  the 
powder. 

Description. — Spanish  Liquorice. — In  long,  c.vlin- 
drical  pieces,  from  five  to  fifteen  millimeters  {\  to  5  in.) 
thick,  longitudinally  wrinkled,  externally  grayish- 
brown  to  dark  brown,  warty;  internally  tawny- 
yeUow;  pliable,  tough;  fracture  coarselj'  fibrous; 
bark  rather  thick;  wood  porous,  but  dense,  in  narrow 
wedges;  medullary  rays  linear;  taste  sweet,  very 
slightly  acrid. 

The  underground  stem,  which  is  often  present,  has 
the  same  appearance,  but  contains  a  thin  pith. 

Russian  Liquorice  occurs  in  large,  usually  crooked 
pieces,  often  several  feet  in  length  and  five  centi- 
meters (2  in.)  in  thickness,  deprived  of  the  outer 
bark,  pale  yellow  without,  internally  of  a  lighter  yellow 
than  the  Spanish  and  softer  and  of  lower  specific 
gravity,  its  cellular  elements  larger,  its  taste  less 
sweet,  and  the  wood  frequently  cleft.  Any  blackened, 
knotty,  bitter  portions  should  be  removed  before 
using. 

C0.MPOSITI0.V. — The  most  important  principle  is  its 
peculiar  sweet  substance,  glycyrrhizin,  an  amorphous, 
yellow,  intenseh-  sweet  powder,  soluble  in  hot  water, 
but  not  in  cold  without  the  addition  of  an  alkali.  It 
is  a  glucoside.  and  may  be  resolved,  by  boiling  with 
dilute  hydrochloric  acid,  into  an  uncrystallizable 
sugar,  and  an  amorphous,  bitf^r  substance,  glycyrrhetin. 
It  is  said  to  be  present  in  the  root  combined  with 
calcium.  Proportion  about  six  per  cent.  There  are 
also  some  sugar,  three  per  cent,  of  asparagin,  a  variable 
amount  of  glycjTamarin,  a  little  resin  and  starch. 

Action. — Liquorice  has  no  physiological  action 
beyond  that  of  being  slightly  laxative  and  expectorant, 
chiefl\'  through  its  stimulation  of  the  mucous  glands. 
It  is,  like  other  sugars  and  sjTups,  soothing  to  the 
mucous  membrane  of  the  fauces,  and  hence  much 
employed  in  coughs  bj'  itself,  or  as  a  vehicle  or 
ingredient  of  cough  mixtures.  Syrups  of  liquorice  and 
the  ammoniated  glycjTrhizin  have  been  e.xtensively 
used  as  vehicles  to  cover  the  bitter  taste  of  quinine, 
which  they  do  in  an  imperfect  manner.  The  am- 
moniated glyc>Trhizin  may  be  rubbed  up  with  the 
quinine  in  powder,  or  the  quinine  may  be  mixed  with  a 
s3Tup  of  Uquorice  at  the  instant  of  taking. 

.\d.mixistr.\tiox. — Several  preparations  are  official- 
Fluid  extract  (Exlractum  Glycyrrhizce  Fluidum,  U.  S. 
P.),  in  which  the  liquorice  is  exhausted  with  diluted 
alcohol  and  ammonia,  the  latter  to  make  the  active 
principle  more  soluble.  The  pure  extract  (Extractum 
Glycyrrhizce  Purum,  V.  S.  P.,  so  called  to  distinguish 
it  from  the  Extractum  Glycyrrhizce,  or  crude  Italian 
stick  liquorice),  in  which  the  drug  is  exhausted  with 
water  and  ammonia,  and  the  percolate  evaporated  to 
a  semi-solid  consistence.     It  is  useful  for  pill  masses 


and  as  a  vehicle;  it  is  also  an  ingredient  in  the  com- 
pound mixture  of  liquorice  (Mislura  Glycyrrhizce 
Cornposita,  U.  S.  P.),  or  old  Brown  Mixture,  in  which 
paregoric  and  wine  of  antimony  are  the  active  in- 
gredients. Glycyrrhizinum  Ammoniatum,  \J .  S.  P. 
(ammoniated  glycyrrhizin,  mentioned  above),  is 
prepared  by  extracting  the  liquorice  with  ammoniated 
water,  precipitating  the  sweet  principle  with  sulphuric 
acid,  washing,  redissolving  in  ammonia  and  water, 
precipitating  and  dissolving  again,  until  it  is  sufficien- 
tly pure.  It  is  in  dark  brownish-red,  shining,  brittle 
scales,  of  a  very  sweet,  liquorice-like  taste,  and  no 
odor,  soluble  in  water  and  alcohol.  Compound  liquo- 
rice powder  (Pulvis  Glycyrrhizce  Compositus)  is, 
properly  speaking,  a  preparation  of  senna.  Besides 
these,  should  be  mentioned  the  commercial  "stick,"' 
or  ''black  liquorice,"  formerly  imported  on  a  large 
scale  from  many  of  the  countries  and  islands  of  the 
Mediterranean,  now  chiefly  manufactured  in  this 
country.  It  is  mainly  used  by  children  as  a  confec- 
tion, but  is  also  in  extensive  demand  for  coughs,  colds, 
and  sore  throats.  H.  H.  Rusbt. 


Gmelin,  Johann  Friedrich. — A  name  made 
famous  by  the  writings  of  its  possessor  on  chemistry, 
materia  medica,  pharmac}',  and  zoologj'.  Born  at 
Tubingen,  August  8,  1748.  As  early  as  in  the  year 
1775  Gmelin  was  chosen  Professor  in  Ordinary  of  Phil- 
osophy at  the  University  of  Goettingen,  and  five  years 
later  he  was  made  Professor  Extraordinary  of  Medi- 
cine at  the  same  universitv.  He  died  at  Goettingen, 
November  1,  1804. 

Of  Gmelin's  numerous  published  writings  that  which 
brought  him  the  greatest  amoimt  of  glory  is  unques- 
tionably his  History  of  Chemistry,  published  in  Goet- 
tingen, in  1797-1799,  in  3  volumes.  .Another  one  of 
his  famous  works  is  his  General  History  of  Poisons, 
published  at  Leipzig  and  Niiremberg  in  1776  and  1777, 
in  3  parts. 

From  the  account  published  in  the  1911  edition  of 
the  Encyclopadia  Britannica  it  appears  that  Leopold 
Gmelin  (1788-1853),  a  son  of  Johann  F.,  also  attained 
a  great  reputation  as  a  chemist.  In  1822  he  discov- 
ered potassium  ferricyanide.  His  "Handbuch  der 
Chemie"  was  a  most  important  work  in  its  dav. 

A.  H.  B. 


Gnats. — X  rather  indefinite  term  used  to  designate 
various  small  Diptera,  not  all  of  which  bite.  Mos- 
quitos  (Culicid(e)  and  midges  {Chironomidce),  as  well 
as  sand-flies  iSimulidce)  are  often  called  gnats.  See 
Insects,  Parasilici  A.  S.   P. 


Qnathostoma. — A  genus  of  nematode  worms  in 
which  the  whole  or  the  anterior  end  of  the  body  is 
covered  with  minute  spines.  Several  species  "are 
found  in  vertebrates;  G.  siamense  has  been  known  to 
form  nodules  beneath  the  skin  in  man.     See  Xematoda. 

A.  S.  P. 


Qnathostomidae. — A  family  of  nematode  worms. 
Only  the  anterior  part  of  the  body  is  covered  with 
ramified  spines.  These  animals  live  in  the  stomachs 
of  vertebrates,  especially  mammals.  Gnathostoma 
is  the  only  genus.     See  Nematvda.  A.  S.  P. 


Qodbold  Mineral  Wells. — Post-office. — Summit, 
Pike  County,  Mississippi.  Hotels  and  boarding- 
houses  in  Summit.  The  hotel  at  the  Wells  is  a  large 
fire-proof  building,  located  in  a  beautiful  oak  grove. 

Access. — Via  Illinois  Central  Railroad  to  Summit, 
one  and  a  quarter  miles  from  the  Wells.  An  auto- 
mobile  road    connects   the   two   points.     This   well- 
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known  chalybeate  well  is  located  in  the  suburbs  of 
Summit,  a  village  108  miles  northwest  of  New  Orleans 
and  75  miles  south  of  Jackson.  The  location  is  420 
feet  above  tide-waiter.  The  well  has  a  depth  of 
eighteen  feet  and  a  diameter  of  four  feet.  The  supply 
of  water  is  unlimited.  The  following  analysis  was 
made  by  J.  H.  Laster,  chemist,  of  New  Orleans: 

One  United  States  Gallon  Contains; 

Solids.  Grains. 

Iron  protochloride.  -  ,  11.42 

Calcium  sulphate.  .  .  Tmcc. 

Sodium  chloride 1 .  73 

Calcium  carbonate.  Trace. 

Silica Trace. 

Loss ^-t 

Total 13.99 

The  water  is  said  to  possess  much  value  in  the  treat- 
ment of  diarrhea  and  dysentery  and  in  disorders  of  the 
stomach,  liver  and  kidneys.  It  is  used  also  in  malaria, 
diabetes,  rheumatism,  and  bladder  troubles.  It  is 
bottled  and  sold,  but  many  persons  visit  the  well  in 
person  for  the  purpose  of  drinking  its  waters.  _  The 
water  is  almost  a  pure  chalybeate,  the  remaining 
ingredients  being  practically  inert. 

The  Dixie  Club  has  purchased  the  Godbold  Wells 
property  and  has  secured  large  shooting  and  fishing 
privileges.  The  aim  of  the  Club  is  to  make  the  resort 
a  national  headquarters  for  sportsmen  and  their 
families  who  are  seeking  health  and  recreation  at  any 
season  of  the  year.  Emma  E.  Walker. 


Qoerbersdorf. — This  place  is  mentioned  chiefly 
because  it  is  the  locality  in  which  the  renowned 
Brehmer  Sanatorium  for  pulmonary  tuberculosis — 
the  oldest  in  existence,  founded  in  1S,')4 — is  situated. 
The  village  of  Goerbersdorf  is  located  in  the  South- 
eastern part  of  Germany,  in  the  province  of  Silesia, 
at  an  altitude  of  1,840  feet.  It  is  in  the  valley  of  the 
Steine,  which  runs  from  northwest  to  southeast,  and  is 
sheltered  by  den.sely  wooded  heights.  The  climate  is 
not  unlike  that  of  the  Adirondacks,  for  example,  its 
main  features  consisting  of  "  atmos]>hcric  purity, 
freedom  from  dust,  dryness  of  soil,  shelter  against 
strong  wind,  and  abundant  sunshine."  Its  altitude 
Is  not  sufficient  to  give  it  the  character  of  an  Alpine 
climate,  though  in  a  general  sense  it  is  a  mountain 
climate.     The  season  is  an  all-the-year-round  one. 

Here,  sixty  years  ago,  Brehmer  founded  his 
famous  sanatorium,  the  parent  of  all  the  others. 
Begvm  in  a  small  way,  it  now  consists  of  large  and 
handsome  buildings  with  several  detached  villas, 
surrounded  by  very  extensive  grounds.  Meeting 
with  much  opposition  at  first,  Brehmer,  before  he  died 
in  1889,  had  the  satisfaction  of  seeing  his  method 
adopted  more  or  less  closely  in  all  systematic  attempts 
to  cure  pulmonary  tuberculosis;  other  sanatoria 
established  on  the  principles  laid  down  by  him;  and 
more  favorable  results  than  had  ever  before  been  ob- 
tained in  the  treatment  of  the  disease.  To-day  the 
Brehmer  hygienic-dietetic  treatment,  with  perhaps 
some  modifications,  is  the  best  we  have,  when  weighed 
by  results,  although  the  form  and  methods  of  the 
construction  of  sanatoria  have  much  changed  since 
Brehmer's  day. 

Brehmer's  theory  of  the  underlying  cause  of 
phthisis  was  a  disproportion  between  the  heart 
and  lungs,  the  latter  relatively  voluminous,  the  former 
small,  with  thin,  flabby,  feeble  walls.  Consequently 
he  considered  that  the  most  important  object  in  the 
treatment  was  to  strengthen  the  heart,  and  methodic 
hill-climbing  the  best  means  for  obtaining  this  result. 
For  this  purpo,se,  in  the  park  of  about  300  acres 
surrounding  the  sanatorium,  he  constructed  over  nine 
miles  of  footpaths  of  gentle  ascent,  with  frequent 
benches  and  pavilions  for  resting.  Measured  walks 
of   measured   steepness    constituted    at   that  time  a 


fundamental  principle  of  his  treatment,  and  only 
the  febrile  cases  and  those  with  some  contraindicating 
complication  were  exempt.  This  plan  of  graduated 
exercise  was  not  unlike  that  instituted  by  Paterson  at 
Frimley  many  years  later,  though  based  upon  quite 
a  different  theory,  namely,  that  of  autoinoculation. 
The  other  sanatoria  have  modified  this  plan,  and  place 
the  emphasis  upon  the  Ruheluft-Kur,  rest  in  the  open 
air.  This  method  is  followed,  to  be  sure,  at  Goerbers- 
dorf, but  not  to  the  extent  that  it  is  at  Falkenstein  and 
Hohenhonnef .  At  these  latter  it  is  the  striking  feature 
of  the  treatment. 

The  sanatorium  building,  of  a  plan  now  largely 
obsolete,  is  a  large  gothic  structure  of  brick,  of  very 
imposing  appearance,  in  the  midst  of  a  beautiful 
garden;  and  besides  the  old  and  the  new  Kurhaus 
there  are  three  annexes  or  villas.  The  internal 
arrangements  are  very  extensive,  consisting  of  a 
winter  garden,  conversation  and  reading  rooms,  large 
dining  halls,  various  reception  rooms,  an  imposing 
gothic  staircase,  and  bedchambers  hygienically 
arranged.  One  notices  various  suggestive  maxims 
painted  on  the  walls,  like  the  following:  "  Wolle  nur 
eins,  und  das  wolle  von  Herzen"  (Desire  but  one  thing 
and  that  with  all  the  heart).  "  Die  lohncndste  Arbeit 
fiir  einen  Kranke  ist:  gesund  zu  werden"  (The 
labor  which  best  repays  a  sick  man  is  to  get  well). 

Besides  the  sanatorium  proper,  there  are  two 
detached  buildings  of  plainer  construction,  where 
patients  are  received  at  a  reduced  price.  There  is  also 
a  chemical  and  bacterological  laboratory  a  nieteoro- 
logical  observatory,  and  a  medical  library.  The 
clientage  comes  from  Germany,  Russia,  Hungary, 
Poland;  and  I  found  two  patients  from  America. 
The  supervision  of  the  patient's  life  is  most  exact 
and  continuous;  every  two  weeks  he  is  examined 
anew  by  the  physician  in  charge,  and  is  always  under 
the  observation  of  one  or  another  of  the  physicians, 
all  of  whom,  except  the  director,  take  their  meals  with 
the  patients.  Each  is  individualized  in  his  treatment. 
As  an  illustration  of  the  i)ainstaking  care,  I  noticed  in 
the  little  reading  library  certain  starred  books,  and  on 
inquiry  I  found  that  they  were  of  a  rather  exciting 
nature  and  were  forbidden  to  those  of  nervous  tem- 
perament as  likely  to  jiroduce  a  rise  of  temperature  or 
some  other  unfavorable  symptom.  There  are  five 
meals  a  day,  reinforced  by  milk.  Kefir  is  prepared 
on  the  premises  in  large  quantities  and  is  much  used, 
e.specially  in  gastro-intestinal  troubles  and  in  con- 
junction with  alcoholic  drinks  for  night  sweats. 
Most  of  the  patients  use  wine  or  beer.  In  fever  milk 
is  the  principal  diet,  and  as  much  as  three  liters  in 
twenty-four  hours  is  given  a  patient. 

Hydrotherapeutics,  as  in  the  other  sanatoria,  is  an 
important  adjunct  of  the  treatment  in  the  form  of 
simple  bathing  with  acidulated  water,  the  wet  pack 
with  massage,  and  cold  douches.  I  was  interested  in 
watching  the  method  of  giving  the  latter.  In  a  room 
adjoining  the  douche  sits  a  physician  at  a  table,  with 
a  watch  provided  with  a  second  hand,  and  with  the 
names  of  those  for  whom  the  bath  is  prescribed.  The 
attendant  informs  the  physician  through  a  speaking 
tube  when  the  patient  is  ready,  and  the  doctor  turns 
on  the  water  (which  he  alone  manipulates)  for  the 
specified  number  of  seconds,  as  indicated  in  his  list. 
When  the  douching  is  completed,  the  attendant  throws 
a  blanket  about  the  patient  and  rubs  him  down. 
Only  the  stronger  and  convalescent  patients  are  al- 
lowed this  douche. 

The  sputum  is  deposited  in  shallow  cuspidors 
containing  sawdust,  scattered  about  the  building. 
Each  patient  akso  has  a  Dettweiler  pocket  spit-cup. 
The  sputum  is  destroyed  by  burning. 

A  few  minutes'  walk  from  the  Brehmer  establish- 
ment brings  one  to  the  late  Dr.  Rompler's  sanatorium, 
which  is  also  extensive,  accommodating  about  one 
hundred  patients.  Although  not  so  imposing  as 
Brehmer's,  it  is  equally   comfortable  and  complete, 
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and,  on  account  of  the  lighter  character  of  the  archi- 
tecture, gives  one  a  very  pleasing  and  cheerful  impres- 
sion. In  common  with  the  other  sanatoria,  it  pos- 
sesses a  fine  winter  garden,  which  is  practically  a  great 
conser\'atory  affording  an  extensive  and  beautiful 
view  even  to  the  horizon,  and  is  the  favorite  lounging 
place  for  the  inmates  when  the  weather  forbids  out- 
door life.  The  "Liegehalle"  is  in  the  second-story 
balcony  with  a  glass  roof,  which  seemed  to  me  pref- 
erable to  those  on  the  ground  floor.  The  extensive 
parlc  is  laid  out  with  pleasant  paths  of  varying  grades 
(some  protected)  extending  up  to  the  richly  wooded 
mountainside,    with    seats,    terraces,    and    pavilions, 


the  expense  being  defrayed  by  the  society,  which 
allows  each  member  a  certain  sum.  The  insurance 
societies  of  Germany  of  this  nature  are  finding  it  to 
their  interest  to  send  their  consumptive  members  to 
such  an  institution  and  have  a  certain  proportion  of 
them  returned  to  their  usual  avocation,  rather  than 
support  them  indefinitely  as  invalids.  Of  185  per- 
sons who  were  dismissed  in  1896,  70.3  per  cent,  were 
capable  of  resuming  their  work;  and  for  the  three 
years  from  1894  to  1896  inclusive,  of  those  communi- 
cated with  who  were  dismissed  in  these  respective 
years  as  capable  of  resuming  their  work,  60,  71,  and 
89  per  cent,  respectively,  still  remained  so  at  the  begin- 


FlG.  2814. — Brehmer's  Sanatorium  at  Goerbersdorf. 


which  afford  comfortable  and  picturesque  resting 
places.  The  method  of  treatment  is  similar  to  that  of 
the  larger  establishment;  it  comprises  abundant  ali- 
mentation, outdoor  air  (rest  in  the  reclining  chairs 
and  walking  in  the  paths  of  gentle  ascent)  and 
hydrotherapeutics. 

Dr.  Rompler  thus  well  summed  up  the  conditions  of 
cure:  "Upon  the  ability  of  the  organism  to  resist 
depends  finally  the  possibility  of  cure.  To  increase 
this  power  of  resistance  through  gradual  blunting  of 
the  susceptibility  to  irritation  (hardening);  through 
the  improvement  of  the  nutrition  and  quality  of  the 
blood;  and,  finally,  through  the  avoidance  of  hurtful 
influences  and  through  instruction  and  training 
for  future  guidance,  is  the  principal  problem  of  the 
pht  hisiotherapeutist . ' ' 

The  third  sanatorium  at  Goerbersdorf  is  that  of  Dr. 
Weicker,  which  is  a  small  one,  and,  as  Dr.  Weicker 
says,  on  the  plan  of  a  home  rather  than  on  that  of  a 
large  institution,  he  and  his  wife  living  in  the  institu- 
tion with  his  patients;  and  the  method  is  essentially 
that  of  the  others.  It  was  originally  founded  by  the 
Grafin  Piickler,  under  whose  name  it  .still  stands.  Dr. 
Weicker  also  has  charge  of  a  people's  large  sanatorium 
in  Goerbersdorf.  consisting  of  seven  villas,  which  re- 
ceived 2.56  persons  during  the  year  1896.  It  was  estab- 
lished for  working  people  who  are  members  of  the  so- 
called  insurance  society   for  the  disabled  and  aged; 


ning  of  1897;  so  that  from  an  economic  point  of  view 
this  plan  of  people's  sanatoria  is  a  profitable  venture 
for  the  insurance  societies. 

Goerbersdorf  is  reached  either  via  Breslau  and 
Friedland,  or  from  the  station  of  Dittersbach  on  the 
Silesian  Mountain  railway.  Either  from  Friedland 
or  Dittersbach  one  has  to  ride  four  or  five  miles  to  the 
sanatoria.  As  to  the  results  obtained  at  Brehmer's 
sanatorium,  of  7.5,032  patients  treated  from  1S76  to 
1886,  26.6  per  cent,  were  reported  "cured  and  almost 
cured,"  of  the  first,  second,  and  third  stages  of  the  dis- 
ease collectively.  Edw.\rd  O.  Otis. 

Goiter. — See  Thyroid  Glands. 

Goiter,  Exophthalmic. — Synonyms:  Parry's  dis- 
ease. Graves'  disease,  Basedow's  disease,  Struma 
exophthalmica.  Hyperthyroidism. 

Historical. — The  disease  generally  recognized  as 
exophthalmic  goiter  was  described  by  Parry  in  1825, 
by  Graves  in  1835,  and  by  von  Basedow  in  1840. 
Parry  even  suggested  that  the  thyroid  might  cause  the 
cardiac  disturbances.  Later,  after  Claude  Bernard's 
experimental  work  became  known,  the  symptoms 
were  ascribed  to  a  neurosis  of  the  sympathetic  nervous 
system,  but  Gull  in  1873  traced  the  origin  of  cretinism 
to  the  thj-roid,  and  Ord  in  1877  published  his  article 
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on  myxedema.  Then  Kocher,  in  1883,  showed  the 
results  of  total  extirpation  of  the  thj-roid  in  human 
subjects,  and  about  1890  Murray  and  others  intro- 
duced thyroid  feeding.  Shortly  afterward,  chiefly 
through  Kocher's  efforts,  the  beneficial  effects  of 
partial  thyroidectomy  in  cases  of  exophthalmic  goiter 
seemed  to  demonstrate  that  at  least  the  immediate 
cause  of  the  disease  was  to  be  ascribed  to  excessive 
functional  activity  of  the  gland.  At  first,  and  for  a 
long  time,  it  was  thought  that  the  symptoms  must 
necessarily  include  exophthalmos,  goiter,  tachycardia, 
and  the  characteristic  tremor  in  the  extended  fingers. 
Gradually,  however,  it  has  become  apparent  that 
neither  exophthalmos  nor  goiter  is  a  necessary  accom- 
paniment, of  a  greater  than  normal  thyroid  activity 
and  to  designate  this  condition  the  term  "hyperthy- 
roidism" has  been  introduced.  The  symptoms  sup- 
posed to  indicate  the  opposite  disorder  or  deficient 
functional  activity  are  much  less  definite,  and  are 
grouped  under  the  term  hypothyroidism. 

Introductoey. — Clinically,  it  seems  that  both 
conditions,  hypothyroidism  and  hyperthyroidism,  can 
coexist  in  the  same  individual,  or  that  one  may  be 
followed  by  the  other,  and  hence  great  confusion 
exists  as  to  the  significance  of  the  almost  innumer- 
able symptoms  presented  by  the  subjects  of  thyroid 
disease. 

The  acquired  diseases  of  the  thjToid  are  usually 
enumerated  as:  (1)  Goiter,  and  under  this  heading 
are  grouped  the  simple,  solid,  cystic,  and  colloid 
goiters;  endemic  goiter  is  sometimes  mentioned  sepa- 
rately, but  does  not  ditfer  clinically  from  other  goiters 
(2)  Myxedema.  (3)  Exophthalmic  goiter.  (4)  Can- 
cer. There  must  now  be  added :  (5)  Hypothyroidism 
and  (6)  Hyperthyroidism,  or  abnormal  conditions 
which  there  is  good  reason  to  believe  are  dependant 
to  a  greater  or  lesser  degree  upon  deficient  or  excessive 
functioning  of  the  gland. 

The  little  which  is  known  of  these  alterations  from 
normal  physiology  has  been  learned  from  the  study  of 
the  more  extreme  functional  disturbances  represented 
in  myxedema  and  exophthalmic  goiter.  The  common 
usage  of  the  word  hypothyroidism  suggests  or  implies 
an  incipient  condition  without  structural  change  in  the 
thyroid  which  may  develop  into  a  much  more  serious 
or  functional  and  structural  disease  of  the  organ. 
Myxedema  is  thus  ordinarily  regarded  as  the  terminal 
stage  of  a  process  or  disease  which  runs  a  somewhat 
ill-defined  course,  but  which  nevertheless  should  be 
recognized  early.  The  relationship  between  hyper- 
thyroidism and  exophthalmic  goiter  seems,  however, 
to  be  less  clearly  understood,  although  there  is  a  gen- 
eral agreement  that  the  terms  are  not  strictly  synony- 
mous. To  facilitate  the  recognition  of  the  extreme!}' 
variable  manifestations  of  abnormal  thyroid  func- 
tion, and  to  aid  in  their  interpretation  so  far  as 
present  knowledge  permits,  it  is  proposed  to  trace 
out  step  by  step  what  may  be  called  the  natural  his- 
tory of  thj-roid  disease  in  general,  and  thus  obtain 
some  conception  of  the  apparent  sequence  of  events 
and  their  significance.  Cancer  of  the  thyroid  will  be 
omitted  from  the  discussion,  as  it  seems  to  be  a  dis- 
ease of  the  gland  apart  from  the  others.  It  is  often 
accompanied  by  indications  of  hyperthyroidism  or  of 
active  functioning  in  the  diseased  cells,  and  presents 
certain  peculiarities  which  differ  from  cancer  of  other 
glands,  but  it  seems  to  have  nothing  in  common  with 
the  remaining  acquired  thyroid  diseases. 

That  these  may  give  signs  which  show  totally 
different  forms  or  degrees  of  function  at  different 
periods  of  time  in  the  same  individual  is  a  matter  of 
common  observation.  It  is  also  well  known  that  any 
"simple"  goiter  may  develop  into  any  of  the  tj^pical 
thyroid  diseases. 

CotmsE  OP  Thyroid  Disease. — The  term  "simple" 
goiter  usually  means  a  simple  hvpertrophv  of  the 
thyroid,    or    a   multiplication    of  "all   the    glandular 
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elements  without  any  discoverable  alteration  in  struc- 
ture other  than  increase  in  size.  This  simple  goiter, 
or  more  exactly  simple  hypertrophy,  always  takes 
place  to  a  greater  or  lesser  degree  before  the  develop- 
ment of  the  degenerative  changes  which  mark  the  for- 
mation and  development  of  the  fibrous,  cystic,  or  other 
true  goiters  or  localized  diseases  of  the  thjToid. 

In  the  next  place,  myxedema,  which  is  generally 
regarded  as  originating  in  an  atrophy  and  not  in  an 
hypertrophy  of  the  gland,  is  much  more  common  in 
patients  with  long-standing  and  badh'  degenerated 
goiters  than  in  those  who  give  no  history  of  thyroid 
enlargement.  Hence,  a  primary  atrophy  of  the  gland 
seems  the  exception  rather  than  the  rule.  That  is, 
at  least  some  degree  of  th>Toid  hypertrophy  appears 
to  be  the  regular  or  most  frequent  beginning  of  what 
may  later  prove  to  be  a  true  myxedema. 

Similarly,  typical  exophthalmic  goiter  may  appear 
without  an}'  noticeable  increase  in  size  of  the  gland, 
but  such  an  occurrence  is  exceptional.  It  is  far  more 
common  for  the  disease  to  occur  after  there  has  ex- 
isted some  degree  of  th}Toid  enlargement,  and  generally 
for  a  considerable  period.  Moreover,  no  simple  or 
degenerated  goiter  seems  exempt  from  the  possibility 
at  one  time  or  another  of  showing  the  symptoms  which 
are  characteristic  of  Graves'  disease,  and  hence  it  is 
reasonable  to  regard  simple  hypertrophy  of  the  thy- 
roid as  the  most  common  or  "regular"  first  symptom 
or  first  stage  in  all  of  the  acquired  thyroid  diseases. 

Coincident  with,  or  following,  the  appearance  of  the 
h}'pertrophy  there  commonly  occur  symptoms  of  a 
subjective  more  than  objective  nature,  which  are  now 
regarded  as  expressing  deficient  function  of  the 
thyroid,  or  h}'poth}Toidism.  "Simple"  goiter  occurs 
at  any  age  and  under  innumerable  conditions  and 
circumstances,  but  is  most  frequent  at  certain  transi- 
tion periods  of  life  and  during  or  after  physiological 
processes  which  require  much  expenditure  of  energy. 
Its  appearance  in  family  or  related  groups  of  individ- 
uals is  often  noted  and  there  can  be  little  doubt  that 
the  peculiarity  follows  the  Mendelian  laws  of  heredity. 

The  True  or  Degener.^ted  Goiters.— From  these 
first  and  second  stages,  represented  by  thyroid  en- 
largement and  hypothyroidism,  the  disturbance  may 
subside  or  advance  in  one  of  three  directions.  If 
toward  goiter,  or  the  degenerative  changes  in  the 
gland  which  are  characterized  by  alterations  not  only 
in  the  size  but  in  the  outline  and  consistency  of  the 
organ  without  other  marked  objective  symptoms, 
these  changes  gradually  make  their  appearance  or 
develop  quite  rapidly  and  sometimes  suddenly.  The 
conditions  or  circumstances  which  precede  or  attend 
the  local  alterations  in  the  gland  seem  to  be  in  general 
the  same  as  those  present  during  the  primary  stage  of 
simple  hypertrophy;  and  just  before  the  increase  in 
size  or  in  density  occurs,  some  evidences  of  hypothy- 
roidism may  be  noted,  although  the  opposite  or  hy- 
perth}Toid  signs  appear  to  be  more  frequent,  possibly 
because  they  are  more  easily  detected. 

The  narration  of  case  histories  is  objectionable,  but 
is  the  best  way  of  demonstrating  this  series  of  events. 

Case  I. — {Simple  goiter  of  young  women.)  Miss  J.  F..  age 
eighteen,  was  first  seen  January'  2,  1908.  She  had  become  alarmed 
at  the  appearance  of  what  her  physician  called  "goiter."  Tall, 
poor  muscular  development,  thin  neck,  and  enlargement  of  the 
thyroid  to  about  triple  the  normal  size.  Skin  palUd.  No  com- 
plaints except  lassitude,  weakness,  anorexia,  some  constipation, 
and  wakefulness  rather  than  insomnia  ihypothyroidism).  Pulse 
72,  respiration  IS,  temperature  980,  blood  pressure  10.5,  hemoglobin 
90  per  cent.  Urine  negative,  menstruation  regular  though  scanty, 
no  discoverable  abnormality  other  than  the  thyroid  enlargement 
which  in  outline  and  consistence  was  that  of  a  simple  hypertrophy. 
There  was  a  history  of  rapid  growth  at  the  age  of  sixteen,  followed 
by  the  usual  entrance  into  strenuous  social  activities  of  the  well 
to  do,  with  late  hours  and  inauthcient  sleep.  Advised  a  hygienic 
and  simple  life,  with  nine  hours  sleep  each  night  and  a  small  amount 
of  thyroid  feeding,  to  "help  out"  the  supposedly  fatigued  gland. 

May  16,  1910.  Thyroid  enlargement  has  disappeared.  Nodis- 
coverable  abnormality. 
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Februao'  26,  1912.  Returos  with  a  history  of  several  months 
of  strenuous  social  activity  and  complains  of  fatigue  atter  the 
least  exertion,  and  a  small  cyst  about  one  inch  in  diameter  in  the 
right  lobe  of  an  otherwise  imperceptible  thyroid  (h>7>othyroidism). 
This  was  discovered  a  few  days  pre\nously  after  a  night  at  a  ball. 
Xo  other  abnormalities.  Ad\"ised  rest  and  hygiene  and  thyroid 
feeding  as  before. 

March  15.  1913.  Cyst  smaller  and  softer,  and  apparently  in 
process  of  disappearance.     General  health  excellent. 

C.vsE  II. —  {Simple  goiter  followed  by  exophthalmic  goiter.) 
Miss  E.  S.,  age  fifty-three.  First  noted  a  goiter  about  thirty-five 
years  ago,  after  a  year  of  hard  study  and  too  little  sleep.  This  was 
at  first  soft  and  symmetrical,  but  gradually  became  firmer  and  more 
uneven  in  outUne.  About  sis  years  ago.  after  the  death  of  her 
parents  and  much  financial  anxiety,  she  began  to  be  nervous  and 
have  palpitation.  This  was  cured  by  rest  and  some  medication 
administered  in  drops  (pota'ssium  iodide?),  but  she  remained  weak 
(hypothyroidism).  A  year  ago  she  was  forced  to  move  from  her 
former  home,  and  soon  afterward  noted  a  recurrence  of  the 
tremulousness  and  cardiac  distress.  She  was  unable  to  rest 
(hj-perthjToidism),  and  some  weeks  later  detected  a  pecxiUar  stare 
in  the  eyes  (exophthalmic  goiter). 

November,  1909,  first  seen,  and  presented  the  signs  of  mild  but 
typical  exophthalmic  goiter  with  a  large  thyroid  containing  many 
cysts  and  much  fibrous  tissue.  The  exophthalmos  was  slight. 
Pulse  110-120.  Blood  pressure  140-lo0.  She  was  given  ant i- 
thjToid  serum  for  several  weeks,  and  at  the  end  of  six  months 
recovered  completely,  except  that  the  goiter  remained  unchanged. 

June,  1913.  Goiter  slightly  increased  in  size.  The  pulse  was 
80  and  irregular,  though  there  appeared  to  be  no  gross  lesion  of 
the  heart.  The  blood  pressure  varied  from  160-lSO.  There  was 
no  consciousness  of  any  illness  or  disability. 

After  the  goiter  has  become  apparent,  it  may  persist 
indefinitely  unchanged  or  gradually  shrink,  or  en- 
large and  then  may  cause  pressure  chiefly  in  the 
trachea.  More  frequently  it  is  accompanied  fur 
longer  or  shorter  periods  by  signs  of  hypo-  or  hyper- 
thyroidism and  these  advance  or  recede  like  the 
purely  functional  diseases  which  represent  the  other 
two  directions  of  the  progress  of  the  distubance 
after  simple  hypetrophy. 

Hypothyroidism  and  My'xedema — After  the  de- 
velopment of  simple  hA-pertrophy  with  its  attendant 
or  subsequent  hj-pothyroidism  the  disturbance  may 
advance  toward  and  into  m>*xedema.  The  usual 
text-book  description  for  this  condition  is  of  a  chronic 
disease  of  middle  life  or  later,  which  begins  insidi- 
oush-  with  atrophy  and  not  with  hypertrophy  of  the 
thjToid.  But  it  cannot  be  disputed  that  the  disorder 
frequently  occurs  in  persons  who  have  possessed  a 
more  or  less  quiescent  goiter  for  months  or  years, 
and  that  after  death  the  characteristic  changes  in 
the  th\Toid  vesicles  are  the  same  in  the  goitrous  and 
the  atrophied  glands.  The  only  difference  is  in  the 
amount  of  functionless  structure.  The  so-called 
typical  or  idiopathic  my'xedema  which  begins  after 
middle  life  with  a  primary'  atrophy  of  the  thyroid 
is  a  rare  disease  in  my  experience,  while  the  myxede- 
matoid  conditions  which  develop  in  long-standing 
goiters  are  very  common  and  symptomatically  the 
same.  There  is  one  noteworthy  difference,  however; 
the  mj'xedema  which  occurs  with  a  goiter  is  generally 
much  more  easily  relieved  than  the  disease  which  is 
accompanied  by  no  thjToid  enlargement.  Indeed, 
typical  myxedema,  or  that  which  follows  primary 
atrophy  of  the  gland,  seems  to  be  a  very  serious  if 
not  an  irremediable  condition.  It  is  not  the  easily 
cured  disease  ordinarily  described. 

Hyperthytioidism  axd  Exophthalmic  Goiter. — 
These  terms  should  not  be  used  as  though  they  were 
synonymous.  The  primary,  or  first,  stage  of  simple 
hypertrophy  and  the  next  of  hypothyroidism  may 
directly  and  either  rapidly  and  without  detection 
of  the  hj'po-stage,  or  gradually  and  with  more  notice- 
able signs  of  h\'poth\Toidism,  advance  into  the  third 
period  of  the  disease  or  that  of  h\TDerth>Toidism. 
This,  in  turn,  may  be  followed  gradually  or  rapidly, 
though  only  in  about  twenty-five  per  cent,  of  the  cases, 
by  the  fourth  stage  or   that  of  exophthalmic  goiter 


which,  like  mjrsedema,  seems  regularly  or  in  its  most 
usual  form  to  be  the  termination  of  a  more  or  less 
chronic  process. 

Case  III. — (Simple  hyperthyroidism.)  Miss  L.  C,  age  twenty- 
eight.  Her  occupation  as  ladies'  maid  compelled  her  to  pass  tne 
years  of  1906  and  1907  with  only  a  few  hours  sleep  nightly  and  con- 
stant care  of  clothes  during  the  day.  In  December,  1907,  after 
an  attack  of  grippe,  her  physician  noted  the  goiter.  In  January, 
190S.  she  was  weak  and  tired,  and  had  early  morning  wakefulness. 
In  May.  1908,  headache,  insomnia,  anorexia,  and  constipation,  or 
signs  of  hypothyroidism,  appeared.  A  competent  observer  said 
that  at  that  time  there  was  no  tachycardia.  In  June  stie  noticed 
dyspnea  on  exertion,  palpitation  of  the  heart  and  trembling.  In 
July  the  headache  had  disappeared,  but  the  goiter  had  become 
larger  and  the  other  signs  of  hyperthyroidism  were  unmistakable. 
There  was  no  exophthalmos.  She  then  had  a  pulse  rate  of  120-140, 
with  the  vasomotor  and  nervous  phenomena  characteristic  of  her 
condition.  There  was  a  considerable  goiter  much  larger  on  the 
right  than  left  side. 

August  4,  190S.  Tnder  ether,  the  right  or  larger  lobe  and  the 
isthmus  were  excised.  There  followed  a  severe  reaction  which  sub- 
sided in  the  course  of  a  week,  and  in  September,  190S,  she  left  the 
hospital  apparently  welU  but  still  weak  and  with  a  perceptible  left 
lobe  of  the  thyroid,  and  on  my  advice  went  to  her  home  in  Sweden 
for  eight  months.  In  June,  1909,  she  returned  in  apparently 
perfect  health  and  resumed  work  as  a  childrens'  governess. 

November,  1911.  Appears  with  a  dr>'  cough,  pulse  90-100» 
blood  pressure  110,  some  insomnia,  constipation,  and  weakness. 
These  symptoms  followed  much  fatigue  in  the  course  of  her  duties 
as  a  governess.  A  two  weeks  vacation'  with  a  little  thyroid  feeding, 
was  followed  by  a  complete  restoration  to  the  normal.  (Mixed 
hypo-  and  hyperthyroidism.) 

Januarj',  1913.  A  similar  disturbance  was  relieved  in  the  same 
way.  This  illustrates  the  course  of  an  apparently  perfect  cure  of 
hyperthyroidism  by  partial  thyroidectomy. 

Many  cases  remain  for  an  indefinite  period  in  the 
third,  or  hyperthjToid  stage,  and  these  often  show 
alternations  in  symptoms;  sometimes  those  of  ex- 
cessive activity  of  the  gland  predominated,  and  again 
those  of  deficient  functionation.  If  recover}'  is  to 
take  place,  however,  the  evidences  of  hyperthyroidism 
gradually  grow  less  and  usually  occur  at  longer  in- 
tervals, during  which  the  symptoms  of  hypoth\-roid- 
ism  are  more  or  less  distinct,  and  may  not  cease 
until  the  goiter  or  last  symptom  disappears. 

On  the  other  hand,  death  may  occur  at  any  time 
after  the  beginning  of  the  third  or  hyperthyroid 
stage,  but  it  is  much  less  common  in  this  than  the 
fourth  stage  or  that  of  exophthalmic  goiter.  The 
fatal  end  may  come  rapidly  from  an  acute  intensi- 
fication of  all  the  symptoms,  or  gradualh'  and  after 
years  with  increasing  signs  of  mj'xedema.  But  the 
immediate  cause  of  death  is  then  more  frequently 
one  of  the  complications  which  occur  with  a  ris- 
ing blood  pressure;  for  the  third  stage,  or  that  of 
chronic  h^'perth^Toidism,  if  of  long  duration,  sooner 
or  later  shows  an  increase  in  arterial  tension,  and  this 
is  accompanied  by  cardiac  and  nephritic  and  other 
degenerative  lesions. 

Case  IV. — (Acute  toxemic  thyroidism  following  simple  goiter.) 
Miss  M.  R..  age  eighteen,  was  a  school  athlete  and  great  basket- 
ball player.  After  the  first  year  of  these  activities,  at  the  age  of 
seventeen,  a  small  soft  goiter  was  noted.  She  played  tennis  during 
the  next  summer  without  discomfort  and  with  much  energy,  but 
tired  easily  and  was  constipated  and  had  many  headaches  (h>-po- 
thyroidism).  In  the  fall  she  entered  college  and  attempted  gym- 
nasium athletics,  but  was  forced  to  stop  because  of  the  constantly 
rapid  heart  action  (hyperthyroidism).  At  this  time  the  headaches 
ceased  and  the  constipation  disappeared,  and  she  was  "nervous" 
and  had  some  insomnia. 

November,  1905.  After  rest,  enforced  by  these  conditions,  the 
pulse  slowly  came  down  to  100  or  110.  and  she  considered  herself 
well,  but  seems  to  have  had  a  constant  slight  hyperthyroidism  and 
a  small  goiter. 

May  4,  1906,  she  attended  a  class  banquet  and  the  following  day- 
developed  an  acute  gastroenteritis.  On  May  6.  the  pulse  began  to 
show  an  alarming  increase  in  rapidity,  reaching  200  or  more  to  the 
minute.  There  was  severe  headache,  extreme  restlessness  and  a 
temperature  of  101°  to  102°.  The  goiter  was  dense  and  of  small  size, 
and  there  was  marked  pulsation  in  the  cervical  vessels.  The  head- 
ache deepened  into  stupor.  The  temperature  increased,  and  death 
followed  without  the  appearance  of  any  exophthalmos. 
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Case  V. — (Chronic  hyperthyroidism  and  death  from  nephritis.) 
J.  G.,  age  fifty-six.  Had  worked  at  his  business  as  a  banker 
very  hard  and  for  many  years  with  no  vacations.  During  1899 
he  had  many  headaches  and  was  easily  fatigued  (hypothyroidism). 
He  then  took  a  month's  rest,  but  after  resiiming  work  began  to  be 
troubled  with  breathlessness,  palpitation,  and  a  small  goiter  was 
detected  (hyperthyroidism).  He  was  then  treated  for  Graves' 
disease  though  there  was  no  exophthalmos.  During  the  next  six 
years  there  were  periods  of  headache,  constipation,  pallor,  and 
asthenia  after  resting,  which  alternated  with  nervousness,  palpita- 
tion, dyspnea,  and  insomnia  after  times  of  business  acti\'ity.  These 
were  apparently  periods  of  alternating  hypo-  and  hyperthyroidism. 
In  1906  there  was  considerable  pigmentation  and  a  dr>'  skin.  No 
exophthalmos,  but  a  peculiar  pufBness  about  the  eyelids.  A  small, 
firm  goiter.  Pulse  100-110.  Blood  pressure  150-160.  In  1907 
the  only  change  was  an  increase  in  blood  pressure  to  160  or 
170.  Urine  negative.  In  .4pril,  1908,  a  partial  thyroidectomy  was 
performed  in  Europe,  with  some  relief  of  the  nervousness  and  tachy- 
cardia, but  with  no  improvement  in  the  strength.  In  June,  1908, 
the  blood  pressure  was  ISO.  Urine  negative.  In  Januarj',  1909, 
there  were  still  slight  evidences  of  hyperthyroidism  and  the  blood 
pressure  was  about  the  same,  but  the  urine  showed  casts  and  traces 
of  albumin.  The  blood  pressure  varied  between  200  and  230. 
There  was  no  exophthalmos.  During  the  following  six  months 
there  was  a  gradual  loss  of  strength  and  uremia  finally  developed, 
and  after  a  few  days  terminated  fatally. 

Though  regularly  produced  by  hyperthyroidism, 
exophthalmos  is  not  by  any  means  a  constant  result 
of  it.  In  my  experience  it  is  encountered  in  not 
more  than  twenty-five  per  cent,  of  the  total  number 
of  individuals  who  give  signs  generally  accepted  as 
those  indicating  a  greater  than  normal  activity  of 
the  gland.  Hence  the  necessity  of  the  term  hj-per- 
thyroidism;  as  ordinarily  used  it  seems  to  imply  an 
incipient  condition  which  may  result  in  one  of  a 
more  serious  nature.  Exophthalmos  appears  after 
and  not  before  the  other  symptoms,  and  when  it 
occurs  it  shows  the  incidence  of  the  fourth  stage,  or 
that  of  typical  exophthalmic  goiter.  This  fourth 
stage  of  the  disease  is  marked  by  a  gradual  and  gener- 
ally intermittent  development  of  its  distinguishing 
symptom.  After  this  occurrence,  the  hope  for  re- 
covery is  distinctly  less  than  before,  and  the  proba- 
bilities of  the  development  of  complications  are  greatly 
increased.  If  the  exophthalmos  is  only  moderate 
and  of  recent  development,  a  restoration  to  a  com- 
pletely normal  state  may  take  place.  But  the  more 
pronounced  this  symptom  and  the  longer  it  has 
existed  the  less  is  the  hope  of  its  disappearance. 

If  recovery  is  to  follow,  the  exophthalmos  sub- 
sides first  only  when  it  has  been  slight  or  intermittent 
or  of  recent  occurrence;  next  there  is  the  same  re- 
trogression through  the  stage  of  hj^ierthyroidism 
and  the  mixed  stage  of  hyper-  and  hypothyroidism. 
Then  follows  a  gradual  predominance  of  hypothy- 
roidism and  possibly  some  enlargement  and  softening 
of  the  goiter,  until  after  months  or  years  this  last 
symptom,  the  goiter,  disappears.  More  frequently, 
at  least  some  traces  of  the  exophthalmos  persist  and 
even  outlast  all  other  signs,  including  the  enlargement 
of  the  thyroid.  But  if  this  abnormality  persists 
long  enough  there  will  almost  certainly  follow  a 
rising  blood  pressure  and  its  attendant  dangers. 
A  glycosuria  may  appear,  and  is  a  dangerous  com- 
plication. A  psychosis  has  occurred  often  enough 
among  my  cases  to  receive  mention  as  a  not  in- 
frequent complication,  especially  of  the  fourth  stage. 

Case  VI. — (Simple  goiter,  hypothyroidism,  hyperthyroidism, 
exophthalmic  goiter.)  Mrs.  H.  H.,  age  twenty-eight,  has  always 
been  ner\'0U3  and  has  suffered  from  childhood  with  frequent  head- 
aches and  bilious  attacks.  During  the  latter  months  of  her  first 
and  only  pregnancy  six  years  ago,  she  apparently  had  some  toxe- 
mia with  albuminuria,  but  bore  her  child  without  accident  at  full 
term.  In  1909,  this  child  had  anterior  poliomyelitis,  and  the 
mother  took  care  of  her  alone  night  and  day,  and  suffered  great 
fatigue  and  anxiety  for  many  months.  When  the  child  began  to 
recover  in  December,  1910,  a  goiter  was  noted  in  the  mother,  who 
complained  of  weakness,  constipation,  and  much  headache  (hypo- 
thyroidism). In  February,  1911,  the  mother  had  another  period 
of  anxiety,  and  the  goiter  enlarged  and  palpitation  and  dyspnea  on 
exertion  became  troublesome.  About  this  time  the  headaches 
aubsided  and  insomnia  was  more  or  less  constant  (hyperthyroidism) . 
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May  11,  1911.  Typical  hyperthyroidism.  Large  firm  goiter. 
Tremor.  Moist  and  flushed  skin.  No  exophthalmoa.  Pulse 
120-130.  Blood  pressure  130.  The  treatment  consisted  of 
injections  of  antithyroid  serum,  and  a  carefully  regulated  and 
hygienic  mode  of  life. 

May,  1912.  Apparently  a  perfect  cure,  with  the  exception  of  a 
small,  soft  goiter. 

June.  1912.  A  month  was  passed  in  very  strenuoxis  social 
experiences  with  dancing  and  late  hours. 

July  2.  1912.  Appears  again  with  typical  hyperthyroidism. 
No  exophthalmos.  Antithyroid  serum  was  tried,  but  no  benefit 
followed. 

July  15,  1912.  During  the  past  weeks  her  child  has  been  ill, 
and  again  caused  her  much  anxiety,  and  now  exophthalmos  is 
distinct  after  exertion  or  excitement.  While  quiet  in  bed  it  is  not 
apparent. 

July  25,  1912.  The  condition  seems  worse.  Pulse  130-140. 
Goiter  firmer.  Expansile  pulsation  in  cervical  vessels  and  exo- 
phthalmos seems  constant  and  more  pronounced. 

July  31,  1912.  Novocaine  adrenaUn  anesthesia.  Right  supe- 
rior thyroid  vessels  tied  and  cut,  and  tip  of  right  lobe  excised. 
Left  inferior  arterj'  ligated  and  not  cut. 

August  7,  1912.  Novocaine-adrenalin  anesthesia.  Left  superior 
vessels  cut  and  tip  of  left  lobe  excised.  Right  inferior  artery 
ligated. 

August  25,  1912.  Considerable  reaction  followed  these  slight 
operations,  but  it  gradually  subsided. 

October,  1912.  Pulse  110-120.  Exophthalmos  somewhat  im- 
proved. Goiter  soft.  Blood  pressure  120.  Complains  only  of 
weakness  and  of  growing  fat.     Has  gained  15  pounds. 

May,  1913.  Pulse  still  irritable,  but  when  patient  is  at  rest 
pulse  is  SO-90.  Exophthalmos  only  perceptible  after  exertion. 
(Mixed  hypo-  and  hyperthyroidism.) 

October.  1914.  No  trace  of  any  abnormality  except  a  slightly 
enlarged  left  thyroid  lobe. 

As  in  the  previous  stage,  death  may  occur  at  any 
time  and  acutely  in  this  fourth  period,  with  an  in- 
tensification of  all  symptoms,  or  slowly  after  the 
elapse  of  years.  Under  the  latter  conditions  there  is 
almost  invariably  a  gradual  rise  in  the  arterial  ten- 
sion. With  it  there  regularly  occur  degenerative 
lesions  of  the  heart  which  supersede  the  regular 
signs  of  hyperthyroidism  until  these  become  un- 
recognizable. Their  place  is  taken  by  a  myxede- 
matoid  state,  or  one  of  h\'poth\Toidism,  and  all  that 
remains  to  recall  or  suggest  the  original  difficulty  is 
the  exophthalmos.  Though  this  termination  is 
manifestly  not  typical  exophthalmic  goiter,  it  is  the 
regular  terminal,  or  fifth  stage  of  the  process  which 
passes  through  the  four  preceding  stages. 

Case  \'1I. — (Termination  of  chronic  exophthalmic  goiter.) 
Mrs.  A.  F.,  age  fifty-two,  was  said  to  have  developed  exophthalmic 
goiter  about  fifteen  years  ago.  She  was  first  seen  in  November, 
1907.  There  was  very  pronounced  exophthalmos,  an  ivory-white 
pallor,  much  edema  about  the  legs,  a  moderate-sized,  hard  goiter 
of  uneven  outline,  enormously  dilated  cer^'ical  veins  and  very 
marked  pulsation  in  the  cerWcal  vessels.  Heart  dilated,  many 
abnormal  sounds;  apex  in  the  anterior  axillary  line.  Pulse 
extremely  irregular  and  varying  between  00  and  150.  Blood  pres- 
sure (systolic)  180-220.  Urine  contains  a  large  amount  of  albumin 
and  casts.  This  patient  for  the  past  six  months  had  shown  con- 
siderable mental  deterioration,  and  required  the  constant  care  of 
two  nurses.  The  mentality  rapidly  failed,  and  death  took  place 
apparently  from  uremia,  in  January,  1908. 

Rarely,  the  disease  takes  another  form  and  de- 
velops without  any  appreciable  enlargement  of  the 
thyroid.  The  stage  of  goiter  and  hypothyroidism 
does  not  occur,  and  that  of  hyperthyroidism  appears 
to  develop  more  rapidly  or  even  suddenly,  and  may 
or  may  not  be  accompanied  by  more  or  less  pro- 
nounced exophthalmos.  This  course  of  events  is 
exceptional,  but  when  it  takes  place  without  enlarge- 
ment of  the  thyroid,  or  with  but  slight  enlargement 
and  that  after  the  appearance  of  the  other  symptoms, 
the  disease  is  generally  of  unustial  severity,  as  is  the 
case  with  acute  toxemic  thyroidism,  and  it  is  ex- 
ceptionally difficult  to  relieve  by  methods  which  are 
successful  with  hyperthyroidism  in  the  presence  of 
goiter.  In  other  words,  a  condition  in  which  there 
is  great  enlargement  of  the  gland   with  signs  of  its 
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excessive  activity  seems  less  to  be  feared  than  a 
similar  condition  with  little  or  no  enlargement  of 
the  gland,  and  the  same  is  true  of  the  typical  myxe- 
dema in  which  no  perceptible  goiter  has  occurred. 

All  the  acquired  diseases  of  the  thyroid,  with  the 
exception  of  cancer,  thus  seem  to  begin  with  a  simple 
hypertrophy  which  is  apparently  physiological  and  not 
pathological,  and  is  accompanied  by  more  or  less 
distinct  signs  of  hypothyroidism.  If  thyroid  disease 
is  to  follow,  it  advances  from  this  point  to  the  different 
forms  of  simple  goiter;  or  through  intensification  of  the 
signs  of  hypothyroidism  with  a  decrease  or  increase  in 
the  size  of  the  "goiter"  into  myxedema;  or  through  a 
more  or  less  rapid  change  of  the  signs  of  hj^jothy- 
roidism  into  those  of  h)-perthyroidism,  to  which  the 
symptoms  of  exophthalmos  finally,  in  the  more  severe 
cases,  may  be  added.  If  exophthalmic  goiter  lasts 
long  enough,  a  myxedematoid  state  follows.  Any 
simple  goiter  which  has  existed  perhaps  for  years 
without  the  accompaniment  of  disturbances  in  other 
organs,  may  give  rise  to  hj-po-  or  hyperthyroid  symp- 
toms and  develop  into  myxedema  or  exophthalmic 
goiter. 

Recovery  from  hj-perthyroid  conditions  may  take 
place  from  any  stage  except  the  last,  or  fifth,  stage, 
and  the  prognosis  seems  better  in  the  presence  of 
goiter  than  when  this  symptom  is  absent.  The  prog- 
nosis is  much  worse  after  the  development  of  exoph- 
thalmos than  before,  as  over  eighty-four  per  cent,  of 
the  deaths  in  hj-perthyroid  conditions  in  my  experience 
have  occurred  in  cases  which  have  presented  this 
symptom,  and  the  more  pronounced  it  is  the  worse  the 
outlook  both  as  regards  disabling  complications  and 
the  duration  of  life. 

If  recovery  takes  place,  it  is  gradual  and  through  a 
retracement  of  the  steps  which  mark  the  advance  in 
the  disease.  Restoration  to  health  after  the  develop- 
ment of  hv-perthyroidism  always  passes  through  a 
period  in  which  hypoth^-roid  s.vmptoms  alternate  with 
those  of  hyperthjToidism  until  they  gradually  super- 
sede and  entirely  displace  the  latter.  After  the  devel- 
opment of  exophthalmic  goite/  this  course  toward 
recovery  through  an  alternating  hypo-  and  hyperthy- 
roidism is  often  accompanied  by  the  persistence  of  the 
exophthalmos  even  after  the  goiter  and  every  other 
abnormal  sign  has  subsided.  With  this  exception,  the 
enlargement  of  the  gland  is  the  last  of  all  the  signs  of 
thyroid  disease  to  disappear. 

Irregular  Types  of  Exophthalmic  Goiter. — The 
different  manifestations  which  mark  the  different 
stages  of  functional  thyroid  disease,  when  it  advances 
in  the  direction  of  overaction  of  the  gland,  explain 
many  of  the  types  of  so-called  irregular  exophthalmic 
goiter. 

(a)  Probably  the  most  numerous  are  those  which 
present  thyroid  enlargement  and  more  or  less  marked 
evidences  of  hj-perthyroidism  but  no  exophthalmos. 
Such  cases  belong  in  the  group  which  has  not  advanced 
beyond  the  third  stage,  and  may  never  go  beyond  it. 
If,  with  the  hyperthyroidism,  there  are  also  signs  of 
hjTJothyroidism,  the  disease  may  be  alternating  be- 
tween the  second  and  third  stages,  and  be  gradually 
receding,  or  if  the  blood  pressure  is  above  140  or  1.50 
millimeters  of  Hg,  advancing  into  its  myxedematoid 
termination.  These  cases  often  have  had  a  quiescent 
goiter    for    long    periods    without    other    symptoms. 

(h)  Another  considerable  number  show  exophthal- 
mos and  pronounced  signs  of  hyperthjToidism,  but 
little  or  no  goiter.  These  are  truly  irregular  in  that 
the  absence  of  thyroid  hj'pertrophy  generally  means 
a  worse  prognosis  than  the  same  symptoms  with  con- 
siderable enlargement  of  the  gland.  Partial  thy- 
roidectomy may  slow  the  pulse  rate  and  check  or 
alleviate  the  nervous  irritability,  but  it  seldom  cures 
this  type  of  the  disease.  Many  of  the.se  cases  also 
seem  to  run  a  comparatively  acute  course  and  either 
die  from  toxemic  hyperthyroidism  or  pass  early  into 


the  terminal  or  myxedematoid  fifth  stage  with  its  ris- 
ing blood  pressure  and  attendant  complications. 

(c)  A  small  number  of  irregular  cases  may  show 
exophthalmos  with  many  peculiar  nervous  symptoms, 
but  present  very  little  or  no  tachycardia,  which  is 
generally  accepted  now  as  the  most  distinctive  evi- 
dence of  true  hyperthyroidism.  This  type  requires 
notice  because  radical  operation  or  hemithyroidectomy 
generall}-  is  injurious. 

(d)  A  small  group  of  ca.ses  without  any  marked  ex- 
ophthalmos or  goiter  or  without  any  easiJy  recognized 
signs  of  the  usual  preliminary  hypothyroidism  or  as- 
thenia pass  from  comparatively  good  health  within 
a  few  days  into  toxemic  hyperthyroidism.  In  these 
the  diagnosis  cannot  be  made  clinically  unless  some 
degree  of  thyroid  enlargement  is  perceptible  or  unless 
at  least  Stellwag's  sign  of  the  "staring"  eye  is 
present. 

(e)  There  are  quite  a  number  of  patients  who  show 
some  constant  or  intermittent  signs  of  hyperthyroid- 
ism, usually  of  slight  intensity,  but  in  whom  the  re- 
sults of  treatment  by  checking  the  activity  of  the 
gland  strongl_v  suggest  that  the  thyroid  disease  is 
secondary  to  other  and  more  important  abnormali- 
ties. The  most  conspicuous  symptoms  pertain  to  the 
central  nervous  system  and  are  manifested  in  head- 
aches, or  nervous  irritability,  or  a  psychosis,  or  a 
mental  and  physical  a.sthenia  out  of  proportion  to  the 
state  of  apparently  good  nutrition.  Less  often  there 
are  pronounced  valvular  lesions  in  the  heart,  or 
occasionally  there  is  an  unexplainable  constipation  or 
diarrhea.  Whenever  the  hyperthyroid  symptoms 
are  present,  however,  they  advance  or  recede  as  in  the 
more  regular  cases,  and  though  much  observation 
and  study  may  be  required  the  relative  importance 
of  the  hyperthyroidism  can  generally  be  inferred  and 
the  treatment  conservatively  conducted. 

In  addition  to  these  groups  of  irregular  disturbances, 
in  which  the  thyroid  seems  to  participate  sympto- 
matically,  there  is  sometimes  described  another  under 
the  designation  of  "  Dysthyroidism."  In  my  opinion 
this  term  should  be  restricted  to  cases  which  present 
an  obvious  enlargement  of  the  gland  limited  to  some 
particular  portion  of  the  organ  and  who  complain 
of  headaches  or  other  symptoms  not  directly  traceable 
to  the  thyroid  and  constant  or  intermittent  disturb- 
ances having  some  of  the  characteristics  of  either 
hypo-  or  hyperthyroidism.  If  in  these  cases  the  com- 
plaints can  be  relieved  or  cured  by  extirpation  of  the 
diseased  area  in  the  thyroid,  it  is  fair  to  assume  that 
the  abnormal  tissue  gave  origin  to  some  peculiar 
substance  which  differed  from  the  normal  thyroid 
product  and  so  caused  the  symptoms.  The  localized 
disease  seems  to  act  like  a  retention  cyst  which  occa- 
sionally allows  its  pathological  contents  to  leak  into  the 
circulation.  I  have  seen  a  few  cases  of  this  kind  in 
which  intermittent  or  remittent  headache  was  the 
predominant  complaint,  and  after  removal  of  the 
cyst  or  tumor  from  the  thyroid  the  pain  has  been 
sometimes,  but  not  always  or  not  permanently,  cured. 
Three  other  cases  in  which  symptoms  like  those 
of  paroxysmal  tachycardia  were  the  most  di.stressing, 
seem  to  have  been  more  or  less  comjiletely  relieved  by 
excision  of  the  cystic  or  adenomatous  area  in  the  thy- 
roid together  with  simultaneous  ligation  of  its  two 
superior  vessels. 

The  irregular  tj-pes  of  exophthalmic  goiter  can  then 
be  summarized  in  groups  as  follows: 

(1)  Ca.ses  in  some  stage  of  an  increasing  or  de- 
creasing process  which  normally  or  most  frequently 
or  regularly  begins  with  simple  goiter  and  is  followed 
by  hypo-,  then  by  hyperthyroidism,  then  by  exoph- 
thalmic goiter,  and  then  by  a  myxedematoid  state,  and 
which  may  return  to  the  normal  in  the  reverse  order 
from  all  but  the  last  state. 

(2)  Cases  which  represent  variations  from  this 
process  in  that  they  never  pass  beyond  the  stage  of 
hyperthyroidism,   except  to   enter   directly   into  the 
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mj'xedematoid  state.     This  group  is  really  a  division 
of"  Group  1.  .       „         ^-     , 

(3)  Cases  of  exophthalmic  goiter  in  all  particulars 
except  that  the  symptoms  supposed  to  be  directly 
traceable  to  hyperthyroidism  are  slight  or  absent  while 
exophthalmos"  or  evidences  of  disturbance  in  the 
central  nervous  svstem  are  present. 

(4)  Cases  in  which  evidences  of  hyperthyroidism 
are  intermittent  or  slight,  while  symptoms  referable 
to  organs  other  than  the  thyroid  are  prominent  only 
need  mention,  like  the  previous  group,  to  make  the 
thyroid  prognosis  guarded  and  the  treatment  con- 
servative. 

(5)  Cases  of  so-called  dysthyroidism  which  might 
properly  be  grouped  in  Class  4. 

Symptoms  of  Hyperthyroidkm  (including  those  of 
exophthalmic  goiter). — A  great  variety  of  conditions 
and  circumstances  have  been  described  as  attending  or 
preceding  the  inception  and  the  advance  from  one 
stage  into  the  next  of  all  types  of  thyroid  disease.  By 
"conditions"  are  meant  biochemical  processes  of  a 
physiological  or  pathological_  nature,  and  by  "cir- 
cumstances" matters  pertaining  to  the  environment 
which  conceivably  or  demonstrably  intensify  these 
processes.  When  the  history  of  each  case  is  analyzed, 
the  only  influence  which  seems  constant  throughout 
all  forms  and  all  stages  of  these  functional  thyroid 
disturbances  must  be  designated  as  fatigue.  Its 
physiological  effects  upon  different  organs  are  to  a 
large  extent  unknown,  but  there  can  be  little  doubt 
that  it  decreases  the  functional  activity  of  one 
structure  more  than  another  in  jiroportion  to  its  in- 
tensity and  the  location  of  its  maximum  impact,  and 
in  the  case  of  a  gland  like  the  thyroid,  which  experi- 
ments demonstrate  to  be  closely  related  to  the 
functions  of  many  others,  some  balance  seems  to  be 
impaired  and  there  results  first  hypofunctionation 
and  either  atrophy  immediately  or  hyi)ertrophy, 
hypo-,  then  hyperfunctionation  and  atrophy  later. 
The  fatigue,  in  cases  in  which  it  may  not  be  manifest, 
can  generally  be  assumed  if  not  proved  to  be  the 
result  of  activity  of  concealed  or  unknown  biological 
processes  either  in  the  thyroid  or  its  more  closel}" 
dependent  or  associated  organs. 

This  introduction  to  symptomatology  anticipates 
the  discussion  of  physiology,  but  is  helpful  in  the 
interpretation  of  the  history  of  the  course  of  events 
which  arise  in  any  stage  of  thyroid  disease.  The 
only  common  denominator  to  which  can  be  reduced 
all  the  apparent  causative  agencies  in  these  dis- 
turbances is  fatigue,  and  conversely  the  one  constant 
remedial  agency  is  rest. 

By  abnormality  of  the  thyroid  is  meant  an  hyper- 
trophy of  the  gland,  or  any  symptomless  goiter,  or 
any  disturbance  which  may  culminate  in  myxedema 
or  exophthalmic  goiter.  During  the  inceijtion  of  anv 
thyroid  abnormality,  or  during  the  intensification 
from  one  .stage  into  the  next  of  any  hypo-  or  hyper- 
thyroid  symptoms,  there  is  always  a  history  which 
can  be  con.strued  only  as  some  unusual  or  excessive  tax 
upon  nutritional  processes.^  A  considerable  amount  of 
energy  is  expended,  and  this  is  ordinarily  accompanied 
by  more  or  less  marked  evidences  of  fatigue.  An 
individual  of  the  "nervous"  type  is  placed  in  an 
environment  which  requires  much  mental  alertness 
and  generally  a  large  amount  of  physical  exertion. 
It  may  be  a  child  in  an  uncongenial  school,  a  trained 
nurse  working  on  night  duty,  a  teacher  with  a  re- 
fractory class,  a  wife  caring  for  a  sick  husband,  or  an 
athlete  undergoing  much  competitive  strain.  Follow- 
ing these  experiences,  an  enlargement  of  the  thvroid 
occurs,  and  with  it  there  is  the  lassitude  of  ordinary 
or  physical  fatigue.  Its  symptoms  are  now  generallv 
accepted  as  those  of  hypothvroidism,  but  onlv  when 
in  conjunction  with  them  there  is  at  least  'an  ap- 
preciable hypertrophy  of  the  gland.  The  evidences  of 
this  condition  can  then  be  enumerated  as  beginning 
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with  a  history  of  some  excessive  expenditure  of 
nervous  or  physical  energy  or  both;  later  there  are 
mental  and  muscular  lassitude  or  asthenia,  some 
headache,  some  insomnia  or  inability  to  sleep  after 
midnight,  defective  functioning  in  the  gastrointesti- 
nal tract  with  anorexia,  fermentation  and  consti- 
pation, a  subnormal  temperature  and  a  (sj'stolic) 
blood  pressure  below  120  millimeters  of  Hg.  There 
are,  also,  dryness  and  pallor  of  the  skin,  but  no 
constant  anemia.  If  the  disturbance  increases  or 
progresses  toward  myxedema,  there  is  usually  a  loss 
of  hair  and  a  slow  intensification  of  these  vague 
signs  which,  at  least  at  the  outset,  are  physio- 
logical rather  than  pathological. 

If,  on  the  other  hand,  the  disturbance  advances  in 
the  other  direction  or  toward  hyperthyroidism  and  its 
later  stage  of  exophthalmic  goiter,  a  distinct  alteration 
in  this  picture  takes  place,  but  always  under  the  same 
or  analogous  conditions  and  circumstances  which 
attend  the  development  of  the  preceding  stages  of  the 
disease.  The  history  is  the  same  at  each  period  of 
intensification  of  the  disturbance,  and  can  only  be 
construed  as  that  of  fatigue  of  the  thyroid  and  of  the 
organs  with  which  it  seems  most  closely  associated. 
Following  this  initial  period  of  hypothyroidism  at  a 
longer  or  shorter  interval  the  headaches  and  the  feeling 
of  lassitude  disappear  and  are  succeeded  by  nervou3 
irritability.  The  subject  shows  quick  and  jerky 
movements  and,  at  the  same  time,  i)resents  manifest 
muscular  weakness  of  which  there  may  or  may  not  be 
consciousness  usually  in  the  form  of  dyspnea  and 
cardiac  palpitation  on  exertion.  The  wakefulness  in 
the  early  morning  hours  of  the  initial  hj^jothyroidism 
generally  changes  to  an  inability  to  obtain  sleep  before 
midnight  or  later,  and  is  accompanied  by  a  sensation 
of  thumping  heart.  Many  of  the  signs  now  generally 
accepted  as  those  of  hyperthjToidism  can  be  traced 
to  excessive  activity  in  the  sympathetic  nervous  sys- 
tem, and  are  usually  enumerated  as  (1)  any  degree 
of  tachycardia  not  otherwise  explainable;  (2)  a  moist 
rather  than  a  dry  skin  which  flushes  at  the  least 
emotion;  (3)  nervous  irritability;  and  (4)  a  mental  and 
physical  asthenia  which  is  peculiar  to  all  forms  of 
thyroid  disease.  If  (.5)  there  is  added  to  the  preceding 
signs  a  perceptible  enlargement  of  the  thyroid  (for  the 
normal  gland  cannot  be  seen  or  feltj  the  diagnosis 
should  be  considered  as  positive. 

There  are  many  ca,scs  of  hyperthjToidism,  however, 
in  which  the  history  is  not  that  of  fatigue  or  of 
environmental  conditions,  which  evidently  force  the 
expenditure  of  an  excessive  amount  of  energy.  In 
these  the  disorder  may  begin  insidiously  during  cer- 
tain periods  of  life,  such  .as  mark  the  changes  from 
childhood  to  youth  or  adolescence,  or  during  a  period 
of  unusually  rapid  growth,  or  during  pregnancy.  It 
may  first  appear  after  some  infectious  disease,  a  trau- 
matism, or  fright,  or  other  pronounced  emotional 
disturbance,  but  under  these  conditions,  from  what  is 
known  of  the  physiolog\'  of  the  thyroid  as  will  be  stated 
later,  it  seems  fair  to  assume  that  the  ultimate  cause 
of  its  overactivity  is  the  same.  The  fatigue,  however, 
is  of  a  biological  or  chemical  rather  than  physical 
nature.  It  originates  from  internal  rather  than  ex- 
ternal or  environmental  strains. 

The  history  of  the  conditions  and  circumstances 
which  precede  and  accompany  the  beginning  of  the 
process  may  show  these  variations  in  each  stage  of 
its  advance,  but  they  all  seem  reducible  to  the  same 
common  denominator.  They  all  seem  to  demand  an 
amount  of  work  on  the  part  of  the  thvroid  which  is 
apparently  more  than  it  is  naturally  capable  of  ])ei-- 
forming.  Normally,  or  regularly,  the  gland  first 
hypertrophies,  then  becomes  fatigued  and  finally 
(if  it  does  not  atrophy)  overacts  and  gives  rise  to 
the  symptoms  of  hyperthyroidism,  and  later,  but 
onl)'  in  about  twciitv-five  per  cent,  of  the  cases,  to 
those  of  exophthalmic  goiter. 

The   eyiii])tomatology    of   the   latter    condition    is 
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unmistakable  after  it  has  developed,  but  should  be 
recognized  in  the  great  majority  of  cases  in  the  earlier 
stages  and  the  advance  prevented.  Typical  exoph- 
thalmic goiter  has  a  much  more  serious  prognosis 
than  simple  hyperthyroidism,  as  in  my  experience  over 
eighty-four  per  cent,  of  the  deaths  from  thyroid 
disease  have  occurred  during  this  stage  or  period  of 
the  disturbance. 

The  protrusion  of  the  eyes  usually  begins  more  or 
less  slowly,  and  at  first  lias  the  characteristic  of  a 
stare  rather  than  prominence  of  the  eyeball,  and  is 
then  known  as  "Stellwag's  sign."  It  is  not  a  true 
exophthalmos  but  a  retraction  of  the  lids  accompanied 
by  an  infrequent  closure  of  them,  which  seems  to  be 
due  in  part  to  a  decrease  of  the  lacrymal  secretion 
and  in  part  to  spasm  of  the  muscles  supplied  by  the 
third  cranial  or  an  "autonomic"  nerve.  INIoebius' 
sign,  or  the  inability  to  converge  the  axes  of  the  eyes, 
and  von  Graefe's  sign,  or  the  retraction  of  the  upper 
lid  manifested  by  its  inability  to  follow  the  eyeball 
in  downward  rotation,  belong  to  the  same  phenom- 
enon. Accompanying  or  following  these  peculiar 
disturbances  there  is  generally  some  exophthalmos. 
The  organ  becomes  more  prominent  than  normally, 
and  at  the  same  time  there  is  usually  an  increase  in 
the  more  distinctive  and  characteristic  signs  of  hyper- 
thyroidism. For  exophthalmos,  though  it  regularly 
follows  the  disturbance  and  thus  seems  to  be  caused 
by  it,  as  remarked  before,  occurs  only  in  a  minority 
of  the  cases  of  hj-perthyroidism,  and  then  often  per- 
sists after  all  other  signs  of  hj'perthyroidism  have 
disappeared.  The  vasomotor  and  nervous  irrita- 
bility, the  exaggerated  pulsation  in  the  great  cervical 
vessels  and  in  the  heart,  the  flushing  and  moisture  of 
the  skin,  on  the  other  hand,  are  more  characteristic 
of  overactivity  on  the  part  of  the  thyroid,  and  are 
usually  intensified  with  exophthalmos  of  increasing 
severity.  The  protrusion  of  the  eyes  rarely  may  be- 
come so  pronounced  as  to  force  the  greatest  diameter 
of  the  globe  beyond  the  lids,  thus  allowing  them  to 
close  behind  it.  Less  rarely  because  of  the  protrusion 
the  lids  cannot  completely  close  and  the  consequent 
loss  of  protection  may  result  in  inflammation  and 
ulceration  of  the  cornea  and  destruction  of  the  eye. 

The  goiter,  which  is  suppo.sed  to  be  one  of  the  other 
characteristic  signs  of  the  disease,  is  extremely 
variable,  but  its  vascularity  and  density  are  in  general 
in  direct  proportion  to  the  severity  of  the  other  symp- 
toms. In  long-standing  cases,  and  in  those  which 
have  developed  after  a  simple  goiter  or  hyperthy- 
roidism of  considerable  duration,  the  degenerative 
changes  which  have  already  occurred  in  the  gland  may 
hide  the  little  which  can  be  learned  from  palpation. 
As  a  rule,  however,  the  more  acute  and  severe  the 
disease,  the  less  seems  to  be  the  proportion  of  the 
colloid  to  the  other  elements  in  the  gland,  and  this 
peculiarity  is  apparent  in  its  external  examination. 
Not  infrequently  the  enlargement  of  the  thyroid  is 
inconspicuous  or  absent,  and  under  these  conditions 
the  prognosis  seems  generally  to  be  worse  than  when 
a  considerable  goiter  is  present.  The  disease,  when 
afcompanied  by  a  small  or  absent  goiter,  seems  more 
difficult  to  cure.  The  tachycardia,  which  was 
mentioned  first,  in  the  enumeration  of  symptoms,  and 
which  originally  was  enumerated  after  the  exoph- 
thalmos and  goiter  as  the  third  in  this  triad  of  symp- 
toms required  to  establish  the  diagnosis,  may  be 
merely  an  increased  frequency  of  the  heart  beat  with- 
out exaggeration  in  force,  or  the  contractions  may  be 
enormously  augmented  in  vigor  in  addition  to  being 
rapid.  The  abnormally  violent  cardiac  action  is 
very  distressing,  and  is  often  felt  as  a  pounding  or 
throbbing,  and  is  manifested  by  a  noticeable  precordial 
impulse  which  is  sometimes  so  severe  as  to  shake  the 
bed  on  which  the  patient  is  lying.  The  nervous 
symptoms,  which  are  most  constant  and  characteristic, 
consist  in  a  mental  instabOity  rather  than  alertness, 
in  quick,  jerky  movements  of  the  extremities,  a  con- 


stant restlessness  or  inability  to  remain  quiet  and  a 
tremor  or  tremulousness  in  the  extended  fingers  which 
is  very  similar  to  that  noted  in  extreme  phy.sical 
fatigue.  The  muscular  reflexes  are  regularly  exag- 
gerated. A  few  cases  of  exophthalmic  goiter  present 
symptoms  which  closeh"  simulate  disease  of  the 
medulla  or  spinal  cord  or  peripheral  nerves,  and  it  is 
difficult  to  determine  whether  the  hyperthyroid  con- 
dition is  a  cause  or  merely  a  complication  of  the  other 
disturbances  which  may  be  of  a  trophic,  a  motor, 
or  sa  ensory  nature,  or  a  combination  of  these.  Those 
which  I  have  observed  occurred  after  the  incidence 
of  the  thyroid  disease,  and  if  recovery  took  place 
these  irregular  nervous  symptoms  remained  ap- 
parently unchanged. 

As  the  signs  of  hj'perthyroidism  often  occur  in 
conjunction  with  hypothyroidism  during  the  advance 
or  recession  of  these  disturbances  from  one  stage  to 
the  next,  and  as  it  is  important  to  recognize  the  dis- 
turbance at  its  beginning,  the  symptoms  can  best  be 
studied  in  contrasting  coUimns. 

The  Early  Stages  of 

Hypothyroidism.  Hyperthyroidism. 

1.  Goiter  of  any  size  but  soft.  1.  Goiter  firmer. 

2.  More   common   in    women  2.  The  same. 

during  transition  periods 
of  life. 

S/cin.  Shin. 

1.  Pallid  and  dry.  1.   Moist  and  flushed. 

2.  Loss  and  dryness  of  hair.  2.   Hair  fine  and  oily. 

3.  Finger  nails  brittle.  3.  Normal. 

4.  Subcutaneous     fat     abun-  4.   Normal  or  decreasing. 

dant — increasing. 
Alimentary  Tract.  Alimentary  Tract. 

1.  Mouth  dry.  1.  Abundant  saliva  and   mu- 

cus. 

2.  Tongue  pale  or  coated.  2.   Normal. 

3.  Anorexia.  3.  -Appetite  exces.sive. 

4.  Intestinal  fermentation.  4.   Digestion  good. 

5.  Constipation.  5.   Bowels    move    more    than 

once  daily. 
Circulatory  System.  Circulatory  System. 

1.  Normal  pulse  rate.  1.  Accelerated. 

2.  Blood     pressure      110-115         2.   From  120-130. 

mm.  Hg. 

3.  Blood  count  normal.  3.   Inconclusive   but   may    be 

lymphocytosis. 

4.  Slight  anemia.  4.   Hemoglobin  normal. 

5.  Temperature  slightly  sub-         5.  Slightly  above  normal. 

normal. 

Respiratory  Tract.  Respiratory  Tract. 
1.  Respiratory  rate  less  than  1.   From  20-24. 

20  per  minute. 

Xervous  System.  Nervous  System. 

1.  Incapable    of   sustained  1.  Overactive  and  excitable. 

effort. 

2.  Some  headache.  2.   None. 

3.  Insomnia  after  2  or  3  a.  m.  3.  Insomnia    before    2    or    3 

A.  M. 

4.  No  tremor.  4.  Tremor  present. 
Genito-urinary  System.                         Genito-urinary  System. 

1.  Sexually  apathetic.  1.    Excitable. 

2.  Urine     pale     and     specific  2.   High    colored    and    above 

gravity  below  1020.  1020. 

Musculature  normal  but  incapable  of  sustained  activity  in  all 
functional  thyroid  disease. 

Later  Stages  of 

Hypothyroidism.  Hyperthyroidism. 

1.  Goiter  small  and  firm,   or  1.  Goiter  of  any  size. 

absent. 

2.  Incidence  same  as  in  early  2.  Same. 

stages. 
Skin.  Skin. 

1.  Pallor,  ivory  white,  dry  and  1.   Pigmented,  and  moist  only 

thick,     flush     on     malar  after  exertion  or  excite- 

prominences,    edema    of  ment. 

ankles. 

2.  Hair  dry  and  scanty.  2.   Hair  fine  and  moist. 

3.  Puffiness  of  eyelids.  3.  Exophthalmos   in    twenty- 

five  per  cent,  of  the  cases. 
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Alimentary  Tract.  Alimentary  Tract. 

1.  Mouth  dry.  1.  rflight  salivation. 

2.  Tongue  pale  or  coated.  2.  Tongue  normal. 

3.  Marked     anorexia,     intes-  3.  Excessive  appetite,  normal 

tinal  fermentation,  con-  digestion,  bowels  loose, 
stipation. 

4.  None.  4.  Thirst  marked. 
Circulatory  System.  Circulatory  System. 

1.  Slow  pulse.  1.  Tachycardia. 

2.  Blood  pressure  below  110.  2.  Above  130. 

3.  Blood  shows  some  anemia.  3.  Some  lymphocytosis. 

4.  Temperature  96-97.  4.  Above  98.  5  to  100  or  more. 
Respiratory  Tract.  Respiratory  Tract. 

1.  Respiratory  rate  below  18.  1.  .-ibove  22. 

2.  Some  cough,  which  may  be  2.  None. 

very  pronounced. 

Nervous  System.  Nervous  System. 

1.  Mentally    dull    and    apa-  1.  Excitable  and  unstable. 

thetic. 

2.  Much  headache.  2.   None. 

3.  Insomnia  variable.  3.   Insomnia  constantly. 

The  musculature  shows  an  increasing  inability  to  withstand 
fatigue. 

Pathology  op  Htperthtooidism  or  Exophthalmic 
Goiter. — The  most  constant  and  characteristic 
changes  in  this  condition  are  to  be  found  in  the 
thyroid  gland.  In  the  earlier  stages  of  the  disturbance 
there  is  congestion  with  increased  secretion  of  colloid 
in  the  alveoli.  The  colloid  does  not  stain  as  deeply 
with  eosin  as  the  colloid  in  normal  glands.  A  little 
later,  or  as  the  disturbance  increases,  so  does  the 
hyperemia  and  the  pale  staining  colloid.  At  the 
same  time  a  h}-perplasia  of  the  cells  takes  place,  and 
the  alveoli,  instead  of  being  rounded,  show  papillary 
projections  into  their  interior  which  consists  of  the 
basement  membrane  and  on  its  surface  the  proliferat- 
ing epithelium.  In  fatal  or  toxemic  cases  the  colloid 
then  decreases  in  amount  and  the  alveoli  become  filled 
with  epithelial  cells  in  various  stages  of  disintegration. 
A  cross-section  of  such  a  gland  appears  solid  and  of  a 
yellowish  color.  If  the  disturbance  decreases  or  docs 
not  reach  this  degree  of  severity  but  continues  longer, 
atrophy  and  fibrosis  appear  with  hyaline  changes  in 
the  stroma,  sclerosis  of  vessels,  hemorrhages,  and  cyst 
formation.  The  cases  which  survive  the  stage  of 
exophthalmic  goiter  and  continue  with  some  of  these 
symptoms  but  with  a  preponderance  of  others  which 
are  characteristic  of  myxedema  show  in  the  thyroid 
the  small  alveoli  of  theatro|)hic  gland  surrounded  by 
much  fibrous  tissue,  and  in  adjoining  areas  the  pai)ii- 
lomatous  projections  of  epithelium  on  its  basement 
membrane  into  other  alveoli  as  in  the  gland  of  typical 
hyperthyroidism. 

The  whole  histological  picture  of  the  gland  in  the 
hyperth.vroid  condition  is  in  short  that  of  increased 
functional  activity,  and  the  more  severe  the  clinical 
symptoms  the  greatervis  the  multiplication  of  the 
epithelial  cells  which  appear  to  desquamate  into  the 
alveoli  and  thus  alter  the  character  of  the  colloid  until 
in  the  severest  types  of  the  disease  the  colloid  m.ay 
entirely  disappear.  In  other  words,  the  histological 
evidence  is  all  in  favor  of  a  more  complex  disturbance 
than  a  simple  over-production  of  the  normal  thyroid 
secretion.  It  is  undoubtedly  increased  in  quantity  in 
the  earlier  or  milder  stages  of  the  disease,  but  as  it 
advances  not  only  the  total  amount  of  thyroid  secre- 
tion may  decrease  but  its  composition  may  ch.ange 
and  that  too  with  only  an  intensification  of  the  same 
clinical  manifestations.  Chemical  and  biological 
studies  show  that  the  function  of  the  gland  is  per- 
formed by  some  iodized  protein  of  which  "several  have 
been  isolated  but  none  as  yet  identified  as  the  sole 
active  ingredient.  These  all  produce  some  effect 
which  in  general  is  in  direct  proportion  to  their  iodine 
content.  _  The  normal  thyroid  has  been  demonstrated 
to  contain  0.3  milligrams  of  iodine  per  gramme  of 
fresh  gland  substance,  while  the  pathological  thvroid 
of  Graves'  disease  or  of  hyperthj-roidism  contains 
noticeably  loss  and  the  smaller  the"  amount  of  iodine 
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per  gramme  of  gland  substance  the  more  severe  seem 
to  be  the  symptoms. 

Of  the  other  ductless  glands  which  recent  investiga- 
tions show  must  have  more  or  less  connection  with  the 
hyperthjToid  disturbance,  the  thymus  seems  most 
important.  It  has  been  frequently  found  present  or 
enlarged,  especially  in  the  fatalities  which  may  follow 
partial  thyroidectomy.  The  persistence  of  this  gland 
into  adult  life  or  its  hypertrophy  are  not,  however, 
constant  accompaniments  of  h^-perthyroidism. 
Lymphatic  hyperplasia  seems  to  have  a  simOar  incon- 
stant though  frequent  relationship  to  the  disease. 
Occasional  changes  have  been  reported  in  the  hj^Do- 
physis,  p.arathyroid,  and  adrenals,  but  their  involve- 
ment in  hyperthyroidism  is  as  problematical  as  that 
of  the  thymus.  Almost  every  organ  in  the  body  may 
show  some  alteration  as  an  accompaniment  or  result 
of  hyperthjToid  disease.  There  are  sometimes 
punctate  hemorrhages  in  the  medulla  and  in  the 
superior  cervical  ganglion  of  the  sympathetic.  In 
chronic  or  long-standing  or  in  severe  toxemic  cases  de- 
generative lesions  in  the  cardiovascular  sj^stem,  liver, 
spleen,  and  kidneys  are  the  rule. 

Complications. — These  have  been  referred  to  in 
the  outline  of  the  course  of  the  disease.  The  most 
common  in  my  experience  have  been  the  disorders 
which  follow  a  rising  or  high  blood  pressure.  Hyper- 
trophy and  dilatation  of  the  heart  or  chronic  neph- 
ritis are  frequent  in  the  chronic  cases.  A  glycosuria 
or  a  psychosis  are  among  the  more  dangerous  of  the 
complications.  A  colitis,  with  or  without  mucus, 
is  sometimes  very  difficult  to  control.  A  suscepti- 
bility to  infections,  especially  in  the  tonsils,  is  quite 
constant  in  hyperth\Toidisni.  There  is,  also,  con- 
siderable risk  of  intensification  of  the  disturbance 
when  operative  interference  must  be  undertaken  upon 
other  organs. 

The  Physiolocy  of  the  Thyroid. — During  recent 
years  very  few  new  facts  have  been  added  to  the  httle 
which  is  known  of  the  physiology  of  the  thyroid.  Its 
function  is  generally  conceded  to  be  confined  to  the 
production  of  its  secretion.  Several  substances  all 
containing  iodine  have  been  isolated  from  the  gland, 
and  all  seem  cap.able  of  producing  some  effect  when 
administered  to  animals.  But  no  single  ingredient 
has  been  identified  as  the  active  principle  of  the  se- 
cretion. In  brief,  there  is  no  reasonable  doubt  that 
the  biochemistry  of  the  th\Toid  epithelium  combines 
iodine  with  some  organic  material  into  a  product  which 
is  a  necessity  in  the  biochemistry  of  growth  and  de- 
velopment in  general,  and  of  the  genital  organs  in 
particular,  especially  tho.se  of  the  female;  also,  that 
the  tluToid  secretion  is  an  important  participant  in 
the  biochemistry  underlying  the  activities  of  the 
central  nervous  system,  the  heart,  liver,  and  prob.ably 
the  gastrointestinal  tract  and  respiratory  organs. 
There  is  every  reason  to  believe  that  the  thyroid 
product  has  some  quantitative  relationship  to  the 
activity  of  all  these  organs,  and  th.at  the  activity  of 
the  thjToid  varies  in  amount  .according  to  the  needs 
of  any  organ  or  group  of  organs.  These  needs  must 
be  expressed  to  the  thyroid  through  the  sympathetic 
or  only  demonstrable  nerve  supply  of  the  gland,  or 
through  hormones  circulating  in  the  blood,  or  both. 

As  the  most  apparent  action  of  the  thyroid  lies 
in  its  stimulation  of  metabolism,  or  in  the  increase 
of  chemical  processes  which  have  the  effect  of  in- 
creasing nutrition,  it  is  possible  for  the  present  to 
classify  the  thyroid  .as  an  organ  concorneti  chiefly 
in  the  production  and  expenditure  of  energy,  or  more 
briefly  as  an  organ  of  nutrition.  This  designation 
serves  at  least  as  a  partial  answiT  to  the  queries  pre- 
sented by  the  therapeutic  problems  when  the  gland 
is  diseased.  It  also  helps  to  explain  the  .adjective 
"nervous,"  which  is  constantly  used  to  indicate  some 
of  the  most  striking  characteristics  of  patients  af- 
flicted   with    thyroid    abnormalities.     As   ordinarily 
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employed,  "nervous"  qualifies  a  personality  or  central 
nervous  system  which  is  more  than  usually  sensitive 
to  environment,  and  hence  one  which  responds  to  all 
external  and  internal  stimuli  with  more  than  the  usual 
rapidity  and  thus  requires  the  production  and  expendi- 
ture of  more  than  the  normal  average  amount  of 
energj-.  If  the  thyroid,  as  seems  true,  can  be  classi- 
fied with  the  organs  of  nutrition,  it  must  be  more  or 
less  constantly  active  to  maintain  a  "nervous" 
person  in  health. 

The  association  of  iodine  with  the  physiological 
activity  manifested  by  the  different  substances  which 
can  be  isolated  from  the  gland  is  striking.  The 
effects  produced  by  the  administration  of  any  of 
these  bodies  seem  roughly  to  vary  in  direct  propor- 
tion to  their  iodine  content.  In  conditions  of  hyper- 
th\Toidism,  however,  it  is  well  known  that  the  amount 
of  iodine  per  gramme  of  gland  substance  is  less  than 
the  normal  amount,  and  the  smaller  this  proportion 
the  more  severe  as  a  general  rule  are  the  cUnical 
symptoms.  It  has  recently  been  demonstrated  that 
electrical  stimulation  of  the  ner\e  supply  of  the 
gland  produces  a  loss  of  iodine  which  increases  with 
the  duration  and  amount  of  the  stimulation.  In 
man,  the  onl\-  demonstrable  nerve  supply  of  the 
gland  is  a  filament  which  arises  from  the  superior 
cervical  ganglion  of  the  sympathetic,  and  follows 
approximately  the  course  of  the  superior  thjToid 
vessels  and  enters  the  gland  near  them.  Sympa- 
thetic filaments  also  enter  the  gland  in  the  walls 
of  the  arteries,  and  can  be  found  around  each 
alveolus. 

Some  of  the  more  recent  experiments  are  generally 
accepted  as  confirming  the  interdependence  chiefly 
of  the  thjToid,  pancreas,  and  adrenal-sympathetic 
or  chromaffin  system,  and  clinical  observ'ation  for 
the  most  part  has  added  to  these  the  pituitary  and 
thymus.  The  th>Toid  and  the  adrenals  seem  capable 
of  mutual  stimulation  of  activation,  and  both  give 
evidence  of  some  inhibition  upon  the  pancreas. 
The  pancreas  in  turn  seems  to  inhibit  the  activity  of 
the  other  two  glands.  The  th^-mus  also  seems  to 
present  some  inhibitory  effect  upon  the  chromaffin 
system.  The  frequent  association  of  the  pituitary, 
as  in  acromegaly,  with  goiter  is  apparent.  The 
latest  theory  of  disorders  referable  to  these  ductless 
glands  revives  in  part  the  earlier  conceptions  of  a 
primary  neurosis  of  the  sympathetic  system,  and  in- 
cludes the  cranial  and  visceropelvic  autonomic  nerves. 
These  constitute  the  visceral  ner\'ous  system,  and 
the  parts  arising  from  the  medulla  are  the  third, 
seventh,  ninth,  tenth  and  eleventh  cranial  nerves 
which  are  often  involved  in  cases  of  th\Toid  disease. 
Von  Graef's  sign,  or  the  retraction  of  the  lids,  mani- 
fested by  inability  of  the  upper  to  foUow  the  lower 
lid  in  closing  the  eye;  SteUwag's  sign,  or  the  "staring" 
eyes;  and  Moebius'  sign,  or  inability  to  converge  the 
axis  of  the  eyes,  and  the  contracted  or  dUated  pupil, 
the  lachrj-mation  and  the  not  infrequent  ptosis  are 
all  referable  to  an  increased  or  decreased  "tonus"  in 
the  third  nerve.  Exophthalmos  was  once  thought 
to  be  due  to  excitation  of  the  superior  cervical  gang- 
lion of  the  sympathetic,  but  the  evidence  at  present 
seems  in  favor  of  its  production  by  retroocular 
edema.  The  abundance  of  the  oral  secretions,  some- 
times amounting  almost  to  salivation,  is  traceable  to 
glandular  activation  through  the  seventh  nerve. 
Drjness  of  the  mouth  and  pharynx,  which  may  cause 
an  otherwise  unexplainable  cough,  is  sometimes 
present  in  hj-pothjToid  conditions  and  may  be  due 
to  a  paresis  of  the  glossopharyngeal.  Some  cases  of 
hj-perth\Toidism  show  an  increased  tonus  or  activity 
in  the  tenth  nerve,  and  others  the  opposite  condition. 
The  visceral  nerves  seem  to  convey  opposing  in- 
fluences in  different  fibers,  and  practically  all  of  the 
symptoms  of  functional  thjToid  disease  can  be  traced 
to  inhibition  or  excitation  of  the  different  organs  by 
these  impulses.     If  each  of  the  ductless  glands  ac- 


tivates or  inhibits  some  particular  group  of  nerve 
fibers,  at  least  a  part  of  the  relationship  and  inter- 
dependence of  these  organs  becomes  apparent. 

Some  recent  experiments  of  Gudernatsch  demon- 
strate most,  conclusively  the  interdependence  of  the 
thymus  and  thyroid,  and  the  necessity  of  the  thjToid 
in  developmental  processes.  By  feeding  thjToid  to 
tadpoles  he  has  thus  been  able  to  change  the  creature 
almost  immediatelj-  into  the  fully  developed  frog. 
But  by  withholding  thyroid  and  feeding  thymus  the 
metamorphosis  is  entirely  prevented.  The  thyroid 
must,  therefore,  be  active  during  the  metamorphosis 
of  childhood  into  adolescence  and  maturity. 

The  .\pp.\rent  C.^ttse  of  Thtroid  Abxcril^lities. — 
An  abnormality  of  the  th\Toid  means  a  simple  hj-per- 
trophy  of  the  gland,  or  the  later  solid  or  cystic  degen- 
eration which  may  take  place  or  any  condition  of  hj-jio- 
or  hj-perth^Toidism.  When  these  abnormalities  ad- 
vance from  a  less  to  a  more  severe  stage,  as  described 
previously,  there  is  always  active  functionation  of  one 
or  more  organs  which  are  known  to  be  in  some  degree 
dependent  upon  the  th\Toid.  If  there  is  more  than 
the  usual  amount  of  activity  in  the  nervous  and  va.s- 
cular  systems,  or  in  the  liver,  or  organs  of  the  diges- 
tive or  genital  tracts  any  pre-existing  thyroid  abnor- 
mality is  regularly  intensified,  and  when  these  activi- 
ties abate  or  cease  there  is  regularly  a  corresponding 
relief  of  the  thjToid  symptoms.  This  means  that 
conditions  or  circumstances  which  require  active 
metabolism  and  a  considerable  production  and  ex- 
penditure of  energy  intensify  all  th^Toid  abnormali- 
ties. That  they  cause  these  abnormalities  to  begin 
in  only  a  comparatively  few  individuals  seems  due  to 
variations  in  the  vital  capacity  of  different  thjToids, 
or  to  the  variable  amounts  of  energj'  which  different 
individuals  expend  under  corresponding  conditions 
and  circum.stances.  For  the  "nervous"  person  seems 
peculiarly  subject  to  either  the  development  of  any 
th^Toid  abnormality  or  after  its  development,  to  its  in- 
tensification. All  thjToid  abnormalities,  as  stated 
above,  seem  regularly  to  begin  with  simple  hj-per- 
trophy,  which  is  most  reasonably  interpreted  as  a 
multiplication  of  all  the  glandular  elements  to  com- 
pensate for  demands  for  a  greater  amount  of  thjToid 
secretion  than  the  gland  of  natural  size  can  supply. 
Activity  in  anj'  organ  is  normally  followed  by  a  fa- 
tigue and,  at  least,  partial  cessation  of  function.  In 
the  case  of  the  thjToid,  the  presumable  compensatory 
hj-pertrophy  which  seems  to  be  the  first  regular  re- 
sponse to  active  functionation  in  the  production  and 
expenditure  of  energy,  should  be  followed  by  fatigue 
and  deficient  functionation.  This  seems  to  be  repre- 
sented by  the  manifestations  of  h\-pothyToidism,  or 
the  second  regular  stage  in  thjToid  disease.  The  other 
or  later  stages  are  apparently  only  evidence  of  a  more 
intense  degree  of  the  same  fatigue,  although  the  reasons 
which  cause  one  thyroid  to  undergo  colloid  or  cystic 
or  fibrous  degeneration  and  another  to  undergo  the 
changes  and  give  rise  to  the  symptoms  of  either  myx- 
edema or  exophthalmic  goiter,  are  entireh-  unknown. 
It  seems  possible,  however,  that  the  different  direc- 
tions in  which  thjToid  abnormalities  may  advance  are 
in  some  measure  determined  by  the  behavior  of  the 
fatigued  thjToid  epithelium  in  its  attempt  to  metabo- ' 
lize  iodine.  In  mj-xedema,  the  epithelium  atrophies, 
and  in  hyperthyroid  conditions  it  multiplies  too 
rapidly  and  disintegrates,  while  the  cystic  goiters  may 
involve  a  mechanical  problem.  Man^-  of  the  latter 
forms  of  goiter  evidently  develop  from  more  or  less 
sudden  hemorrhages  into  the  substance  of  the  gland. 
As  clinically  all  types  of  hyperthyroidism  are  generally 
intensified  by  the  administration  of  adrenalin  or  of  the 
desiccated  gland  substance,  and  as  the  experimental 
evidence  seems  to  link  together  the  functions  of  the 
thjToid  and  adrenal  glands,  it  is  not  impossible  that 
the  phenomena  of  hyperthyroidism  involve  some 
vicious  circle  in  which  the  adrenals  or  cells  of  the  chro- 
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maffin  system  participate  and  affect  the  biochemical 
activities  of  the  thyroid  epithelium. 

If  glandular  fatigue  is  the  ultimate  or  primary  cause 
of  all  thyroid  abnormalities,  as  seems  probable,  it 
then  becomes  possible  to  understand  these  disorders. 
When  thyroid  abnormalities  appear  in  childhood  their 
origin  can  be  traced  to  the  need  of  thyroid  secretion 
to  provide  for  rapid  growth  and  development,  espe- 
cially if  the  brain  is  at  the  same  time  actively  func- 
tionating. If  one  occur  in  a  "shopgirl"  or  school 
teacher  or  trained  nurse,  it  is  presumably  the  result  of 
excessive  expenditure  of  cnergj-  by  many  organs, 
already  taxed  to  their  limit  for  maintaining  the  nu- 
tritional and  nietamori)hic  jirocesses  of  young  woman- 
hood. Pregnancy,  infectious  diseases,  traumatisms, 
and  many  other  conditions  or  circumstances  may  thus 
originate  or  intensify  thyroid  disease.  Endemic 
goiter  need  not  be  excepted,  if  only  it  can  be  regarded 
as  beginning  with  a  primary  liy])ertrophy  to  compen- 
sate for  excessive  or  unusual  demands  for  thyroid 
secretion  on  the  part  of  the  liver  or  digestive  tract  or 
some  other  organ  which  must  be  active  to  dispose  of 
the  ingested  bacterial  or  colloidal  poison  apparently 
proved  to  be  its  ultimate  cause. 

Theat.ment. — All  the  clinical  data  make  it  seem 
reasonable  that  hyperthyroidism  is  an  exjjression  of 
fatigue  in  a  glancj  which  is  compelled  by  automatic 
stimuli  to  functionate  beyond  its  natural  capacity. 
Therefore,  rest  and  protection  of  the  organ  chiefly  at 
fault,  is  the  most  logical  treatment.  The  kind  and 
degree  of  quietiule  must  vary  with  each  individual, 
and  the  .severity  of  the  disease  and  a  purely  medical 
or  conservative  treatment  will  succeed  in  a  consitlerable 
proportion  of  the  cases  in  the  early  stages,  and  even 
in  a  small  numluT  of  tliose  which  have  advanced  as  far 
as  the  beginning  of  the  fourth  stage  of  exojjhthalmic 
goiter. 

Of  the  medicaments  which  have  been  found  more  or 
less  efficacious  for  thyroid  disease,  iodine  is  generally 
regarded  as  most  imiiortant.  Hut  in  the  great  ma- 
jority of  hyi)erthyroi(l  conditions  it  must  be  used  with 
caution  if  at  all,  l)ecause  after  an  initial  ])eriod  of  im- 
provement, the  gland  generally  becomes  denser  and 
larger,  anfl  this  change  is  accompanied  by  a  subjective 
sensation  of  constriction.  Then,  if  the  iodine  is 
continued,  the  disturbance  may  be  greatly  and  often 
dangerously  intensified. 

From  what  is  known  of  the  histology  and  compara- 
tive iodine  content  of  the  normal  and  hy])ertliyroid 
gland  it  seems  possible  that  the  epithelium  is  uiuiblc 
because  of  fatigue  or  other  nu)re  complicated  bio- 
chemical defect,  to  ])roperly  retain  and  metabolize 
iodine,  and  the  access  of  iodine  in  excess  to  the  gland 
occasions  more  work  on  the  part  of  its  secretory  cells 
than  they  can  perform.  As  a  result,  they  break  down 
and  disintegrate  into  an  imjierfcct  colloidproduct  which 
may  be  superabundant  or  of  deficient  ((unlity  or  both. 

The  most  valuable  drugs  are  of  the  nerve  sedative 
class,  with  the  bromides  and  belladonna  first  in  the  list. 
Ilydrobromide  of  iiuinine  in  five  grain  doses  three  or 
fovir  times  a  day  has  a  much  greater  reputation  for 
amelioration  of  symjjtonis  than  it  deserves.  Digitalis 
or  strophanthus  may  |)rove  valuable  in  cases  which 
do  not  sliow  increased  activity  of  the  vagus  by  the 
pounding  and  manifestly  increa.sed  vigor  of  the  heart 
muscle.  A  heart  which  merely  beats  more  rapidly 
than  the  normal  without  exaggeration  of  its  contrac- 
tions, may  be  steadied  and  slowed  by  digitalis  and  the 
patient  ultinuitely  much  benefited.  Organ  feeding, 
in  spite  of  our  ignorance  of  its  action,  is  certainly  heli)- 
ful  if  not  curative  in  a  small  proportion  of  the  cases, 
but  seldom  after  the  stage  of  hyperthyroidism  has  ad- 
vanced into  that  of  true  exopiitlialmic  goiter.  It  is 
suggestive  of  the  possible  variations  in  tlie  nature  or 
pathological  physiology  of  the  disease  that  the  admin- 
istration of  thyroid  by  mouth  has  not  infre(iuentlv 
proved  helpful.  That  is  the  cause  of  the  sym)>t<un"s 
may  not  be  due  solely  to  an  excess  of  the  normal 
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secretion,  but  to  an  excessive  ciuantity  of  a  product 
which  has  a  defective  quality,  and  that  the  quality 
maj'  be  improved  by  thyroid  feeding  with  ameliora- 
tion or  cure  of  the  disturbance  is  the  legitimate  in- 
ference to  be  drawn  from  many  of  the  case  reports. 
Thymus,  pancreas,  ovarian,  pituitary,  and  adrenal 
administration  may  benefit  this  or  that  isolated  sub- 
ject, but  no  distinctive  symptoms  or  indications  ran  be 
given  for  the  particular  organ  therapy  which  may 
prove  best.  The  antithyroid  serum  for  the  treatment 
of  hyperthjToidism  has  proved  curative  (or  about 
twenty  per  cent,  of  the.se  cases,  and  of  more  or  less 
help  for  some  fifty  per  cent,  additional.  It  is  designed 
to  inhibit  the  activity  of  the  thyroid  epithelium  and  to 
neutralize  its  product  and  is  made  by  injecting  sheep 
or  rabbits  with  the  combined  nudeoproteins  and 
gli>bulins  obtained  from  human  thyroid  glands.  A 
full  description  of  this  product  and  its  usage  can  be 
found  in  the  Annals  of  Surgery  for  December,  1909. 
This  serum,  however,  is  curative  for  only  a  small  pro- 
portion of  all  the  cases  of  hJ^)erth^Toidism,  and  there 
is  so  much  difficulty  and  expense  in  its  preparation 
that  it  is  imjjractical  for  general  use.  Treatment  by 
the  x-ray  api)lied  to  the  neck  has  many  advocates, 
and  a  small  proportion  of  cures  are  reported.  In  a 
considerably  larger  number  some  amelioration  of  the 
condition  may  be  obtained. 

Hut  for  all  who  do  not  recover,  or  at  least  show  some 
signs  of  improvement  after  a  few  weeks  or  months  of 
conservative  and  medical  treatment,  especially  if  they 
have  passed  beyond  the  stage  of  simple  hyperthyroid- 
ism into  that  of  exophthalmic  goiter,  some  form  of 
surgical  interference  is  at  present  regarded  as  the 
most  satisfactory.  The  ligation  of  one  or  more  of  the 
thyroid  vessels,  or  the  excision  of  one-half  or  more  of 
the  gland  yields  about  fifty  per  cent,  of  cures,  and  at 
least  some  twenty-five  per  cent,  in  addition  of  improve- 
ments with  a  mortality  in  cx|)erienced  hands  of  be- 
tween one  and  ten  per  cent.  The  treatment  by  partial 
thyroidectomy  will  be  discussed  first.  The  ultimate 
mortality  in  medically  treated  or  unrecognized  cases 
from  hyperthyroidism  and  its  complications  is  vari- 
ously estimated  as  between  five  and  ten  |)er  cent.,  or  a 
much  higher  figure  than  is  ordinarily  recognized,  and 
it  often  means  years  of  helpless  invalidism  or  suffering. 
The  worst  that  can  be  said  against  the  radical  ojjcra- 
tion  by  removal  of  part  of  the  gland  is  the  considerable 
number  of  cases  which  it  fails  to  cure,  or  which  subse- 
quently relapse.  In  addition,  there  are  a  few  which 
arc  made  wor.se  by  homithyroidectomy.  On  the  other 
hand,  there  is  no  doubt  that  at  least  half,  ami  probably 
more,  are  (piickly  and  iiermanently  relieved.  Some  of 
those  who  are  not  cured  or  who  relapse  after  partial 
thyroidectomy  can  be  benefited  by  subsequent 
removal  of  more  of  the  gland.  As  yet,  it  seems 
impossible  to  accurately  select  the  cases  which  are 
best  suited  for  this  form  of  treatment,  but  a  few  general 
rules  of  a  negative  nature  can  be  formulated,  which 
have  been  learned  from  an  observation  of  many 
poor  or  bad  postojierativo  results.  Partial  thyroid- 
ectomy is  to  be  avoided  as  extremely  dangerous  in  all 
ca.ses  which  in  spite  of  the  best  medical  care  and  of 
rest  show  .a  noticeable  intensification  of  the  .symptoms 
of  hyperthyroidism.  The  .appearance  or  even  the 
s\iggestion  of  a  [jsyehosis  greatly  increases  the  opera- 
tive risk.  Hecaviseof  relap.ses  and  of  failures  to  cure, 
|)artial  tluToidectomy  is  to  be  .avoided  in  jjatients  who 
have  not  completed  or  have  recently  com|)lcted  their 
maximum  of  growth  and  development:  it  is  to  be 
avoided  in  symmetrically  enlarged  glands  as  these 
seem  peculiarly  prone  to  relap.se  even  after  considerable 
l)oriods;  it  is  to  be  avoided  also  in  patients  who 
generally  show  marked  symi)toms  but  have  only  small 
goiters  which  means  ,a  gland  not  more  than  double  the 
normal  size;  and  in  subjectsof  the  very  "nervous"  type 
whose  nu'nt.'dity  is  really  thtif  of  a  psychosis.  Patients 
with  m.arked  exophthalmos  bear  any  operation  badly, 
and  can  seldom  be  more  than  moderately  improved. 
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In  doubtful  cases  some  idea  of  the  patient's  ability  to 
withstand  the  radical  operation  can  be  obtained  with 
reasonable  safety  by  the  preliminary  ligation  under 
local  anesthesia  of  one,  generally  the  superior,  group 
of  vessels.  If  this  is  borne  easily  and  without  any 
severe  reaction,  the  removal  of  half  the  gland  can  be 
undertaken  a  week  or  two  later  with  some  security. 
if  not,  the  ligation  of  other  vessels  is  the  only  resource, 
but  should  not  be  attempted  before  the  organism  is 
again  in  stable  equilibrium,  as  a  fatality  is  not  un- 
common even  from  this  slight  interference. 

The  condition,  or  what  is  here  assumed  to  be  the 
stage,  of  hyperthjToidism  represented  by  exophthalmic 
goiter  is  seldom  perfectly  cured  by  any  method  of 
treatment,  and  in  an  attempt  to  improve  upon  these 
results  I  have  practised  under  local  anesthesia  in  two 
stages  the  ligation,  and  generally  the  division  of  all 
four  of  the  chief  thyroid  vessels  in  a  considerable 
proportion  of  these  cases,  and  there  has  occurred  no 
resultant  m.\-xedema  or  other  disastrous  result.  This 
operation  cuts  off  the  chief  part  of  both  the  vascular  and 
nerve  supply  of  the  gland,  and  is  designed  to  enforce 
rest  upon  a  presumabh'  fatigued  organ  which  shoulp 
be  preserved  and  not  sacrificed. 

The  superior  vessels  are  reached  by  the  usual 
transverse  incision,  and  the  tips  of  the  lobes  are  gener- 
ally to  be  included  in  the  ligature  and  excised  to  ensure 
the  division  of  the  arteries.  The  lower  arteries  are  to 
be  reached  through  a  vertical  incision  over  the  lower 
end  of  the  posterior  border  of  the  sternomastoid.  This 
approach  exposes  and  passes  in  front  of  the  phrenic 
nerve  on  the  scalenus  anticus.  The  inferior  thyroid 
can  then  be  felt  and  reached  behind  the  internal 
jugular  and  common  carotid. 

The  improvement  after  quadruple  ligation  of  the 
thyroid  blood  supply,  which  must  include  the  lower 
nerve  supply  and  generally  aU  or  most  of  the  upper, 
is  not  as  rapid  as  after  partial  thyroidectomy,  but  the 
operation  seems  to  be  more  certain  in  its  results  and 
less  dangerous  to  life,  and  the  patient  has  less  sub- 
sequent risk  of  relapse  even  under  the  conditions 
and  circumstances  which  seem  to  produce  thyroid 
abnormalities.  In  the  case  of  partial  thyroidectomy 
these  must  be  removed  and  for  at  least  one  year  or 
relapse  is  very  probable.  After  quadruple  ligation, 
however,  hygienic  measures  are  desirable,  but  their 
perfect  observance  is  not  essential  for  a  cure.  In 
several  of  my  earlier  cases  the  improvement  became 
stationary,  apparently  because  of  the  continuation  of 
the  unfavorable  environment  and  exploration  revealed 
a  reformation  of  one  or  more  arteries  at  the  upper 
poles  of  the  thjToid  apparently  from  small  collateral 
branches  not  secured  at  the  primary  operation.  It  is 
technically  difficult  to  be  sure  of  securing  all  the 
twigs  given  off  from  the  superior  thvToid,  especially 
in  a  nervous  subject  under  local  anesthesia.  General 
anesthesia  seems  to  add  materially  to  the  risks,  and  is 
to  be  avoided  according  to  the  experiences  of  most 
operators.  Hence,  if  an}'  evidence  of  delay  in  recovery 
or  relapse  appear  there  should  be  no  hesitation  in 
advising  secondary  operation  to  reobliterate  the 
probably  new  circulation  at  the  upper  poles  of  the 
gland.  Resection  of  the  tips  of  the  lobes  seems  to  be 
better  than  simple  division  of  the  upper  vessels.  In 
judging  of  the  results,  the  general  condition  is  of  more 
importance  than  separate  symptoms. 

Only  one  or  two  arteries  should  be  tied  at  a  sitting, 
and  the  operation  should  not  be  continued  long  enough 
to  cause  more  than  moderate  fatigue. 

To  recapitulate,  briefly,  the  indications  for  and  the 
forms  of  treatment:  Rest  and  good  hygiene  are 
essential  for  the  cure  of  any  thjToid  disease;  the 
antith\Toid  serum  is  the  most  efficacious  of  all  con- 
servative methods  for  many  cases  in  the  early  stages  of 
hyperth\Toidism  and  for  some  of  these  in  the  exoph- 
thalmic group.  In  dosages  of  §  to  1  c.c.  it  is  harmless, 
but  if  its  exhibition  intensifies  the  symptoms  it  should 
be   discontinued.     When    conservative   methods   fail 


after  a  month's  trial,  the  ligation  of  one  or  more  thy- 
roid vessels  should  be  practised,  or  the  excision  of  half 
the  gland.  Local  anesthesia  is  preferable  to  general 
narcosis.  Ligation  of  one  or  more  of  the  chief  thj-roid 
vessels  will  cure  a  considerable  proportion  of  all  types 
of  hyperthyroidism.  It  is  safer,  but  much  slower  in 
its  effects  than  hemith\Toidectomy.  For  exoph- 
thalmic goiter,  ligation  of  all  four  thyroid  vessels  seems 
to  offer  better  hopes  of  cure  than  the  more  radical 
operation.  HemithjToidectomy  seems  indicated 
especiaUy  in  the  third  or  hyperth^Toid  stage  of  the 
disease  rather  than  in  the  fourth  or  that  of  exoph- 
thalmic goiter,  and  in  patients  over  twenty-five  years  of 
age  who  possess  asymmetrical  goiters  of  considerable 
and  not  small  size. 

About  twenty-five  per  cent,  of  all  cases  of  hyper- 
thyroidism are  only  improved  by  the  hemithyroidec- 
tomy  some  ten  per  cent,  are  not  benefited  at  all  or 
made  worse,  and  the  general  operative  mortality  is  at 
least  five  per  cent. 

Surgery  at  the  best  is  but  a  rough  approach  to  the 
means  which  a  better  knowledge  of  physiology  and  of 
organ  therapj'  should  provide  for  the  relief  of  these 
patients.  John  Rogers. 

Gold. — See  Auruin. 

Qold  Equivalent. — Certain  hydrophile  colloids 
which  are  not  readily  precipitated  by  electrolytes 
have  the  power  of  protecting  suspension  colloids 
against  the  precipitating  action  of  electrolytes.  The 
figure  in  milligrams  of  colloid  that  is  just  insufficient 
to  protect  10  c.c.  of  gold  solution  (0.00.53-0.0058  per 
cent.)  against  the  action  of  1  c.c.  of  ten-per-cent. 
sodium  chloride  is  called  the  gold  equivalent  for  the 
respective  colloid.  Gelatin  offers  the  best  protection, 
then  comes  isinglass,  casein,  ovalbumin,  gum  arable, 
Irish  moss,  dextrin,  starch.  F.  P.  U. 

Goldthread. — See  Coptis. 

Goll,  Friedrich. — Born  March  1,  1829,  in  Zotingen, 
Switzerland,  and  studied  in  Zurich  under  Ludwig, 
in  Wiirzburg  under  Virchow  and  KoUicker,  and  in 
Paris  under  Claude  Bernard.  He  obtained  his  med- 
ical degree  in  1853.  He  turned  his  attention  first  to 
pharmacology,  and  also  had  quite  an  extensive 
genito-urinary  practice,  but  soon  became  specially 
interested  in  neurology,  especially  in  the  anatomy  of 
the  central  nervous  system.  He  was  made  a  member 
of  the  medical  facultv  of  the  Universitv  of  Zurich  in 
1885.     He  died  November  12,  1903,  after  a  long  illness. 

Goll  described  the  fasciculus  gracilis  of  the  spinal 
cord  (usually  called  Goll's  column),  the  collection  of 
ganglion  cells  at  the  proximal  extremity  of  this  column 
in  the  region  of  the  clava  (Goll's  nucleus),  and  fibers 
running  from  this  nucleus  to  the  vermis  (Goll's  fibers). 
Among  his  anatomical  writings  were :  "  Die  Vertheilung 
der  Blutgefasse  auf  die  Rtickenmarksschnitte,"  1864; 
"  Ueber  die  feinere  Anatomie  des  Riickenmarks," 
Zurich,  1868.  T.L.S. 

Qonococcus     Infection,    General. — It     is     now 

generally  recognized  that  the  gonoccocus  ma.v  enter 
the  circulation  from  any  local  lesion  and  cause  either  a 
gonococcal  septicemia  or  a  localized  metastatic  process 
in  the  most  varied  regions  of  the  body.  How  often 
this  occurs  cannot  be  ascertained  from  the  literature. 
Increasing  stress  is  laid  upon  the  possibility'  of  such  an 
occurrence  in  the  text-books,  but  abundant  statistics 
are  lacking.  It  is  only  in  the  teaching  hospital  or 
laboratory  that  the  great  majority  of  metastatic 
gonococcal  lesions  can  be  definitely  demonstrated;  in 
the  ordinary  practical  treatment  of  this  affection  such 
metastases  of  the  etiologic  agent  are  usually  not 
suspected  and,  with  the  exception  of  the  joint  com- 
plications, are  rarely  recognized.  Nevertheless,  it  is 
surprising  when  any  relativelj'  small  group  of  ordinary 

751 


Gonococrus  Infection,  General 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES 


gonorrheal  cases  are  carefully  studied  over  a  period 
of  time  from  a  laboratory  standpoint  to  find  so  many 
cases  showing  evidences  of  a  general  involvement 
(fever)  or  more  or  less  severe  localized  metastatic 
involvements.  It  is  highly  important  that  gonorrhea 
should  be  studied  clinically  more  often  from  a  stand- 
point of  a  general  infectious  disease  than  as  a  pureh' 
local  affection.  When  this  is  done  it  is  very  probable 
that  the  clinical  importance  of  generalized  or  meta- 
static gonococcal  infection  will  be  stOl  more  fully 
appreciated  than  at  the  present  time.  Yet  the 
practitioner  of  to-day  has  a  far  different  attitude 
toward  the  importance  of  gonorrhea  of  the  genital 
tract  than  that  held  by  his  predecessors  a  generation 
ago;  and  because  of  the  possibilities  now  known  to 
attend  upon  such  an  infection  he  has  come  to  look 
upon  the  gonococcus  as  an  etiologic  agent  of  the  first 
rank. 

The  general  or  localized  metastatic  infections  pro- 
duced by  the  gonococcus  offer  problems  of  etiology 
and  pathogenesis  similar  to  those  caused  by  the  strep- 
tococcus and  staphylococcus.  Why  the  gonococcus 
should  gain  entrance  to  the  blood  and  grow  there  in 
certain  cases  with  the  production  of  serious  results, 
while  in  many  other  cases  no  evidences  of  such  a 
successful  entrance  can  be  discovered  can  at  present 
only  be  discussed  from  the  general  standpoints  of 
individual  differences  in  susceptibility  or  resistance 
and  differences  in  strains  of  the  organism.  That  a 
great  variation  exists  in  the  biological  characteristics 
of  the  gonocoeci  obtained  from  different  sources  has 
been  shown  by  the  work  of  a  number  of  investigators. 
It  is  also  certain  that  the  action  of  the  blood  serum  of 
different  individuals  upon  the  infecting  gonococcus 
differs  greatly.  From  pathologic  studies  of  the  local 
lesion  in  the  male  urethra  it  seems  very  likely  that 
even  in  the  mildest  forms  of  acute  gonorrheal  ure- 
thritis some  gonocoeci  may  enter  the  blood-stream. 
Probably  in  fifty  per  cent,  of  mild  cases  these  organ- 
isms entering  the  circulation  are  killed  at  once  without 
causing  any  injury:  in  other  cases  the  virulence  of  the 
infecting  strain  or  the  lowered  resistance  of  the  infected 
individual  enables  the  gonococcus  to  grow  in  the 
blood  or  to  set  up  metastatic  processes.  Various 
writers  state  that  a  general  infection  takes  place  only 
when  the  posterior  urethra  is  involved;  but  sufficient 
evidence  has  accumulated  to  show  that  any  localiza- 
tion of  the  gonococcus  (anterior  urethra,  bladder, 
prostate,  oviduct,  conjunctiva,  etc.),  ma}^  be  the 
source  from  which  a  general  infection  or  a  metastasis 
may  take  place.  Wertheim  was  the  first  to  show  the 
entrance  of  gonocoeci  into  the  small  veins  of  the 
bladder;  but  the  organism  has  since  been  repeatedly 
cultivated  from  the  circulating  blood. 

General  Gonococcal  Infection. — Gonococcus  Sep- 
ticemia. The  occurrence  of  a  gonococcus  septicemia 
has  been  reported  with  increasing  frequency  lq  recent 
years.  The  condition  may  follow  a  mild  or  severe 
acute  gonorrhea,  or  be  secondary  to  some  metastatic 
locali7ation,  such  as  epididymitis,  orchitis,  vesiculitis, 
prostatitis,  bubo,  peritonitis,  subcutaneous  abscess, 
pleurisy,  pneumonia,  iritis,  conjunctivitis,  pyelitis, 
arthritis,  etc.  Endocarditis  may  or  may  not  be 
associated  with  the  septicemia.  In  twenty-nine  cases 
collected  by  Cole  it  was  present  in  onlj'  eleven 
cases.  In  the  cases  without  endocarditis  the 
symptoms  resemble  very  closeh-  those  of  tv-phoid 
fever,  and  the  great  majority  of  cases  of  gonococcal 
septicemia  are  probably  treated  as  for  that  disease. 
There  is  a  continuous  fever,  usualty  showing  marked 
daily  remissions,  with  headache,  general  malaise, 
enlarged  spleen,  and  a  general  pictiu-e  closely  resem- 
bling that  of  typhoid  fever.  In  very  mild  cases 
the  symptoms  are  those  of  a  mild  septicemia,  or 
may  even  be  mistaken  for  those  of  incipient 
tuberculosis.  In  the  cases  associated  with  endo- 
carditis the  clinical  picture  is  that  of  a  mUd  or  a  more 
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malignant  t^-pe  of  endocarditis.  In  the  latter  case 
there  are  high  fever,  chills,  sweating,  mild  jaun- 
dice, petechial  hemorrhages,  and  symptoms  of  in- 
farction. 

Some  writers  on  puerperal  fever  are  inclined  to  look 
upon  the  gonococcus  as  an  important  etiologic  factor 
in  the  production  of  this  condition,  even  to  the  extent 
of  causing  twenty-five  to  thirty  per  cent,  of  all  cases 
of  puerperal  fever.  Such  an  opinion  is  undoubtedly 
based  upon  the  frequency  of  coincidence  of  the 
two  conditions,  not  upon  any  actual  demonstration 
of  a  gonococcal  etiology  of  the  fever.  In  Cole's  twenty- 
nine  cases  of  gonococcal  septicemia  onlj'  two  were 
instances  of  the  puerperal   septicemia. 

The  diagnosis  of  gonococcal  septicemia  rests  upon 
the  demonstration  of  gonocoeci  in  the  circulating  blood. 
The  specific  reactions  may  also  be  made,  but  these 
have  not  yet  been  sufficiently  tried  out  clinically  for 
us  to  estimate  correctly  their  diagnostic  value.  Cole's 
method  for  the  cultivation  of  the  gonococcus  from  the 
circulating  blood  is  as  follows:  10  c.  c.  of  blood  should 
be  taken,  under  proper  precautions,  from  one  of  the 
larger  veins,  by  means  of  sterile  syringe.  The  blood 
is  added  to  melted  agar  in  the  proportion  of  1  to  2  to  3, 
the  mixture  is  then  poured  into  Petri  dishes  and  al- 
lowed to  set.  The  melted  agar  must  not  be  heated 
above  40°  C,  as  the  gonococcus  is  easily  killed  at  this 
temperature.  After  twenty-four  to  forty-eight  hours 
at  body  temperature  the  small  colonies  of  gonocoeci 
can  be  easily  recognized  if  the  organism  Ls  present. 

The  blood  should  be  cultivated  in  all  cases  of 
typhoid-like  fevers  occurring  in  association  with  active 
gonorrhea,  either  acute  or  chronic,  or  in  the  case  of 
infections  supposedly  cured.  Investigation  as  to  the 
possibility  of  such  an  infection  should  always  be  made, 
particularly  in  the  case  of  young  men  who  develop 
atypical  typhoidal  conditions  without  a  positive 
Widal  reaction.  In  cases  of  this  kind  the  specific 
tests  for  gonococcus  infection  should  also  be  employed 
if  the  history  of  the  gonorrheal  infection  is  not  a  recent 
one. 

Gonocnccus  Pyemia. — Some  cases  of  generalized 
gonococcus  infections  present  the  general  picture  of  a 
pyemia,  being  characterized  by  the  occurrence  of 
metastatic  abscesses  in  association  with  the  septicemia. 
Such  abscesses  may  be  found  in  the  skin  and  various 
internal  organs  such  as  the  lungs,  parotid  gland, 
prostate,  seminal  vesicles,  lymph  nodes,  etc.  Com- 
plete pathological  studies  of  such  gonococcus  pyemias 
have  not  j-et  appeared  in  the  literature,  and  our 
knowledge  concerning  these  amounts  to  but  little 
more  than  the  fact  of  their  occurrence. 

Treatment. — The  treatment  of  gonoccocus  septi- 
cemia and  pyemia  is  the  same  as  for  all  other  forms  of 
these  conditions.  Gonococcus  pyemia  becomes  a 
surgical  condition  whenever  the  abscesses  can  be 
operated  upon  and  drained.  The  specific  treatment 
by  antigonococcus  serum  or  vaccines  maj'  be  tried  in 
the  milder  or  more  chronic  cases.  Vaccine  treatment  I 
may  cause  an  increase  in  the  local  lesion,  with  the  I 
result  that  an  organ  like  the  prostate  may  be  com- 
pletely destroyed  by  such  an  acute  exacerbation  of  the 
suppurative  process. 

The  prognosis  in  gonococcus  septicemia  and  pyemia  t 

is  probabl}%  on  the  whole,  favorable  as  far  as  life  is 
concerned.  It  is  obvious  that  only  the  severe  forms 
will  be  observed  and  recognized;  while  it  is  impossible 
to  state  how  many  cases  of  mild  grades  escape  recog- 
nition. Even  in  the  case  of  the  severe  forms  that  '. 
have  been  recognized  during  life  the  prognosis  seems 
relatively  more  favorable  than  in  streptococcus  septi-  •' 

cemia.  Ot  the  twenty-nine  cases  collected  by  Cole  ,  o 
sixteen  recovered.  It  is  probiible  that  the  cases  with  i 
endocardial  lesions  are  more  unfavorable.  :| 

Gonococcus  Toxemia. — Our  knowledge  of  the  toxin  '-^ 
of  the  gonococcus  has  not  been  materially  advanced  > 
since  the  studies  of  de  Christmas,  Wassermann,  and 
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others.  The  exact  nature  of  this  toxin  is  still  un- 
settled, although  it  is  regarded  by  many  writers  as  an 
endotoxin.  Injections  of  killed  cultures  of  gonococci 
cause  fever,  headache,  pains  in  the  bones  and  joints, 
nausea  and  vomiting.  Marked  symptoms  of  a  general 
intoxication  are  sometimes  seen  in  cases  of  gonor- 
rheal prostatitis,  vesiculitis  and  salpingitis.  Slight 
fever,  ringing  in  the  ears,  dizziness,  pain  in  the  bones 
and  joints,  neuralgia,  neuritis,  sciatica,  myelitis, 
mental  depression,  neurasthenia,  hysteria,  and  other 
psychical  conditions  are  sometimes  promptly  relieved 
b\'  control  of  the  local  process  by  operation,  "milking" 
the  prostate  and  seminal  vesicles,  or  by  removal  of  a 
pus  tube.  Parenchymatous  nephritis  and  amyloid 
disease  may  develop  in  association  with  chronic 
gonococcal  infections,  as  in  cases  seen  by  the  wTiter. 
To  what  extent  these  varied  sj-mptoms  are  due  to  the 
action  of  an  endotoxin  or  to  a  toxin  produced  by  the 
metabolism  of  the  gonococcus,  or  to  poisons  arising 
secondarily  to  the  gonococcus  process  cannot  at  the 
present  time  be  determined.  The  view  formerly  held 
that  the  majority  of  these  conditions  are  reflex  in 
origin  has  at  the  present  time  yielded  somewhat  in 
favor  of  the  view  that  they  may  be  due  to  toxins. 

Met.\static  Gonococcus  Lesions. — Arthritis. — Of 
the  metastatic  lesions  of  gonorrhea  the  most  fre- 
quently recognized  one  is  gonorrheal  arthritis.  Its 
frequency  is  estimated  at  two  to  fifteen  per  cent,  of  all 
cases  of  gonorrhea,  but  is  probably  higher  than  this, 
inasmuch  as  many  cases  are  mild  or  develop  after  the 
urethritis  has  become  past  history  so  that  the  rela- 
tionship to  the  infection  is  lost  sight  of.  By  many 
writers  gonorrheal  arthritis  is  regarded  as  the  most 
common  form  of  joint  trouble;  sixty  to  eighty  per 
cent,  of  all  cases  of  lameness  of  the  knee  in  young 
and  middle-aged  men  are  said  to  be  due  to  this  in- 
fection. It  is  more  frequent  in  men  than  in  women; 
and  may  occur  at  any  age.  In  infants  it  may  be  sec- 
ondary to  ophthalmia  neonatorum  or  to  gonoccocal 
vaginitis.  It  may  follow  any  localization  of  the  gon- 
ococcus, an  acute  mild  urethritis  as  well  as  the  severe 
and  chronic  infections.  In  women  it  not  infrequently 
develops  during  the  puerperium. 

The  frequency  with  which  arthritis  develops  in 
gonorrhea  must  be  taken  as  evidence  of  the  frequency 
of  entrance  of  the  gonococci  into  the  circulating  blood. 
The  writer  is  very  strongly  of  the  opinion  that  gono- 
cocci enter  the  blood  stream  in  every  case  of  gonorrheal 
urethritis,  no  matter  how  mild  this  condition  may  be. 
The  resulting  damage  depends  upon  the  two  factors 
mentioned  above,  the  virulence  of  the  infecting  strain 
and  the  bactericidal  action  of  the  blood.  Should  the 
gonococci  entering  the  blood  survive,  the  third  factor 
of  the  torus  mitioris  resistenticr  must  then  be  considered 
also.  The  predilection  of  the  gonococcus  for  the  joints 
may  possibly  be  explained  on  the  ground  of  the  fre- 
quency of  injury  of  these  joints,  both  from  trauma  and 
infection  with  other  organisms.  The  view  that  the 
toxin  of  the  gonococcus  is  primarily  responsible  for 
the  joint  involvement  is  not  tenable.  Bacteriologic 
examination  of  the  fluid  obtainable  from  the  joints  in 
the  early  stages  will  usually  show  the  presence  of 
gonococci;  in  later  stages  the  fluid  is  either  sterQe  or 
contains  staphjdococcus  forms.  In  a  certain  propor- 
tion of  cases  cultures  of  the  blood  taken  early  wUl  show 
the  presence  of  gonococci  in  the  circulation.  Gono- 
coccal arthritis  is,  therefore,  probably  always  due  to 
the  presence  of  the  gonococcus,  and  is  the  result  of  a 
hematogenous  metastasis. 

P.\THOLOGy. — Gonorrheal  arthritis  may  present  a 
pathological  picture  varying  from  a  simple  serous,  sero- 
fibrinous, or  purulent  arthritis  to  a  phlegmonous  peri- 
or  para-articular  inflammation.  No  sharp  line  can 
be  drawn  between  these  forms,  although  some  writers 
(Konig)  regard  the  classification  of  these  different 
forms  as  important.  The  mild  cases  are  usually  serous 
and  present  a  simple  hydrops  of  the  joint ;  the  moder- 
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ately  severe  ones  show  a  seropurulent  or  a  serofibrin- 
ous inflammation.  The  synovial  membrane  is  swollen 
and  injected,  and  there  is  edema  and  leukocj'te  in- 
filtration of  the  periarticular  tissues.  In  the  acute 
stages  no  changes  are  found  in  the  bones  or  cartilages. 
The  severe  cases  present  an  empyema  of  the  joint, 
and  the  cartilages  and  bones  show  more  or  less  erosion. 
Later  stages  show  more  or  less  pericapsular  thickening, 
and  occasionally  formation  of  osteophytes  and  bony 
ankylosis.  As  the  case  becomes  chronic  with  marked 
limitation  of  movement  the  bones  show  atrophy  and 
osteoporosis.  All  of  these  changes  may  be  seen  by 
means  of  the  T-ray;  but  the  x-ray  examination  reveals 
nothing  that  can  be  said  to  be  specific  of  gonorrheal 
arthritis,  in  spite  of  assertions  to  the  contrary. 

Symptoms. — The  very  mild  cases  show  only  tender- 
ness or  pain  in  the  joint,  general  malaise  and  little 
fever.  Such  cases  may  run  a  very  short  course.  The 
more  severe  cases  have  red,  hot,  swollen  and  very 
painful  joints,  with  distinct  fever,  chills,  sweating, 
general  malaise,  the  general  picture  being  that  of 
acute  rheumatic  fever.  The  onset  is  usually  very 
acute,  although  prodromal  symptoms  of  general  ma- 
laise may  occur.  Exposure  to  cold  and  wet,  fatigue 
and  trauma  may  precede  the  onset.  The  majority 
of  the  cases  show  a  polyarthritis  at  first,  although 
in  the  later  stages  the  involvement  is  more  often 
monoarticular.  The  smqller  joints  may  be  primarily 
involved,  the  larger  joints  later,  although  the  latter 
may  be  involved  from  the  beginning.  The  involve- 
ment of  the  small  joints  is  usually  transitory.  In  a 
general  way  the  involvement  of  the  joints  corresponds 
to  that  seen  in  acute  rheumatic  fever,  except  that  the 
temporomaxillary  joint  is  frequently  affected  in 
gonorrheal  arthritis,  while  extremely  rarely  involved 
in  acute  rheumatism.  The  tenderness  and  pain  are 
increased  by  movements  of  the  joints  and  by  stretch- 
ing of  the  capsule  when  the  effusion  is  large.  The 
fluid  obtained  by  aspiration  of  the  affected  joint  may 
be  serous,  seropurulent,  serofibrinous  or  purulent;  it 
may  be  clear,  turbid,  greenish,  or  brownish  in  color. 

Gonococcus  arthritis  must  be  differentiated  from 
acute  rheumatic  fever,  pneumococcus  arthritis,  septic 
arthritis,  gout  and  tuberculosis.  The  differential 
diagnosis  is  not  alwaj-s  easy.  The  involvement  of 
the  temporomaxillary  joint,  the  persistence  of  the 
affection  in  one  joint  with  abundant  effusion,  the  his- 
tory of  urethritis,  and  the  demonstration  of  gonococci 
in  the  fluid  from  the  joint  are  the  main  diagnostic 
points  to  be  considered. 

The  treatment  consists  in  measures  directed  against 
the  primary  gonococcus  focus  in  the  urethra,  prostate, 
seminal  vesicles,  or  wherever  it  may  be  located.  A 
polyvalent  immune  serum  should  be  tried  in  the  acute 
cases;  while  gonococcus  vaccines  should  be  tried  in 
the  chronic  ones.  Bier's  passive  hyperemia  aspira- 
tion and  surgical  measures  to  prevent  erosion  of  the 
cartilages  and  ankylosis  should  be  adopted. 

Arthritis  deformans,  spondylitis  deformans,  painful 
heel  {talalgia),  periosteitis,  osteitis,  osteomyelitis,  chon- 
dritis, perichondritis,  and  tenosynovitis  have  all  been 
shown  in  certain  cases  to  be  due  to  metastatic  local- 
izations of  the  gonococcus.  In  individual  instances 
of  these  affections  gonococci  have  been  demonstrated 
as  positive  causal  factors;  but  our  knowledge  of  their 
pathology  is  still  very  limited. 

Gonococcus  Endocarditis. — Next  to  gonococcus 
arthritis  the  localization  of  gonococci  upon  the  cardiac 
valves  is  probably  the  most  important  metastatic 
affection  caused  by  this  organism.  The  first  case  in 
which  the  gonococci  were  positively  demonstrated 
in  the  smears  from  the  cardiac  vegetations  and  from 
the  circulating  blood  is  that  reported  by  Thayer  and 
Blumer  in  1895,  although  Ricord  as  early  as  1847 
had  called  attention  to  the  association  of  endocarditis 
with  gonorrhea  and  gonorrheal  arthritis.  The  cases 
have    been    reported    with    increasing    frequency    in 
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recent  years.  Young  men  form  the  greater  part  of 
the  material,  although  the  condition  has  been  seen 
in  children  and  in  old  people.  As  m  the  case  of  the 
arthritis  the  endocardial  involvement  may  take  place 
in  acute  and  mild  cases  of  urethritis,  as  well  as  in  the 
more  severe  and  chronic  forms.  Metastasis  to  the 
heart  valves  may  occur  from  any  localization  of  the 
gonococcus. 

In  gonococcal  endocarditis  there  is  a  more  especial 
tendency  to  involvement  of  the  right  side  of  the  heart 
than  there  is  in  other  forms  of  endocarditis,  although 
the  aortic  valves  show  the  greatest  frequency  of 
involvement.  The  valvular  lesions  may  present  the 
appearances  of  a  simple,  verrucose,  or  ulcerative 
endocarditis.  There  is  an  especial  tendency  to  the 
formation  of  large  polypoid  thrombi  upon  the  affected 
valve.  In  two  eases  seen  by  the  writer  these  polypi 
had  a  peculiar  greenish  color.  Embolic  infarction 
was  not  present,  although  occurring  in  other  reported 
cases.  Death  resulted  from  acute  dilatation  of  the 
left  ventricle,  following  obstruction  at  the  aortic  orifice. 
Gonococci  may  be  found  in  the  circulating  blood  in 
association  with  a  simple  endocarditis,  or  smears  from 
the  thrombus  may  show  cells  filled  with  gonococci. 

The  symptoms  of  gonococcus  endocarditis  are  the 
same  as  of  a  simple  or  a  malignant  endocarditis  due 
to  other  pyogenic  cocci.  There  is  an  intermittent 
or  remittent  fever,  chills,  sweating,  marked  prostra- 
tion, petechial  hemorrhages  and  progressive  anemia. 
The  cases  may  vary  in  severity  from  the  mildest  to  the 
most  severe.  Arthritis  may  or  may  not  be  associated 
■with  the  condition.  There  is  usually  a  moderate 
leukocytosis.  Embolic  infarction,  acute  nephritis, 
pneumonia,  pericarditis,  pleuritis,  and  peritonitis  may 
complicate  the  condition.  Gonocococcal  myocarditis 
and  pericarditis  have  been  reported.  Gonococci  have 
also  been  demonstrated  in  smears  from  necrotic  areas 
and  suppurative  foci  in  the  heart  muscle. 

The  diagnosis  during  life  depends  upon  the  associa- 
tion of  an  endocarditis  with  gonococcus  lesions  else- 
where in  the  body,  and  upon  the  demonstration  of  the 
organism  in  the  circulating  blood.  All  cases  of  gonor- 
rheal urethritis  having  fever  should  recei\-t  a  careful 
examination  of  the  heart;  it  is  wisest  to  regard  these 
cases  as  suspicious  and  advise  perfect  rest.  Cases 
of  recovery  from  gonococcal  endocarditis  have  been 
reported,  and  it  is  very  probable  that  many  are  of  a 
mild  character.  The  treatment  is  the  same  as  that 
for  other  forms  of  endocarditis. 

Vascular  Lesions. — Arteritis  and  phlebitis  of  the 
pelvic  blood-vessels  are  very  common  in  association 
■with  gonorrheal  infections.  Thrombophlebitis  of  the 
prostatic  plexus  is  apparently  a  very  frequent  compli- 
cation of  gonorrhea,  and  gives  rise  to  phleboliths  in 
these  vessels  that  are  sometimes  the  cause  of  mis- 
interpretations of  j;-ray  plates  as  ureteral  calculi. 
Phlebitis  of  the  larger  veins  of  the  leg,  particularly 
the  internal  saphenous,  is  associated  frequently 
enough  with  gonorrheal  urethritis  and  arthritis  to 
make  it  very  probable  that  the  gonococcus  is  the  direct 
etiologic  agent,  although  the  organisms  have  not  yet 
been  positively  demonstrated  in  the  vessel  walls. 

Pneumonia. — Gonococcal  pneumonia  has  been  re- 
ported by  a  number  of  observers;  but  the  role  played 
by  the  gonococcus  in  the  pneumonias  occurring  as  a 
complication  of  gonorrhea  cannot  be  said  to  be  defi- 
nitely settled.  The  same  thing  is  true  of  the  cases  of 
■pleuritis  thought  to  be  gonococcal  in  origin.  There  is 
great  need  for  more  careful  bacteriological  studies  of 
these  complications  of  gonorrhea  in  order  to  settle 
definitely  the  etiological  role  of  the  gonococcus. 

Nervous  System. — Complications  on  the  part  of  the 
nervous  system  occur  frequently  enough  in  association 
■with  gonorrheal  urethritis  to  make  it  very  probable 
that  the  association  is  not  purely  one  of  coincidence. 
Either  the  gonococcus  or  its  toxin  must  be  primarily 
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responsible  for  certain  nervous  lesions,  or  gonorrheal 
infections  must  predispose  to  their  development. 
The  most  important  of  the  nervous  conditions  asso- 
ciated with  gonorrhea  are  meningomyelitis,  meningi- 
tis, myelitis,  neuritis,  sciatica,  neuralgias,  and  various 
psychical  disturbances.  The  gonococcus  is  reported 
as  having  been  demonstrated  in  meningitis.  The 
spinal  cord  lesions  are  interpreted  by  some  writers  as 
reflex  in  origin,  by  others  as  an  ascending  neuritis,  or 
as  due  to  the  direct  action  of  the  gonococcus  or  its 
toxins.  Sciatica  is  especially  common  in  women  who 
have  acute  urethritis.  Neuritis  in  the  nerves  adjacent 
to  an  infected  joint  is  relatively  common. 

The  psychical  disturbances  attending  chronic  gonor- 
rheal infections  are  sometimes  of  the  greatest  clinical 
importance.  They  vary  from  a  slight  feeling  of 
depression,  "blues,"  to  marked  melancholia,  neur- 
asthenia, hysteria,  psychoneuroses,  or  insanity.  They 
are  not  infrequent  complications  of  gonorrheal  pros- 
tatitis, vesiculitis,  epididymitis,  arthritis  and  salpin- 
gitis. By  many  clinicians  they  have  been  regarded  as 
purely  reflex  or  secondary  in  origin,  while  others 
regard  them  as  toxic.  In  general  it  may  be  said  that 
no  characteristic  clinical  or  pathologic  picture  is 
presented  by  these  nervous  complications. 

KroNEY. — Parenchymatous  nephritis  may  exist  as  a 
complication  of  chronic  gonorrheal  salpingitis.  Amyl- 
oid kidney  has  been  'seen  by  the  writer  as  a  complica- 
tion of  the  same  gonococcus  localization.  Abscesses 
of  the  kidney  containing  gonococci  in  pure  culture 
have  also  been  observed. 

Eye. — Metastatic  conjunctivitis,  iritis,  keratitis, 
retinitis,  neuroretinitis,  cyclitis,  iridocyclitis,  irido- 
choroiditis,  tenonitis,  optic  neuritis,  dacryoadenitis, 
and  ocular  myositis  have  been  reported  as  occurring 
in  gonorrhea,  but  the  exact  etiologic  relationship  of 
the  gonococcus  to  these  processes  is  not  yet  fully  dem- 
onstrated. 

Skin  Lesions. — Much  interest  attaches  to  the  skin 
eruptions  sometimes  seen  in  association  with  gonor- 
rhea. They  may  appear  as  a  simi)le  erythema, 
erythema  nodosum,  urticaria,  hemorrhagic  eruption, 
bullae,  etc.  Here  again  the  etiologic  relationship  is 
not  clear.  A  peculiar  and  apparently  specific  skin 
lesion  associated  with  gonorrhea  is  the  so-called 
gonorrheal  keratosis  of  the  soles  and  palms.  It  is 
usually  associated  with  arthritis,  and  disappears  when 
the  joint  condition  is  healed.  Of  the  exact  pathologic 
nature  of  this  complication  and  its  relationship  to  the 
gonococcus  we  have  no  definite  information.  By 
some  writers  it  is  regarded  as  a  trophoneurosis. 
Metastatic  abscesses  containing  gonococci  have  been 
observed  in  the  skin  and  subcutaneous  tissues  in  cases 
of  gonococcal  pyemia. 

Muscles. — The  muscles  in  the  neighborhood  of  an 
infected  joint  show  atrophy  and  a  more  or  less  exten- 
sive inflammatory  process.  Metastatic  abscesses  in 
the  muscles  are  of  rare  occurrence  in  gonococcus 
pyemia. 

L\-mph  Nodes. —  Metastatic  abscesses  containing  gon- 
ococci have  been  reported  as  occurring  in  lymph 
nodes. 

Specific  Reactions  for  Gonococci. — The  presence 
of  specific  antibodies  in  the  blood  of  individuals  in- 
fected with  the  gonococcus  has  been  made  the  basis 
of  various  attempts  to  obtain  a  specific  diagnostic 
method  that  could  be  used  clinically  with  greater 
ease  and  certainty  than  the  cultivation  of  the  organism. 
Much  experimental  work  has  been  done  in  this 
direction  during  the  last  decade;  but  it  yet  remains 
to  be  seen  whether  there  has  been  obtained  any  better 
diagnostic  procedure  than  the  cultivation  of  the  gono- 
coccus from  the  lesion.  The  various  methods  con- 
cerned with  the  demonstration  of  the  specific  anti- 
bodies   (opsonin,    agglutinin,    baeteriolysin)    in    the 
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blood  have  been  generally  regarded  as  possessing 
little  or  no  diagnostic  value.  Somewhat  more  im- 
portance is  attached  to  the  methods  of  Cole  and 
Meakins,  Schwartz  and  O'Neill  (Amer.  Journal  of  the 
Med.  Sciences,  1911,  1912)  in  which  fixation  of  the 
complement  is  made  use  of  in  determining  the  pres- 
ence of  the  antibodies.  Through  the  employment  of  a 
polyvalent  antigen  a  positive  reaction  can  be  obtained 
in  a  certain  number  of  cases  of  gonococcus  infection 
four  or  five  weeks  after  the  beginning  of  the  process. 
A  negative  reaction  cannot  be  regarded  as  positive 
evidence  that  a  gonococcus  infection  is  not  present. 
While  this  reaction  may  possess  some  value  in  chronic 
cases,  its  range  of  application  is  limited  and  the  method 
too  uncertain  to  make  it  of  great  clinical  service. 

More  attention  has  recently  been  given  to  the 
methods  in  which  a  reaction  in  the  living  bodj'  is 
obtained  by  the  injection  of  killed  cultures  of  gono- 
cocci  or  by  the  application  of  a  glycerin  extract  of 
gonococci,  "gonococcin, "  to  a  slight  abrasion  of  the 
skin.  The  work  of  Irons  along  this  line  has  been 
especially  regarded  as  offering  diagnostic  methods  of 
distinct  advantage  because  of  the  ease  of  procedure. 
The  injection  of  a  killed  culture  of  five  hundred  million 
of  gonococci  produces  in  individuals  having  a  gono- 
coccus infection  a  general  exacerbation  of  the  sjonp- 
toms  (urethritis,  arthritis,  etc.),  with  fever,  headache, 
nausea,  and  vemiting.  Normal  individuals  should 
show  no  reaction  to  a  dose  of  this  size.  At  the  seat  of 
the  injection  in  the  normal  individual  there  should  be 
no  reaction,  but  in  the  infected  individual  there  are 
often  local  tenderness,  redness,  and  swelling.  When 
a  drop  of  the  glycerin  extract  of  gonococci  ("gono- 
coccin") is  applied  to  the  broken  skin  after  the  manner 
of  the  von  Pirquet  test  there  should  occur  after  some 
hours  in  the  patient  who  has  a  gonococcus  infection  a 
papule  surrounded  by  a  zone  of  hyperemia,  while  in 
the  non-infected  individual  there  should  be  little  or 
no  reaction. 

These  methods  are  all  still  in  the  experimental 
stage,  and  it  is  too  early  to  speak  positively  concerning 
their  value.  As  matters  stand  now  the  cultivation  of 
the  gonococcus  from  the  blood,  or  its  demonstration 
in  the  lesion  is  still  the  most  conclusive  diagnostic 
method;  but  this  method  has  also  serious  limitations. 
The  attempted  demonstration  of  the  gonococcus  in 
smears  and  in  sections  is  also  of  little  value  in  the 
recognition  of  chronic  cases,  particularly  those  of  the 
"carrier"  type.  The  tendency  of  the  gonococcus  to  as- 
sume involution  forms  indistinguishable  from  staphyl- 
ococcus, and  the  relationship  of  these  staphylococcus 
forms  to  the  pathological  conditions  offer  problems  still 
unsettled.  When  positive  results  are  obtained  by  any 
one  of  the  methods  given  above  it  may  be  accepted 
as  a  positive  evidence  that  a  gonococcus  infection  is 
present;  but  negative  results  have  even  less  value 
than  negative  Wassermann  reactions  in  the  diagnosis 
of  sj-phUis. 

Specific  Treatment. — Specific  treatment  of  general 
infections  and  metastatic  lesions  of  gonorrhea  is  being 
given  much  attention  at  the  present  time,  but  clinical 
reports  are  very  conflicting.  Specific  antisera  from 
immunized  animals  have  been  tried  without  much 
success.  The  treatment  by  vaccines  has  given  more 
promising  results  in  the  case  of  chronic  affections; 
autogenous  or  polyvalent  vaccines  should  be  used. 
Beyond  this  general  statement  such  treatment  must 
be  regarded  as  experimental  in  any  given  case;  dosage 
and  time  intervals  must  be  individually  determined. 
The  majority  of  clinicians  now  agree  that  the  determi- 
nation of  the  opsonic  index  is  of  no  value  in  the 
control  of  the  treatment. 

AiJjRED  Scott  Warthin. 


Qonorrhea. — Gonorrhea  is  a  common  disease 
usually  contracted  during  sexual  intercourse,  which 
attacks  the  mucous  surface  of  the  genitourinary  tract 


and  the  connecting  glands.  It  is  caused  by  the  gon- 
ococcus, an  intracellular  diplococcus.  Since  the 
identification  of  the  gonococcus,  it  has  gradually 
assumed  greater  and  greater  importance,  especially 
as  regards  the  serious  character  of  gonorrhea  when 
spread  to  the  pelvic  organs  in  both  men  and  women. 
Gonorrheal  eye  infections  also  cause  a  large  per- 
centage of  blindness  in  adults  as  weU  as  infants. 
Serious  and  disabling  joint  affections  are  not  infre- 
quently caused  by  the  gonococcus.  General  sys- 
temic infections  with  this  organism  are  occasionally 
observed. 

The  GoNOCOCctJS. — This  organism  is  a  diplococcus 
about  one  micron  long,  and  three-fourths  of  a  micron 
broad.  It  does  not  stain  by  Gram 's  method,  nor  can 
it  be  cultivated  on  nutrient  agar  at  ordinary  room 
temperature  as  can  the  Micrococcus  catarrhalis, 
which  is  the  organism  most  likely  to  be  mistaken  for 
the  gonococcus.  The  gonococcus  wiU  take  any  of  the 
basic  aniline  dyes.  For  ordinary  work  a  two  per 
cent,  aqueous  solution  of  methylene  blue  affords  a 
satisfactory  stain.  The  meatus  is  washed  and  the 
specimen  is  taken  from  just  within  the  urethra  with  a 
platinum  loop.  This  should  be  spread  in  a  thin 
layer  on  a  slide  and  fixed  by  passing  a  few  times 
through  a  flame.  It  is  then  stained  and  observed  with 
the  oil  immersion  lens.  If  doubt  exists,  and  an 
absolute  diagnosis  is  necessary,  cultures  should  be 
made  by  an  expert  bacteriologist,  along  with  control 
cultures  of  a  positive  gonococcus. 

Etiology. — The  gonococcus  is  always  the  cause  of 
gonorrhea,  but  the  likelihood  of  infection  is  increased 
by  contributing  factors,  such  as  prolonged  or  excess- 
ive sexual  intercourse,  failure  to  cleanse  thoroughly 
after  the  completion  of  the  act,  a  long  foreskin  which 
retains  the  infected  secretion  in  contact  with  the 
meatus,  alcoholism,  and  finally  an  apparent  lack  of 
tissue  resistance,  as  some  patients  are  apparently 
more  susceptible  than  others.  Urethritis  may  be 
caused  by  other  organisms  than  the  gonococcus  as  well 
as  by  toxic,  chemical,  and  traumatic  agencies. 

Pathologt. — The  organisms  are  usually  implanted 
on  or  just  within  the  meatus,  and  there  proliferate, 
spread,  and  penetrate.  As  they  develop  the  leu- 
cocj-tes  and  serum  escape,  producing  the  discharge. 
The  organisms  gradually  extend  throughout  the 
urethra  and  its  adnexa  causing  abscesses,  inflamma- 
tion of  the  lymphatic  glands  of  the  groin,  epididymitis, 
and  perhaps  finally  arthritis,  endocarditis,  and  per- 
itonitis. In  women  the  urethra,  vulva,  vagina,  cer- 
vix, endometrium,  Bartholin's  glands,  Skene's  glands, 
the  Fallopian  tubes,  and  ovaries  may  be  invcflved. 
In  babies  the  infection  is  usually  limited  to  vulvo- 
vaginitis and  urethritis. 

Symptoms. — Acute  Gonorrhea. — After  an  incuba- 
tion period  from  three  to  six  days,  the  manifestations  of 
the  disease  begin  as  a  slight  itching  and  burning  sen- 
sation about  the  meatus  on  urination;  soon  a  mucous 
or  mucopurulent  discharge  is  seen.  The  inflammation 
and  discharge  increase  and  the  pain  and  burning  be- 
come more  severe.  The  urine  shows  much  pus  and 
many  shreds  in  the  first  glass,  and  later  all  glasses  may 
be  cloudy.  Involvement  of  the  prostate  and  seminal 
vesicles  is  attended  with  strangury  and  symptoms  of 
cvstitis.  Among  other  symptoms  and  complications 
.are  chordee,  folliculitis,  balanitis,  lymphangitis,  ingui- 
nal adenitis,  epididymitis,  rheumatism,  etc. 

The  symptoms  of  chronic  gonorrhea  are  discharge, 
recurrent  or  persistent,  pus  and  shreds  in  the  urine, 
and  various  urinary  or  genital  disturbances  depend- 
ing upon  the  involvement  of  the  different  organs. 

Diagnosis. — The  diagnosis  of  anterior  urethritis  is 
readily  made  from  the  history  and  a  microscopic  ex- 
amination of  the  secretion.  It  is  of  much  importance 
to  determine  whether  or  not  the  infection  is  limited  to 
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the  anterior  urethra  or  whether  it  has  spread  more 
deeply  and  to  the  glands.  During  the  first  week  the 
infection  is  limited,  as  a  rule,  to  the  anterior  urethra. 
This  may  be  determined  by  gently  irrigating  the 
anterior  urethra  with  a  physiological  salt  solution,  and 
then  allowing  the  patient  to  urinate.  If  the  inflam- 
mation has  extended  beyond  the  "shut  off"  muscle 
the  urine  will  show  pus  after  the  anterior  irrigation. 
Gonococci  do  not  remain  hmited  to  the  anterior 
urethra  for  a  very  long  time — probably  not  longer 
than  a  week  in  the  majority  of  patients.  The 
manifestations  of  acute  deep  urethritis  need  not  nec- 
essarily follow  infection  of  this  part  of  the  urethra, 
subacute  and  chronic  infections  of  the  deep  urethra 
and  prostate  may  exist  without  any  symptoms  to 
suggest  their  involvement.  Therefore,  the  diagnosis 
must  be  made  by  an  examination  and  not  by  the 
history  and  symptoms.  We  should  always  suspect 
deep-seated  or  pocketed  infections  in  the  patients  who 
do  not  readily  respond  to  the  ordinary  treatment. 

Prognosis. — Generally  speaking  the  outlook  may 
be  considered  good,  as  the  great  majority  of  patients 
who  receive  suitable  treatment  make  satisfactory  and 
complete  recoveries.  Chronic  prostatitis,  seminal 
vesiculitis,  and  infection  of  urethral  follicles  may  re- 
quire very  tedious  and  prolonged  treatment.  This  is 
especially  true  of  vesiculitis.  The  modern  treatment 
of  gonorrhea  is  rarely  followed  by  urethral  stricture. 

Abortive  Treatment  of  Acute  Gonorrhea. — When 
patients  with  gonorrhea  are  seen  the  first  or  second 
day  after  the  discharge  appears,  provided  the  incuba- 
tion period  has  not  been  unduly  prolonged,  and 
provided  intercourse  has  not  been  indulged  in  during 
this  time,  and  provided  further  that  no  treatment 
has  been  used  to  spread  deeply  the  infection,  a 
considerable  percentage  can  be  cured  within  five  days 
by  retaining  an  argyrol  solution  in  the  anterior  urethra 
for  six  hours  daily.  Patients  may  be  trained  to  come 
promptly  after  the  appearance  of  the  discharge  without 
any  meddlesome  interference  for  a  microscopic  diag- 
nosis. After  being  cured  by  this  method  once, 
there  is  little  difficulty  in  having  them  come  early, 
even  though  it  envolves  considerable  expense  and  a 
long  railway  trip.  No  matter  what  the  organisms 
may  be,  if  they  have  not  extended  more  deeply  than 
the  part  subjected  to  the  argyrol,  success  is  sure  to  be 
obtained;  if  they  are  deeper  than  the  mucosa  receiving 
the  medication,  then  failure  is  sure  to  result. 

Technique  of  Sealing  the  Argyrol  in  the  Urethra. — - 
Those  who  wish  to  employ  this  treatment  should 
practise  upon  patients  with  chronic  infections  untU 
they  have  acquired  the  slight  knack  which  is  necessary. 
It  does  the  patient  no  harm,  and  does  the  surgeon 
much  good,  as  he  may  be  able  then  properly  to  seal 
the  solution  in  the  urethra  at  a  critical  moment  when 
dealing  with  a  beginning  acute  condition  which  can  be 
quickly  cured. 

After  the  microscopic  examination  proves  the 
diagnosis,  the  patient  empties  his  bladder  and 
reclines  upon  an  operating  table.  The  penis  is  well 
cleansed  and  dried;  a  towel  is  placed  around  it  and 
twenty-five  to  thirty  minims  of  a  five  per  cent,  solu- 
tion of  argyrol,  freshly  prepared,  are  injected  into  the 
urethra  with  a  small  blunt-pointed   urethral  sj-ringe. 

The  index  finger  and  the  thumb  of  the  left  hand 
compress  the  anterior  portion  of  the  urethra,  so  as  to 
prevent  the  solution  from  escaping.  The  meatus  is 
dried  thoroughly,  and  its  edges  coapted  and  pressed 
together.  A  bit  of  cotton  is  placed  upon  the  glans 
penis — not  over  the  meatus — and  held  in  this  position 
while  collodion  is  applied  with  a  camel's-hair  brush. 
The  collodion  is  applied  several  times  until  the  meatus 
and  one-fourth  of  an  inch  around  it  is  well  covered; 
it  is  also  applied  on  the  cotton  so  as  to  furnish  a  tag 
by  which  it  can  be  removed.  It  requires  from  three  to 
four  minutes  for  the  average  collodion  to  drv,  and  it 
should  not  be  released  until  it  is  thoroughly  dried.     The 

756 


cotton  is  now  trimmed  away  so  as  to  leave  only  a  small 
tag.  The  patient  goes  about  his  usual  duties,  and 
avoids  urinating  as  long  as  possible.  He  should  re- 
tain the  argyrol  from  four  to  eight  hours  daily  for 
five  days.  The  solution  of  argjTol  should  be  prepared 
freshly  every  few  days,  as  stale  solutions  are  less 
potent,  and  more  irritating.  In  order  to  flush  the 
urethra  freely,  the  patient  is  advised  to  drink  about  a 
half  gallon  of  water  after  the  sealing  is  removed. 
When  apparently  cured  the  patient  may  be  allowed  to 
drink  several  bottles  of  beer.  If  the  cure  is  complete 
no  harm  is  done.  If  infection  still  exists  the  quicker 
it  is  known  the  better,  as  further  treatment  can  be 
instituted  more  promptly. 

After  the  fifth  day,  or  earlier,  if  the  progress  does 
not  seem  satisfactory,  the  routine  treatment  with 
irrigations  and  urethral  injections  should  be  instituted. 

Routine  Tre.\tment. — If  the  patient  is  seen  too 
late  to  use  the  sealing-in  treatment,  or  if  this  treatment 
fails,  the  patient  should  be  given  an  irrigation  of  the 
urethra  and  the  bladder  once  or  twice  daily  with  a 
Valentine  irrigator.  The  best  solution  is  potassium 
permanganate  1  to  7,000  or  1  to  8,000  in  a  hot  physi- 
ological salt  solution.  The  patient  wiU  make  more 
rapid  progress  when  mild  solutions  are  employed  than 
when  they  are  sufficiently  strong  to  cause  a  burning 
sensation  in  the  urethra  after  the  treatment.  We  do 
not  even  resort  to  stronger  solutions  later,  as  we  find 
that  better  results  follow  the  weaker  solutions.  While 
giving  the  irrigations  the  patient  stands  and  holds  a 
basin  in  which  to  catch  the  solution,  the  penis  is 
thoroughly  cleansed  and  the  bladder  partly  or  com- 
pletely emptied.  The  anterior  urethra  is  first  irri- 
gated, using  about  one  pint  of  the  solution.  The 
retort  is  then  raised  to  about  three  feet  above  the  penis 
and  the  blunt  urethral  nozzle  is  pressed  more  closely 
against  the  meatus  and  the  patient  is  instructed  to 
make  an  effort  as  if  trying  to  urinate.  As  a  rule  the 
solution  flows  back  into  the  bladder  with  little 
difliculty.  When  the  bladder  is  full  of  the  solution, 
the  patient  voids  it  and  the  bladder  is  refilled.  This 
is  repeated  two  or  three  times  or  until  about  three 
pints  of  the  solution  have  been  used,  always,  however, 
with  the  utmost  gentleness.  Force  is  never  required. 
We  do  not  hesitate  to  carry  the  solution  directly  to  the 
bladder,  as  the  bladder  is  not  affected  by  the  gonococci, 
unless  the  prostate  first  becomes  inflamed.  The  irri- 
gations seem  to  lessen  the  danger  of  prostatitis  and 
epididymitis,  so  when  the  organisms  are  deeper  than 
the  part  medicated  by  the  argyrol  sealed  in  the 
anterior  urethra  we  feel  that  urethro  visical  irrigation 
are  called  for.  We  never  pass  catheters  or  instru- 
ments of  any  kind  in  the  treatment  of  acute  urethral 
inflammations  and  rarely  in  the  chronic  cases.  Es- 
pecially do  we  regard  with  disapprobation  the  passage 
of  sounds  during  the  subsiding  stage  or  chronic  stage 
of  gonorrhea.  It  seems  there  is  nothing  so  likely  to 
render  the  infection  more  difficult  to  cure  than  in- 
strumentation when  gonococci  can  be  demonstrated 
or  pus  can  be  found  in  the  first  glass  of  urine.  The 
best  pro|)hylactic  measure  against  urethral  stricture  is 
to  cure  the  infection  with  mild  remedies.  We  have 
never  seen  a  stricture  caused  by  the  sealing  of  argyrol 
in  the  urethra  in  the  thousands  of  such  treatments 
that  we  have  administered.  The  irrigations  of  per- 
manganate should  be  continued  once  or  twice  daily 
until  the  discharge  ceases,  and  daily  until  the  shreds 
and  pus  disappear  .  Occasionally  later  when  the  pus 
has  diminished  to  a  small  amount,  a  solution  of  nitrate 
of  silver,  1  to  8,000,  may  clear  the  mucous  shreds 
more  quickly  than  will  the  permanganate.  It  may 
occasionally,  however,  produce  a  recrudescence  when 
employed  too  early.  With  this  remedy,  as  with 
urethral  irrigations,  we  emphasize  the  importance  of 
not  \ising  strong  solutions.  If  prostatic  or  other 
complications  prevent  the  patient  from  emptying  all 
of  the  permanganate  solution  from  the  bladder  con- 
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siderable  burning  will  be  caused.  In  order  to 
prevent  this,  we  employ  a  boric-carbolic  acid  solution 
which  wiU  not  cause  pain  when  retained  in  the 
bladder.  A  handy  way  to  prepare  this  solution  is  to 
mix  boric  acid  with  concentrated  carbolic  acid  until  it 
becomes  a  thicli  cream.  Of  this  one  drachm  (four 
grams)  to  a  quart  of  water  or  even  a  stronger  solution 
may  be  employed.  If  we  desire  the  nitrate  of  silver  in 
addition,  we  use  a  saturated  solution  and  of  it  add  one, 
two  or  three  minims  to  two  quarts  of  the  boric-carbolic 
solution  with  which  it  is  not  incompatible.  Instead 
of  tablets  of  potassium  permanganate  we  use  saturated 
solution  of  potassium  permanganate  and  add  a  tea- 
spoonful  to  two  quarts  of  physiological  salt  solution. 
Having  started  the  practice  of  medicine  prejudiced 
against  the  Valentine  irrigation  metliod,  we  have 
gradually  become  so  thoroughly  convinced  of  its 
usefulness  that  we  think  the  value  of  it  alone  more 
than  equals  the  good  from  all  other  measures  com- 
bined, as  internal  medication,  injections,  vaccine 
therapy,  and  mechanical  devices.  While  all  of  these 
remedies  have  a  well  defined  though  limited  field  of 
usefulness,  they  are  of  secondary  importance  in 
the  management  of  gonorrhea.  In  hyperacute  con- 
ditions we  wait  a  few  days  before  ijeginning  local 
treatment  with  irrigations  and  injections. 

Urethral  Injections. — A  five  per  cent,  solution  of 
argyrol  or  argentide  (silver  iodide)  affords  the  best 
remedy  for  urethral  injections.  The  latter  does  not 
stain  the  clothing.  Protargol,  one-fourth  to  one-half 
per  cent.,  is  also  useful.  The  patient  should  always 
cleanse  the  penis  and  urinate  before  taking  the  in- 
jections. The  solution  should  be  held  in  the  urethra 
from  five  to  fifteen  minutes  each  time  and  may  be  ad- 
ministered from  two  to  four  times  daily.  As  the 
discharge  ceases  or  becomes  largely  mucoid,  zinc 
sulphate  in  one-half  to  one  per  cent,  solution  rarely 
may  be  substituted  for  the  above  injections. 

Internal  Medication. — Oil  of  sandalwood  or  balsam 
of  copaiba  in  five  minim  doses  three  or  four  times  daily 
may  be  used  to  supplement  the  other  remedies.  The 
filled  capsules  should  be  placed  in  a  closed  vessel  with 
formaldehj'de  gas  for  three  to  six  hours  to  harden  the 
gelatine,  and  prevent  the  capsules  from  dissolving  in 
the  stomach,  and  thus  obviate  the  usual  gastric  dis- 
turbance. One  drachm  (foiir  grams)  of  formalin 
on  a  sponge  in  a  chewing  gum  jar  with  a  ground  glass 
stopper  provide  the  necessary  apparatus  for  the 
hardening.  Further  hardening  comes  with  age,  so  the 
capsules  may  become  too  hard  if  kept  for  a  long  time. 
Urethral  irrigations,  copious  water  drinking,  and 
temperate  habits  will  cure  the  majority  of  acute 
infections.  Urethral  injections  and  vaccine  therapy 
properly  employed  may  hasten  the  cure;  the  latter,  if 
it  consists  of  colon  bacilli  and  staphylococci  as  well  as 
gonococci,  will  probably  lessen  the  possibility  of  a 
chronic  affection  due  to  the  former  organisms. 

The  Treatment  of  Chronic  Gonorrhea. — This  differs 
little  from  the  routine  treatment  of  acute  gonorrhea 
except  that  a  painstaking  search  is  made  to  discover 
the  cause  of  the  chronicity.  If  appropriate  treatment 
has  been  administered  and  the  acute  condition  passes 
into  chronic,  it  usuaUy  means  that  the  prostate  gland, 
the  seminal  vesicles,  or  the  urethral  crj-pts  and 
follicles  act  as  the  protecting  foci  and  thus  harbor  the 
organisms  and  protect  them  from  the  remedial 
measures  employed. 

Massage  of  the  prostate  gland  every  other  day — 
not  in  acute  prostatitis,  but  in  the  chronic — is  of 
great  importance  and  becomes  necessarj'  in  about 
seventy  to  ninety  per  cent,  of  chronic  cases.  In 
massaging  the  prostate,  firm  steady  pressure  should 
be  exerted  over  each  lateral  lobe,  devoting  especial 
attention  to  the  nodules  that  may  be  felt. 

Localized  rxriJiiiMATiDNs  rx  the  urethral  fol- 
Licixs,  Cowper's  glands,  and  the  sinus  pocul-vris  not 
infrequently  act  as  foci  for  persisting  infection.     Gen- 


erally speaking  it  is  vastly  more  difficult  to  rid  the 
patient  of  staphylococci  and  colon  bacilli  than  gono- 
cocci. This  statement  does  not  hold  true  in  chronic 
gonorrheal  seminal  vesiculitis.  The  persistent  watery 
discharge  with  light  mucous  shreds  is  usually  due  to 
staphylococci  and  colon  bacilli  intrenched  in  the 
prostate  or  some  such  focus. 

Inflamed  follicles,  lacunae,  glands,  etc.,  should  be 
incised  or  excised  according  to  the  conditions  pres- 
ent. Among  the  most  troublesome  complications 
is  a  chronic  gonorrheal  inflammation  of  the  seminal 
vesicles.  For  such  an  affection  a  five  per  cent,  solu- 
tion of  argyrol  may  be  injected  every  day  or  two  by 
Belfield's  method,  or  the  seminal  vesicles  ma}'  be 
incised  and  drained  by  the  Fuller  operation. 

The  use  of  endoscopic  applications  in  gonorrhea 
is  rarely  to  be  advised.  The  same  maj-  be  said  of 
dilatation  of  the  urethra  with  the  KoUmann  dilator  or 
sounds.  While  these  instruments  are  of  great  value 
in  other  affections  and  in  treating  the  sequelae  of 
gonorrhea,  they  should  never  be  used  when  gonococci 
are  demonstrable.  Instillations  of  nitrate  of  silver 
may  sometimes,  though  rarely,  be  employed. 

V.^cciNE  Therapy. — If  cmploA'ed  in  acute  inflam- 
mation this  will  often  hasten  the  cure  though  many 
times  it  will  be  of  no  great  value.  We  should  begin 
with  medium  size  doses  and  gradually  increase  the 
amount  until  we  start  the  immunizing  processes. 
Patients  can  never  get  well  of  a  fully  established  case 
of  gonorrhea  untU  they  have  become  immune. 
Chronic  affections  respond  less  satisfactorily  to  vac- 
cine therapy  than  do  the  acute  infections.  There 
seems  to  be  little  advantage  in  employing  autogenous 
vaccines  where  the  identity  of  the  infecting  organisms 
is  correctly  determined.  In  addition  to  the  dominating 
gonococcus  or  catarrhal  micrococcus  we  employ  the 
colon  bacillus  and  staphylococcus  aureus,  albus,  and 
citreus  because  of  the  likelihood  of  these  organisms 
becoming  secondarily  implanted  and  producing  the 
persistent  chronic  affections  so  constantly  observed. 

Treatment  with  irrigations,  injections,  vaccine,  and 
copious  water  drinking,  should  be  continued  for 
several  weeks  after  the  patient  appears  cured.  He 
should  also  refrain  from  alcoholics  and  sexual  indul- 
gence until  after  we  have  reasonable  assurance  that 
the  infection  is  probably  eradicated.  Certainty  of  the 
cure  may  be  obtained  by  further  time  and  dissipation 
tests,  supplemented  with  the  complement  fixation 
test  and  urethral  irritation  and  transplantation  of  the 
organisms  from  the  prostate  and  seminal  vesicles  to 
the  irritated  urethra.  This  last  named  test  is  carried 
out  as  follows:  The  urethra  is  irritated  by  injecting 
a  two  per  cent,  solution  of  nitrate  of  silver  and  a  few 
hours  later,  after  the  discharge  has  been  established, 
the  meatus  is  sealed  with  collodion  and  the  prostate 
and  seminal  vesicles  are  massaged.  The  secretion 
thus  expressed  is  retained  for  several  hours  in  the 
irritated  urethra.  Repeated  smears  are  examined 
during  the  next  few  days  for  gonococci  which  ma}'  be 
transferred  in  this  manner  from  the  deeper  parts 
to  the  anterior  urethra,  where  it  is  less  difficult  to 
demonstrate  them. 

The  complement  devl^tign  test,  when  carried 
out  by  expert  serologists,  with  polyvalent  antigen, 
affords  the  most  accurate  method  of  detecting  gonor- 
rhea, especiaUy  in  gonorrheal  rheumatism  and  tubal 
infection.  A  positive  reaction  denotes  the  presence 
of  recently  active  gonococci.  If  the  infection  is 
limited  to  the  mucosa  of  the  anterior  urethra  the  re- 
action wUl  be  negative.  A  positive  reaction  may  not 
become  negative  for  two  months  after  the  gonococcic 
infection  has  been  cured. 

Treatment  of  Acute  Gonorrhea  in  Women. — This 
consists  in  copious  douches  of  permanganate  of  potas- 
sium, argyrol  held  for  twenty  to  thirty  minutes  in  the 
vagina,  argyrol  injections  through  the  urethra  into 
the  bladder;  copious  water  drinking;  a  restricted  diet; 
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and  no  alcoholics  or  sexual  intercourse.  In  the 
chronic  form  local  applications  of  nitrate  of  silver  to 
the  cervLx  are  usually  necessary. 

Vulvovaginitis  in  little  girls,  requires  argyrol 
injections  into  the  vagina  once  or  twice  daily,  the  drug 
being  held  there  for  thirty  minutes;  permanganate 
douches,  and  vaccine  therapy. 

The  treatment  of  gonorrhea  may  be  compared  to 
dressing;  each  garment  has  a  special  field  of  useful- 
ness, though  some  are  more  useful  than  others. 
Furthermore,  much  depends  upon  how  the  clothes 
are  put  on.  If  worn  improperly  one  may  have  most 
expensive  clothing  and  yet  not  appear  well  dressed; 
soione  may  apply  good  remedies  and  yet  not  administer 
good  treatment.  Effective  treatment  of  gonorrhea 
requires  both  the  correct  and  the  timely  application  of 
the  various  remedial  measures. 

To  paraphrase  a  literary  simile  we  may  say  that  there 
is  as  much  difference  between  good  treatment  of 
gonorrhea  and  bad  treatment,  as  there  is  between 
lightning  and  a  lightning-bug. 

Edg.\r  G.  Ballenger. 


Qooch,  Benjamin. — One  of  the  most  distinguished 
English  surgeons  of  the  eighteenth  century.  He 
practised  his  art  at  Shottisham,  in  the  eastern  part  of 
England,  and  died  about  the  year  1780,  at  an  advanced 
age. 

His  published  writings  consist  mainly  of  reports  of 
cases  which  he  himself  observed,  and  consequently 
they  still  possess  considerable  value.  The  following 
are  the  titles  of  some  of  the  more  important  of  these 
writings:  "Cases  and  Practical  Remarks  in  Surgery; 
with  sketches  of  machines  of  simple  construction,  easy 
application,  and  approved  use,"  London,  1758  (2nd 
greatly  enlarged  edition  in  1767);  "A  Practical  Trea- 
tise on  Wounds,  and  other  chirurgical  subjects,  to 
which  is  prefixed  a  short  historical  account  of  the  rise 
and  progress  of  surgery,"  Norwich,  1767;  and  "Con- 
cerning Aneurvsms  of  the  Thigh,  in  Philosophical 
Transactions,  1775.  A.  H.  B. 


Qoodell,  William. — Born  on  the  Island  of  Malta, 
in  the  Mediterranean,  October  17,  1829.  He  re- 
ceived the  degree  of  Doctor  of  Medicine  from  Jeffer- 
son Medical  College,  Philadelphia,  in  1854.  In  1865 
he  was  appointed  physician  in  charge  of  the  Preston 
Retreat,  and  went  to  Philadelphia,  making  a  specialty 
of  obstetrics  and  diseases  of  women.  He  was  Pro- 
fessor of  Clinical  Gynecology  in  the  University  of 
Pennsylvania.     He  died  in  1894. 

Dr.  Goodell  contributed  many  articles  on  obstetrical 
and  gynecological  topics  to  current  medical  litera- 
ture. His  work  entitled  "Lessons  in  Gynecology," 
however,  was  the  most  popular  of  all  his  writings.  It 
was  published  in  Philadelphia,  first  in  1879  and  after- 
ward in  1886.  A.  H.  B. 


Qordiacea. — An  order  of  round  worms.  These 
animals  are  popularly  known  as  "horse-hairs"  or 
"horse-hair  snakes"  on  account  of  their  slender  form. 
They  are  found  in  ditches  and  sinular  places  where 
they  swim  or  twine  about  aquatic  plants.  The  larva 
usually  passes  through  two  hosts,  insects  as  a  rule. 
Several  species  of  the  genera  Gordius  and  Paragordius 
have  been  found  in  the  alimentary  canal  of  man.  See 
Nemaloda.  '  A.  S.  P. 


Qordius. — A  genus  of  round  worms.  G.  nquaticus, 
the  common  "horse-hair  snake,"  has  sometimes  been 
known  to  occur  in  the  alimentary  canal  of  man,  where 
it  caused  various  disturbances.     See  Nemaioda. 

A.  S.  P. 
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Qossyplum. — Cotton.  The  p\a,nt  Gossypium  her- 
baceum  L.  and  other  species  ofGossypium  (fam.  Malva- 
cew) .  It  yields  to  the  materia  medica,  besides  various 
fabrics  of  use  in  surgery,  the  following  articles,  which 
will  be  considered  in  order:  cotton-root  bark,  cotton- 
seed oil,  absorbent  cotton,  pyroxylin,  collodion. 

The  specific  identity  and  nativity  of  the  different 
cotton  plants  are  still  subjects  of  controversy.  Ap- 
parently some  are  of  Asiatic,  others  of  tropical  Ameri- 
can origin.  As  they  agree  in  their  properties,  these 
questions  are  not  here  of  practical  importance.  The 
plants  are  either  herbs  or  shrubs,  some  reaching  the 
dimensions  of  small  trees,  though  the  tree  cottons 
proper  of  tropical  America  do  not  belong  to  this  group 
at  all.  The  cottons  have  alternate,  stipulate,  coarsely 
toothed  or  lobed  leaves,  and  handsome,  large,  holly- 
hock-like flowers,  white  or  yellow  or  changing  with  age 
to  rose  color.  The  fruit  ("boll")  is  a  large,  ovoid 
capsule,  bursting  at  maturity  into  three  or  four  lobes. 


Fia.  2S15. — Cotton  Boll,  one-half  natural  size.       (Baillon.) 

The  seeds  are  numerous,  white,  dark  brown,  or  black, 
and  completely  concealed  in  the  cotton-fiber,  which 
consists  of  long  white  or  tawny  hairs  developed  from 
the  seed  coat.  The  plant  abounds  in  mucilage,  and  its 
herbage  and  flowers  have  some  domestic  use  for  poul- 
tices, and  the  juice,  as  well  as  a  decoction  of  its  leaves, 
internally,  as  a  demulcent. 

Cotton'-Root  Bark,  Gorsypii  Cortex. — "The 
dried  bark  of  the  root  of  Gossypium  herbaceiim  L. 
and  of  other  ,si)ecies  of  Gossypium"  (U.  S.  P.).  There 
are  few  official  drugs  so  much  in  need  of  pharmaco- 
logical study  as  this.  There  is  the  widest  variation  in 
the  activity  of  different  samples,  apparently  genuine, 
bvit  of  the  causes  of  this  variation  we  are  ignorant. 
It  has  been  claimed  that  the  bark  should  be  extracted 
in  the  recent  state,  also  that  the  bark  of  the  stem  is 
frequently  furnished  instead  of  that  of  the  root.  It 
is  by  no  means  impossible  that  the  age  of  the  plant 
when  the  bark  is  collected,  or  its  previous  destruction 
by  frost,  affects  its  quality.  Penally,  it  would  seem 
that  the  bark  of  the  shrubby  tropical  forms  might  be 
more  active  than  that  of  our  annual  plant.  The 
bark  is  thus  described: 

In  thin,  flexible  bands  or  quilled  pieces;  outer  sur- 
face brownish  yellow,  with  slight,  longitudinal  ridges 
or  meshes,  small,  lilack,  circular  dots,  or  short,  trans- 
verse lines,  and  dull,  brownish-orange  patches,  from 
the  abrasion  of  the  thin  cork;  inner  surface  whitish,  of 
a  silky  luster,  finely  striate;  Ijast  fibers  long,  tough, 
and  separable  into  pajjery  layers;  inodorous;  taste 
very  slightly  acrid  and  faintly  astringent. 

The  drug  contains  fat,  resin,  red  coloring  matter, 
and  a  small  amount  of  tannin. 

Our  first  knowledge  of  its  properties  came  from'its 
use  among  the  negroes  of  the  Southern  United  States 
for  the  production  of  criminal  abortion.  Speculation 
as  to  the  source  of  their  knowledge,  and  of  its  intro- 
duction from  Mrica,  raises  important  questions  as  to 
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what  species  may  have  been  there  employed.  Our 
sUght  knowledge  of  the  drug's  action  is  entirely 
clinical,  and  most  of  the  testmiony  is  against  its  ac- 
tivity, yet  there  is  sufficient  evidence  that  in  some 
form  it  has  been  active  as  an  abortifacient,  parturi- 
facient, and  emmenagogiie,  acting  much  like  ergot. 
The  fluid  extract  is  official,  and  the  dose  is  3  ss.  to  ij 
(2.0-8.0). 

Cotton-Seed  Oil,  Oleum  Gossypii  Seminis. — "A 
fixed  oil  expressed  from  the  seeds  of  Gossypiuyri  herba- 
ceuni  L.  and  of  other  species  oiGossypiiim,  and  subse- 
quently purified"  (U.  S.  P.).  The  seeds  are  decorti- 
cated and  lightly  cooked  before  expression.  The  cake 
which  remains  is  a  most  valuable  fodder.  The  crude 
oil  is  largely  used  in  the  mechanical  arts  and  for  soap- 
making;  but  for  domestic  and  pharmaceutical  pur- 
poses it  is  purified  by  decantation  after  standing, 
boiling  with  water,  and  treatment  with  a  weak  alkali. 
The  official  oil  is  thus  described:  A  pale  yellow,  oily 
liquid,  without  odor,  and  having  a  bland,  nut-like  taste. 
Specific  gravity,  0.915  to  0.921  at  25°  C.  (77°  F.). 
Very  sparingly  soluble  in  alcohol,  but  readily  soluble 
in  ether,  chloroform,  or  carbon  disulphide.  On 
cooling  the  oil  to  a  temperature  below  12°  C.  (5.3.6° 
F.),  particles  of  solid  fat  will  separate.  At  about  0° 
to  -5°  C.  (32°  to  23°  F).,  the  oil  solidifies.  When  the 
oil  is  brought  in  contact  with  concentrated  sulphuric 
acid,  a  dark  reddish-brown  color  is  instantly  produced. 
If  six  grams  of  the  oil  be  thoroughh-  shaken,  in  a  test 
tube,  for  about  two  minutes,  with  a  mbcture  of  1.5 
grams  of  nitric  acid  and  0.5  gram  of  water,  then  heated 
in  a  bath  of  boiling  water  for  not  more  than  fifteen 
minutes,  the  oil  will  assume  an  orange  or  reddish- 
brown  color,  and,  after  standing  for  twelve  hours  at 
the  ordinary  temperature,  will  form  a  semi-solid  mass. 
If  5  c.c.  of  the  oil  be  thoroughly  shaken,  in  a  test 
tube,  with  5  c.c.  of  an  alcoholic  solution  of  silver  ni- 
trate (made  by  dissolving  0. 1  gram  of  sQver  nitrate  in 
10  c.c.  of  deodorized  alcohol  and  adding  two  drops  of 
nitric  acid),  and  the  mixture  heated  for  about  five 
minutes  in  a  water  bath,  the  oil  will  assume  a  red  or 
reddish-brown  color." 

Cotton-seed  oil  consists  of  olein  and  palmatin.  It 
is  quite  devoid  of  medicinal  properties.  If  thoroughly 
purified,  it  is  an  excellent  and  delicious  article  of  food, 
scarcely  distinguishable  by  the  average  palate  from 
olive  oil,  for  the  adulteration  and  substitution  of  which 
it  is  very  largely  employed.  It  in  turn  is  adulterated 
with  maize  oil.  It  is  also  very  largely  used  for  the 
adulteration  of  lard.  In  the  pharmacy  it  has  many 
uses  in  taking  the  place  of  other  more  expensive  and 
not  superior  oUs. 

Cotton,  Absorbent,  Purified  Cotton,  Gosst- 
piUM  PuRiFiCATTJM. — "The  hairs  of  the  seed  of  Gossy- 
pium  herbaceum  L.  and  of  other  species  of  Gossypiwm, 
freed  from  impurities  and  deprived  of  fatty  matter" 
(U.  S.  P.).  The  cotton  fiber  is  separated  from  the 
seeds,  to  which  it  is  firmly  adherent,  by  means  of 
machines  called  gins,  which,  either  by  a  series  of  cir- 
cular saws  revolving  between  the  teeth  of  a  comb-like 
guard  or  by  cylinders  which  catch  the  cotton  between 
them,  pull  or  tear  it  away  from  them.  It  is  then  com- 
pressed in  large  bales  and  so  exported.  It  consists 
entirely  of  long,  thick-walled,  collap.sed,  and  spirally 
twisted  tubes  of  glistening  clearness,  and  high  re- 
fractory power  as  seen  under  the  microscope.  It  is 
nearly  pure  cellulose,  with  one  or  two  per  cent,  of 
mineral  matter,  and  has  also  a  .small  amount  of  oily 
and  resinous  substances  upon  its  surface — enough  to 
make  it  repellent  to  water.  For  medical  and  surgical 
uses  it  is  now  beautifully  purified  from  most  of  these 
impurities,  and  consists  of  more  than  ninety-nine  per 
cent,  of  pure  cellulose,  CeHiuOj.  The  official  purified 
cotton  is  thus  characterized: 

White,  soft,  fine  filaments,  appearing  under  the 
microscope  as  hollow,  flattened,  and  twisted  bands, 
spirally  striate,  and  slightly  thickened,  at  the  edges; 


Fig.  2816. — Fibers  of  cotton, 
magnified. 


inodorous  and  tasteless;  insoluble  in  ordinary  solvents, 
but  soluble  in  copper  ammonium  sulphate   solution. 

Purified  cotton  should  be  perfectly  free  from  all 
visible  impurities,  and,  on  combustion,  should  not 
leave  more  than  0.8  per  cent,  of  ash. 

When  purified  cotton,  previously  compressed  in  the 
hand,  is  thus  thrown  on  the  surface  of  cold  water,  it 
should  readily  absorb  the  latter  and  sink,  and  the 
water  should  not  acquire 
either  an  acid  or  an  alkaline 
reaction  (evidence  of  proper 
purification). 

Purified  cotton  is  daily 
employed  by  the  apothe- 
cary as  a  rapid  filter  or 
strainer  for  turbid  solu- 
tions; it  is  also  employed  in 
the  laboratory  of  the  bac- 
teriologist as  a  stopper  for 
the  tubes  in  which  his  "cul- 
tures" are  made;  but  for 
this  purpose  it  has  to  be 
specially  "sterilized"  by 
heat  or  other  means.  It  is 
also  used  in  the  preparation 

of  the  aromatic  "Aquae"  to  distribute  the  essential 
oils  over,  in  order  to  insure  their  most  complete  solu- 
tion. It  is  also  very  extensively  u.sed,  either  with  or 
without  medication,  as  a  surgical  dressing.  Dried 
from  a  solution  of  boric  acid,  1  to  100;  corrosive 
sublimate,  1  to  1,000;  or  carbolic  acid  1  to  20;  or 
impregnated  with  powdered  iodoform,  it  can  be 
rendered  antiseptic;  but  such  preparations  need  to 
be  recently  made,  especially  that  with  the  carbolic 
acid.  Exposure  to  a  heat  of  something  more  than  100° 
C.  (212°  F.),  for  say  half  an  hour,  renders  it  practically 
aseptic,  and  in  this  condition  it  is  very  largely  used  as 
a  dressing  in  antiseptic  surgery.  Nearly  all  surgical 
bandages,  compresses,  and  gauze  materials  in  this 
country  are  made  from   cotton. 

The  only  preparation  of  purified  cotton  is  gun-cot- 
ton, or  pyroxylon.  This  is  made  by  the  action  of  nitric 
and  sulphuric  acids  on  absorbent  cotton,  the  product 
being  chiefly  cellulose  tetranitrate. 

Collodium  or  Collodion  is  made  by  dissolving  4 parts 
of  pyroxylon  in  a  mixture  of  75  parts  of  ether  and  25  of 
alcohol.  A  flexible  protective  covering  to  the  skin 
may  be  formed  by  painting  with  this  solution  and 
allowing  it  to  evaporate.  Henry  H.  Rusby. 


Qoulard,  Thomas. — Is  supposed  to  have  been 
born  at  Saint-Nicholas-de-la-Grave,  France,  but  the 
date  of  his  birth  is  not  known.  According  to  the  titles 
found  in  one  of  his  writings,  he  was  at  one  time  professor 
of  surgery  at  the  College  of  Medicine  in  Montpelier, 
a  member  of  the  Royal  Academy  of  Sciences  at 
Montpelier,  Lyons,  and  Toulouse,  and  of  the  Royal 
Academy  of  Surgeons  of  Paris.  He  was  Surgeon- 
major  of  the  military  hospital  at  Montpelier  and  was 
pensioned  by  his  King  and  the  people  of  Languedoc  for 
his  remarkable  work  in  lithotomy.     He  died  in  1784. 

Goulard  was  an  early  advocate  of  the  use  of  bougies 
to  prevent  stricture  of  the  urethra,  but  his  name  is 
preserved  to  us  in  the  lead  preparations  called  Goulard's 
extract  and  Goulard's  cerate,  introduced  by  him  about 
1760.  His  most  important  medical  writing  are  as 
follows:  "De  la  composition  de  bougies,"  1751; 
"Traits  des  maladies  de  I'urethre  avec  la  composition 
des  diff^rentes  especes  de  bougies  propres  a  les  gu6rir 
radicalement,"  1752.  "Traite  sur  les  eflFets  des 
preparations  de  plomb,  et  principalement  de  I'extrait 
de  saturne  employe  sous  differentes  formes  et  pour 
differentes  maladies  chirurgicales,"  1760.       E.  L.  J. 


Goundou. —  (Andkhrd,    Henpuye,    Gros    Nez.)    A 
disease    characterized    by   symmetrical    ovoid    bony 
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swellings  on  either  side  of  the  nose,  involving  chiefly 
the  nasal  processes  of  the  superior  inaxillaj. 

The  disease  was  first  described  by  MacAhster  in 
1882.  It  is  seen  mostly  in  the  Niger  country  and  on 
the  west  coast  of  Africa.  A  few  cases  have  been  re- 
portrd  in  East  Africa,  Malaya,  South  America,  and 
?he  West  Indies.  Some  observers  have  suspected 
that  it  is  a  sequel  of  nasal  myiasis;  others  that  t  is  a 
sequel  of  svphilis  or  of  yaws;  others  that  it  is,  m  cer 
ta?n  tribes  of  negroes,  a  reversion  to  an  ancestral 
peculSritv  in  the  skeleton.  None  of  these  theories  has 
an V  adequate  foundation.  Two  cases  in  white  persons 
haVe  been  reported.  The  etiology  is  unknown.  The 
condition  appears  never  to  be  congenital.  . 

In  most  cases  the  development  of  the  characteristic 
bony  swellings  has  been  preceded  by  persistent  head- 
ache and  a  severe  nasal  catarrh,  lasting  several  months^ 
These  symptoms  subside  entirely  and  are  succeeded 
by  the  development  of  the  bony  swelling  on  each  side 
of  the  nose.  Each  swelling  is  shaped  like  half  an  egg, 
the  axis  of  the  oval  lying  obliquely  downward  and  out- 
ward from  the  bridge  of  the  nose  to  the  cheek.  1  hese 
swellings  persist,  and  grow  till  they  are  sometimes  post 
morten  as  large  as  an  orange,  or  larger  even  obstruct. 
ing  in  some  cases  the  line  of  vision.  The  skin  remains 
smooth  and  freelv  movable  over  the  tumors.  On 
•  section,  either  during  life  or  postmortem,  the  perios- 
teum covering  the  tumor  is  found  to  be  of  normal 
appearance  and  to  strip  easily  off  the  underlying  bone^ 
The  bone  of  which  the  tumor  is  composed  consistsot 
a  compact  outer  laver  and  a  cancellous  or  spongy  in- 
terior, and  appears  to  be  the  product  of  an  osteoplas- 
tic periostitis  involving  chiefly  the  nasal  process  of 
the  superior  maxilla,  to  some  extent  the  nasal  bone, 
and  sometimes  the  malar.  .       ,  .    ,. 

The  treatment  is  surgical  and  consists  m  chiseling 
awav  the  bonv  growth.  Cases  so  treated  have  shown 
no  signs  of  recurrence  after  several  years. 

J .    r  .  JuE  YS . 


Gout.— The  exact  nature  of  gout  is  still  unknown. 
One  might  begin  a  description  of  it  as  Sydenham  did 
more  than  200  years  ago:  "Either  man  wiU  flunk 
that  the  nature  of  gout  is  wholly  mysterious  and  in- 
comprehensible or  that  a  man  like  myself  who  has 
suffered  from  it  thirtv-four  years  must  be  of  a  slow 
and  sluggish  disposition  not  to  have  discovered  some- 
thing respecting  the  nature  and  treatment  of  a  disease 
so  peculiarly  his  own.  Be  this  as  it  niay,  I  will  give 
a  bona  fide  account  of  what  I  know.  The  difficulties 
and  refinements  relating  to  the  disease  itself  and  the 
methods  of  its  cure,  I  will  leave  for  time,  the  guide 
to  truth,  to  clear  up."  Since  Sydenham  wrote,  many 
hypotheses  have  been  formulated  to  explain  the  dis- 
ease but  none  have  been  fully  substantiated.  How- 
ever, our  knowledge  of  the  malady  has  greatly  in- 
creased, but  its  mystery  has  not  yet  been  fathomed 

Gout  has  been  recognized  as  a  disease  from  the 
earliest  times.  It  was  well  described  by  Hippocrates 
(350  B.  c).  Five  hundred  years  later  Galen  ascribed 
its  origin  to  noxious  substances  as  "black  bile, 
"blood,"  or  "phlegm"  about  the  joints.  He  be- 
lieved the  tophi  were  produced  by  their  consolidation. 
In  the  middle  ages,  according  to  the  prevailing 
theory,  the  disease  originated  from  "  tartar,  which 
was  supposed  to  come  from  wine  that  had  been  drunk 
and  which  formed  incrustations  about  the  joints, 
like  those  found  in  wine  casks.  This  theory  was  dis- 
proved when  Schule  (1776)  show-ed  that  tophi  were 
composed  of  urates.  . 

Gout  has  been  thought  contagious.  This  was  the 
belief  of  Boerhaave.  CuUen  advocated  a  nervous 
origin  for  the  malady.  In  1848  Garrod's  thesis  on 
■  "The  Blood  and  Urine  in  Gout,  Rheumatism  and 
Bright's  Disease"  established  the  existence  of  an  ex- 
cess of  urate  of  sodium  in  the  blood  and  ascribed  to  it 
a  causative  relationship  to  the  malady.     From  that 
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time  to  near  the  present  a  majority  of  pathologists 
and  clinicians  have  regarded  gout  as  due  to  an  excess 
of  uric  acid  in  the  blood,  and  they  have  described  those 
prone  to  it  in  its  typical  or  irregular  forms  as  of  the 
uric-acid  diathesis.  . 

As  our  clinical  knowledge  of  gout  is  comparatively 
perfect,  it  seems  best,  therefore,  to  describe  its  symp- 
toms first  and  to  consider  its  nature,  causation,  pro- 
phylaxis, and  treatment  later.  Cases  of  gout  are 
clinically  placed  in  three  groups:  (1)  Acute  gout;  (2) 
chronic  "gout;  (3)  irregular  gout. 

Acute  Gout. — Premonitory  symptoms  are  com- 
monly observed.  Thev  are  usually  those  of  gastric 
indigestion,  such  as  flatulence,  sourness  of  the  stomach, 
a  feeling  of  fulness  in  the  epigastrium  and  constipation, 
or  irritability  of  temper,  restlessness  at  night,  duU 
headache,  of  melancholia.  Twinges  of  pam  m  the 
small  joints  of  the  feet  and  toes  are  often  felt  for  sev- 
eral days  before  the  acute  attack  occurs. 

Acute  gout  commonly  makes  its  onset  m  the  early 
rnornin''  hours,  the  patient  awakening  with  intense 
pain  in  the  metatarso-phalangeal  joint  of  one  big  toe, 
oftenest  the  right.  The  pain  is  severe  but  becomes 
more  intense  during  the  next  two  or  three  nights. 
It  is  described  as  a  sensation  of  squeezing.  1  he  teei- 
iiig  is  as  if  the  toe  were  in  a  vice.  Throbbing,  burning, 
and  sometimes  lancinating  pains,  are  also  complained 
of  At  first  the  veins  about  the  affected  part  are 
unusually  prominent.  Soon,  however,  the  joint 
swells  uniformly  and  the  skin  becomes  slightly  red 
and  glossy.  It 'is  exquisitely  tender,  so  that  even  the 
weight  of  the  bed-clothing  is  a  source  of  increasing 
distress.  The  slightest  motion  of  the  joint  also  elicits 
a  cry  of  anguish  from  the  sufferer.  Bodily  tempera- 
ture" is  increased,  often  only  a  little,  sometimes  to  102 

or  103°  F.  ,  ,      .        .,,        ,  ;,,    „, 

Of*en  such  attacks  of  podagra  begin  with  a  chill,  or 
at  least  with  chilly  sensations  and  rise  of  temperature. 
After  daybreak  the  pain  subsides,  fever  lessens  and 
the  patient  may  doze  for  a  time.  Although  tlie  in- 
tense pain  is  less,  the  swelling  remains  m  the  affected 
joint  and  it  is  kept  immobile  because  of  the  pam 
which  movements  of  it  provoke.  Toward  night  the 
symptoms  again  become  more  intense.  So  long  as  t he 
attack  lasts  each  night  is  made  sleepless  by  an  aggra- 
vation of  the  characteristic  symptoms  of  the  malady. 
Patients  therefore  become  greatly  wearied,  even  much 
debilitated  by  sleeplessness,  suffering,  and  inability 
to  maintain  good  nutrition,  for  appetite  is  lacking  and 
digestion  is  impaired.  An  attack  such  as  this  lasts 
for  from  one  to  several  weeks.  Gradually  the  symp- 
toms grow  less  intense,  the  swelling  of  the  joint  sub- 
sides mobility  returns,  and  often  after  an  attack  a 
patient  will  feel  unusually  well.  Sometiines  during 
convalescence  the  skin  over  the  joint  which  has  been 

affected  peels  off.  ,  ,  ,  i  ♦„„ 

Attacks  are  frequently  prolonged  by  one  great  toe 
after  the  other  being  involved  or  by  other  joints  than 
those  of  the  toes  being  attacked.  Although  the  large 
toes  are  commonly  first  involved,  the  fingers,  and  later 
the  large  joints,  may  be  as  well. 

The  urine  is  frequently  concentrated  and  deposits 
urates.  Traces  of  albumin  or  sugar  are  also  some- 
times found  in  it.  .      X,.      1    i  ;.,+«,  o„rt 

Acute  gout  is  apt  to  occur  m  the  late  winter  and 
earlv  spring.  It  recurs  at  variable  intervals;  it  may 
be  annually  or  at  longer  or  shorter  periods.  Usually 
after  several  attacks  it  begins  to  recur  more  and  more 
frequently  and  the  individual's  health  becomes  per- 
manently impaired.  It  is  extremely  rare  that  only 
one  att.ack  occurs  in  a  lifetime. 

CmiONic  Gout.— Chronic  gout  results  from  several 
acute  attacks.  The  joints  wluch  have  been  affected 
become  permanently  swollen  or  deformed  b>  uratic 
deposits  in  the  fibrous  tissue  about  them,  and  are 
commonly  stiffened  and  sometimes  Permanentl> 
immobile".     Tophi,  as  these  deposits  of  urate  of  sodium 
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are  called,  are  also  found  upon  cartilages,  on  synovial 
membranes,  and  the  sheaths  of  tendons.  The  cartil- 
ages of  the  ear  are  affected  with  especial  frequency. 
Nodules  are  also  formed  along  the  course  of  tendons 
on  the  back  of  the  hands  and  feet.  Uratic  deposits 
within  joints  where  they  first,  take  place  are  invisible 
and  do  not  always  cause  noticeable  enlargement  of 
them,  but  rarely  last  long  before  the  neighboring  liga- 
ments are  involved.  Intracapsular  deposits  can  some- 
times be  detected  by  a  grating  noise  produced  when 
the  rough  surfaces  are  moved  upon  one  another. 
When  joints  are  impaired  in  usefulness  the  muscles 
which  control  them  atrophy.  In  severe  cases  the  skin 
over  the  tophi  becomes  necrotic,  sloughs,  and  exposes 
the  "chalk  stones,"  permitting  them  to  crumble  or 
to  be  easily  removed.  This,  however,  rarely  happens 
until  the  lesions  are  so  extensive  that  in  spite  of  the 
partial  removal  of  a  source  of  stiffness  and  deformity 
a  renewed  usefulness  of  the  joint  is  impossible. 
Patients,  tj-pifying  the  severest  cases,  are  helpless 
invalids  and  constant  sufferers.  In  mild  cases  there  is 
some  stiffness  at  all  times  but  there  is  not  complete 
helplessness.  Frequent  acute  exacerbations  increase 
the  pain  which  these  patients  suffer.  They  are  accom- 
panied by  the  usual  symptoms  of  acute  gout,  and  fre- 
quently are  complicated  by  uremia,  pleurisj-,  peri- 
carditis, or  other  visceral  lesions. 

The  joints  are  involved  most  frequently  in  the 
following  order  both  in  acute  and  chronic  cases: 
metatarsal-phalangeal  joints  of  the  big  toes,  tarsal 
joints,  ankles,  knees,  hands,  and  wrists.  The  elbows, 
shoulders,  and  hips  are  much  less  frequently  involved 
and  the  jaws,  larynx,  and  sternoclavicular  joints  least 
often. 

The  digestive  disorders  which  so  often  precede  and 
accompany  acute  attacks  are  present  more  or  less 
constantly  in  chronic  cases.  Flatulence,  acid  indi- 
gestion, constipation,  and  gastric  discomfort  are  the 
commonest  symptoms  of  them.  They  are  associated 
with  headache,  neuralgia,  lassitude,  mental  depression, 
and  irritability.  Eczema  and  urticaria  are  common 
skin  complications.  In  chronic  gout  the  kidneys  are 
usually  involved  and  gradually  become  contracted, 
producing  the  symptoms  which  are  peculiar  to  in- 
terstitial nephritis.  The  arteries  are  also  liable  to 
atheromatous  changes  and  the  heart  to  hypertrophy 
and  ultimate  enfeeblement. 

The  digestive  and  nervous  symptoms  are  aggra- 
vated by  an  inability  to  take  exercise,  due  to  the  joint 
deformities.  Pain  causes  sleeplessness  and  exhaus- 
tion. Indigestion  contributes  to  malnutrition,  and 
it  is  usual  for  those  who  have  chronic  gout  slowly  to 
lose  flesh  and  strength. 

In  spite  of  this  chronic  state  of  disease,  surprising  as 
it  may  seem,  life  is  often  prolonged  into  the  period  of 
old  age.  Indeed,  it  is  usual  for  the  malady  to  last  for 
many  years.  Patients  commonly  show  remarkable 
mental  vigor. 

Occasionally  in  the  midst  of  acute  articular  gout  or 
acute  exacerbations  of  chronic  gout,  the  acute  arthritis 
suddenly  disappears  or  greatly  lessens,  but  is  replaced 
by  visceral  complications.  Such  cases  are  often 
described  as  cases  of  retrocedent  or  suppressed  gout. 
The  visceral  complications  may  be  inflammations  or 
other  lesions  of  the  bronchi,  lungs,  pleura,  nasopharynx 
or  larynx,  of  the  stomach,  intestines,  heart,  kidneys, 
brain,  or  peripheral  nerves. 

Epilepsy,  delirium,  and  insanity  are  rarely  a  part  of 
the  disease.  But  neuralgias  are  common.  Of  these 
sciatica  is  the  form  most  frequently  observed.  Gas- 
tralgia  is  also  of  frequent  occurrence.  It  is  associated 
with  the  usual  indigestion  of  the  affection.  Of  all  the 
visceral  complications  of  gout  those  of  the  circulatory 
system  and  kidneys  are  the  most  dangerous.  Myo- 
carditis is  common.  Endocarditis  and  pericarditis 
are  of  less  frequent  occurrence,  but  angina  pectoris  is 
often  seen.  Aortitis  and  aneurysms  are  other  common 
circulatory  affections.     Functional  irregularity  of  the 


heart  and  tachycardia  are  disturbances  of  frequent 
occurrence.  Hypertrophy"  of  the  heart  muscle  is  the 
rule  in  all  chronic  cases. 

Interstitial  nephritis  develops  sooner  or  later  in 
those  who  suffer  from  chronic  gout.  It  or  uremia 
growing  out  of  it  is  a  common  cause  of  death.  Indeed, 
fatalities  rareh'  result  from  uncomplicated  gout. 

iRREGUL.AJt  Gout. — Irregular  gout  is  difficult  to 
describe  and  often  to  recognize  with  certainty.  Some 
of  the  viscera  or  the  skin  may  develop  lesions  which 
the  gouty  are  known  to  be  prone  to,  and  their  sequence 
may  make  a  diagnosis  possible  or  their  nature  may  be 
recognized  by  reasoning  by  exclusion.  Irregular  gout 
is  very  much  commoner  than  classical  gout.  It 
frequently  occurs  in  the  women  in  families  in  which 
acute  and  chronic  gout  attacks  the  men. 

In  early  life  urticaria  is  common  in  those  having  a 
gouty  diathesis,  or  the  lit  hemic  state,  and  in  late  life 
chronic  eczema  is.  Asthma,  bronchitis,  renal  calculus, 
and  diabetes  mellitus  are  other  maladies  to  which 
these  same  individuals  are  liable.  Flatulent,  acid 
indigestion  and  constipation  associated  with  myalgias 
and  neuralgias,  with  hemicrania  or  with  mental  de- 
pression or  irritability  are  particularly  significant  of  a 
tendency  to  the  disease.  Hot  and  itching  feet  at 
night  and  hot  and  itching  eyeballs  by  day  are  common 
symptoms  in  women.  An}-  of  the  various  visceral 
lesions  already  mentioned  rnay  develop  in  those 
inclined  to  gout,  although  podagra  or  other  articular 
evidence  of  the  ailment  may  be  wanting.  Sooner  or 
later  the  cardiovascular  and  renal  disorders  incident 
to  clironic  gout  develop  in  a  majority  of  those  who 
suffer  long  with  irregular  gout.  Iritis,  glaucoma, 
and  hemorrhagic  retinitis  are  common  complications 
of  the  malady. 

Urine. — Between  attacks  of  acute  gout  the  \irine 
may  be  normal.  During  an  acute  attack  it  is  con- 
centrated and  diminished  in  amount.  On  standing, 
a  pink  or  "brick-dust"  sediment  is  thrown  down. 
Although  concentrated  a  diminished  amount  of  uric 
acid  is  usually  voided.  When  convalescence  is  es- 
tablished a  moderate  excess  of  this  ingredient  may  be 
eliminated.  In  chronic  gout  the  urine  is  commonly 
copious,  of  low  specific  gravity,  and  contains  a  dimin- 
ished quantity  of  uric  acid.  However,  not  infre- 
quently gouty  men  are  found  who  habitually  void 
normal  quantities  of  uric  acid.  When  interstitial 
nephritis  exists  the  urine,  besides  being  copious  and 
of  low  specific  gravity,  contains  small  amounts  of 
albumin  and  hyaline  and  fine  granular  casts. 

Glycosuria  occurs  sometimes  as  a  complication  of 
gout.  Sugar  is  rarely  voided  in  large  amounts  in 
these  cases.  Moreover,  by  moderate  dieting  usually 
it  is  made  readily  to  disappear  from  the  urine.  In  a 
word  such  cases  belong  to  the  group  of  mild  chronic 
diabetes.  I  have  known  attacks  of  acute  gout  to 
cease  to  recur  after  glycosuria  developed. 

Blood. — During  acute  attacks  and  while  the  disease 
is  chronic  an  excess  of  urates  can  be  demonstrated  in 
the  blood.  But  in  the  early  stages  of  the  disease, 
during  the  intervals  between  attacks,  the  blood  is 
quite  normal.  Uric  acid  can  be  demonstrated  in  the 
serum  of  those  who  have  gout  by  adding  ten  or  twelve 
drops  of  acetic  acid  to  a  few  cubic  centimeters  of  blood 
or  of  serum  obtained  from  a  blister  produced  upon  the 
.skin.  A  thread  must  be  immersed  in  this  mixture  of 
serum  and  acid  for  twenty-four  or  forty-eight  hours, 
when  it  wUl  be  found  to  be  covered  with  crystals  of 
uric  acid. 

DiAGNOsi.s. — \  diagnosis  of  acute  gout  usually  can 
be  made  with  ease,  so  distinct  and  characteristic  are 
the  symptoms.  However,  I  have  known  a  first 
attack  to  be  mistaken  for  a  traiuna.  But  the  develop- 
ment of  symptoms  characteristic  of  the  course  of  the 
malady  wUl  correct  such  an  error.  It  is  rarely  con- 
fused with  acute  articular  rheumatism.  In  this  last 
disease  the  large  joints  or  numerous  joints  are  involved 
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from  the  beginning,  the  temperature  is  usually  higher, 
and  the  skin  is  bathed  with  perspiration. 

The  presence  of  tophi  makes  it  possible  to  dis- 
tinguish chronic  gout  from  chronic  rheumatism  and 
other  forms  of  chronic  arthritis.  The  history  _  of 
numerous  acute  attacks  is  also  a  help  to  a  diagnosis. 

Irregular  gout  is  more  difficult  to  recognize,  but 
attention  to  the  symptoms  described  above  and  to 
their  interchangeability  in  different  attacks  in  the 
same  person  and  connection,  commonly  with  char- 
acteristic digestive  disturbances,  makes  a  diagnosis 
possible. 

Anatomical  Changes. — The  evidences  of  inflamma- 
tion in  the  tissues  involved  are  not  different  from  those 
of  other  forms  of  inflammation,  except  that  depositsof 
urates  are  observed  with  them.  At  first  these  deposits 
occur  in  the  articular  cartilages.  They  are  seen  as 
white  dots  or  lines  beneath  the  surface.  Later  they 
increase  in  size,  coalesce,  and  produce  destruction  of 
the  surface.  The  cartilages  and  capsules  of  joints, 
the  fibrous  tissue  in  bursae,  tendons,  the  periosteum, 
and  the  auricles  are  the  structures  in  which  tophi  are 
oftenest  found.  The  aorta  is  frequently  thickened  in 
spots  by  uratic  deposits,  as  are  sometimes  the  coronary 
arteries.  An  increase  of  fibrous  tissue  in  the  myo- 
cardium is  also  occasionally  observable.  The  kidneys 
are  commonly  contracted  and  exhibit  the  conditions 
peculiar  to  interstitial  nephritis.  Lines  of  urates  can 
be  seen  in  many  cases,  both  in  the  cortex  and  medul- 
lary portions  of  these  organs.  These  deposits  occur 
in  parallel  lines,  partly  in  the  uriniferous  tubules,  but 
mainly  in  the  interstitial  tissue  between  them.  The 
liver  is  sometimes  foxmd  in  a  condition  of  slight 
interstitial  hyperplasia. 

Theories  as  to  Nature. — Although  a  clinical  knowl- 
edge of  gout  has  been  possessed  by  physicians  since 
the  earliest  times,  its  exact  nature  and  cause  are  to-day 
unknown.  A  variety  of  hypothetical  explanations 
have  been  offered,  but  none  of  them  has  as  yet  been 
established  as  correct.  Garrod's  theory  was  for 
many  years  accepted  by  the  majority  of  the  profession. 
According  to  him,  gout  is  due  to  an  excess  of  urates 
in  the  blood  and  fluids  of  the  body,  from  which  they 
are  deposited  in  certain  tissues  because  of  a  diminished 
alkalinity  of  them.  The  excess  of  urates,  it  has  been 
supposed,  is  due  in  part  to  excessive  production 
because  of  disturbed  metabolism,  and  in  part  to  imper- 
fect elimination.  That  the  renal  epithelium  has  a 
power  of  selecting  certain  substances  for  elimination 
is  a  demonstrated  fact,  and  it  has  been  supposed  by 
some  that  in  gout  it  refuses  to  excrete  uric  acid  in  the 
normal  or  necessary  amounts.  Tliere  is  no  evidence 
that  the  blood  or  tissues  in  gout  are  less  alkaline  than 
in  health  but  that  there  is  an  excess  of  urates  in  the 
blood  must  be  admitted.  Ebstein  modified  the  theory 
of  Garrod  by  advocating  that  an  excess  of  uric  acid 
was  produced  in  muscles  and  bones  because  of  a 
peculiar  local  metabolic  anomaly  which  is  usually 
inherited.  The  deposit  of  urates  in  cartilage  and 
fibrous  tissue  he  accounted  for  because  of  the  naturally 
slow  circulation  of  blood  through  them,  which,  when 
it  contains  an  excess  of  uric  acid,  causes  a  cellular 
necrosis  in  those  tissues.  The  necrosis  always  pro- 
duces a  local  acidity,  and  the  alkaline  urates  of  the 
blood  are  then  precipitated  as  comparatively  insoluble 
acid  urates. 

The  uric-acid  theory  has  also  been  modified  by  the 
hypothetical  explanation  that  uric  acid  is  an  inter- 
mediate product  in  the  transformation  of  waste  nitrog- 
enous matter  into  urea,  a  transformation  made  in 
the  liver,  and  that  an  excess  of  uric  acid  in  the  blood 
results  from  such  a  derangement  of  hepatic  functions 
as  causes  the  formation  of  a  lessened  amount  of  urea 
and  a  proportionately  larger  amovmt  of  uric  acid. 
The  observed  coincidence  of  gout  and  digestive  dis- 
turbances has  given  color  to  this  theory.  Of  late, 
however,  physiologists  have  become  convinced  that 
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uric  acid  is  not  an  intermediate  step  in  the  formation 
of  urea  from  protein.  Indeed  recent  researches  (Kos- 
sel,  Horbaczewski)  have  led  physiological  chemists 
to  believe  that  uric  acid  is  derived  from  nucleins  and 
not  from  other  constituents  of  cells.  Still  more  re- 
cently it  has  been  shown  that  hj'poxanthine  is  formed 
by  the  activity  of  muscles  and,  probably  by  the  action 
of  a  tissue  enzyme,  it  is  converted  into  uric  acid  as  it 
passes  out  of  the  muscle  into  blood  and  lymph  vessels. 
Barian  in  1905  showed  that  this  was  the  chief  source 
of  endogenous  uric  acid.  But  all  endogenous  nuclein 
is  not  excreted  as  uric  acid,  some  escapes  in  the  form 
of  intermediate  bodies  and  as  urea. 

Purin  bodies  occur  in  different  tissues  in  different 
forms  and  relative  proportions.  Furthermore  various 
cell-ferments  have  the  power  of  modifying  the  various 
purin  bodies  and  transforming  them  into  simpler  ones 
just  as  uric  acid  itself  is  converted  by  oxidase  in  the 
liver  and  other  tissues  into  urea.  Uric  acid  of  exog- 
enous origin  is  produced  from  the  same  constituents 
of  food  as  is  the  endogenous  from  living  tissues.  It 
has  been  suggested  that  absence  of  some  of  these 
enzymes  which  convert  purin  bodies  into  uric  acid 
and  uric  acid  into  urea  may  account  for  the  excess 
of  uric  acid  in  the  blood  in  gout. 

Unfortunately  for  all  these  uric-acid  theories  'gout 
cannot  be  produced  experimentally  by  injecting  uric 
acid  into  the  blood  or  by  preventing  its  elimination 
through  the  kidneys.  Nor  do  the  phenomena  of  the 
disease  arise  in  other  ailments,  notably  leukemia,  in 
which  uric  acid  often  exists  in  the  blood  in  quite  as 
large  quantities  as  in  gout.  Experiment  affords  us 
no  evidence  that  toxic  properties  are  possessed  by  uric 
acid  even  when  it  is  introduced  into  the  blood  in 
much  larger  amounts  than  have  ever  been  found  in 
gout  itself. 

Another  theory  which  has  not  in  the  last  fifty  years 
had  so  many  supporters  as  the  uric-acid  hypothesis 
or  so  many  as  at  the  end  of  the  eighteenth  century,  but 
which  nevertheless  at  all  times  has  had  influential 
advocates,  is  the  theory  of  its  nervous  origin.  Accord- 
ing to  it,  gout  is  due  to  a  disturbed  metabolism,  a 
fault  of  the  system  in  which  the  chemical  balance  is 
deranged.  The  metabolic  processes  are  presumed  to 
be  under  the  control  of  the  nervous  system,  therefore 
such  a  perversion  of  them  as  occurs  in  gout  primarily 
must  be  due  to  a  disturbance  of  nerve  centers.  Just 
what  change  takes  place  in  the  central  nervous  sys- 
tem is  not  conjectured.  Those  who  believe  in  a 
nervous  origin  of  gout  base  their  faith  chiefly  upon  the 
following  points:  (1)  Its  frequent  inheritance.  (2) 
The  effect  of  psychic  disturbances,  such  as  auger  or 
mental  depression,  in  provoking  its  attacks.  (3)  A 
tendency  to  neuralgia  and  myalgia  in  such  patients. 
(4)  Influence  of  barometric  changes.  (5)  Joint  in- 
volvement, which  is  common  to  many  nervous  dis- 
eases, (ti)  Many  neurotic  manifestations  observed  in 
other  members  of  the  family  in  which  gout  appears. 

In  1884  Gaucher  discovered  that  the  injection  of 
xanthin  and  hypoxanthin  into  healthy  animals 
caused  changes  in  the  structure  of  the  kidneys,  similar 
to  those  of  interstitial  nephritis.  More  recently 
others  have  confirmed  these  observations  and  foimd 
that  the  xanthin  bases  will  produce  various  nervous 
phenomena  as  well  as  high  arterial  tension  and  ulti- 
mately arteriosclerosis. 

Horbaczewski,  who  in  1891  showed  that  uric  acid  is 
derived  from  nuclein,  has  also  gathered  evidence  to 
show  that  xanthin  and  hypoxanthin  or  the  alloxuric 
bases  are  to  blame  for  tlie  phenomena  of  irregiilar  gout 
of  lithemia  rather  than  the  urates.  It  is  true  that  uric 
acid  in  the  form  of  biurate  of  sodium  constitutes  the 
t  ophi  of  gout  and  produces  local  deformities  and  some- 
times inflammation,  but  in  the  form  of  a  soluble 
alkaline,  (nuidriurato  in  which  Roberts  believed  it 
exists  in  the  blood,  it  Ls  not  toxic.  Roberts  believed 
that  uric  acid  circuhited  in  the  blood  as  a  quadriurate 
but  was  deposited  in  tophi  as  a  biurate.     In  recent 
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years  it  is  denied  that  it  exists  in  the  blood  either  as 
iirie  acid  or  a  quadriurate,  but  probably  in  some 
loose  union  with  a  protein  molecule.  Minkowski 
believes  that  it  is  in  the  form  of  neucleotin-phosphoric 
acid.  The  suggestion  has  been  made  that  in  gout 
uric  acid  is  carried  not  by  the  usual  protein  molecule 
but  by  another  or  in  some  other  than  the  usual  com- 
bination in  the  molecule.  However,  all  of  this  is 
theory  and  not  at  all  adequately  supported  by  facts. 

Gout  has  so  long  been  considered  a  disturbance  o." 
metabolism  that  most  physicians  do  not  appreciate 
that  it  has  been  suggested  that  gout  is  due  to  infection. 
The  theories  which  have  infection  for  a  basis  take  it 
for  granted  that  microbes  in  the  intestinal  tract  either 
modify  intestinal  secretions  or  when  the  latter  are 
otherwise  modified  produce  as  a  result  a  toxin  which 
is  a  cause  of  the  phenomena  of  gout.  However,  as 
yet  there  is  no  adequate  evidence  that  gout  is  an  in- 
fectious disease. 

Causative  Conditions. — It  is  quite  evident  from  this 
brief  review  of  the  leading  hypotheses  advanced  to 
explain  the  causation  of  gout  that  we  are  to-day  about 
as  ignorant  as  our  predecessors  a  century  or  two  ago 
were.  What  knowledge  we  possess  to-day  is  negative, 
that  is,  disproves  theories  that  have  been  widely  held. 
Nevertheless,  much  is  known  of  the  conditions  under 
which  gout  is  likely  to  arise.  Heredity  plays  a  large 
part  in  its  production.  According  to  Garrod  seventy- 
five  per  cent,  of  all  cases  inherit  the  disease.  Often- 
times the  habits  of  families  which  their  inherited 
environment  produces  also  predispose  them  to  it. 
But  gout  may  be  acquired  as  well  as  inherited.  Acute 
and  chronic  gout  are  rareh-  seen  in  this  country,  but 
irregular  gout  is  common  and  is  increasing.  Gout 
occurs  oftenest  in  England,  next  in  frequency  in 
France  and  Holland,  less  in  Germany  and  rarely  else- 
where in  Europe.  Symptoms  of  it  have  been  observed 
at  all  periods  of  life,  but  its  onset  occurs  in  much  the 
largest  proportion  of  cases  between  the  thirtieth  and 
fortieth  years.  Initial  s^'mptoms  are  extremely  rare 
in  infancy,  childhood,  and  old  age.  Women  are  at^ 
tacked  less  frequently  than  men,  at  least  with  the 
symptoms  of  prodagra  and  chronic  gout.  Insutficient 
exercise,  and  what  amounts  to  the  same  thing,  a 
deficient  supply  of  oxygen,  are  important  factors  in 
creating  a  disposition  to  the  ailment.  A  sedentary 
life  causes  the  inhalation  of  relatively  a  small  amount 
of  oxygen.  Shallow  breathing,  which  is  cultivated 
under  the  circumstances,  lessens  the  vigor  of  the  lym- 
phatic and  venous  currents  which  carry  off  waste 
matters  from  the  viscera,  and  causes  a  torpidity  of 
liver  and  digestive  organs.  Lack  of  exercise  also 
causes  the  same  interference  with  vigorous  meta- 
bolism in  the  voluntary  muscles.  When  people  live 
or  work  in  overcrowded  rooms  they  are  sure  to  feel 
the  need  of  oxygen.  Virchow  has  laid  stress  upon  the 
frequent  production  of  tophi  in  the  joints  of  the  poor 
who  live  under  these  conditions.  Since  the  earliest 
times  it  has  been  admitted  that  eating  vmduly  large 
quantities  of  food  will  produce  the  ailment  in  many 
persons.  Especially  is  this  true  of  the  use  of  large 
quantities  of  meats  rich  in  extractives,  or  cooked  with 
rich  gravies  and  sauces.  Although  oftenest  too  much 
food,  that  which  is  too  rich,  and  too  little  exercise 
together  cause  gout,  rare  cases  have  been  observed  in 
which  an  acute  attack  was  provoked  in  those  dispo,sed 
to  it  by  too  little  food  and  too  much  exercise.  In  these 
latter  patients  a  lowering  of  vitality  by  imderfeeding 
and  overworking  excited  the  ailment.  The  habitual 
use  of  fermented  liquors  is  a  most  common  and  vuii- 
versally  recognized  cause  of  gout.  It  is  difficult  to 
explain  the  mode  of  action  of  these  liquors.  It  is 
not  merely  the  alcohol  which  they  contain,  for  the 
users  of  distilled  liquors  are  much  less  prone  to  the 
disease  than  are  the  users  of  fermented  beverages. 
Nor  is  it  an  acid,  nor  sugar,  nor,  as  far  as  we  know,  any 
one  ingredient  in  beers  and  wines  which  makes  the 
drinkers  of  them  so  liable  to  develop  gout  unless  it  is 


a  purin  body  or  bodies.  Comparatively  recently  it 
has  been  shown  that  alcohol  given  with  a  definite 
quantity  of  purin  bodies  or  nuclein  will  cause  greater 
elimination  of  uric  acid  by  the  kidneys  than  occurs 
when  no  alcohol  is  given  or  when  alcohol  and  a  smaller 
quantity  of  purin  bodies  are  given.  It  therefore  seems 
probable  that  alcohol  inhibits  the  transformation  of 
uric  acid  into  urea  by  oxidase.  Often  a  few  glasses 
of  wine  wUl  awaken  symptoms  of  the  malady  in  those 
who  are  susceptible  to  it.  It  may  be  that  the  dis- 
turbances of  digestion  which  overeating  and  the  use 
of  fermented  liquors  cause  are  more  to  blame  than  in- 
dividual articles  of  food  or  beverages.  Mental  de- 
pression such  as  grief  and  anxiety  or  prolonged  mental 
exertion  are  also  frecjuent  predisposing  causes.  They 
may  help  to  produce  their  ill  effects  by  making  di- 
gestion slow  and  disturbing  the  functional  power  of 
the  organs  which  play  a  part  in  it.  It  is  well  known 
that  lead  workers  are  especially  liable  to  symptoms 
of  gout  as  well  as  to  arteriosclerosis  and  interstitial 
nephritis.  This  includes  painters,  plumbers,  tinners, 
and  others  working  with  lead  or  lead  products. 
Lindsay  found  that  twenty-two  and  two-fifths  per 
cent,  of  his  482  patients  belonged  to  this  class.  Next 
to  the  lead  workers  come  the  beer  drinkers  which  in- 
cludes especially  saloon  men,  brewers,  and  those  in 
trades  which  lead  to  drinking. 

_  Many  of  these  conditions  which  predispose  to  the 
disease  act  together,  that  is,  simultaneouslv  upon 
individuals.  Many  of  them  are  also  the  exciting 
causes  of  acute  outbreaks  of  the  ailment.  Exposure 
to  cold,  great  fatigue,  anything  which  lowers  the  vital- 
ity for  the  moment  may  be  an  exciting  cause  for  those 
who  are  susceptible. 

Prophylaxis. — A  knowledge  of  the  conditions 
which  dispose  the  gouty  to  attacks  affords  us  a  kev  to 
its  prophylactic  treatment.  Good  hygienic  surround- 
ings, daily  sufficient  exercise  (often  large  amounts  are 
required),  moderate  eating,  and  freedom  from  undue 
anxiety,  worry,  or  mental  labor,  are  the  best  prophy- 
lactic measures. 

Treatment. — Little  can  be  done  to  shorten  acute 
attacks  of  gout,  but  the  pain  attending  them  may  be 
lessened  by  suitable  treatment,  and  a  great  deal  can 
be  done  to  prevent  a  recurrence  of  acute  attacks  by 
instituting  a  proper  regimen. 

It  is  impossible  to  remove  the  inherited  fault  of 
nutrition,  but  it  is  possible  to  retard  the  development 
of  symptoms.  Temperance  must  be  taught  as  the 
cardinal  rule  of  life,  abstemiousness  in  eating,  drink- 
ing, the  enjoyments  of  the  pleasures  of  life,  or  the 
inclination  for  mental  work.  Overeating,  even  the 
most  moderate  kind,  must  be  avoided.  A  varied  diet 
may  be  permitted,  provided  it  includes  foods  which 
are  simply  prepared  and  easily  digested,  and  provided 
they  are  eaten  in  moderate  quantities. 

When  gout  is  fairly  established,  not  only  must 
temperance  be  insisted  upon,  but  certain  articles  of 
diet  must  be  forbidden.  These  are  sweets,  confections 
of  all  kinds,  fats,  articles  cooked  with  much  fat,  game, 
and  the  richer  meats,  especially  when  dressed  with 
rich  sauces.  Vegetables,  rich  in  oxalates,  ought  also 
to  be  avoided  by  the  gouty. 

These  patients  should  eat  fairly  varied  foods  and 
the  diet  should  be  well  balanced,  containing  a  normal 
proportion  of  albumin,  carbohydrates,  and  fats;  and 
the  individual  articles  of  food  should  be  so  prepared 
as  to  be  most  easily  digested.  Meat  may  be  eaten 
moderately,  but  green  vegetables,  certain  fats,  and 
cereals,  may  be  taken  generously.  The  diet  for  those 
who  are  gouty  must  not  be  so  restricted  as  to  lessen 
their  vitality.  A  milk  diet  has  been  urged  as  the  best 
for  the  prevention  of  outbreaks  of  goiit  in  those  dis- 
posed to  them;  but  milk,  unless  used  in  excessively 
large  quantities,  is  not  sufficiently  nutritious;  and 
while  it  may  well  be  used  as  an  important  element  of 
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food  it  should  not  be  the  only  article  taken  by  the 
gouty. 

Soups  should  be  forbidden  when  the  symptoms  of 
goutiness  are  clearlv  manifested,  but  they  may  be 
taken  in  small  amounts  bv  those  inclined  to  this  ail- 
ment. Whenever  they  are  used,  they  should  be 
entirely  free  from  fats,  and  preferably  should  not  be 
made  with  a  meat  stock.  Eggs,  oysters,  and  clams 
may  also  be  eaten,  but  lobsters,  crabs,  and  shrimps 
are  not  to  be  recommended.  Most  fish  can  be  eaten 
without  harm,  especially  such  as  bluefish,  whitefish, 
perch,  shad,  bass,  and  trout;  but  fishes  richer  in  fats 
and  those  that  are  smoked  and  salted,  such  as  salmon 
mackerel,  halibut,  and  cod,  are  not  so  wholesome. 
Rich  sauces  sho\ild  always  be  avoided.  Meat  should 
be  eaten  not  oftener  than  once  daily,  and  generally 
roasted  or  broiled.  Those  which  are  most  to  be 
avoided  are  pork,  veal,  game,  and  salted  or  smoked 
meats.  Fat  should  be  used  in  very  moderate  amounts, 
except  butter  which  can  be  used  with  a  reasonalile 
degree  of  freedom,  and  cream  in  moderation.  Such 
carbohydrate  foods  as  bread,  rice,  sago,  tapioca,  oat- 
meal, and  cracked  wheat  may  be  eaten  generously, 
but  pastries,  hot  breads,  pancakes,  and  other  articles 
of  a  similar  kind,  which  are  liable  to  form  doughy 
masses  in  the  stomach  during  the  period  of  gastric 
digestion,  should  be  avoided. 

Sugar  is  not  wholesome  for  the  gouty.  Such  vegeta- 
bles as  rhubarb,  tomatoes,  radishes,  spinach,  cabbage, 
and,  if  they  cause  flatulence,  baked  beans,  should  be 
avoided. 

The  following  green  vegetables  may  be  used  freely: 
peas,  string  beans,  corn,  potatoes,  turnips,  carrots, 
parsnips,  celery  and  celery  plant,  cauliflower,  arti- 
chokes, broccoli,  salads,  cucumbers,  and  egg  plant. 
Of  the  fruits,  the  following  are  best  adapted  for  the  use 
of  these  patients:  pears,  apples,  raspberries,  blue- 
berries, blackberries,  and  oranges;  but  grapes,  bana- 
nas, prunes,  strawberries,  and  melons  are  not  so  whole- 
some. Picjvles  and  condiments  are  to  be  avoided  at 
all  times. 

Eating  between  meals  should  not  be  permitted. 
Gouty  patients  should  be  taught  to  eat  slowly  and  to 
masticate  their  food  carefully. 

Especially  should  those  inclined  to  gout  avoid  eating 
a  large  variety  of  food  at  one  meal.  Simplicity  in  diet 
as  well  as  temperance  in  eating  must  be  taught  them. 
The  variety  which  we  all  crave  shoifld  be  furnished  by 
changes  in  food  from  meal  to  meal  and  from  day  to 
day. 

Although  by  clinicians  red  meats  generally  are  for- 
bidden those  who  have  chronic  gout,  cases  have  been 
successfully  treated  upon  an  almost  exclusive  meat 
diet.  Salisbury  steak,  a  little  lettuce  or  spinach,  and 
stale  bread,  varied  occasionally  by  chicken,  squab, 
eggs,  and  fish,  have  constituted  the  entire  list  of  foods 
of  these  patients.  The  uniformity  of  the  food  and 
the  ease  of  its  digestion  have  prevented  abnormal 
fermentations  in  the  gastrointestinal  tract  just  as  an 
exclusive  milk  diet  will  do.  This  is  the  secret  of 
success  in  such  ca-ses.  The  analysis  of  white  and  red 
meat  shows  no  material  difference  in  composition  or 
in  the  amoxmt  of   purin   bodies   contained   in    them. 

In  the  midst  of  acute  attacks  it  is  best  to  administer 
little  of  any  kind  of  food.  Milk  is  the  best  staple 
article  and  may  be  the  only  one.  Gruels  and  eggs 
may  also  be  eaten,  and  oranges  and  lemons  may  usu- 
ally be  permitted.  During  convalescence  the  "purin- 
free"  diet,  consisting  of  milk,  dairy  products  such  as 
butter  and  cheese,  and  eggs,  and  white  bread  and 
cereals  can  gradually  be  modified  by  adding  to  it 
spinach,  lettuce,  string  and  wax  beans,  cauliflower, 
and  other  garden  leaves  and  fruits.  The  root  vegeta- 
bles should  not  be  eaten  until  recovery  is  accomplished. 
A  small  amount  of  potatoes  may  be  permitted, 
though  an  exception  to  this  last  statement. 

Tea  and  coffee  in  small  amounts  and  with  no,  or 
very  little,  sugar,  may  be  used  by  those  who  are  pre- 
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disposed  to  gout,  provided  they  have  no  acute  symp- 
toms of  the  disease  or  of  indigestion;  but  if  digestion 
is  slow,  or  there  are  other  symptoms  of  gout  or  gouti- 
ness, these  beverages  should  be  forbidden, 

It  is  universally  admitted  that  alcoholic  beverages 
of  all  kinds  are  harmful.  Even  in  very  small  amounts 
they  will,  not  infrequently,  provoke  attacks  of  gout. 
The  degree  of  tolerance  of  alcoholic  beverages  by  those 
who  are  gouty  is,  of  course,  very  variable.  It  is  not 
necessary,  in  order  to  provoke  gout,  that  these  bever- 
ages should  be  taken  to  the  point  of  intoxication. 
Indeed  the  occasional  drunkard  rarely  develops  symp- 
toms of  the  disease,  but  it  occurs  most  frequently  in 
those  who  are  habitual  users  of  alcoholic  beverages  in 
moderate  amounts.  Ale,  beer,  and  the  sweet  and  the 
heavy  wines  are  the  beverages  which  are  most  apt  to 
jirovoke  the  trouble.  Of  wines,  the  dry  white  wines 
and  old  Bordeaux  have  been  found  the  least  harmful. 
Although  individuals  vary  in  their  susceptibility  to  the 
ill  effects  of  alcoholic  beverages,  and  although  the 
different  beverages  vary  m  their  potency  to  do  harm, 
they  should  all  be  forbidden  the  gouty. 

Patients  who  are  gouty  should  drink  water  copi- 
ously in  order  that  the  kidneys  may  be  made  to  act 
freely  and  that  the  waste  matter  may  thus  be  washed 
out  of  the  system.  From  five  to  eight  glasses  of  good 
pure  water  should  be  drunk  daily. 

Many  spring  waters  have  been  recommended  as 
preventives  of  gout.  It  is  probable  that  large  quan- 
tities of  water  do  more  good  by  the  physical  presence 
of  fluid  in  the  blood-vessels  and  tissues  than  the 
various  mineral  ingredients  which  spring  water  may 
from  time  to  time  contain.  There  are  three  varieties 
of  spring  waters  especially  recommended  for  gout: 
First,  those  which  are  particularly  pure  and  contain 
a  minimum  amount  of  mineral  matter.  Without 
doubt,  their  effect  is  a  physical  one.  Second,  the 
alkaline  waters  of  which  Vichy  is  a  type.  Alkalies 
well  diluted,  introdiiced  into  the  blood,  do  seem  to 
stimulate  normal  nutritive  changes  in  the  tLssues  of 
the  body.  The  alkaline  waters  also  have  a  beneficial 
effect  upon  the  contents  of  the  stomach,  which  are 
usually  acid  because  of  abnormal  fermentation. 
Third,  spring  waters  which  contain  iron,  arsenic,  and 
lithium.  They  are  useful,  especially  the  arsenical 
waters,  for  those  gouty  persons  who  have  affections 
of  the  skin  and  bronchial  mucous  membranes.  Many 
of  the  cases  of  gouty  dyspepsia  are  helped  by  these 
waters.  Royat,  in  France,  may  be  regarded  as  a  type 
of  this  group  of  mineral  waters. 

Recently  the  good  effect  of  .spring  waters  has  been 
ascribed  largely  to  radium  emanation  or  radio-active 
substances  contained  in  them  instead  of  to  chemical 
constituents  but  though  many  are  radio-active  the 
relationship  of  this  property  to  good  results  obtained 
in  gout  has  not  been  demonstrated. 

Spring  waters  rich  in  sodium  salts  are  not  beneficial 
for  the  gouty,  as  these  salts  in  unusual  quantities  in 
the  blood  hasten  the  precipitation  of  insoluble  urates 
in  joints  or  other  tissues. 

Hot  mineral  springs  are  resorted  to  by  many  who 
have  chronic  gout,  for  the  purpose  of  bathing.  Acute 
attacks  are  not  benefited,  bvit  partially  immobile 
joints  with  muscular  atrophy  are  benefited.  How- 
ever, if  patients  have  high  arterial  tension  or  hyper- 
trophied  hearts,  hot  baths  must  be  avoided. 

Exercise  is  essential  in  order  to  j^revent  gout  and  to 
avert  repeated  attacks  in  those  who  are  prone  to  it. 
The  anioimt  of  exercise  required  must  be  determined 
by  each  person.  As  a  rule  it  must  insure  several  hours 
of  outdoor  life  each  daj-  and  for  at  least  a  few  minutes 
daily  must  be  violent  enough  to  provoke  sweating. 
When  repeated  attacks  have  stiffened  the  joints  and 
enfeebled  patients,  it  must  be  more  gentle.  Walking, 
bicycling,  horseback-riding  are  the  best.  These  more 
gentle  means  of  exercise  can  often  lie  supplemented 
with  benefit  by  daily  or  frequent  massage.  Of  sports 
golf,  which  insures  mild  exercise  for  several  hours  out- 
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of-doors,  is  the  best.  The  more  violent  games  are 
rarely  adapted  to  the  gouty  who  are  in  middle  life 
or  have  passed  it. 

Sufficient  exercise  should  be  taken  daily,  for  the 
results  thus  obtained  cannot  be  stored  up  at  one  time 
for  future  use. 

In  acute  attacks  physicians  still  resort,  as  Cullen 
recommended  them  to  do,  "to  patience  and  flannels." 
Abortive  treatment  cannot  be  recommended.  It  has 
been  attempted  by  strapping  tightly  the  affected  joint, 
applying  ice  to  it,  administering  large  doses  of  col- 
chicum  and  sometimes  morphine.  Attacks  have  un- 
doubtedly been  stopped  short  in  this  way,  but  very 
dangerous  symptoms  have  also  followed  the  treatment, 
such  as  fainting  and  disorders  of  the  heart.  Most 
frequently  soothing  applications  are  made  to  the  dis- 
eased joint,  such  as  chloroform  liniment  or  menthol 
(eight  grams)  in  camphorated  soap  liniment  (120 
c.c),  or  in  an  oil  composed  of  Guaiacol  2.5  c.c,  Ol.  gau- 
therise  2.5  c.c,  and  01.  olivae,  50  c.c.  Pomades  with 
cacao  butter  and  olive  oil  as  bases  are  often  used. 
To  them  may  be  added  morphine,  cocaine,  bella- 
donna, menthol,  guaiacol,  and  other  local  anesthetics 
and  analgesics. 

After  each  local  application  has  been  made  the 
affected  foot  or  joint  is  wrapped  thickly  in  flannel  to 
protect  it  from  cold  and  to  promote  local  sweating. 
Rendu  ("Traite  de  Therapeutique  Appliqu^,"  1895, 
Paris)  advises  wet  bandages  which  are  gradually  made 
colder  until  the  diseased  part  is  accustomed  to  ice-cold 
applications.  The  cold  benumbs  the  sensibility, 
lessens  pains  and  swelling,  and  shortens  the  duration 
of  the  malady.  Like  the  so-called  abortive  treatment 
it  must  be  used  with  care. 

Blood-letting  and  blisters  are  no  longer  used  in  gout, 
but  purgatives  are.  Calomel  and  jalap  constitute  a 
favorite  prescription  of  English  physicians.  Certainly 
at  the  onset  of  an  attack  it  is  important  to  empty  the 
gastrointestinal  tract.  A  full  Jose  of  calomel  followed 
in  a  few  hours  by  a  saline  (the  liquid  citrate  of  mag- 
nesia is  particularly  eligible)  does  much  good.  At  the 
same  time  the  patient  should  abstain  from  food  for 
from  twenty-four  to  forty-eight  hours  but  should 
drink  water" freely.  When  food  is  administered,  and 
this  should  not  be  until  copious  bowel  movements 
have  insured  the  emptiness  of  the  intestines,  milk 
should  be  given. 

Morphine  or  an  opiate  must  be  given  sometimes 
in  acute  cases  to  promote  sleep  and  to  relieve  pain 
when  the  latter  is  hard.  Frequently  the  tincture  of 
opium  or  the  camphorated  tincture  are  combined 
with  the  wine  of  colchicum  partly  to  lessen  pain  and 
partly  to  prevent  too  much  purgation.  But  of 
medicine  colchicum  is  chiefly  relied  upon  to  relieve 
the  acute  symptoms.  Twenty  to  twenty-five  minims 
of  the  wine  of  colchicum  root  may  be  given  three  or 
four  times  daily.  Instead  of  tliis  preparation  the 
tincture  of  the  seeds  of  colchicum  may  be  used.  As 
soon  as  the  sedative  effects  of  the  drug  are  obtained 
it  should  be  given  in  smaller  quantities  and  often  can 
be  discontinued.  If  used  too  long  it  will  provoke 
nausea  and  exce.ssive  diarrhea.  Indeed,  a  peculiar 
susceptibility  to  these  effects  of  the  drug  makes  its 
employment  impossible  in  certain  cases.  Colchicum 
probably  produces  its  good  results  by  its  sedative 
action  upon  the  nervous  and  cardio-vascular  systems 
and  by  helping  elimination  by  its  purgative  properties. 
Colchicine  can  be  substituted  for  the  crude  drugs  and 
as  good  results  can  be  obtained  from  it,  it  can  be 
easily  combined  with  morphine  or  the  salicylates  and 
agreeably  administered  in  capsules. 

Next  to  colchicum  the  salicylates  are  found  useful. 
The  salicylate  of  sodium  is  most  used,  but  by  some 
physicians  the  salicylate  of  lithium  is  preferred  be- 
cause, as  some  think,  it  is  not  desirable  to  add  sodium 
to  the  fluids  of  the  body  since  it  forms  with  urates  a 
less  soluble  salt  than  potassium  and  some  other  bases. 
\  combination  of  the  salicvlate  of  sodivmi  and  bromide 


of  lithium  has  proved  useful  to  my  patients.  The 
salicylates  are  less  certain  in  their  effect  than  colchi- 
cum, but  especially  useful  after  colchic\im  is  discon- 
tinued and  in  prolonged  subacute  attacks.  It  has 
been  supposed  that  the  salicylates  aided  the  elimina- 
tion of  urates  by  making  them  more  soluble  but  this 
is  not  proven.  Doubtless  their  analgesic  properties 
chiefly  make  them  useful. 

Alkalies  also  are  iised  commonly.  The  best  are  the 
potassiiun  and  lithium  salts.  They  are  usually  com- 
bined with  colchicum  or  the  salicylates.  Originally 
they  were  given  to  hasten  the  elimination  of  uric  acid 
by  making  soluble  .salts  of  it.  Numerous  other  drugs 
in  recent  years  have  been  tried  for  the  same  purpose, 
such  as  piperazin,  lycetol,  lysidin,  and  hexamethy- 
lenamin.  While  these  and  other  drugs  make  urates 
more  soluble  in  the  laboratory  there  is  not  adequate 
proof  that  they  do  so  in  the  human  body,  at  least  to 
an  appreciable  degree.  Among  the  newer  drugs 
which  have  gained  some  repute  in  the  treatment  of 
gout  are  urosin,  sidonal  and  solural.  The  first  is 
lithium  quinate.  It  is  given  in  doses  of  seven  and 
one-half  grains  every  one  or  two  hours  in  acute  gout 
which  is  said  to  quickly  .subside  under  its  influence. 
Sidonal  is  a  combination  of  piperazin  and  quinic  acid. 
It  is  given  in  daily  doses  of  one-half  to  one  and  one- 
half  drams.  Solural  or  nucleotin-phosphoric  acid  is 
given  in  doses  of  five  to  ten  grains  three  or  four  times 
daily.  All  of  these  drugs  are  supposed  to  increase 
the  elimination  of  uric  acid.  The  doubt  which  pre- 
vails to-day  in  the  minds  of  pathologists  in  regard  to 
the  pathogenic  properties  of  uric  acid  makes  their 
employment  theoretically  less  urgent.  Lithium  has 
been  shown  to  be  useless  so  far  as  increasing  the  solu- 
bility of  urates  in  the  blood  is  concerned,  for  when 
administered  by  the  mouth  it  forms  insoluble  com- 
pounds in  the  stomach  and  does  not  unite  with  the 
uric  acid.  However,  I  am  convinced  that  lithium 
salts  are  beneficial  in  the  indigestion  of  the  gouty, 
probably  because  they  unite  with  constituents  of  the 
contents  of  the  stomach,  and  lessen  their  acidity  and 
toxicity. 

Guaiac  is  another  remedy  which  is  often  emplo^-ed 
in  gout  with  benefit.  Its  mode  of  action  cannot  be 
satisfactorilj'  explained.  It  proves  most  useful  in 
subacute  or  mild  acute  cases.  Oxygen  inhalations, 
thyroid  extract  and  orchitic  and  ovarian  substance 
have  been  tried  hoping  that  they  would  promote 
oxidation  and  afford  relief,  but  have  been  of  no  benefit. 

Chronic  gout  must  be  treated  h_vgienically  for  the 
most  part  and  acute  exacerbations  must  be  treated 
as  acute  gout  is.  The  salicylates  and  alkalies  are 
especially  u.seful  in  these  cases.  Piperazin  and  similar 
drugs  have  been  much  used  to  dissolve  tophi.  The 
clinical  results  of  their  employment  as  they  are  de- 
scribed in  periodical  literature  are  conflicting.  It  and 
Ij'sidin  are  also  credited  with  the  relief  of  pain. 

Massage  can  be  emploved  in  chronic  gout,  and  often 
after  acute  attacks,  with  benefit.  It  must,  however, 
be  applied  with  gentleness.  It  helps  to  reduce  swell- 
ing, to  make  the  joints  more  supple,  and  to  strengthen 
the  unused  muscles.  When  joints  are  i)ermanently 
deformed  it  is  necessary  ):>>•  massage,  electricity,  and 
hydrotherapy  to  keep  the  atrophying  muscles  strong, 
in  order  that  as  much  usefulness  as  possible  may  be 
preserved  to  the  diseased  part. 

Little  can  be  done  to  remove  uratic  deposits.  Most 
attempts  by  local  treatment  are  found  to  be  more 
harmful  than  useful.  Surgical  interference  is  not  to 
be  recommended  unless  suppuration  occurs  near  them 
(and  it  is  a  rare  complication,  not  a  part  of  the  disease) 
or  sloughing  of  the  skin  over  them  takes  place;  then 
the  pus  should  be  evacuated  and  any  exposed  urates 
scraped  out  and  the  wound  treated  as  any  other 
sluggish  and  infected  wound  would  be. 

A  residence  in  a  mild  genial  climate  where  an  out- 
door life  can  be  had  continuously  is  of  great  advantage 
in  checking  the  progress  of  this  ailment. 
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Often  diet  must  be  modified  still  further  because  of 
arteriosclerosis  or  contracted  kidney  and  albuminuria. 
It  must  then  be  made  even  simpler.  Red  meats 
should  not  be  used  or,  if  at  all,  rarely.  Indigestion  and 
constipation  must  be  carefully  corrected  or  guarded 
against.  Great  pains  must  be  taken  to  prevent 
fermentation  in  the  gastrointestinal  tract. 

The  iodides  are  frequently  needed  for  their  effect 
upon  arteriosclerosis  and  atheroma.  They  may  have 
to  be  given  for  weeks  at  a  time.  Potassium  iodide 
is  chiefly  used,  but  Bouchard  and  Dyce  Duckworth 
recommend  the  iodide  of  lithium.  Nitroglycerin  or 
the  nitrites  are  needed  sometimes  for  their  temporary 
but  more  pronounced  effects  upon  the  arteries  in 
lessening  arterial  tension. 

In  irregular  gout  chief  reliance  must  be  placed  upon 
hygienic  treatment.  Various  symptoms  of  the  mal- 
ady may  for  a  time  need  medical  treatment  addressed 
to  meet  them.  For  instance,  in  the  eczema  of  the 
gouty  local  applications  are  of  benefit;  but  an  abstemi- 
ous, carefully  regulated  diet,  the  copious  drinking  of 
water,  the  maintenance  of  good  elimination  by  the 
bowels,  kidneys,  and  skin,  and  suitable  exercise,  are 
essential  to  success.  The  frequent  restriction  of 
foods  to  those  that  are  "purin-free"  for  short  intervals 
helps  to  maintain  a  feeling  of  well-being.  It  is  prob- 
able that  the  simplicity  of  this  diet  and  the  small 
quantit)-  eaten  has  as  much  to  do  with  the  feeling  of 
well-being  as  that  it  is  "purin-free." 

For  the  headaches  and  neuralgias  much  can  be 
done  with  the  compounds  of  salicylic  acid,  acet- 
phenetidin,  acetanalidum,  and  similar  drugs,  but  the 
relief  is  imperfect  or  transitory  unless  a  suitable 
regimen  is  prescribed  and  maintained.  Hemicrania 
can  frequently  be  averted,  when  the  temporal  arteries 
begin  to  be  tense  and  twinges  of  pain  give  warning 
of  an  attack,  by  a  full  dose  of  liquid  citrate  of 
magnesia. 

Often  such  patients  must  change  their  business  in 
order  to  obtain  permanent  relief,  thereby  avoiding 
the  anxiety  and  confinement  which  a  commercial  or 
professional    life    necessitates.  N.  S.  Davis. 


De  Qraaf,  Reignier. — Born  in  Schoonhaven, 
Holland,  July  30,  1641.  He  studied  medicine  in 
Leyden,  under  Francois  de  le  Boe,  but  received  the 


Fia.  2817. — Reignier  Dc  Graaf. 

degree  of  Doctor  of  Medicine  in  1665,  at  Angers, 
France.  Upon  his  return  to  Holland,  in  1666,  he 
began  the  practice  of  his  profession  at  Delft.  His 
death  occurred,  August  17,  1673.  He  was  an  enthu- 
siastic and  careful  anatomist. 

In  de  Graaf's  published  writings  on  the  genital 
organs  of  both  the  male  and  the  female  human  being 
will  be  found  many  statements  of  new  and  important 
facts.     Thus,  for  example,  his  name  is  connected  with 
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the  structure  called  the  "Graafian  follicle."  His 
separate  monographs  were  collected  and  published 
under  the  title:  "Opera  omnia, "  Leyden,  1677. 

A.  H.  B. 

Von  Qraefe,  Albrecht. — Born  at  Berlin,  Prussia, 
May  22,  1828.  He  was  the  son  of  the  celebrated 
surgeon,  Carl  Ferdinand  von  Graefe.  He  received 
the  degree  of  Doctor  of  Medicine  from  the  University 


.  Fig.  2818. — .\lbrecht  Von  Graefe. 

of  Berlin  in  1847.  In  1848  he  went  to  Prague,  and 
upon  the  suggestion  of  Prof.  Arlt,  devoted  himself 
chiefly  to  the  study  of  ophthalmology.  From  Prague 
he  visited,  in  succession,  during  the  following  two 
years,  the  clinics  of  Sichel  and  Desmarres  in  Paris, 
of  the  von  Jaegers  (father  and  son)  in  Vienna,  of 
Bowman  and  Critchett  in  London,  and  of  Donders 
in  Utrecht.  In  1850  he  returned  to  Berlin,  and  began 
to  practise  as  an  eye  surgeon.  It  was  about  this  time 
that  the  use  of  the  ophthalmoscope  was  first  intro- 
duced by  Helmholtz.  von  Graefe,  who  promptly 
recognized  the  great  value  of  the  instrument  and  was 
the  first  to  put  it  to  practical  use,  exclaimed:  "  Helm- 
holtz has  opened  for  us  a  new  world!"  In  1854  he 
founded  the  Archiv  fiir  Ophihalmologie,  the  first 
number  issued  containing  almost  exclusively  articles 
which  he  himself  had  written.  But  Arlt  and  Donders 
soon  joined  him  in  the  work  of  editing  this  periodical. 
In  1857  he  was  elected  Extraordinary  Professor  of 
Ophthalmologj',  and  in  1866  he  was  given  the  regular 
chair.  HLs  lecture  room  was  crowded,  not  with 
students,  but  largely  with  practitioners  who  came 
from  all  parts  of  the  world  to  listen  to  his  teachings. 
His  attractive  personality,  his  earnestness  of  manner, 
the  thoroughly  scientific  character  of  his  subject 
matter,  and  the  perfectly  clear  and  simple  language 
with  which  he  presented  his  facts  and  ideas,  fairly 
charmed  his  auditors.  Unfortunately,  von  Graefe's 
bodily  health  was  not  equal  to  the  task  which  he  had 
set  before  himself.  Frequent  attacks  of  pleurisy 
interfered  seriously  with  the  continuity  of  his  labors, 
and  finally  put  an  end  to  his  life  on  Julv  20,  1870. 

A.  H.   B. 


Qraefe,  Alfred  Karl. — Born  in  Martinskirchen, 
Germany,  November  23,  1830.  He  was  a  cousin  of 
•Albrecht.  After  studying  medicine  at  Halle,  Heidel- 
berg, Wtirzburg,  Leijizig,  and  Prague,  he  receivofl  the 
doctor's  degree  in  1S54  from  the  imiversity  of  the 
first-named  city.  The  subject  of  his  graduating 
thesis  was :"  De  canaliculorum  lacrymalium  natura." 
From  1855  to  1858  he  acted  as  an  assistant  to  his 
cousin,  from  whom  indeed  he  received  the  major 
part  of  his  training  as  an  ophthalmologist.  He 
managed,  however,  to  .spend  a  certain  length  of  time 
in  Paris  during  this  period,  with  the  object  of  working 
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under  the  instruction  of  Sichel  and  Desmarres,  the 
leading  ophthahnologists  of  that  city.  In  1858  he 
established  himself  in  Halle  as  a  Privatdozent,  and 
organized  a  Clinic  for  Eye  Diseases.  In  1864  he  was 
appointed  Extraordinary  Professor  of  Ophthalmology, 
and  at  the  same  time  the  university  authorities  as- 
sumed responsibility  for  the  Clinic,  which  Graefe  had 
up  to  that  time  supported  at  his  own  expense.  In 
1873  he  was  given  the  full  professorship,  and  was 
appointed  at  the  same  time  Director  of  the  Ophthal- 
miatric  Clinic.  Still  later,  the  title  of  "Geheimer 
Medicinal  Rat"  was  conferred  upon  him.  Between 
the  years  1874  and  1880  Graefe,  in  association  with 
Saemisch,  of  Bonn,  published  the  great  "Handbuch 
der  gesammten  Augenheilkunde,"  the  part  relating 
to  the  motor  disturbances  of  the  eye  having  been 
written  by  Graefe  himself.  Of  his  other  contributions 
to  ophthalmological  literature  some  appeared  in  his 
cousin's  Archiv  fiir  Ophthalmologie,  others  in  Fehender's 
klin.  Monatsblatter,  and  the  remainder  in  various 
periodicals  of  a  general  (non-ophthalmological) 
character.  The  more  important  of  Graefe's  published 
writings  bear  the  following  titles:  "Ueber  Ischa'mia 
retinse;"  "  Ueber  das  Binocularsehen  bei  Schielenden;" 
"  Ueber  Cysticercus-Extraction  aus  den  tiefsten 
Theilen  des  Auges,  mit  Construction  eines  Localisa- 
tions-Ophthalmoskops;"  "Ueber  Wundbehandlung 
bei  Augenoperationen;"  "Ueber  Extraction  unreifer 
Staare;"  "Ueber  Enucleatio  bulbi;"  and  "Ueber 
caustische  und  antiseptische  Behandlung  der  Con- 
junctival-Entziindungen,  mit  besonderer  Beriick- 
sichtigung  der  Blennorhoea  neonatorum"  (in  Volk- 
mann's  Sammlung  klinischer  Vortrage,  1881).  In 
1892  Graefe,  owing  to  ill  health, 'resigned  his  professor- 
ship in  the  University  of  Halle,  and  took  up  his 
residence  in  Weimar.  He  died  in  the  latter  city  on 
AprO  12,  1899. 

WTiile  his  career  as  an  ophthalmologist  was  far  less 
brilliant  than  that  of  his  cousin  Albrecht,  Alfred 
takes  high  rank  among  the  very  clever  men  who 
composed  the  group  of  leaders  of  that  specialty  during 
the  latter  half  of  tlae  nineteenth  centurv. 

A.  H.  B. 


Graham,  James  Elliott. — One  of  the  most  dis- 
tinguished Canadian  physicians  of  the  nineteenth 
century.  Born  at  Brompton,  Ontario,  in  1847, 
Graham  received  his  early  education  at  Weston 
Grammar  School  and  the  Upper  Canada  College.  He 
studied  medicine  at  the  Toronto  School  of  Medicine 
and  came  out  head  of  his  year,  receiving  the  Univer- 
sity Gold  Medal.  The  following  year  he  became  a 
resident  physician  at  the  Brooklyn  City  Hospital,  and 
then,  upon  completion  of  his  service  in  that  institu- 
tion, he  went  to  Germany,  intending  to  continue  his 
medical  studies  in  that  country;  but,  in  the  meantime 
the  Franco-Prussian  war  had  broken  out,  and  this  led 
him  to  make  a  change  in  his  plans.  He  applied  for 
the  position  of  surgeon  in  the  Prussian  army,  without 
rank,  and  was  promptly  given  the  appointment.  At 
the  close  of  the  war  he  went  to  Vienna,  and  availed 
himself  fully  of  the  great  clinical  advantages  which 
that  city  affords.  It  was  here  that  he  laid  the  founda- 
tions of  his  wide  knowledge  of  dermatology.  From 
Vienna  he  went  to  London,  and  then,  after  pursuing 
his  studies  there  for  a  few  months,  he  returned  to 
Toronto,  where,  at  the  close  of  1872,  he  entered  general 
practice.  Three  years  later  he  was  appointed  Physi- 
cian to  the  Toronto  General  Hospital,  and  at  about 
the  same  time  he  became  attached  to  the  staff  of  the 
Toronto  School  of  Medicine  as  Demonstrator  of 
Anatomy  and  Microscopy.  Gradually  advancing 
from  one  position  to  another  in  the  university,  he  was, 
upon  the  reorganization  of  the  Medical  Faculty  of  the 
University  of  Toronto  in  1887,  appointed  Professor  of 
Clinical  Medicine  and  Medical  Pafhologj-,  as  well  as 
Lecturer  in  Dermatology.     Five  years  later  he  became 


full  Professor  of  Medicine  and  Clinical  Medicine. 
After  1893  he  confined  himself  strictly,  in  private 
practice,  to  the  role  of  a  consultant  in  internal  diseases. 
He  died  in  1899  at  the  relatively  early  age  of  fifty-two. 
Graham  was  a  very  active  contributor  to  current 
medical  literature,  as  shown  by  the  bibliography  of  his 
writings  which  was  prepared  by  his  nephew,  Dr.  H.  J. 
Hamilton  of  Toronto.  Of  the  fifty-seven  essaj's 
enumerated  in  this  list  we  may  here  mention  only  a 
very  few,  as  follows:  "Leprosy  in  New  Brunswick,"  in 
the  Canadian  Medical  and  Surgical  Journal,  Montreal, 
1883-1884;  "Idiopathic  Aneemia, "  in  Canadian  Prac- 
titioneT,  1894;  "Notes  of  a  Case  of  Hepatico-Bronchial 
Fistula,"  in  Trans,  of  the  Association  of  American 
Physicians,  PhUa.,  1886;  "Notes  of  Two  Cases  of 
Acromegaly,"  in  Trans,  of  the  Association  of  American 
Physicians,  Phila.,  1890;  "The  Treatment  of  Tj'phoid 
Fever,"  in  Canadian  Practitioner,  Toronto,  189l;  "A 
Tumor  of  the  Spinal  Cord,"  in  International  Clinics, 
Phila.,  1892;  "Displacements  of  the  Liver,"  in  Trans, 
of  the  Association  of  American  Physicians,  Phila.,  1895; 
and  "Diseases  of  the  Gall-Bladder  and  Ducts,"  in 
American  System  of  Practical  Medicine,  1898.  (From 
data  kindlv  furnished  by  Dr.  A.  Primrose  of  Toronto.) 

A.  H.  B. 


Qraminese. — (The  Grass  Family.)  This  is  doubt- 
less, all  things  considered,  the  most  important  family 
of  plants.  The  bamboos  contribute  most  important 
building  and  structural  material  in  the  tropics,  as 
well  as  considerable  fiber  material,  which  latter  is  also 
contributed  by  many  other  grasses.  The  uses  of 
straw  in  this  connection  are  too  well  known  to  require 
description.  The  grasses  contribute  by  far  the  most 
important  stock  fodders,  while  the  cereals  constitute 
the  most  important  part  of  human  food  and  the 
principal  source  of  alcoholic  beverages  and  of  alcohol 
itself.  The  sugar-cane,  as  well  as  sorghum,  is  a  grass. 
.•\n  important  fixed  oil  is  obtained  from  Indian  corn, 
which  is  also  the  chief  source  of  glucose,  and  the 
importance  of  the  starch  yielded  by  it,  as  well  as  of 
those  obtained  from  wheat,  rye,  rice,  and  barley,  is 
apparent.  Several  important  volatile  oils  are  j-ielded 
by  species  of  Andropogon.  With  one  or  two  unim- 
portant exceptions,  poisonous  properties  are  unknown 
in  the  family.  Very  few  of  the  species  are  of  distinct 
medicinal  use,  though  Triticum  is  official,  and  ergot 
proceeds  indirectly  from  rye. 

Henhy  H.  Rcsbt. 


Qranatum. — Pomegranate  Bark.  Granati  Cortex 
or  Cortex  Granati.  Grenadier.  "The  dried  bark  of 
the  stem  and  root  of  Punica  granatum  L.  (fam. 
Punifacece),"  U.  S.  P.  _ 

This  is  a  very  beautiful  shrub  or  small  tree,  produc- 
ing a  dense  crown  of  glossy  dark-green  foliage,  hand- 
some deep-scarlet  or  crimson  (in  one  form  white) 
flowers,  and  the  delicious  fruit  well  known  under 
this  name.  It  is  a  native  of  Southwestern  Asia 
and  is  now  everywhere  cultivated  in  tropical  and 
subtropical  countries.  Some  pharmacopoeias  require 
the  root  bark  only,  a  judicious  restriction  (see 
Constituents).  The  French  Codex  recognizes  also 
the  flowers  and  fruit,  and  the  rind  of  the  latter,  but 
all  these  are  very  inferior. 

The  bark  occurs  in  quills  several  inches  in  length, 
and  0.5  to  2  cm.  (i  to  *  in.)  in  diameter,  or  in  broken 
jiieces  of  the  sa  le,  the  bark  1  to  3  mm.  (j"-  to  j^  in.) 
thick;  outer  surface  of  the  stem-bark  exhibiting 
broad,  shallow,  rough,  commonly  short  and  re- 
ticulated, j-ellow  fissures,  alternating  with  less  rough- 
ened, gray  or  slightly  purplish-gray  bands  having 
sharp,  lightly  elevated  margins,  and  usually  more  or 
less  marked  with  small  blackish  spots  of  lichen;  root 
bark,  especially  the  thicker  pieces,  browner,  less 
fissured,  and  more  or  less  scaly  and  roughened ;  inner 
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surface  finely  striate,  with  some  longitudinally  elon- 
gated, blister-like  elevations,  and  varying  in  color 
from  pale  greenish-yellow  to  cinnamon-brown;  frac- 
ture short,  granular,  greenish-yellow,  and  showing 
a  somewhat  laminated  stucture;  taste  astringent, 
very  slightly  bitter. 

Constituents. — The  important  constituents  of  pome- 
granate bark  are  four  alkaloids,  together  aggregating 
from  one  per  cent,  to  three  per  cent,  of  the  weight  oC 
the  drug.  Although  evidence  on  this  point  is  con- 
tradictorv,  it  appears  pretty  well  established  that  the 


Fig.  2S19. — Pomegranate  Bark. 

root  bark  contains  about  a  half  more  alkaloid  than  the 
stem  bark  and  that  the  barks  of  the  white-flowered 
variety  are  richer  than  those  of  the  red-flowered. 
There  is  a  large  amount  of  tannin  (twenty  per  cent,  or 
more),  some  mannit  ("punicin"  or  "granatin"), 
much  yellow  coloring  matter,  and  a  very  large  amount 
(ten  to  fifteen  per  cent,  or  more)  of  ash.  _  The  tannic 
acid  is  interesting,  being  partly  gallotannic  and  partly 
a  form  peculiar  to  this  drug.  The  alkaloids  exist  for 
the  most  part  as  tannates.  The  most  important  is 
pelletierine  or  "punicine"  (CgHuNO),  which  is  a 
volatile  liquid,  soluble  in  water,  alcohol,  ether,  and 
chloroform,  and  rapidly  oxidizing,  upon  exposure,  into 
a  resin-like  body.  Its  salts  are  crystalline.  Methijl- 
pcUetierine  (CsHuNO)  is  similar,  but  somewhat  less 
soluble  in  water.  This  alkaloid  is  more  abundant  in 
the  root  bark,  the  former  more  in  the  stem  bark.  The 
other  alkaloids  are  iso-pclletierine  and  pseudo-pfllc- 
tierine  or  "granatonine"  (C9Hj3N0.2H.O),  the  latter 
occurring  in  prismatic  crystals,  soluble  in  water,  alco- 
hol, and  chloroform,  and  in  nine  parts  of  ether. 

Pomegranate  bark  deteriorates  rapidly  on  keeping. 

The  alkaloids  undergo  a  change,  rendering  them  less 
soluble,  soon  after  which  they  become  decomposed. 
It  is  to  be  particularly  noted  that  the  commercial 
substances  passing  as  pelletierine  and  its  salts  are  in 
reality  mixtures  of  all  the  alkaloids  named  above. 

Action  .\ni)  1'ses. — The  important  use  of  pomegran- 
ate bark  is  as  a  ta?nicide,  its  alkaloids  being  active. 
Opinions  differ  as  to  whether  the  parasite  is  killed  or 
merely  paralyzed  by  the  drug.  In  any  case,  a  brisk 
cathartic  is  required  after  its  administration,  owing  to 
the  strongly  astringent  effect  of  its  tannin.  Its  astrin- 
gent properties  are  often  utilized  for  gargling  and  simi- 
lar purposes  and  have  been  used  internally,  though  the 
large  doses  thus  used  have  frequently  been  followed 
by  unpleasant  emetic,  and  to  some  extent  narcotic, 
effects.  The  official  fluid  extract  is  often  em- 
ployed, in  doses  of  fl.  5  ss.-iss.  (2.0-0.0),  and  the 
powdered  bark  is  given  in  corresponding  doses.  A 
very  good  method  is  to  suspend  the  latter  in  mucilage. 
The  ten  per  cent,  decoction  is  the  form  probably  most 
used,  in  wineglass  doses.     The  tannate  of  the  alka- 
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loids  (so-called  "pelletierine-tannate")  is  not  very 
largely  employed  in  doses  of  gr.  iij-vi.  (0.2-0.4). 
This  is  after  all  the  best  form  of  administration 
since  the  inhibiting  action  of  the  free  tannin  of  the  bark 
is  thus  avoided. 

The  rind  of  the  fruit  (Cranati  Frudus  Cortex;  Cortex 
Malicorii)  is  largely  utilized  for  its  astringent  prop- 
erties. It  contains  rather  more  tannin  than  the 
bark,  together  with  a  still  larger  amount  of  gum,  and  is 
free  from  the  alkaloids  which,  as  stated  above,  oftea 
render  the  use  of  the  bark  as  an  astringent  undesirable. 
This  rind  occurs  in  irregular,  curved  chip-like  frag- 
ments, about  two  millimeters  (-|ij  in.)  thick,  externally 
brown,  with  a  yellowish  or  sometimes  reddish  tint, 
finely  tuberculate  roughened,  internally  of  a  lighter  or 
whitish  color,  marked  with  conchoidal  depression  indi- 
cating the  position  of  the  masses  of  seeds.  The  ter-  I 
minal  pieces  bear  the  thick,  tubular  cup-shaped  re-  | 
mains  of  the  calyx  tube.  The  fracture  is  short,  sharp, 
and  granular.  The  drug  is  nearly  odorless  and  strongly 
astringent.  Henry  H.  Rusby. 


Granite  State  Spring. — Rockingham  County, 
New  Hampshire . 

Post-office. — Atkinson. 

Access. — Via  the  Boston  and  Maine  Railroad  to 
.\tkinson.  New  Hampshire,  thence  about  one-quarter 
of  a  mile  to  the  Spring  and  bottling  works. 

The  following  analvsis  was  made  bv  W.  French 
Smith: 

One  t'xiTED  St.\tes  G.vllo.n-  Cont.\in3: 

Solids.  Grains. 

Calcium  carbonate 0-94 

Calcium  sulphate 0.27 

Sodium  chloride 0 .  22 

Iron  and  alumina 0.26 

Silica 0. 14 

Organic  matter  "volatile" 1 . 70 

Total 3.53 

The  organic  matter  is  of  a  harmless  nature.  This  is 
an  exceptionally  pure  water,  and  of  excellent  quality 
for  drinking  purposes.  The  water  is  used  largely  in 
the  manufacture  of  carbonated  beverages. 

Em.ma   E.  W.\lker. 


Granulation  Tissue. — Definition. — In  crushing 
injuries,  wounds  involving  the  loss  of  considerable 
tissue,  neglected  wounds  or  those  infected  with  patho- 
genic bacteria,  or  in  wounds  in  which  close  coaptation 
by  sutures  is  impossible,  the  healing  process  takes 
place  by  secondary  intention,  or,  it  is  said,  healing 
occurs  bv  granulation.  The  origin  of  the  latter 
expression  is  traceable  to  the  appearance  in  such 
injured  parts  of  minute  pink  or  rosy  elevations,  the 
granulations;  such  surfaces  are  said  to  be  granulating 
and  the  tissue  forming  the  tiny  nodules,  as  well  as 
that  below  and  about  them,  is  granulation  tissue. 
Granulations  are  peculiarly  limited  to  exposed  situa- 
tions; similar  processes  of  healing  upon  other  sur- 
faces, such  as  the  intestinal  canal  and  serous  mem- 
branes, are  very  rarely  if  ever  marked  by  elevations 
comparable  to  the  granulations  of  healing  wounds. 
This  term  consequently  had  its  birth  in  the  outward 
objective  features  of  healing  injuries  of  various  sorts 
as  well  as  locations. 

The  factors  concerned  in  its  production  are  the 
same  as  those  which  bring  about  repair  anywhere 
as,  for  example,  repair  of  the  surgeon's  simple 
incised  wound  which  heals  without  infection  or 
an.v  other  complication.  The  differences  are  Largely 
quantitative  and  especially  the  varying  ability  to 
proliferate  possessed  by  different  tissues,  epithelium, 
fibroblasts,     and    a     few    other     cells    proliferating 
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readQy  and  extensively  as  compared  with  total  or 
nearly  entire  inability  to  regenerate  possessed  by  more 
highly  specialized  cells  such  as  heart-muscle  and 
nerve  cells.  Granulations  are  described,  in  the  older 
works  of  surgery  and  pathology,  as  arising  from  the 
sectioned  ends  of  bones,  in  abscesses  undergoing 
"self -purification."  chronic  ulcers,  fistulous  openings, 
etc.  The  essential  requisite  seems  to  have  been  that 
they  should  occur  either  where  they  would  be  plainly 
visible  or  easily  demonstrable  or  in  such  hidden  loca- 
tions where  previous  experience  had  proven  their 
development.  Necessarily  this  conception  of  granu- 
lation tissue  was  from  the  clinical  viewpoint  almost 
exclusively. 

With  the  fuller  knowledge  of  the  process  of  inflam- 
mation, and  especially  of  the  regenerative  changes 
connected  with  resolution,  the  designation  granulation 
tissue  has  invaded  topics  of  a  more  general  character 
than  those  connected  simply  with  surgical  pathology. 
This  tendency  is,  without  doubt,  due  to  the  selection, 
by  writers,  of  wound  healing  by  secondary  intention, 
as  the  type  of  regeneration  or  resolution  in  the  inflam- 
matory process;  and  because  the  cellular  changes  in 
resolution  have  more  or  less  in  common,  no  matter 
what  the  location  is.  The  term  granulation  tissue 
has,  therefore,  bj-  degrees  acquired  the  significance  of 
embrj-onal  tissue.  From  this  pathological  conception, 
the  chronic  processes  of  inflammation,  tuberculosis, 
syphilis,  actinomycosis,  leprosy,  etc.,  in  which  pro- 
liferative changes  predominate,  acquired  the  group- 
name  granulomala.  There  may  be  no  granulations 
in  the  surgical  sense  in  a  gumma  or  actinomycotic 
growth,  yet  they  are  commonly  described  as  made  up 
of  granulation  tissue.  The  analogj'  between  the 
granulation  tissue  of  a  healing  wound  and  a  deeply 
seated  chronic  inflammation  such  as  a  gumma  of  the 
liv'er  or  testicle,  is  a  histologic  one;  the  former  possesses 
perceptible  granulations,  the  latter  a  structure  similar 
to  such  delicate  and  sometimes  barely  visible  ex- 
crescences. Granulations  do  not,  as  a  rule,  develop 
in  the  granulomas,  but  they  are  obvious  characteris- 
tics of  all  sorts  of  wounds. 

That  consideration  of  granulation  tissue  which 
maintains  its  parity  to  embryonal  tissue  and  its  in- 
flammatory origin  belongs  to  the  general  subject  of 
inflammation  (see  Inflammation),  whereas  the  follow- 
ing description  deals  solely  with  granulation  tissue  as 
it  is  met  with  clinically,  with  the  structures  that 
gained  the  name  primarily. 

He.\ltht  GR.\^'^JLATIO^■s. — The  surface  of  open 
wounds  after  a  few  hours  becomes  covered  over  with  a 
delicate  pellucid,  gray  or  whitish  layer  which  slowly 
becomes  thicker  and  finalh-  resembles  the  bufl'y  coat. 
Its  formation  takes  place  after  the  cessation  of  hemor- 
rhage, although  some  clear  or  slightly  blood-tinged 
fluid  may  ooze  from  spots  on  its  surface  or  from  the 
edges  for  some  time.  Exposure  to  the  drying  in- 
fluences of  the  air  causes  this  exudate  to  change  into  a 
compact,  rather  brittle  crust  that  effectually  protects 
the  underlying  tissue;  it  is  often  some  shade  of  brown 
from  the  admixture  of  blood.  The  protection  of  wounds 
by  dressings  may  lessen  the  formation  of  a  crust  and 
the  fibrinous  coating  may  remain  thin  and  translucent. 
For  a  number  of  days  there  may  be  no  change  in  the 
appearance  of  such  defensive  vestures.  After  a  variable 
length  of  time,  depending  upon  the  anatomical  loca- 
tion, the  variety  of  tissue,  the  individual's  age,  and 
other  factors,  granulations  arise.  It  is  usually  a 
number  of  days,  from  four  to  ten,  before  they  attain 
macroscopic  proportions. 

When  it  was  regarded  as  good  surgical  treatment  to 
approximate  the  edges  of  the  flaps  with  strips  of  adhe- 
sive, after  amputation  of  an  extremity,  it  was  observed 
that  granulations  appeared  earliest  on  the  vascular  soft 
parts  and  sooner  on  the  sectioned  cancellous  than  com- 
pact bone.  If,  after  a  certain  period  of  repose,  the 
dried  blood  clot  of  the  exposed  wound  or  the  dressing 
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of  the  more  carefully  protected  wound  be  removed, 
minute  pink  points  will  be  visible  upon  the  paler  tissue 
around.  They  mark  the  site  of  future  granulations, 
whose  development  is  easil.v  followed  by  examination 
at  intervals.  The  pink  spots  deepen  in  hue  and  others 
appear;  they  enlarge  to  blotches  that  have  a  bright 
ruddy  aspect,  and  become  elevated  as  small  globular 
tuberosities.  In  serisu  strictu,  this  is  granulation 
tissue. 

These  small  eminences  vary  in  size  and  give  the  sur- 
face a  decided  granular  appearance;  they  level  the 
smaller  irregularities  of  rough  and  lacerated  injuries. 
The  tissue  that  forms  them  is  common  to  all  chronic 
inflammations;  it  is  embryonal  tissue  in  process  of 
cicatrix  production.  The  elevations  containing  loops 
of  newly  proliferated  blood-vessels  have  been  ex- 
plained by  Hamilton  upon  the  basis  of  lessened  pres- 
sure; in  this  manner  he  would  account  for  their  absence 
in  deeply  seated  morbid  conditions.  It  is  doubtful  if 
altered  conditions  of  pressure  are  the  only  agencies  in- 
fluencing their  development. 

Perfectly  healthy  granulations  may  vary  in  height 
and  form,  they  may  possess  fiat  or  rounded  tops  and  a 
uniformity  or  irregularity  in  size  may  be  observed. 
Double  or  compound  granulations  are  described. 
Their  consistence  varies  within  narrow  limits;  pos- 
sessed of  broad  bases  these  warty  growths  give  the 
impression  of  firmly  interwoven  tissue  with  soft  but 
not  fluid  contents.  On  removal  of  the  covering 
exudate  by  gentle  washing,  a  clean,  moist  or  glazed 
surface,  translucent  and  devoid  of  visible  vessels  is 
exposed.  Although  there  is  no  distinctive  color  to 
healthy  granulations,  the  more  livid  hues  bespeak  poor 
circulatory  conditions.  A  faint  pellicle  with  bluish 
zones  that  merge  into  the  white  of  the  adjacent  skin 
marks  the  healing  margins  from  which  epithelization 


Fig.  2820. — Injected  Blood-vessels  in  the  Granulation  Tisauo 
from  an  Experimental  Injury  of  the  Tongue  of  a  Dog.  The 
arteries  have  a  greater  tortuosity.  Six  days  after  injury*.  (Modi- 
fied from  Tboma.) 

has  alreadj'  begun.  Healthy  granulations  are  ex- 
tremely sensitive  if  they  arise  in  tissues  well  supplied 
with  nerves;  others  from  such  structures  as  compact 
bone  and  tendons  are  relatively  insensative.  When 
situated  on  a  flat  surface  they  seldom  rise  much  above 
the  level  of  the  adjacent  skin.  The  cells  composing 
granulation  tissue  are  those  peculiar  to  chronic  in- 
flammation; however,  in  the  average  granulating 
wound  there  are  probably  a  greater  variety  than  in 
the  usual  deeply  seated  chronic  inflammation.  Our 
knowledge  of  the  histology  and  histogenesis  of  the 
healing  process  is  in  the  main  derived  from  experi- 
mental work  upon  animals,  nevertheless  it  is  generally 
accepted  that  healthy  human  granulations  may  contain 
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all  varieties  of  leucocytes  and  all  forms  of  fiber- 
producing  cells ;  also  red  blood  corpuscles,  phagocj'tes, 
giant  cells,  budding  blood-vessels,  fibrin,  bacteria,  and 
an  intercellular  substance  of  altered  fluid  from  the 
blood-  and  lymph  vessels. 

When  foreign  particles  or  objects  rendered  soluble 
by  the  digestive  enzymes  of  cells  with  more  than  ordi- 
nary difficulty  obtain  lodgement  or  are  incorporated  in 
granulation  tissue,  endothelial  leucocjHes  are  found 
grouped  about  them  as  the  so-called  "foreign  body 
giant  cell."  The  list  of  such  "foreign  bodies"  is  a 
long  one  and  mention  need  be  made  of  simply  the  more 
important  materials  such  as  cholesterin  crystals, 
keratinized  epithelium,  the  crystals  of  fatty  acids, 
fibrin,  elastic,  or  other  fibers  and  particles  of  bone, 
because  such  giant  cells  are  erroneously  thought  in- 
dicative of   tuberculosis. 

The  origin  and  fate  of  the  so-called  plasma  cell,  a 
cell  of  the  lymphoblast  series  which  may  be  verj- 
abundant  in  granulation  tissue,  have  been  subjects  of 
a  great  deal  of  controversy,  some  idea  of  which  may 
be  obtained  from  the  writings  of  Schridde,  Council- 
man, Porcile,  and  Unna. 

Pathological  Grantlations. — ;The  extent  to  which, 
in  a  specific  example,  the  exudative  and  retrogressive 
or  degenerative  changes  exceed  those  of  proliferation, 
depends  upon  many  factors;  chief  among  these  are  the 
stage  of  healing  and  the  initial  cause.  It  has  long  been 
recognized  by  surgeons  that  variations  may  occur  in  the 
general  mode  of  healing,  deviations  from  the  normal 
that  permit  the  use  of  such  a  pleonastic  expression  as 
pathological  granulations.  The  luxuriant  or  exu- 
berant granulations  have  been  known  by  the  laitj' 
iramemorially  as  "proud  flesh"  and  as  altogether  un- 
desirable in  a  healing  wound.  The  torpid  or  languid 
granulations  and  the  spongy  or  fungous  forms  may  so 
delay  healing  that  there  is  an  easy  transition  from 
granulation  tissue  to  ulcers.  Ulcers  consist  of 
granulation  tissue  when  the  macroscopic  evidences  of 


Fig.  2821. — Organizing  GranuKation  Tissue.  The  left  edge 
represents  the  deeper  part.  The  round  cells  are  both  mono-  and 
polymorphonuclear  leucocytes.  There  are  many  spindle-shaped 
fibroblasts.     (Modified  from  Ribbert.) 

proliferation  attain  the  degree  of  distinct  granula- 
tions; other  ulcers,  the  seat  of  extensive  necrosis  and 
exudation,  may  not  possess  any  proliferating  tissue; 
such  ulcers  are  not  granulating.  Over  forty  years  ago 
Paget  made  the  statement  that  "all  the  varieties  in 
the  aspect  of  granulating  wounds  and  sores,  which  the 
practised  eye  can  recognize  as  signs  of  deflection  from 
the  right  way  to  healing,  are  so  many  instances  of 
different  diseases  of  the  granulation  substance, 
diseases  not  enough  investigated,  though  of  much 
interest  in  the  study  of  both  the  healing  process  and 
the  organization  of  new  products  in  inflammation." 

This  complaint  finds  an  echo  in  the  claim  made  by 
Reinbach,  who,  states  that  he  was  unable  to  find  in 
the  literature  at  his  command  a  single  instance  of  re- 
searches of  this  character,  and  he  adds  that  Ziegler 
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also  knew  of  none.  Reinbach  prefers  to  abandon 
the  older  nomenclature  comprising  such  terms  as 
fungous,  spongy,  erethistic,  croupous,  etc.,  for  the  gen- 
eral term  pathological  granulations. 

Of  these  he  recognizes  two  forms  with  several  sub- 
ordinate types:  (1)  The  luxuriant  superficial  granu- 
lalion,  that  is  usually  "self -purifying"  and  character- 
istic of  acute  processes,  and  (2)  the  superficial  chronic 
granulation.  The  strictly  torpid  granulations  she 
classifies  with  ulcers  on  account  of  the  absence  of 
formative  tissue. 

It  may  well  be  that  the  fibroblasts  do  not  have  the 
proper  conditions  for  growth,  the  proper  food,  that 
they  are  unable  to  form  fibers  which  will  gradually 
contract  and  cicatrize  or  the  tissue  may  be  one  rela- 
tively poor  in  such  cells. 

In  some  of  the  masses  of  granulation  tissue  called 
by  the  dermatologists  "vegetating  dermatoses"  or 
"granuloma  pyogenicum"  the  fungating  masses 
appear  to  lie  outside  the  corium  as  though  through 
some  small  defect  in  the  felt-like  layer  of  fibers 
forming  the  corium  a  mass  of  proliferating  vessels 
and  of  edematous  granulation  tissue  had  sprung  forth. 
The  chronicity  of  these  lesions  may  be  due  to  the  rela- 
tively few  fibroblasts  they  contain,  to  their  loca- 
tion in  a  measure  outside  the  body.  As  for  the  first 
form  they  are  marked  by  the  histological  features 
that  belong  to  the  process  of  suppuration  (see  In- 
flammation).  Quantities  of  bacteria  occur — generally 
cocci  that  show  no  special  arrangement — and  at 
different  levels  the  changes  indicative  of  miliary  or 
microscopic  abscesses.  Leucocytes  swarm  within 
such  granulations  and  among  them  eosinophiles  and 
mononuclear  leucocytes  are  numerous.  The  capillary 
loops  of  the  outer  zones  suffer  some  necrosis.  Large 
amounts  of  plasma  ooze  out  to  form  the  fluid  parts 
of  the  exudate  which  with  dead  cells  and  cells  partly 
or  totally  dissolved  by  the  digestive  proteases  of  the 
polymorphonuclear  leucocytes,  forms  the  "pus"  or 
other  secretion  of  the  "weeping  sore."  In  spite  of 
the  exudative  and  destructive  changes  karyokinetic 
figures  are  numerous  in  the  deeper  portions  in  fibro- 
blasts and  endothelial  cells,  and  the  fibroblasts 
produce  fibers  and  become  connected  in  the  usual 
waj'. 

As  examples  of  superficial  chronic  granulations^ 
Reinbach  mentions  both  the  torpid  granulations, 
which,  however,  show  some  signs  of  growth,  and  those 
covered  with  mottled  and  white  patches  caused  by 
necrosis  of  the  outermost  parts.  The  first  of  these 
subdivisions,  although  very  slow  to  heal,  nevertheless 
contain  vertical  bands  of  fiber-forming  cells.  They 
often  follow  burns  and  constitute  virtually  lesions 
intermediate  between  granulation  tissue  and  real 
ulcers.  The  second  variety,  covered  by  a  fibrinous 
exudate  in  spots  and  b.v  necrotic  tissue,  was  described 
by  Billroth  as  "croup  of  the  granulations."  Sur- 
geons on  meeting  with  these  hindrances  to  the  normal 
course  of  healing  are  inclined  to  suspect  wound 
diphtheria,  i.e.  a  triie  infection  with  the  bacillus  of 
diphtheria.  However,  such  areas  of  necrosis  super- 
ficially located  upon  otherwise  healthy  granulations 
may  be  caused  by  other  non-pyogenic  bacteria,  for 
example,  the  Bacillus  coli. 

The  fibrin  upon  these  diseased  granulations,  com- 
monly limited  to  the  periphery,  may  extend  to  con- 
siderable depths;  when  the  spots  clinically  are  dark 
yellow  and  brown,  the  necrosis  may  be  accompanied 
by  practically  no  inflammatory  changes.  The  pro- 
tective covering  of  fibrin  no  doubt  is  a  powerful  aid 
in  healing.  The  fibroblasts  which  produce  the  col- 
lagenous fibers,  of  white  fibrous  tissue,  are  said  to 
find  an  excellent  soil  in  fibrin,  in  fact  to  utilize  it  as 
a  pabulum.  Some  support  for  this  are  (1)  the  related 
absence  of  other  ceUs  in  some  exudates  largely 
fibrinous,  of  cells  with  digestive  proteolytic  ferments 
to  bring  about  its  disappearance,  (2)  the  long  persist- 
ence of  fibrin  in  certain  situations  such  as  the  large 
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serous  cavities  and  (3)  the  huge  amounts  of  tissue 
which  may  be  formed  in  replacing  fibrin  or  as  it  is 
sometimes  inaptly-  expressed,  in  "organizing"  the 
fibrin.  Good  examples  of  this  are  the  heavy  walls 
of  empyema  sacs. 

A  careful  review  of  the  work  of  Reinbach  dem- 
onstrated quite  clearly  that  the  interference  ^-ith 
the  process  of  cicatrization  in  granulation  tissue  is 
due  to  the  preeiitation  of  fibrin  either  as  a  covering 
or  amongs  the  cells  to  simple  necrosis,  or  to  that  form 
of  necrosi?  which  with  serous  exudation  or  liquefaction 
is  generally  known  as  suppuration.  His  work  is 
based  upon  the  careful  histologic  examination  of  tissue 
removed  from  many  conditions  that  were  associated 
with  granulating  surfaces.  There  is  urgent  need  of 
equalh'  thorough  bacteriologic  examination  of  such 
diseased  human  granulation  tissue,  especially  re- 
searches that  would  include  the  use  of  animals. 

There  is  yet  another  fact  that  prevents  normal 
cicatrization,  and  that  is  obstruction  to  the  blood 
supply  of  the  growing  tissue.  The  obstruction  is  only 
partial,  and  without  doubt  in  many  instances  is 
attributable  to  an  arterial  supply  that  is  inadequate 
in  the  number  of  vessels  or  their  total  caliber.  In 
other  cases  the  action  of  morbid  conditions  more 
centrally  located  or  dependency  of  the  part  leads  to 
inefficient  supply  of  blood.  That  an  edema  of  granu- 
lation tissue  may  occur  is  well  known;  doubtless  a 
deficiency  in  quality  or  quantity  of  nourishment  is 
responsible  for  the  occasional  total  failure  of  resolu- 
tion. Briefly,  granulation  tissue  may  be  the  seat  of 
extensive  necrosis,  edema,  and  suppurative  or 
fibrinous  inflammations  as  well  as  combinations  of 
these  processes.  Other  pathological  conditions,  such 
as  hemorrhage  and  the  various  cellular  degenera- 
tions, may  arise,  but  generally  only  as  minor  and  in- 
cidental changes.  The  causes  of  pathological  granu- 
lations often  are  to  be  sought  in  the  character  of  the 
primary  lesion,  rather  than  in  secondary  infection  or 
the  injur}-  of  healthy  granulations.  Infection  at  the 
time  of  injury  is  frequently  responsible  for  subsequent 
difficulties  in  healing. 

The  I^OTECTr\-E  QrALiTiEs  of  Gra-vulation  Tissue. 
— It  is  well  known  that  granulations  bleed  readily; 
slight  trauma  of  any  sort  disturbs  the  unorganized 
tissue  and  lacerates  the  embryonal  and  sprouting  capil- 
laries. As  for  infection,  many  experiments  have 
proven  that  in  this  respect  granulation  tissue  consti- 
tutes a  serviceable  barrier.  One  of  these  was  the 
now  classical  experiment  of  Billroth.  He  ascertained 
that  no  ill  effects  followed  daUy  dressing  of  healthj^ 
and  experimentally  produced  granulations  of  a  dog's 
back  with  lint  saturated  with  pus,  whereas  inoculating 
such  animals  with  the  same  material  caused  death. 
This  simple  test  was  many  years  later  followed  by 
the  extensive  experimental  study  of  Afanassieff,  who 
in  a  more  scientific  manner  and  by  exact  bacteriologic 
technique  verified  the  results  of  Billroth. 

Granulations  were  produced  upon  many  animals 
of  different  species,  and  upon  them  virulent  cultures 
of  such  bacteria  as  the  bacUlus  of  anthrax  and  the 
Vibrio  metchnikovi  were  carefully  smeared  with  a 
thick  platinum  needle.  The  serum  exuding  from 
granulations  so  treated  was  examined  from  time  to 
time,  stained  preparations  and  media  inoculations 
being  made  also;  the  virulence  of  the  resulting  growths 
was  examined;  histologic  examination  of  the  granula- 
tion tissue  for  bacteria  and  the  inflammatory  changes 
was  carried  out,  and  animals  were  killed  in  order  to 
ascertain  if  general  infection  had  occurred.  Ample 
control  experiments  were  employed.  He  found 
that  bacteria  placed  upon  healthy  granulations  of 
animals  did  not  penetrate,  nor  did  general  infection 
result.  Inoculations  made  with  recovered  growths 
of  the  bacteria  denoted  an  attenuation  in  virulence 
by  the  sojourn  upon  granulation  tissue.  Afanassieff 
was  strongly  inclined  to  look   upon  the  protection 


afforded  by  the  granulation  tissue  in  the  light  of  a 
vaccination.  Such  an  explanation,  however,  is  con- 
troverted by  two  facts.  One  of  these  is  that  local 
reactions  in  the  granulation  tissue  were  not  observed 
with  sufficient  regularity-  in  all  animals  to  be  in  accord 
with[the production  of  a  bacterial  immunity.  Another 
fact  is  that  Noetzel  has  repeated  man.v  of  the  experi- 
ments of  Afanassieff  and  found  that  after  bacteria 
were  kept  in  contact  with  granulating  wounds  for 
many  days  the  animals  did  not  acquire  any  immunity. 

It  must  be  remembered  that  in  granulation  tissue 
mechanical  obstacles  exist  to  infection,  such  as  the 
outward  current  of  fluid  from  the  vessels  and  the 
exceedingl}-  slow  circulation.  Phagocj-tosis  undoubt- 
edly plays  some  part,  although  it  may  be  that  the 
ingested  bacteria  are  no  longer  viable  at  the  time  of 
their  incorporation.  The  extracellular  destruction  of 
the  bacteria  by  the  fluids  present  in  granulation 
tissue  (Afanassieff)  or  by  enzymes,  belongs  to  funda- 
mental problems  of  immunity  (see  Immunity). 

One  cannot  overlook  the  fact  that  when  granulation 
tissue  has  formed,  a  defensive  mechanism  has  been 
produced  and  its  production  is  in  response  to  external 
injury.  But  granulation  tissue  usually  contains 
bacteria;  especially  frequent'are  the  ordinary  pyogenic 
forms. 

Although  resistant  to  bacterial  infection,  granulat- 
ing wounds  allow  of  the  ready  absorption  of  many 
soluble  substances.  Roux,  Bonnet,  Demarquay, 
Gorny,  Maas,  and  Hack,  and  many  others,  have  made 
experiments  regarding  this.  Not  all  substances  are 
absorbed  with  equal  facility.  The  concentration  of 
the  solution,  its  chemical  composition,  the  size  of  the 
granulating  surface,  and  the  character  of  the  injury 
producing  it,  as  well  as  the  time  contact  is  allowed,  all 
influence  the  absorption.  Granulating  surfaces  follow- 
ing burns  and  caustics  are  not  so  permeable  as  some 
others;  absorption  is  more  rapid  from  some  healing 
wounds  than  from  freshly  cut  surfaces.  E.xperiments 
by  Kahlenberg  have  shown  that  boron  is  present  in 
the  urine  in  a  few  minutes  after  boric  or  boracic  acid 
is  applied  to  the  unbroken  normal  skin.  It  probably 
is  absorbed  with  equal  or  even  greater  readiness  from 
granulating  surfaces.  Apomorphine  and  curare  are 
not  readily  absorbed,  but  carbolic  acid  diffuses  with 
great  facility.  Various  alkaloids  such  as  strychnine, 
morphine,  pilocarpine,  cocaine,  etc.,  have  been  used, 
and  carmine,  sodium  sulpho-indigotate,  iodoform, 
potassium  iodide,  sodium  salicylate,  as  well  as  many 
other  substances.  Hack  recovered  ferrocyanide  of 
potassium  from  the  urine  ten  minutes  after  its  ap- 
plication to  a  granulating  surface,  and  Maas  was  able 
by  spraying  abscess  cavities  with  a  camphor  solution, 
in  a  patient  with  vertebral  caries  and  pyemia,  to  sus- 
tain the  heart  action  sufficienth-  to  allow  operation. 
These  and  many  other  interesting  and  curious  facts 
have  been  discovered  about  this  phase  of  granulation 
tissue. 

C1CATRIZ.4.T10N. — With  healing  of  wounds  by  granu- 
lation a  scar  is  formed  that  becomes  paler  as  contrac- 
tion takes  place.  Resolution  in  this  form  of  inflam- 
mation is  not  marked  by  any  peculiarities  that  dis- 
tinguish it  from  cicatrization  elsewhere.  It  is,  how- 
ever, customary  to  refer  in  this  connection  to  the 
very  deforming  contractions  that  sometimes  follow 
burns,  but  it  is  the  location  of  the  cicatrix  rather  than 
any  special  properties  it  possesses  that  marks  it  as 
singular.  The  loose  subcutaneous  adipose  and  areolar 
tissues  allow  scars  to  produce  disfigurements  that 
excite  special  interest  on  account  of  their  exterioritj*. 
Similar  malformations  maj-  occur  in  less  exposed 
locations  that  are  fully  as  interesting  and  as  re- 
markable— for  instance,  the  acquired  dextrocardia 
and  lesser  dislocations  of  the  heart  that  follow  indur- 
ative processes  of  the  neighboring  viscera.  They 
constitute  excellent  examples  of  the  partial  faOure  of 
inflammation  as  an  adaptive  process.     The  develop- 
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ment  of  keloids  in  scars  might  be  cited  as  another  in- 
stance in  which  abnormal  resolution  builds  a  growth, 
which,  to  the  surgeon  at  least,  must  ever  serve  as  a 
striking  illustration  of  the  failure  of  inflammation  as 
an  adaptive  process.  In  contrast  to  these  irregu- 
larities in  resolution  and  fully  as  interesting,  is  the 
failure  of  granulation  tissue  to  organize  about  certain 
fistulous  passages  and  their  openings  that  lead  to 
foreign  bodies,  necrotic  tissue,  etc.  These  are  the  so- 
called  "sequestrum  granulations."  _  The  faUure  of 
cicatrization  in  these  cases  seems  to  indicate  a  better 
adaptation  of  the  process  of  inflammation,  as  it 
occurs  in  granulation  tissue,  to  meet  the  requirements. 

E.   R.  Le  Count. 
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Granuloma. — Definilion. — The  term  granuloma  is 
at  the  present  time  used  in  a  clinical  sense  to  cover 
a  certain  group  of  inflammatory  tumor-like  growths 
rather  than  to  define  distinct  pathological  entities. 
It  includes  a  number  of  inflammatory  neoplasms  com- 
posed in  the  main  of  granulation  tissue  of  which  the  in- 
citing agent  is  still  unknown,  and  also  a  considerable 
number  the  inciting  agent  of  which  has  been  de- 
termined. The  usage  of  the  term  tuberculous  granu- 
loma or  syphilitic  granuloma  is  still  frequent  in  clin- 
ical writings,  though  the  tendency  is  to  classify  the 
conditions  under  the  lesions  tuberculosis  or  syphilis 
rather  than  to  include  them  under  the  old  term 
which  for  many  years  was  used  as  a  synonym  for 
a  tumor.  It  was  indeed  not  until  after  the  pub- 
lication of  Virchow's  great  work  on  tumors  that 
the  distinction  between  the  granulomata  or  inflam- 
matory tumors  and  the  true  neoplasms  was  clearly 
felt  ,and  even  within  the  past  few  years  some  un- 
classified new  growths  have  been  transferred  from 
the  granuloma  group  by  the  discovery  of  the 
specific  agent.  The  term,  however,  is  convenient 
and  has  been  retained  for  practical  reasons. 

Cl.\ssification. — The  growth  of  a  highly  vascu- 
larized connective  tissue  always  occurs  in  the  repair 
following  aseptic  injury,  with  the  exception  of  certain 
tissues,  such  as  the  cornea,  where  the  vascularization 
is  slight  or  absent.  This  aseptic  granulation  tissue  is 
produced  in  small  quantities  if  the  edges  of  the  wound 
are  in  contiguity  and  is  rapidly  replaced  by  firm 
fibrous  tissue,  forming  a  minimal  scar  which  furnishes 
the  ultimate  repair.  Bacteria  play  no  part  in  this 
process. 

A  second  form  of  inflammation  of  connective  tissue 
leading  to  the  formation  of  tumor-like  masses  of 
connective  and  vascular  tissue  is  produced  by  the 
presence  of  foreign  bodies.  Such  aseptic  inflammation 
may  be  produced  by  fabrics  accidentally  left  in  a, 
wound  (Fig.  2822),  by  the  presence  of  dirt  or  of  con- 
siderable amounts  of  blood  pigment  which  act  as  an 
irritant  to  the  connective  tissue,  or  even  by  irritating 
fluids,  such  as  salvarsan,  mercury  salts,  turpentine, 
etc.  The  lining  wall  of  a  chronic  abscess  such  as 
occasionally  occurs  after  the  hypodermatic  adminis- 
tration of  alkaloids  is  composed  of  granulation  tissue. 
The  injection  of  hard  paraffin,  such  as  is  now  fre- 
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quently  made  for  prosthetic  purposes,  is  also  some- 
times followed  by  a  development  of  a  considerable 
amount  of  inflammatory  tissue  of  a  granulomatous 
nature. 

A  third  form  of  granuloma  is  due  to  the  presence 
of  infectious  organisms.  The  exuberant  growth  of 
the  ordinary  granulation  tissue  is  caused  by  the 
pathogenic  organisms  or  at  least  is  greatly  stimulated 
by  the  toxins  of  these  organisms.  (See  article  on 
Granulation  Tissue  for  further  details.)     The  tubercle 


Fio.  2822, — Cotton  Fibers  Phagocyted  by  Giant  Cells.     Specimen 
was  obtained  from  a  sinus  which  had  been  packed  with  gauze. 

bacillus,  the  lepra  bacillus,  the  organism  of  sj'philis, 
the  organisms  of  glanders  and  actinomycosis,  and 
the  various  types  of  yeast  giving  rise  to  blasto- 
mycosis, are  all  responsible  for  various  types  of  granu- 
lomata. Certain  tropical  affections  of  the  granulom- 
atous tj'pe  may  also  be  included.  Among  these  are 
the  Peruvian  wart  and  the  Dehli  boil,  the  latter  pro- 
duced bv  an  organism  resembling  the  Leishmania 
(J.  H.  Wright). 

Simple  Inflammatory  Granulation  Tissue. — This 
particular  form  of  granulation  tissue  (for  details  see 
Granulation  Tissue)  varies  a  great  deal  in  morphology, 
depending  upon  the  conditions  under  which  it  is 
growing.  The  usual  type  is  that  seen  in  suppurating 
wounds  or  around  sinuses  which  are  kept  open  by 
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Fig.  2823. — Granulation  Tissue  from  an  Infected  Wound,  showing 
types  of  giant  and  plasma  cells. 

some  foreign  substance,  as,  for  example,  a  fragment 
of  bone  deep  in  the  body.  The  granulation  tissue 
may  be  firm  and  composed  largely  of  spindle  cells 
with  small,  thick-walled  vessels  and  a  moderate 
number  of  infiltrating  leucocytes.  Under  these  cir- 
cumstances only  a  few  bacteria  can  be  made  out  by 
specific  stains.  On  the  other  hand  the  tissue  may  be 
extremely  edematous,  especially  in  the  so-called  exu- 
berant granulations,  and  be  formed  of  a  jelly-like 
substance  with  a  few  spindle  cells  lying  in  the  struc- 
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tures,  and  numerous  erythrocytes,  leucocytes  and 
plasma  cells.  The  capillaries  are  thin-walled  with 
swollen  endothehum,  often  showing  white  blood  cor- 
puscles in  the  process  of  diapedesis.  The  surface  is 
covered  with  serum,  fibrin  and  tissue  debris.  Usually 
many  bacteria  are  present.  Giant  cells  are  occasion- 
ally found  (Fig.  2S2.3),  .and  may  lead  to  an  incor- 
rect diagnosis  of  tuberculosis;  but  usuall.y  these  cells 
are  not  ofithe  typical  Langhans  type  (Fig.  2S24),  the 
nuclei  being  distributed  evenly  throughout  the  cell 
bodj^     If  the  granulating  surface  or  sinus  is  being 


Fig.  2824. — Langhans  Type  of  Giant  Cells  from  Granulation 
Tissue  Lining  a  Sinus  Leading  to  Tuberculous  Bone. 

treated  by  local  applications  or  dressings,  foreign 
body  giant  cells  are  often  present,  owing  to  the  fact 
that  substances  such  .as  iodoform  or  other  dusting 
powders  are  included  in  the  tissues  and  act  as  irri- 
tants, giving  rise  to  foreign  body  giant  cells.  Cotton 
fibers  (Fig.  2822)  also  act  in  the  same  way.  In  closed 
abscesses  with  a  wall  of  granulation  tissue,  giant  cells 
are  not  infrecjuent,  being  due  to  the  presence  of  fatty 
acids  and  cholesterin  crystals  which  also  act  as 
foreign  bodies  and  give  rise  to  phagocytic  giant  cells, 
probably  formed  by  fusion  of  the  endothelial  cells  of 
the  tissue.  The  granulomatous  masses  which  form 
about  the  roots  of  decayed  teeth  or  in  a  cavity  due  to 
the  extraction  of  a  tooth,  may  show  giant  cells  (Fig. 
2825)  derived  from  the  bone  and  periosteum.  Some 
of  the  granulomata  of  the  mouth,  especially  those  of  the 
tongue  and  pharnyx,  may  show  a  greater  or  less  col- 
lection of  plasma  ceUs.  (For  further  details  see 
Plnsmomata.) 

When   granulation   tissue   heals   it   contracts,   the 
spindle  cells  lie  much  closer  together,  but  the  extreme 


Fig.  2825. — Giant  Cells  from  Granuloma  of  the  Jaw,  showing 
the  epulide  type  in  contradistinction  to  the  Langhans  type  of 
giant  cells  shown  in  Fig.  2824. 

vascularity  may  remain  and  the  tissue  resemlsles 
greatly  a  sarcoma  or  angioma.  It  is  sometimes 
extremely  difficult  to  draw  any  distinction  between  the 
two.  The  presence  of  bacteria  Ls  an  important  dif- 
ferential point.  The  number  of  mitoses  in  the  spindle 
cells  is  greater  in  sarcoma  than  in  granulation  tissue. 
The  blood-vessels  are  apt  to  be  thicker  walled  in 
granulation  tissue,  and  the  stroma  ceUs  are  not  in  such 
close  relationship  to  the  walls  as  in  sarcoma.  Fibrin 
is  not  frequent  except  in  necrotic  sarcomata,  whore 
hemorrhage  has  taken  place  in  the  tissues.     If  bleed- 


ing has  occurred  in  the  granulation  tissue,  altered  blood 
pigment  or  hemosiderin  is  frequently  taken  up  by 
the  phagocytic  cells  and  often  imitates  to  an  extra- 
ordinary degree  the  picture  of  a  melanotic  sarcoma. 
The  differential  in  this  case  is  made  by  the  reaction 
for  iron  given  by  the  hemosiderin;  this  reaction  can- 
not be  obtained  from  melanoticpigment  of  the  tumor. 
In  the  later  stages  the  vessels  disappear,  the  spindle 
cells  shrink  and  are  largel.v  changed  to  collagen  fibers 
and  a  firm,  pale  scar  tissue  is  the  result. 

Leprosy. — In  leprosy,  tumors  of  a  granulomatous 
nature  may  occur,  due  to  the  presence  of  the  B. 
leprce.  This  organism  may  produce  a  lesion  very 
much  like  tuberculosis,  the  resemblance  being  par- 
ticularly marked  when  the  lesion  has  not  undergone 
suppuration.  Giant  cells  of  the  Langhans  type  are 
present  and  necrosis  may  occur  and  epithelioid  cells 
may  collect  in  large  masses.  It  is  usually  perfectly 
easy  to  demonstrate  abundant  bacilli  in  the  tissues, 
especially  in  the  so-called  lepra  cells  which  are  quite 
thickly  stuffed  with  bacteria.  The  differential  diag- 
nosis between  leprosy  and  tuberculosis  must  be  based 
more  upon  the  st.aining  qualities  of  the  B.  lepras  or 
animal  inoculations  rather  than  upon  the  morphology 
of  the  lesions.  _  The  tubercle  bacillus  is  much  more 
resistant  to  acid  or  alcohol  decolorization  than  the 
lepra  bacillus,  from  which  the  color. can  be  removed, 
in  a  short  time  by  either  of  these  agents. 

TrrBERccLO.sis. — The  tubercle  bacillus  m.ay  induce 
the  formation  of  nodular  granulomata  which  when 
they  do  not  communicate  with  the  surface  retain 
a  more  or  less  characteristic  morphology.  When  a 
tuberculous  nodule  has  broken  down  and  a  fistula 
connecting  with_  the  skin  has  formed  the  pyogenic 
organisms  give  rise  to  exten-ive  formation  of  granula- 
tion tissue  of  the  ordinary  type  and  as  a  rule  typical 
tubercules  are  scanty,  the  slower  tuberculous  inflam- 
mation being  overwhelmed  by  the  rapid  growth  of  in- 
fected granulation  tissue.  The  lesions  of  tuberculosis 
are  described  elsewhere,  but  may  be  given  in  con- 
densed form  here.  The  inflammation  is  character- 
ized by  the  production  of  tubercles  or  nodules  of 
granulation  tissue  of  characteristic  appearance,  being 
composed  largely  of  large  flat  cells  known  as  epithe- 
lioid cells,  which  are  probably  derived  from  the  endo- 
thelium of  the  blood-vessels  and  tissue  spaces.  In 
addition  to  these  cells,  giant  cells  of  the  so-called 
Langhans  t\-pe  (Fig.  2824)  are  regularly  present  in  all 
tuberculous  granulomata  and  such  cells  are  easily 
recognizable  by  the  peripheral  position  of  the  nuclei. 
The  tubercle  is  usually  quite  free  from  invasion  by 
polymorphonuclear  leucocytes  and  owing  to  its  poor 
vascular  sijpply  it  frequently  undergoes  necrosis. 
This  necrosis  usually  begins  in  the  center  of  the  nodule 
while  the  periphery  shows  the  tuberculous  granulation 
tissue  and  the  Langhans  giant  cells.  It  is  possible 
.also  that  the  presence  of  the  tubercle  bacillus  in  the 
tissues  may,  because  of  the  toxins  produced,  cause  a 
growth  of  granulation  tissue  which,  however,  never 
possesses  the  characteristic  giant  cell  tubercles;  such 
lesions  are  not  infrequent  in  the  intestines,  particu- 
larly in  the  caput  coli,  where  the  bacilli  may  be  demon- 
strated though  the  lesion  most  resembles  a  simple 
chronic  inflammation.  Though  no  one  would  mistake 
tuberculous  tissue  for  a  tumor  yet  the  differentiation 
of  tuberculosis  from  certain  forms  of  inflammation 
due  to  foreign  bodies  or  from  syphilis,  is  occasionally 
difficult.  The  demonstration  of  the  tubercle  bacillus 
by  suitable  stains  is  often  not  an  easy  matter  and  much 
time  must  be  spent  in  searching  a  stained  specimen 
in  order  to_  find  a  single  organism.^  The  presence  of 
foreign  bodies  in  granulation  tissue'gives  rise  to  giant 
cells  and  to  a  certain  extent  to  epithelioid  prolifera- 
tion, but  here  the  differential  diagnosis  can  easily  be 
made  if  the  giant  cells  are  carefully  examined,  when 
it  will  be  noted  that  many  of  them  contain  character- 
istic particles  or  fibers,  usually  dirt,  wood  splinters, 
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cotton  or  linen  fibers,  or  silk,  depending  upon  what 
material  has  been  used  in  suturing  or  dressing  the 
injured  area,  or  whether  ordinary  inorganic  material 
such  as  dirt  has  been  ground  into  the  wound  in  the 
course  of  the  injury  which  produced  the  lesion._ 

The  differential  diagnosis  between  tuberculosis  and 
syphilis  is  much  more  difficult.  The  diagnostic  points 
are  the  greater  number  of  giant  cells  in  tuberculous 
tissue,  the  less  extensive  necrosis,  and  the  perivascular 
infiltration  which  is  absent  in  tuberculosis  but  present 
in  syphUis.  The  result  of  serum  tests  such  as  the 
Wassermann  or  tuberculin  reactions  may  be  mislead- 
ing as  the  patient  may  be  suffering  from  both  tuber- 
culosis and  syphilis. 

Syphilis. — The  specific  organism  of  sjTDhilis,  the 
Spirochwta  pallida,  is  capable  of  inducing  small  or 
large  nodules  of  granulation  tissue  which  may  break 
down  if  occurring  subdermally  and  form  sinuses  com- 
municating with  the  external  surface  of  the  body. 
These  then  become  infected  with  pyogenic  organisms 
and  an  abundant  growth  of  granulation  tissue  occurs. 
It  is  then  quite  impossible  to  determine  whether  the 
lesion  is  a  simple  chronic  inflammation  or  syphilis. 
The  closed  granulomata  or  gummata  are  somewhat 
more  typical  but  occasionally,  especially  in  secondary 
lesions,  a  distinction  between  tuberculosis  and 
syphilis  may  be  impossible  from  a  microscopical  ex- 
amination. In  syphilis  the  nodules  are  formed  of 
granulation  tissue,  usually  rather  extensive  necrosis 
in  the  center.  Toward  the  periphery  the  growth 
becomes  firmer,  forming  a  capsule.  The  blood-vessels 
usually  show  swollen  endothelium  with  a  dense  peri- 
vascular infiltration  with  cells  of  lymphoid  or  plasma 
type.  Giant  cells  are  as  a  rule  scanty,  but  may  be 
abundant  as  in  tuberculosis.  They  are  of  the  Lang- 
hans  type.  The  gross  appearance  of  the  necrotic 
center  of  the  gumma  is  yellowish-green,  while  that  of 
the  tubercle  is  yellowish-gray.  The  gumma  is  less 
clearly  outlined  from  the  surrounding  tissue  than  the 
tubercle,  which  is  usually  sharply  demarcated. 

Frambesia  or  Yaws  (known  also  as  Plan). — This  is  a 
chronic  endemic  infectious  disease  accompanied  by 
nodular  or  ulcerative  lesions,  which  occurs  only  in 
tropical  countries.  After  a  period  of  incubation  which 
may  be  as  much  as  six  months  the  patient  suffers 
from  general  symptoms,  such  as  fever,  headache,  and 
pain;  and  these  are  followed  by  a  squamous  eruption. 
The  eru])tion  changes  rapidly  into  a  papular  one,  and 
the  papules  gradually  alter  into  tumors  which  ma.v 
reach  a  size  of  four  or  five  or  even  ten  centimeters  in 
diameter.  The  lesion  is  largelj-  in  the  epidermis,  but 
a  good  deal  of  infiltration  with  plasma  cells  is  seen  in 
the  subepithelial  layers.  When  ulceration  occurs 
there  is  a  production  of  abundant  granulation  tissue 
without  any  specific  characters.  There  are  no  im- 
portant changes  in  the  blood-vessels,  in  contradistinc- 
tion to  syphilis.  A  small  spirochete-like  parasite  has 
been  demonstrated  in  the  epithelium,  measuring 
seventeen  to  twenty  micra  and  showing  six  to  twenty 
turns.  This  organism  has  been  named  the  Trepoiiema 
pertenue.  It  closely  resembles  the  jSpiroc/iff^a  pallida, 
though  the  coUs  are  not  so  sharp  as  in  the  latter  and 
the  body  is  a  little  thicker.  The  organism  stains 
without  difficulty  with  the  ordinary  aniline  stains. 

Blastomycosis. — While  a  variety  of  yeasts,  pre- 
sumably saprophytic,  are  not  infrequently  found  in 
the  pus  of  chronic  abscesses,  two  are  of  particular 
pathological  importance.  One,  Saccharomyces  hominis, 
attacks  the  deeper  tissues  and  bone,  giving  rise  to 
lesions  which  are  frequenty  confounded  with  syphilis 
and  tuberculosis.  The  granulomatous  nodules  may 
ulcerate  and  be  absorbed  or  large  abscesses  may  form 
which  finally  break  through  the  skin  and  leave  fistulous 
tracts.  The  pus  from  the  abscess  contains  a  large 
number  of  yeast  cells  with  double  contour,  which  grow 
on   ordinary   culture   media  and   are  pathogenic  for 
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animals.  The  granulation  tissue  is  rich  in  giant  cells 
and  eosinophiles.  The  former  frequently  enclose  the 
parasites  (Fig.  2826).  A  mycelium  does  not  regularly 
develop  in  the  cultures.  The  other  type,  Oidiomyce- 
tum  americana  is  frequently  found  in  the  skin,  but  in 
later  stages  of  the  disease,  which  is  very  often  fatal, 
may  be  present  in  all  of  the  organs.  The  skin  lesions 
are  often  multiple  and  resemble  lupus  or  tuberculosis 
or  even  carcinoma.     Sections  of  the  nodules  show  an 


Fig. 


2825. — Granulation   Tissue  from   a  Case   of   Blastomycosis. 
One  of  the  parasites  is  enclosed  in  a  giant  cell. 


abundant  growth  of  granulation  tissue  containing 
many  giant  cells,  eosinophiles,  and  plasma  cells.  The 
giant  cells  frequently  contain  phagocyted  yeast  cells. 
This  type  forms  abundant  mycelial  filaments  in 
cultures  or  artificial  media. 

Oriextal  Boil. — This  type  of  granuloma  is  known 
under  a  variety  of  names,  such  as  Bagdad  boil, 
Aleppo  boil,  Biskra  boil,  and  Delhi  boil.  The  disease 
occurs  chiefly  in  unprotected  portions  of  the  body  in 
the  form  of  a  small  reddish  papule  which,  in  the  course 
of  a  few  weeks,  forms  a  painless  circumscribed  nodule 
with  a  smooth  or  slightly  lobulated  surface.  In  the 
course  of  several  months  it  may  measure  two  to  three 
centimeters  in  diameter,  and  at  this  stage  may  undergo 
healing  or,  what  is  more  frequent,  the  epidermis  may 
soften  with  the  formation  of  an  ulcer.  The  central 
portion  of  the  nodule  breaks  down  and  abundant 
granulation  tissue  is  formed.  The  boUs  may  be  single 
or  multiple.  The  ulcer  graduaUy  heals  under  the  scab 
which  forms,  leaving  a  pigmented  scar.  In  its 
acute  phase  there  may  be  a  good  deal  of  pain  locally, 
with  such  general  symptoms  as  fever,  headache,  chills, 


Fio.  2S27. — Large  Endothelial  Cell  Containing  Three  Parasites — 
Leishmania  tropica — from  a  case  of  oriental  boil. 

etc.  The  regional  lymph  nodes  may  be  involved  in 
the  inflammation.  Microscopically  the  nodules  are 
composed  of  granulation  tissue  containing  large 
cells,  usually  with  only  one  nucleus,  which  harbor 
the  parasite.  In  the  deeper  layers  plasma  cells  are 
found. 

The  parasite  was  first  described  by  Wright  (Jour. 
Med.  Res.,  1908,  x.,  472)  as  a  minute,  oval  or  pyriform 
parasite,  and  was  named  by  the  discoverer  Helcosoma 
Iropicum.     It  is  now,  however,  generally  designated 
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Fig.  282S. — Acti- 
nomycosia.  Speci- 
men stained  by 
Gram'8  method  and 
«osin  to  show  the 
clubbed  ends  of  the 
parasites. 


Leishmania  tropica,  having  been  found  to  belong  to 
the  group  of  protozoan  parasites  first  described  by 
Leishman,  which  are  closely  related  to  the  trypano- 
somes.  In  the  tissues  the  parasite  (Fig.  2827,)  is  usual- 
ly found  as  a  small  oval  or  spherical  body  containing  a 
nucleus  and  a  small  deeply  staining  rod-like  structure, 
known  as  a  blepharoplast.  It  averages  about  1  to  1.5 
micra  in  breadth  and  3  micra  in  length.  The 
organisms  can  be  cultivated  on  suitable  media  and 
there  develop  flageUa  and  undergo  multiplication 
resembUng  that  seen  in  trypanosomes.  The  diagnosis 
is  made  by  staining  smears  from  the  ulcer  by  the 
Giemsa  method  and  examining  them  with  an  oil 
immersion  lens.  The  parasite  will  be  found  chiefly 
in  the  large  mononuclear  endothelial  ceUs;  more  rarely, 
in  the  polymorphonuclear  leucocytes. 

AcTiNOMTCosis. — Another  form  of  granuloma  is 
that  due  to  infection  with  the  actinomycosis  fungus 
(Actinomyces  bovis).  The  granulation  tissue  formed 
does  not  differ  greatly  from  the  sim- 
ple t\'pe  due  to  pyogenic  organisms 
except  that  epithelioid  and  eosino- 
phile  cells  are  not  infrequent.  The 
decisive  points  in  the  diagnosis,  how- 
ever, are  the  presence  of  minute, 
sulphur  yellow  granules,  one  milli- 
meter or  less  in  diameter,  the  ray 
fungus  (Fig.  2828),  found  on  cutting 
into  or  scraping  the  granulation 
tissue.  When  the  disease  is  chronic 
and  the  history  does  not  suggest  the 
possibUity  of  actinomycosis,  the  diag- 
nosis may  be  very  difficult,  as  the 
organisms  present  may  be  so  few  in 
number  that  they  cannot  be  found 
except  by  the  microscopical  exami- 
nation of  many  sections.  This  is 
especially  true  of  the  chronic  suppurative  sinuses 
which  have  undergone  secondary  infection,  so  that 
the  picture  Ls  dominated  by  granulation  tissue 
of  the  ordinary  tj-pe  due  to  irritation  by  pyogenic 
organisms. 

Madura  Foot. — This  disease,  which  is  most 
frequently  seen  in  India,  though  it  occurs  also  in 
Africa  and  rarely  in  America,  is  a  chronic  granuloma- 
tous inflammation  due  to  a  fungus  not  unlike  the 
Actinomyces  boois,  except  that  the  clubbing  at  the 
ends  is  not  so  marked.  Both  black  and  white  forms 
of  the  fungus  have  been  cultivated  from  the  lesions, 
but  for  the  exact  classification  of  the  organism  further 
study  will  be  necessary.  The  granuloma  shrws 
nothing  specific  except  the  masses  of  the  fungus;  it  is 
composed  of  the  ordinary  granulation  tissue  struc- 
tures, and  numerous  giant  cells  surround  the  fungi 
and  especially  the  spores  (conidia).  The  disease  runs 
a  long  course  and  tends  in  some  cases  to  spontaneous 
healing. 

Glanders. — Infection  with  the  Bacillus  mallei  which 
is  frequently  seen  in  horses  occasionally  occurs  in 
man  in  the  form  of  multiple  nodules  composed  of 
granulation  tissue.  These  nodules  may  suppurate 
or  may  break  down  and  form  ulcers.  If  the  disease 
is  chronic,  a  tissue  suggesting  that  seen  in  tuberculosis 
may  be  produced  by  the  proliferation  of  epithelioid 
cells,  but  giant  cells  are  not  found.  The  diagnosis  is 
made  by  the  isolation  of  the  characteri.stic  organism, 
either  by  injections  of  the  tissue  into  male  guinea- 
pigs  in  which  case  the  testicle  becomes  enormously 
swollen  and  the  organism  can  be  isolated  from  this 
area,  or  by  making  cultures  directly  from  one  of  the 
closed  abscesses. 

Rhixoscleroma. — Rhinoscleroma  is  an  infectious 
disease  attacking  chiefly  the  mucous  membrane  of  the 
nose  and  the  skin  around  this  opening,  and  leading  to 
a  thickening  and  closure  of  the  nasal  cavities.  Very 
rarelv  the  tracheal  and  bronchial  mucous  membranes 


are  attacked.  The  growth  appears  in  the  form  of 
firm  nodules,  bluish-red  in  color,  which  grow  slowly 
and  show  no  tendency  to  break  down.  Microscopical 
examination  shows  a  richly  cellular  tissue  with  but 
little  connective  tissue  with  large  swollen  hyaline  or 
Mikulicz  cells  which  contain  the  specific  bacilli 
(Fig.  2829).     Plasma  cells  also  are  very  abundant. 


Fig.  2829. — Tissue  from  a  Case  of  Rhinoscleroma,  showing  five 
Mikulicz's  cells,  and  also  numerous  plasma  cells  and  fibroblasts. 

Sporotrichosis. — This  is  a  rare,  chronic  infection 
of  the  skin  by  a  group  of  organisms  belonging  to  the 
fungi,  SpoTolrichum  beurmani,  S.  schenkii,  and  <S. 
gougeroti.  The  nodules  consist  of  coUections  of 
epithelioid,  round,  and  spindle  cells  which  difl'usely 
involve  a  limited  area  of  the  skin.  Plasma  cells  are 
abundant  and  giant  cells  are  not  infrequent.  The 
connective  tissue  and  elastic  fibers  undergo  a  peculiar 
softening  and  swelling.  Potassium  iodide  acts  as  a 
specific  on  the  lesions,  a  fact  which  maybe  of  diagnos- 
tic value  when  syphilis  can  be  excluded.  The  fungus 
and  the  spores  may  occasionally  be  demonstrated  in 
sections,  but  more  usually  only  by  culture.  They  are 
cylindrical  threads  of  the  same  diameter  throughout, 
branched,  and  containing  egg-shaped  or  spherical 
spores  which  appear  usually  at  the  end  or  on  the  lat- 
eral aspects  of  the  mycelial  threads.  They  may  be 
connected  by  a  narrow  pedicle  or  directly  to  the  my- 
celium. The  geographical  distribution  of  the  disease 
is  very  wide;  numerous  cases  have  been  described 
from  Europe,  Africa,  and  North  and  South  America. 
The  lesion  begins  in  the  form  of  small  nodules  which 
gradually  break  down  and  suppurate.  In  the  later 
stages  ulceration  spreads  over  long  distances,  under- 
mining the  skin  without  destroying  it,  though  occa- 
sionally openings  may  be  found  from  which  pus  is  dis- 
charged. The  general  condition  of  the  patient  is  not 
especially  afi'ected. 

Mycosis  Fungoides. — This  form  of  granuloma  is  due 
to  some  unknown  agent  or  pos.sibly  a  poison  which 
induces  the  formation  in  the  skin  of  small  tumors 
usually  not  over  one  to  two  centimeters  in  diameter. 
The  borders  of  the  new  growths  may  be  sharply  defined 
or  the  structures  may  infiltrate  the  skin  diffusely. 
Their  appearance  is  often  preceded  by  an  eczema- 
like inflammation.  The  disease  usually  occurs  in  the 
upper  portion  of  the  body  and  the  tumors  are  situated 
in  the  derma.  Th  m}^cotic  tissue  contains  small  and 
large  lymphocytes,  spindle-shaped  connective-tissue 
cells,  basophOe  cells,  plasma  cells,  giant  cells,  usually 
not  of  the  Langhans  type,  eosinophile  cells,  and  many 
polymorphonuclear  leucocytes.  The  blood-vessels  are 
congested;  the  connective  tissue  not  much  altered. 
Occasionally,  however,  a  marked  edema  occurs,  due  to 
thrombosis  of  the  blood-vessels  and  hyaline  masses  in 
the  walls.  Ulceration  of  the  epidermis  may  also 
occur  with  the  production  of  the  ordinary  tj-pe  of 
granulation  tissue  in  addition  to  the  specific  mycotic 
type.  In  a  certain  number  of  cases  classified  clinically 
as  mycosis  fungoides  metastases  have  been  described 
in  the  internal  organs. 

An  attempt  has  been  made  to  classify  the  disease 
with  leukemia.     The  general  tendency  at  the  present 
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time  is  to  consider  the  metastasizing  types  as  true  sar- 
comata and  to  separate  the  leulcemias  as  a  separate 
group,  since  in  mycosis  fungoides,  although  there  is 
occasionally  a  marked  eosinophilia,  other  blood  changes 
are  not  constant. 

Verruga  Peruviana. — This  disease  which  occurs  in 
a  limited  district  on  the  west  coast  of  South  America  is 
characterized  by  an  eruption  on  the  skin  of  the  extrem- 
ities and  shoulders,  and  occasionally  on  the  mucous 
membranes  of  the  throat  and  mouth.  The  granu- 
loma commences  as  a  small  circumscribed  wheal,  more 
apparent  to  the  touch  than  to  the  sight,  the  surface  of 
which  shows  a  reddish  tint.  As  it  grows  larger  it  may 
show  a  papUlary  form  and  be  either  uni-  or  multilobular, 
or  it  may  vesiculate  or  suppurate.  The  smaller  nodules 
often  regress;  the  larger  ones  do  so  less  frequently. 
The  new  growth  lies  in  the  derma  and  is  composed  of 
connective-tissue  cells  of  various  sizes  and  shapes, 
chieflv  spindle  or  oval,  whUe  near  the  periphery  large 
edematous  cells  occur,  the  so-called  verruca  cells. 
Small  cells  with  coarse  granules  which  take  the  basic 
stains,  the  so-called  "mast-cells,"  are  often  abundant. 
Small  hemorrhages  and  exudations  of  polymorpho- 
nuclear, leucocytes,  lymphocytes  and  phagocytic  cells 
containing  crystals  of  hematoidin  are  not  infrequent. 
Verruga  peruviana  has  been  transmitted  by  its  virus  to 
monkeys  and  rabbits,  although  no  specific  parasite 
has  been  isolated.  The  Wassermann  reaction  was 
negative  in  the  cases  examined  by  Strong  (J.  A.  M.  A., 
1913,  Ixi.,  1713)  with  one  exception,  showing  that 
there  is  no  relation  between  this  disease  and  syphilis. 
In  the  mild  types  of  the  disease,  which  comprise  the 
greater  portion  of  the  cases,  there  is  moderate  fever 
with  slight  anemia,  but  in  more  severe  cases  the  fever 
is  high,  and  is  accompanied  by  lassitude,  malaise, 
pains  in  the  joints,  and  marked  anemia. 

This  review  of  the  granulomata  makes  no  pretense 
of  completeness.  Readers  who  desire  additiohal  in- 
formation are  referred  to  the  individual  subjects, 
such  as  tuberculosis,  syphilis,  etc.  Further  details 
may  be  found  in  Delatleld  and  Prudden:  Text-book 
of  "Pathology,  9th  edition,  1911;  Aschoff:  Patholo- 
gische  Anatomic,  3d  edition,  1913;  and,  especially, 
in  KoUe  und  Wassermann,  Handbuch  derpathogenen 
Mikroorganismen,  volumes  V.  and  VII.,  2d  edition, 
1913.  F.  C.  Wood. 


Granuloma  Annulare. — Synony7ns:  Ringed 
Eruption  (Tilbury  Fox), Lichen  Annularis  (Galloway), 
Eruption  Circinee  Chronique  de  la  Main  (Dubreuilh), 
N^oplasie  Circinfie  et  Nodulaire  des  Extr6mit6s 
(Brocq),  Tumores  benigni  Sarcoidei  Cutis  (Rasch, 
Gregersen,  and  Galewski). 

Definition. — A  well  defined,  somewhat  rare  dis- 
ease of  the  skin  first  described  by  Tilbury  Fox  in  189.5,' 
and  since  reported  under  various  names  by  various 
observers.  In  1902  Radcliflf-Crocker-  reported  four 
cases  which  he  called  granuloma  annulare  and  while 
"granuloma"  as  now  used  is  inapplicable  to  this 
disease,  it  is  the  name  under  which  it  is  best  known, 
and  none  better  has  been  adopted.  It  consists  of  a 
ringed  or  semicircular,  elevated,  whitish  or  pinkish 
eruption,  most  frequently  seen  on  the  extremities 
without  marked  subjective  symptoms  and  pursuing 
a  chronic  course. 

Symptoms. — The  disease  usually  begins  insidiously, 
although  cases  have  been  reported  in  which  it  is 
thought  to  have  appeared  as  abruptly  as  do  urticarial 
lesions.  The  first  intimation  is  the  appearance  of  a 
nodule  or  a  cluster  of  wart-like  tubercles  of  a  whitish, 
semi-translucent  color,  and  without  any  marked  itch- 
ing or  tenderness,  occasionally  there  is  slight  itching, 
but  throughout  the  whole  course  of  the  disease  sensory 
disturbances  are  entirely  absent  or  of  a  mUd  nature. 
As  the  eruption  develops  the  nodules  either  extend  at 

776 


the  margin,  leaving  a  smooth,  cyanotic,  apparently  de- 
pressed central  area,  or  the  lesions  unite  with  adjacent 
nodules  as  they  appear,  in  the  form  of  a  ring.  Again, 
they  first  make  their  appearance  in  groups  or  clusters, 
which  unite,  forming  the  elevated,  whitish,  ringed  or 
horseshoe-shaped  eruption,  which  is  so  strikingly 
characteristic  of  the  disease.  When  developed,  these 
rings  vary  in  size  from  one  to  five  centimeters  or 
larger.  In  shape  they  also  vary,  the  ring,  sometimes 
ncomplete,    forms     horseshoe    or    creseentic  lesions, 


Fig.  2S30. — Granuloma    Annulare  of   the   Dorsum  of    the  Foot. 
(.\fter  J.  L.  Bunch,  Brit.  Journal  of  Dermatology.) 

again,  the  individual  nodules  may  be  grouped  into 
festoons.  Aside  from  the  shape  of  the  lesions  the 
color  is  the  most  not.able  feature;  the  whitish,  ivory 
colored,  elevated  lesions  are  accentuated  by  a  pinkish 
areola  and  enclosing  a  livid,  violaceous,  sometimes 
atrophic  central  area.  While  the  eruption  is  elevated 
as  in  urticaria,  on  palpation  it  is  found  to  be  deep- 
seated,  which  may  also  be  shown  on  stretching  the 
skin.  The  number  of  lesions  present  is  usually  small, 
being  limited  to  from  one  or  two  to  a  half  dozen;  and 
while  they  are  for  the  most  part  restricted  to  a  certain 
area,  cases  are  reported  by  Jadassohn^  and  Graham 
Little*  in  which  the  distribution  is  more  generalized. 

The  cour.se  of  the  disease  is  always  slow,  several 
weeks  or  months  being  required  for  the  evolution  of 
the  eruption,  which  may  remain  with  but  slight 
changes  for  many  months  or  years.  Untreated  there 
seems  to  be  little  or  no  tendency  for  spontaneous  in- 
volution to  take  place,  although  Sequira^  and  Jad- 
assohn' report  cases  in  which  recovery  took  place  with- 
out treatment. 

While  the  hands  are  most  frequently  affected  the 
disease  may  appear  on  various  parts  of  the  body. 
Thus  Graham  Little*  found  in  an  exhaustive  study  of 
forty-nine  cases,  which  he  thought  belonged  to  this 
group,  reported  by  various  authors  up  to  Janu.ary, 
1908,  that  the  dorsum  of  the  fingers  and  wrists  were 
the  parts  of  predilection,  next  in  frequency  came  the 
feet,  ankles,  neck,  elbows,  knees,  and  buttocks.  It 
seldom  is  seen  on  the  face  or  scalp,  although  Pringle' 
observed  a  case  in  which  the  disease  occurred  on  the 
face,  neck,  scalp,  and  wrist.  The  eruption  may  be 
either  unilateral  or  symmetrical  in  distribution. 

Unlike  pernio,  for  which  the  disease  might  possibly 
be  mistaken,  granuloma  annulare  occurs  most  fre- 
quently during  the  summer  months.  The  age  of  the 
cases  reported  varies  from  eighteen  months  to  fifty- 
five  years.  The  sexes  are  about  equally  .affected. 
The  disease  seems  to  be  encountered  less  frequently  in 
America  than  in  Europe,  while  most  cases  have  been 
observed  in  England  and  France. 

HisTOPATHOLOGY. — The  main  pathological  changes 
occur  in  the  deeper  parts  of  the  corium,  the  epidermis 
often   being   but   slightly    affected.     Thus   the   only 
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histological  change  recorded  in  Dubruilh  's  cases'  was 
a  diffuse  cell  infiltration  in  the  middle  zone  of  the 
corium;  Galloway'  reported  cell  infiltration  in  cutis 
with  slight  destruction  of  connective  tissue.  In 
Radcliffe-Crocker's  cases-  a  thickened  rete,  sweat 
coils  infiltrated  with  a  dense  cell  mass  In  cutis  were 
observed.  Graham  Little's  findings^  were  fairly  uni- 
form, consisting  in  some  instances  of  a  moderate  in- 
crease in  thickness  of  the  corneal  and  granular  strata 
of  the  epidermis.  In  other  cases  the  epidermis  was 
normal.  As  in  previous  reports  the  most  notable 
changes  were  found  in  the  corium  which  increased 
from  above  downward,  being  slight  in  the  subpapillarv 
zone  and  limited  to  a  moderate  degree  of  cell  infiltra- 
tion, which,  again,  was  wholly  absent  in  some  cases. 
This  infiltration  became  more  marked,  however,  as  one 
proceeded  downward,  consisting  in  the  middle  and 
lowest  parts  of  the  derma  of  an  accumulation  of  cells 
arranged  in  clumps  which  form  the  tumor  mass.  In 
these  nodular  masses  there  was  an  absence  in  some  of 
the  sections  of  elastic  and  connective-tissue  fibers — or 
if  present  they  were  fragmentary.  Besides  these 
nodular  accumulations  of  cells,  the  coil  glands,  hair- 
follicles,  and  blood-vessels  were  involved  with  appa- 
rently the  same  cell  formation.  The  sweat  coils  were 
dilated  and  with  the  blood-vessels  sometimes  radiated 
from  cell  masses  or  extended  upward  in  bands  to- 
ward the  surface.  Furthermore  there  were  a  few 
cells  scattered  between  the  fascicles  of  the  connective 
and  elastic  fibers  in  the  adjacent  parts.  With  a 
higher  power  the  cells  were  seen  to  be  made  up  chiefly 
of  large  mononuclears,  larger  than  a  leucocyte,  stain- 
ing vividly  with  nuclear  dyes,  but  without  the  proto- 
plasmic envelope  of  plasma  cells,  together  with  numer- 
ous spindle  and  pear-shaped  cells  indistinguishable 
from  connective-tissue  corpuscles.  A  few  epithelioid 
and  mast  cells  were  also  seen.  In  many  sections  the 
blood-vessels  were  thickened  and  some  were  obliter- 
ated apparently  by  endarteritis.  Later  in  the  course  of 
the  disease  foci  of  destruction  were  observed  in  the 
central  area  of  the  nodular  cell  masses  which  con- 
tained only  fragmentary  elastic  and  collagen  tissue 
lying  between  cells  less  closely  packed.  In  the  hypo- 
derm  a  diffuse  cell  infiltration  involved  the  fatty  zone, 
which  in  some  places  was  fibrotic  over  considerable 
areas.  More  recently  Define'  has'  for  the  most  part 
confirmed  these  findings  in  a  case  observed  in  Itah*. 

Etiology. — It  has  been  suggested  that  the  season  of 
the  year  has  some  bearing  on  the  cause  of  the  disease. 
The  involvement  of  the  sudoriparous  glands  during 
warm  weather,  w-hen  they  are  most  active,  has  been 
mentioned  as  of  etiological  significance.  At  first  the 
disease  was  associated  with  lupus  erythematosus  and 
it  has  been  suggested  by  Crocker,  Darrier,  anfl  Little 
that  further  study  may  show  that  it  is  allied  to  the 
tuberculides.  Galewsky's'"  case  did  not  react  to  tuber- 
culin. Nothing  is  definitely  known,  however,  as  to  its 
cause. 

Diagnosis. — The  diseases  most  liable  to  be  mis- 
taken for  granuloma  annulare  are:  chronic  urticaria, 
erythema  perstans,  pernio,  keloid,  and  lichen  planus 
(annularis).  The  absence  of  subjective  symptoms, 
the  chronic  course  and  limited  area  involved,  would 
exclude  the  first  named,  while  erythema  perstans  is  not 
itself  sufficiently  understood  to  be  regarded  as  a  well- 
defined  affection.  The  season  of  the  year,  together 
with  the  smarting  and  itching  accompanjMng  chil- 
blains, would  enable  one  to  exclude  this  affection. 
More  difficulty  might  be  experienced  in  differentiating 
between  granuloma  annulare  and  lichen  planus  when 
the  latter  occurs  over  a  limited  area.  The  sensation 
of  itching  in  lichen,  its  shiny,  smooth,  slightly  scaly 
surface  would  serve  to  differentiate  it,  and  a  histolog- 
ical examination  would  show  a  less  deep-seated  in- 
volvement of  the  derma  than  is  observed  in  granu- 
loma annulare.     This  with  the  absence  of  the  uodu- 


l.ar  cell  masses  and  the  thickened  epidermic  strata 
found  in  lichen  would  give  ample  differential  features. 

TREATjrENT. — Of  the  various  kinds  of  treatment, 
local  applications  of  salicylic  acid,  tar,  resorcin, 
thiosinamin,  and  ichthyol  have  been  most  successful. 
Sometimes  the  lesions  disappear  readily  under  slight 
influences,  at  other  times  they  are  more  obstinate.  Jad- 
assohn^ thinks  the  internal  administration  of  arsenic 
more  efficacious  than  external  measures,  while  in  most 
cases  internal  medication  seems  unnecessary.  In  one 
or  two  cases  a  biopsy  made  for  the  purpose  of  study 
and  the  bandages  subsequently  applied,  were  followed 
by  the  disappearance  of  the  lesions  thus  covered. 
Salicylic  acid,  two  to  ten  per  cent.,  either  in  the  form  of 
a  plaster  or  incorporated  in  an  ointment  of  ichthyol  or 
resorcin,  has  proved  successful  in  many  cases.  The 
Rontgen  rays  have  also  been  employed  with  favor- 
able results.  When  the  general  health  is  impaired,  as 
in  some  cases  reported,  iron,  a  generous  dietary  and 
fresh  air  may  be  necessary  to  improve  the  general 
health,  thus  strengthening  the  natural  resistance  of  the 
patient.  Willia.\i  Thomas  Corlett. 
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Grape. — (Including  Raisin,  or  Uva  passa.)  The 
genus  Vilis  Tourn.  (fam.  Vitacece)  comprises  about 
thirty  species  of  Vine,  a  number  of  which,  either  in 
their  improved  forms,  or  as  hybrids,  contribute  our 
grapes.  The  young  leaves,  tendrils,  and  green  fruit 
of  the  vine  are  sour  and  astringent,  containing 
tartaric,  malic,  and  other  fruit  acids  or  their  salts; 
tannic  acid,  quercetin,  quercitrin,  etc.,  sugar,  gum,  and 
several  earthy  and  alkaline  bases.  They  are  more 
or  less  employed  in  Europe  in  the  form  of  "teas"  or 
syrups  as  domestic  remedies.  The  juice  of  one  par- 
ticularly sour  variety  expressed  from  the  green  fruit, 
and  known  as  verjus,  is  used  to  make  a  flavoring  and 
refreshing  syrup.  The  sap  of  the  stems  has  also  been 
employed.  Ripe  grapes,  and  especially  raisins,  are 
much  sweeter,  containing  from  ten  to  forty  per  cent,  of 
sugars  (dextrose,  levulose,  inositc)  besides  the  acids,  salts, 
etc.,  above  mentioned.  Still  these  are  more  or  less 
employed  for  the  same  purposes  as  the  herbage. 
Their  medicinal  virtues  are  very  unimportant. 

From  the  ripe  fruit  of  the  European  vine,  Vitis 
vinifera  L.,  raisins,  and  from  one  of  its  varieties  the 
Greek,  Zante,  or  English  "currants"  are  made  merely 
by  careful  drying.  Raisins  are  slightly  laxative,  like 
figs  and  other  dried  sweet  fruits,  and  they  have  a  pe- 
culiar power  in  imparting  flavor. 

Henry  H.  Rusbt. 

Grape  Sugar. — See  Dextrose. 

Grasse. — A  French  town  of  15,000  inhabitants,  is 
eleven  miles  north  of  Cannes,  from  which  it  is  reached 


Grasse 


REFERENCE  HANDBOOK  OF  THE   MEDICAL  SCIENCES 


by  railway  hi  forty  minutes,  and  also  by  direct  railway 
from  Nice.  This"  resort  of  the  Riyiera  was  brought 
especially  to  public  notice  by  the  visit  of  the  Queen  of 
England  in  the  spring  of  1891.  It  is  very  pictur- 
esquely situated,  high  above  the  hillsides,  and  is  well 
sheltered  from  the  cold  winds  on  the  north.  It  has  an 
elevation  of  1,070  feet,  and  possesses  a  very  mild  and 
saluljrious  climate,  essentially  the  same  as  that  of 
Cannes,  with  the  exception  that  it  is  less  stimulating 
than  a  resort  directly  upon  the  seashore.  It  is  "  a  town 
of  charming  view,  delicious  water,  and  the  best  of 
air." 

The  temperature  is  a  little  lower  in  winter  than  that 
at  Cannes,  on  account  of  the  elevation ;  the  mean  tem- 
perature of  the  year  being  60.2°  and  for  the  winter 
46.4°,  while  that  at  Cannes  is  60°  and  47.75°  F.  re- 
spectively. "Grasse,"  say  Weber  and  Foster  (Al- 
butt's  "System  of  Medicine,"  1896),  "forms  a  useful 
intermediate  station  during  April  and  May  for  patients 
who  find  tlie  heat  in  those  months  already  too  oppress- 
ive at  Cannes." 

For  the  climatic  detail  one  is  referred  to  the  articles 
upon  Cannes  and  Nice.  In  brief,  Grasse  affords  a 
favorable  winter  resort  for  invalids  unal)le  to  remain 
near  the  sea.  Grasse  possesses  a  luxuriant  vegetation 
and  is  celebrated  for  the  cultivation  of  flowers  and  the 
manufacture  of  perfume,  which  is  the  most  extensive 
in  France,  if  not  in  the  world.  The  air  is  heavy  with 
the  scent  of  flowers,  whicli  with  some  invalids  is  said 
to  produce  an  exaggerated  form  of  hay  fever.  Great 
fields  of  orange  blossoms,  heliotrope,  hyacinth,  roses, 
violets,  jonquils,  geranium,  and  other  flowers  are 
cultivated  about  Cannes  and  Grasse;  60,000  acres 
being  devoted  to  this  industrj-,  yielding  annually 
2,200,000  pounds  of  roses  and  4,000,000  pounds  of 
orange  flowers. 

At  the  foot  of  the  village  are  great  plains  of  olive 
trees.  The  views  are  very  beautiful  and  extensive, 
and  the  excursions  round  about  are  many  and  attract- 
ive. The  town  itself  is  not  particularly  attractive, 
but  this  is  compensated  for  by  its  picturesque  situ- 
ation and  beautiful  views. 

Tlie  water  supply  and  drainage  are  good.  The 
accommodations  are  good  bvit  apparently  limited. 

The  climate  is  said  to  be  beneficial  to  sufferers  from 
asthma,  gout,  nervous  affections,  insomnia,  neuralgia, 
and   rheumatism.  Edw.vrd   O.   Otis. 


Qratiolet,  Louis  Pierre. — Was  born  on  July  6, 
181.5,  at  Sainto-Foy-Grandc,  France,  where  his  father 
practised  medicine.  In  1825  his  father  moved  the 
family  to  Bordeaux,  where  the  younger  Gratiolet 
began  his  studies.  Later  he  went  to  Paris  and  became 
an  interne  at  Salpetrifere,  at  that  time  called  the 
Hopital  de  Piti6.  WhUe  there  he  also  studied  com- 
parative anatomy  with  de  Blaineville,  the  noted  French 
zoologist,  at  the  Museum.  In  1842,  Blainville  made 
him  his  assistant  in  his  laboratory  of  natural  sciences, 
and  in  1844  he  became  substitute  professor  to  de 
Blaineville  in  the  Chair  of  Natural  Sciences.  In 
1845  he  obtained  his  medical  degree  in  order  to 
finish  the  course  in  medicine,  but  with  no  idea  of 
practising  as  his  desire  was  to  become  a  natural 
scientist  and  anatomist.  At  the  death  of  de  Blaine- 
ville in  1850  Gratiolet  lost  his  position  as  substitute 
professor  and  again  became  an  assistant  scientist  in 
the  laboratory.  In  1862,  however,  he  was  made  sub- 
stitute professor  to  the  Chair  of  Zoology  in  the  Faculty 
of  Sciences,  and  in  November  of  the  same  year  became 
full  Professor.     He  died  February  16,  1865. 

Gratiolet's  laws  are  (1)  Synostosis  of  the  cranial 
bones  occurs  earlier  in  the  inferior  than  in  the  superior 
races;  (2)  Ossification  in  the  bones  of  the  skull  proceeds 
from  behind  forward  in  the  higher  races  of  man,  from 
before  backward  in  the  lower  races;  these  laws  are  not 
absolute.     The  term  Gratiolet's  radiation  is  given  to 
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the  optic  radiation  described  by  him.     Among   his 
numerous    scientific     writings     are     the     following: 
M^moire   sur  les  plis   c6rebraux   de   I'liomme,  1854;, 
Recherches  sur  le  systeme  vasculaire  de  la  sangsuej 
mMicinale    et  de  I'aulastome   vorace,   1862;  Sur  lesl 
rapports  entre  les  singes  anthropomorphes  et  I'homme,! 
1865.     Other  important  works,  the  dates  of  which  arel 
not  known,  are  I'Anatomie  compar6e  du  cerveau  de' 
I'homme  et  des  primates;  Memoire  sur  la  microcephalie 
et  sur  les  caracteres  du  groupe  humaiue.       E.  L.  J. 

QraveL — See  Kidney,  Surgical  Affections  of. 

Graves,  Robert  James. — The  descendant  of  a 
family  distinguished  in  many  branches  of  science 
was  born  in  1797  in  Dublin  where  he  received  his 
medical  education.  Later  he  studied  on  the  Continent, 
returning  to  Dublin  in  1821  to  establish  a  practice, 
was  one  of  tlie  founders  of  a  private  medical  school 
called  the  Park  Street  School,  which  later  became  a 
hospital.  He  was  attending  Physician  to  the  Meath 
Hospital.  In  1827  he  was  elected  professor  of  the 
Institutes  of  Medicine  in  the  King's  and  Queen's 
College  of  Physicians,  Dublin.  He  died  in  Dublin 
on  March  20,  "1853. 

Robert  Graves  was  one  of  Ireland's  most  famous 
medical  teachers  and  clinicians.  He  was  one  of  the 
first  to  advocate  and  successfully  carry  out  the  idea  of 
sufficiently  feeding  typhoid  fever  patients,  as  opposed 
to  the  "absolute  diet"  treatment  then  in  vogue. 
He  is  credited  with  having  expressed  the  wish  for  the 
e|)itaph  on  his  tombstone,  "He  fed  fevers."  Graves' 
name  has  passed  into  history  linked  to  exophthalmic 
goiter.  The  following  are  among  his  most  important 
writings:  A  Lecture  on  the  Functions  of  the  Lym- 
phatic System,  1828;  Sketch  on  the  Origin  and 
Progress  of  Asiatic  Cholera,  1841.  A  System  of  Clin- 
ical Medicine,  1848;  Clinical  Lectures  on  the  Prac- 
tice of  Medicine,  184.3,  and  published  in  the  Dublin 
Journal  of  Medical  and  Chemical  Sciences;  Studies 
in  Physiology  and  Medicine,  1853.  E.  L.  J. 


Great  Bear  Spring. — Oswego  County,  New  York. 

Access. — Via  the  Oswego  Branch  of  the  New 
York  Central  and  Hudson  River  Railroad,  and  the 
Delaware  Lackawanna  and  Western  Railroad  to 
Fulton.  The  springs  are  situated  five  miles  south  of 
Fulton,  and  can  be  reached  from  this  point  by  means 
of  the  Syracuse  Lake  Shore  and  Northern  Electric 
Railway,  which  passes  througii  the  property.  They 
can  also  be  reached  from  Syracuse  by  means  of  this 
same  electric  road. 

The  springs  are  situated  upon  an  uninhabited  and 
reforested  tract  of  nearly  five  hundred  acres  whicli 
comprises  the  entire  watershed.  The  water  of  these 
springs  is  used  exclusively  for  bottling,  there  being  no 
sanatoria  near  them.  The  .spring  has  been  known  for 
many  years,  having  been  used  by  the  aborigines. 

The  Great  Bear  Spring  Company  maintains  a 
laboratory  for  the  scientific  supervision  of  its  opera- 
tions. 

There  are  no  less  than  eleven  springs,  equally 
good,  and  w-ith  a  combined  flow  of  above  one-half 
million  gallons  daily.  The  volume  of  water  is  un- 
varying, and  it  gushes  forth  at  a  temperature  of 
about  50°  F.  throughout  the  year.  That  the  flow  of 
the  springs  is  not  affected  by  extreme  drouth  proves 
their  deep  source.  The  water  is  but  feebly  mineralized, 
but  it  is  remarkably  pure,  and  its  freedom  from 
organic  matter  gives  it  excellent  qvialitics  for  the 
table.     Its  very  small  co.st  is  an  additional  advantage. 

The  following  analysis  of  water  from  Spring 
Phoenix  w-as  made  in  the  Lederle  Laboratories,  New 
York,  in  1912: 
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Parts  in  one 
million. 
Chemical  Examixatioxs: 

Iron .350 

Chlorine  in  chlorides 2 .  470 

Nitrogen  in  nitrites None. 

Nitrogen  in  nitrates 1 .  500 

Free  ammonia .006 

Albuminoid  ammonia .010 

Hardness  equiv.  to  (before  boiling) 103.  700 

Carbonate  of  lime  (after  boiling) 88 .  880 

Organic  and  volatile  (loss  on  ignition) 12.000 

Mineral  matter  (non-volatile) 143 .  000 

Total  solids  (by  evaporation) 155 .  000 

Oxygen  consumed 1 .450 

Phtsic.kl  Examinations: 

-\ppearance Clear. 

Sediment None. 

Color ' None. 

Odor  (heated  to  100°  F.) None. 

Emma  E.  Walker 


Green  Sulphur  Springs. — Summers  County, 
West  Virginia. 

Post-office. — Green  Sulphur  Springs. 

The  following  analysis  of  this  water  has  been  made 
by  Booth,  Garrett,  and  Blair,  analytical  and  engineer- 
ing chemists  of  Philadelphia. 

Grains  per 
U.  S.  Gallon 

Silica : 0.711 

Sulphuric  acid  radicle 9 .  233 

Bicarbonic  acid  radicle 15.259 

Carbonic  acid  radicle 0.583 

Nitric  acid  radicle 0.000 

Nitrous  acid  radicle 0.000 

Phosphoric  acid  radicle Trace 

Boric  acid  radicle 0.000 

Arsenic  acid  radicle 0.000 

Chlorine 8.026 

Bromine 0.000 

Iodine 0.012 

Iron 0.000 

Aluminum 0.015 

Calcium 2.671 

Magnesium 0.571 

Potassium 0 .  076 

Sodium 11.339 

Lithium 0.015 

Ammonium 0.009 

Oxygen  to  form  .Al 0.013 


48.533 


Green  Sulphur  Water  belongs  to  the  class  of  sul- 
phated  alkaline-saline,  sulphurated  waters.  These 
waters  have  been  found  to  be  valuable  in  the  treat- 
ment of  catarrhal  conditions  of  the  stomach,  intes- 
tines, biliary  passage,  and  urinary  tract.  In  large 
quantities  they  act  as  purgatives,  in  smaller  quantities 
as  diuretics.  Excellent  results  have  followed  their 
use  in  acid  dyspepsia,  rheumatism,  gout  and  diabetes. 
Green  Sulphur  Water  is  recommended  also  for  the 
treatment  of  many  skin  disorders,  and  in  catai-rhal 
conditions  of  the  pharynx,  larynx,  and  bronchi.  The 
water  has  a  distinct  tonic  effect.  The  source  is  an 
artesian  well  sixty-five  feet  deep.  The  well  was 
bored  in  1819.  Emma  E.  Walker. 


Greenbrier  White  Sulphur  Springs. 

Sulphur  Springs. 


-See  White 


Gregarinida. — Telosporida  in  which  only  the 
young  trophozoites  are  intracellular,  the  fully  grown 
forms  being  extracellular.  These  protozoans  typically 
occur  in  invertebrate  hosts.     See  Protozoa. 

A.  S.  P. 


Gregory,  James. — The  son  of  a  physician,  was 
born  in  Aberdeen  in  January,  1753.  He  studied 
medicine   in   Edinburgh   and   London,  obtaining   his 


degree  in  1774.  In  1790  he  was  appointed  professor 
of  clinical  medicine  in  Edinburgh,  succeeding  Cullen, 
and  was  actively  engaged  in  teaching  up  to  the  time 
of  his  death,  April  2,  1821.  Gregory  was  a  skilful 
but  cautious  practitioner,  being  a  firm  advocate  of  the 
expectant  treatment  when  no  clear  indications  for 
medication  appeared.  A  favorite  prescription  of  his, 
even  yet  known  as  Gregory's  powder,  was  the  basis  of 
the  compound  rhubarb  powder  of  the  British  and 
United  States  Pharmacopoeias.  His  medical  writings 
were  comparatively  few,  for  he  was  unfortunately  of  a 


Fig.  2831. — James  Gregory. 

somewhat  irascible  disposition  and  wasted  much  time 
in  controversies  with  his  colleagues,  penning  many 
pamphlets  either  attacking  others  or  defending  himself 
in  sarcastic  and  often  bitterly  personal  language.  His 
two  most  important  medical  works  were:  "Dissertatio 
medica  de  morbis  coeli  mutatione  medendis,"  Edin- 
burgh, 1774  and  1776;  and  "Conspectus  medicinae 
theoretics  in  usum  academicum,"  Ed.  1774,  sixth 
edition,  in  two  volumes,  1818.  His  son,  James 
Crawford  Gregory,  also  a  physician,  was  born  in 
Edinburgh  in  1800  and  died  of  typhus  fever  in 
1832.  Another  son  was  a  well-known  chemist  and 
professor  of  the  Universitv  of  Edinburgh. 

T.  L.  S. 


Grlesinger,  Wilhelm. — Born  at  Stuttgart,  Ger- 
many, July  29,  1817.  He  received  the  degree  of 
Doctor  of  Medicine  from  the  University  of  Tiibingen 
in  or  about  the  year  1838.  After  practising  for  a 
short  time  in  his  native  city  he  was  invited  (1843)  by 
his  friend.  Prof.  Wunderlich,  to  be  his  assistant  in  the 
Medical  Clinic  at  the  University  of  Tiibingen.  He 
accepted  the  position,  and  a  few  years  later  (in  1847) 
he  was  elected  Extraordinary  Professor.  In  1850  he 
accepted  a  call  to  take  charge  of  a  school  of  medicine 
in  Cairo,  Egy]jt,  and  to  be  at  the  same  time  the  Presi- 
dent of  the  Sanitiiry  Commission  and  the  physician- 
in-ordinary  of  the  Khedive.  He  held  these  positions 
for  only  two  years  and  then  returned  to  Stuttgart, 
where  he  lived  quietly  until  he  was  called  (1854)  to 
Tubingen  to  fill  the  positions  (professor  and  director 
of  the  medical  clinic)  previously  held  by  Wunderlich. 
In  1860  he  accepted  the  corresponding  positions  in  the 
University  of  Zurich;  and  in  1865  he  removed  to  Ber- 
lin, where  he  devoted  himself  almost  exclusively  to 
mental  and  nervous  diseases,  his  position  as  Director 
of  the  Psychiatric  Department  and  the  Department 
for  Nervous  Diseases  in  the  Charity  Hospital  giving 
him  ample  opportunity  for  continuing  his  studies  in 
these  two  branches  of  medical  science.  On  October 
26,  1868,  he  died  from  perforation  of  the  vermiform 
appendix. 

Griesinger's  great  merit  rests  upon  the  fact  that  he 
was  the  first  to  place  psychical  disorders  upon  a  ra- 
tional basis,  and  to  discard  wholly  the  spiritualistic 
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Grleslnger,  Wllbelm 
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views  which  had,  up  to  this  time,  played  so  prominent 
a  part  in  the  interpretation  of  those  disorders.  He 
also  did  much  to  improve  the  treatment  of  these  af- 
fections, and  his  advocacy  of  the  no-restraint  system 
of  psychiatry  was  of  the  most  energetic  kind. 

Of  the  published  writings  of  this  celebrated  psy- 
chiatrist and  neurologist  the  best  known  and  the 
most  valuable  is  that  entitled:  Pathologie  und 
Therapie  der  psychischen  Krankheiten,"  Stuttgart, 
1845  (latest  edition,  1867).  The  following  treatises 
also  deserve  to  be  mentioned.  "  Ueber  Irrenanstalten 
and  deren  Weiterentwickelung  in  Deutschland;" 
"Die  freie  Behandlung;"  " Weiteres  iiber  psychia- 
trische  Kliniken;"  "Ueber  einige  epileptoide  Zu- 
stande;"  "Ueber  einen  wenig  bekannten  psycho- 
pathischen  Zustand;"  and  "Bemerkungen  uber  die 
Diagnostik  der  Hirnkrankheiten."  The  first  number 
of  the  new-ly  established  "Archiv  fiir  Psychiatrie  und 
Nervenkrankheiten,"  which  was  edited  by  Grie- 
singer,  Roser  and  Wunderlich,  was  issued  in  1868, 
before  G.'s  death. 

Griesinger  also  deserves  credit  for  having  been  the 
first  German  physician  to  recognize  and  to  describe 
relapsing  fever  (febris  recurrens)  as  an  independent 
disease.  (See  Virchow's  Handbuch  der  Speciellen 
Pathologie  und  Therapie,  Bd.  ii.,  Abth.  2.  Erlangen, 
1857  to  1864.)  A.  H.  B. 


Grindelia  (U.  S.  P.). — California  Gum-weed, 
Rosin-weed.  The  dried  leaves  and  flowering  tops  of 
Grindelia  camporum  Greene,  G.  cuneifolia  NuttaU  orG. 
squarrosa  (Pursh)  Dunal.  (fam.  Composilw).  These 
are  large  and  coarse  perennial,  resinous  herbs,  of  the 
far  western  and  southwestern  United  States. 

The  light-yellow  or  occasionally  rose-tinted  stems 
should  not  exceed  2  mm.  in  thickness.  The  alternate 
leaves  are  about  5  cm.  (2  inches)  or  less  long,  varying 
from  broadly  spatulate  or  obovate  to  lanceolate,  sessile 
or  clasping,  obtuse,  more  or  less  coarsely  and  sharply 
serrate,  often  spinosely  toothed  or  even  laciniate- 
pinnatifid,  pale  yellowish-green  or  yellow,  very  smooth, 
finely  dotted,  resinous,  thick  and  brittle;  heads  many- 
flowered,  the  involucres  of  many  series  of  imbricated 
scales  with  acute,  spreading  or  recurved  tips.  The 
heads  of  G.  squarrosa  and  G.  cuneifolia  are  mostly 
longer  than  broad,  contracted-campanulateor  conical- 
urceolate;  those  of  G.  camporum  are  broader  than  long, 
depressed-urceolate.  Ray-florets  deep-yellow,  ligu- 
late,  pistillate;  disc-florets  yellow,  tubular,  perfect; 
pappus  of  two  or  three  mostly  unequal  awns,  about  as 
long  as  the  disc-florets;  odor  balsamic,  slightly  nar- 
cotic; taste  resinous  and  gummy,  pungently  aromatic, 
somewhat  bitter.  The  quality  is  roughly  indicated 
by  the  amount  of  fesinous  matter  exuded  upon  the 
surface. 

Resin  is  the  principal  constituent.  There  are  also  a 
little  volatile  oil,  wax,  gum  and  tannin,  together  with 
a  bitter  glucoside,  in  small  amount.  Its  uses  are  ex- 
ternal and  systemic.  The  fluid  extract,  if  painted 
upon  a  surface  poisoned  by  rhus  and  similar  agents,  is 
one  of  our  best  reihedies.  It  forms  a  dry  coating  which 
excludes  the  irritating  atmosphere  and  prevents  the 
spread  of  the  poisonous  fat,  probably  also  absorbing 
it  into  the  resinous  film.  It  is  of  some  similar  use  for 
treating  burns  and  as  an  injection  for  urethritis  and 
vesical  catarrh.  Its  internal  action,  as  a  sedative  ex- 
pectorant, is  not  so  readily  explained.  It  is  largely 
used,  by  way  of  the  stomach,  in  chronic  and  subacute 
bronchitis,  in  asthma,  and  in  whooping-cough.  It  is 
mostly  given  in  the  form  of  the  official  fluid  extract,  in 
doses  of  iru  xv.-lx.  (1.0-4.0).         Henry  H.   Rusbv. 

Grippe,  The. — See  Influenza. 

Grocer's  Itch. — A  form  of  itch  caused  by  the  mites 
Glyciphagus  prunorum  and  G.  domesticus  which  live  in 
flour,  sugar,  etc.     See  Arachnida.  A.  S.  P. 
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Gross,  Samuel  David. — Born  near  Easton,  Pa., 
July  8,  1805.  He  was  graduated  from  the  Jefferson 
Medical  College  in  1828,  and  began  practice  in  Phila- 
delphia. In  1833  he  became  Demonstrator  of 
Anatomy  in  the  Medical  College  of  Ohio,  at  Cincinnati, 
and  two  years  later  he  was  given  the  Professorship  of 
Pathological  Anatomy  in  the  Medical  Department 
of  the  Cincinnati  College.  It  was  here  that  he 
delivered  the  first  systematic  course  of  lectures  on 
morbid  anatomy  ever  given  in  the  United  States; 
and  soon  afterward  he  issued  his  "Elements  of  Patho- 
logical Anatomy,"  the  first  methodical  treatise  on  the 
subject  ever  published  on  this  side  of  the  Atlantic  or  in 


Fig.  2832. — Samuel  D.  Gross. 

the  English  language.  For  ten  years  he  held  the 
Chair  of  Surgery  in  the  University  of  Louisville,  and 
then,  upon  the  retirement  of  Dr.  Valentine  Mott,  he 
accepted  the  same  chair  in  the  Medical  Department 
of  the  University  of  New  York.  At  the  end  of  one 
session,  however,  he  resigned  the  latter  position  and 
returned  to  his  Louisville  chair.  In  1856  he  was 
elected  Professor  of  Surgery  in  the  Jefferson  Medical 
College,  Philadelphia,  and  he  filled  that  chair  until 
within  two  vears  of  his  death  which  occurred  on  May 
6,  1884. 

Dr.  Gross  contributed  many  works  to  medical 
literature,  but  by  far  the  most  important  of  these  is 
his  "System  of  Surgery."  The  first  edition  of  this 
most  elaborate  treatise  was  published  in  1859;  the 
sixth  and  last,  in  two  large  volumes  profusely  illus- 
trated, appeared  in  1882.  In  1872  the  University 
of  Oxford,  England,  conferred  on  Dr.  Gross  the  hon- 
orary degree  of  D.  C.  L.,  and  that  of  LL.  D.  was  given 
him  by  the  University  of  Cambridge.  Among  the 
fathers  of  American  medicine  Dr.  Gross  deserves  to 
hold  a  very  high  rank.  A.  H.  B. 

Ground  Itch. — A  skin  eruption  caused  by  the 
presence  of  the  hookw-orm,  Ankylosloma  duodenale 
in  the  hair  follicles  of  the  skin.     See  Nemaioda. 

A.  S.  P. 


Growth. — This  article  is  divided  for  convenience 
into  four  sections:  I.  Definition  of  growth.  II. 
Growth  as  a  function  of  cells  and  tissues.  III. 
Human  growth  statistically  considered.  IV.  The 
laws  of  mammalian  growth. 

I.  Definition  of  Growth. — Definitions  of  growth 
have  been  given  from  two  principal  points  of  view. 
According  to  one.of  these,  growth  is  defined  as  increase 
of  size  or  volume.  From  this  point  of  view  any 
increase  of  volume  is  growth  no  matter  to  what  cause 
it  may  be  due,  and  differentiation  is  regarded  as  an 
entirely  distinct  phenomenon  which  may  or  may  not 
accompany  growth. 
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From  the  other  point  of  view  the  term  growth 
implies  in  a  general  way  an  increase  in  the  number  or 
size,  or  in  both,  of  the  histological  elements;  and  also, 
but  more  vaguely,  implies  that  the  elements  advance, 
or  at  least  remain  stationary  in  the  scale  of  organiza- 
tion. In  other  words,  if  the  increase  in  volume  be 
due  to  developmental  processes,  or  if  it  be  accompanied 
by  progressive  differentiation,  it  is  growth.  But  if, 
on  the  other  hand,  increase  of  volume  be  due  to  the 
deposition  of  products  of  degeneration,  as,  for  example, 
fat,  it  cannot  properly  be  regarded  as  growth.  This 
definition  is  not  so  definite  as  the  first,  which,  there- 
fore, should  be  preferred. 

II.  Growth  as  a  Function  of  Cells  and  Tissties. 
— It  is  evident  that  the  growth  of  an  organism  is  the 
sum  of  the  growths  of  its  tissues,  and  the  growth  of  the 
tissues  depends  on  that  of  the  cells;  hence  growth 
ultimately  rests  upon,  first,  the  increase  in  size  of 
single  cells,  and,  second,  the  multiplication  of  cells. 
Owing  to  their  peculiar  mode  of  growth,  the  plants 
afford  the  best  material  for  the  study  of  the  process 
in  its  simplest  form.  .\t  the  tip  of  each  stem  or  rootlet 
there  is  a  mass  of  cells  in  an  embryonic  condition,  and 
during  rapid  growth  these  ceOs  undergo  frequent 
cell  division.  There  is  at  the  extreme  tip  a  cell 
or  a  group  of  cells  that  always  divide  by  a  transverse 
partition  into  a  distal  and  a  proximal  daughter  cell 
or  cells.  The  daughter  cell  at  the  tip,  the  distal  one, 
remains  in  an  embryonic  condition  and  divides  again 
in  the  same  manner.  In  this  way  the  proximal 
daughter  cell  becomes  separated  from  the  tip  by  the 
successive  divisions  of  the  apical  cell  or  group  of  cells. 
If  we  follow  one  of  the  proximal  cells  through  its  life 
history,  we  shall  see  that  it  at  first  divides  repeatedly, 
forming  a  group  of  small  cells  with  dense  protoplasm 
and  thin  cell  walls.  This  is  the  period  of  most  rapid 
multiplication.  A  little  later  the  process  of  cell 
division  become  less  frequent  in  this  group,  and  the 
cells  become  larger  and  exhibit  large  vacuoles  con- 
taining a  clear  watery  fluid.  This  is  the  period  of 
greatest  growth.  Finally,  the  cells  cease  both  to 
multiply  and  to  increase  in  size;  and  the  cell  walls 
become  thickened  and  assume  the  character  of  the 
tissue  to  which  these  cells  belong.  This  is  the  period 
of  histogenesis. 

In  the  development  of  the  plant  ceU,  then,  may 
be  recognized  three  stages:  (1)  Multiplication,  (2) 
growth,  and  (3)  histogenesis.  These  three  stages  are 
represented  by  three  zones  in  root  or  stem.  The  zone 
of  multiplication  surrounds  the  tip  and  extends  but  a 
short  distance  from  it.  Here  growth  takes  place  but 
slowly,  so  that  between  one  act  of  division  and  the 
next  a  cell  may  double  in  size.  But  the  most  rapid 
growth  is  in  the  next  zone,  where  a  cell  may  increase 
to  several  times  its  original  size  without  undergoing 
division.  Sachs  studied  the  daily  rate  of  growth  of  the 
root  of  a  bean  (Phaseolus).  A  disc  1  mm.  long  was 
carefuUy  marked  off  just  behind  the  tip  and  was  then 
measured  daily.  The  rate  of  growth  was  found  to 
increase  from  a  little  over  1  mm.  on  the  first  day  to  a 
maximum  of  about  14  mm.  on  the  seventh  day.  After 
that  the  rate  decreased  rapidly  to  about  2  mm.  on  the 
tenth  day. 

From  an  analysis  made  by  Kraus  upon  hothouse 
plants  of  Heterocenlron  roseum  it  was  found  that  the 
I  percentage  of  water  in  the  tissues  increases  from  73 
I  per  cent,  at  the  tip  of  the  stem  to  88  per  cent,  at  the 
\  first  internode,  and  reaches  a  maximum  of  93  per 
!  cent,  in  the  second  internode.  Farther  along  the  stem 
I  there  is  a  slight  decrease,  the  amount  being  92.7 
I  per  cent,  in  the  fifth  internode.  In  plants,  then,  it 
!  appears  that  the  period  of  most  rapid  growth  is  also 
I  the  period  of  most  rapid  absorption  of  water  by  the 
1  cells. 

In  animals  there  is,  as  a  rule,  no  area  of  embryonic 
cells  to  furnish  material  for  growth  for  an  indefinite 
period.     On  the  contrary,  the  extent  of  growth  for 


each  species  is  more  or  less  strictly  limited  by  condi- 
tions of  which  we  know  very  little.  In  the  period  of 
cleavage  of  the  egg  and  anatomical  differentiation 
(see  article  Differentiation)  the  whole  embryo  is  in  the 
condition  found  at  the  tip  of  the  stem  of  a  plant.  The 
cells  are  all  smaU,  rich  in  protoplasm,  and  undergo 
division  frequently,  whUe  there  is  little  or  no  growth 
of  the  embryo  as  a  whole.  Then  comes  the  period  of 
most  rapid  enlargement  accompanied  by  an  increase  in 
the  amount  of  water,  and  this  is  followed  by  the  period 
of  histological  differentiation.  The  relative  rate  of 
growth  per  unit  of  body  weight  decreases  gradually 
until  the  animal  reaches  the  limit  of  its  species. 

This  was  brought  out  by  Davenport  (1899)  in  his 
researches  upon  the  embryos  of  frogs,  the  results  of 
which  are  given  in  the  followingTtable : 


Growth  of  Frog  Embryos. 

Days 

after 

hatching. 

Average 
weight  in 
milligrams. 

Weight 
of    dry    sub- 
stance  in 
milUgrams. 

Weight 
of  water  in 
milligrams. 

Per 

cent. 

of 

water. 

Average 
increase 

daily    i  n 

per  cent. 

of  body 
weight. 

1 

1  83     1          n  iu\ 

1.03 

1.17 

2.63 

4.51 

9.68 

22.36 

91.1 

1,742.0 

56 
59 
77 
89 
93 
96 
90 
88 

2 

5 

7 

9 

14 

41 

84 

2.00 

3.43 

5.05 

10.40 

23.52 

101.0 

1,989.9 

0.83 
0.80 
0.54 
0.72 
1.16 
9.9 
247.9 

9.3 
23.9 
23.8 
54.0 
25.2 
12.2 

The  frog  embryo  takes  no  food  for  several  days 
after  hatching,  so  that  there  is  a  loss  of  dry  substance 
until  about  the  eighth  day;  and  yet  it  is  between  the 
seventh  and  ninth  day  that  there  is  the  greatest  daily 
increment  per  unit  of  hoAy  weight.  As  the  preeentage 
of  dry  substance  increases  the  rate  of  growth  becomes 
less.  The  time  of  most  rapid  growth  is  the  time  when 
the  cells  absorb  water  most  rapidly. 

Similar  results  were  obtained  "by  Fehling  (1877) 
from  the  measurement  and  analysis  of  twenty-one  fresh 
human  embryos,  as   shown  in  the  following  table : 

Growth  op  HnMAN  Embryos. 


5P  E 


Weight. 


jVge. 


Fresh 
grams. 


Dry 
grams. 


1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 


2.5 
15.0 
13.5 
18.5 
18.5 
19.0 
21.5 
22.5 
23.0 
24.0 
26.0 
30.0 
33.5 
34.5 
34.0 
36.0 
35.0 
38.0 
53.5 
44.0 
45.0 


6th  week 

4th  month 

4th  month 

5th  month,  1st  half. 
5th  month,  1st  half. 
5th  month,  2d  half. 
5th  month,  2d  half. 
5th  month,  2d  half. 
St'h  month,  2d  half. 
5th  month,  2d  half. 

6th  month 

6th  month 

6th  month 

7th  month 

7th  month 

7th  mouth 

7th  month 

8th  month 

Term 

9th  month 

9th  month 


!l 


0.975 

36.5 

56.5 

95.5 

104.7 

156.8 

244.0 

235,0 

264.0 

299.0 

361.8 

575.0 

771.0 

910.0 

832.9 

836.0 

1,117.0 

928.0 

3,284.0 

1,760.6 

1,495.7 


0.24i 

3.0  I 

5.1 

8.9 

8.2 

14.6 

22.0 

24.0 

29.5 

32.8 

39.1 

79.5 

125.0 

159.0 

138.2 

136.5 

170.71 

159.5 

855.521 

456.1 

391.2 


97.54 

91.79 

90.97 

90.7 

93.2 

90.7 

90.96 

89.  Si 

88.9 

89.3 

89.2 

86.4 

83.77 

82.6 

83.5 

83.9 

84.8 

82.9 

74.1- 

74. 7t 

73. 9j 


•  Still-birth. 

t  Died  in  uterus. 

j  Premature  births;  atrophic;  died  thirteen  days  later. 
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It  will  be  noticed  that  the  youngest  embryo,  in  the 
sixth  week,  contains  the  largest  proportion  of  water, 
97.54  per  cent.  From  that  the  proportion  decreases 
to  about  74  per  cent,  at  the  time  of  birth. 

For  comparison  with  the  growth  of  the  human 
embryo  Fehling  studied  the  growth  of  embryo  rabbits. 
For  this  purpose  he  reckoned  the  age  of  the  fetus 
in  priods  of  three  days,  each  period  being  supposed  to 
correspond  to  a  month  of  human  gestation.  Two 
embryos,  the  largest  and  the  smallest,  were  chosen  from 
each  litter  for  analysis.  Some  of  his  results  are  given 
in  the  following  table: 

Weight  of  Rabbit  Embryos. 


Weight    of 

Fetus  in 

Grams. 

Per 

Number. 

Weight  of 
mother. 

Period. 

Fresh. 

Dry. 

cent,     of 
water. 

1 

1,850 

5 

0.619 

0.052 

91.5 

2 

1,850 

5 

0.663 

0.057 

91.4 

3 

1,500-1,600 

7 

10.631 

1.5 

85.9 

4 

1,500-1,600 

7 

12.83 

1.7 

86.7 

5 

8 

8 
8 
8 
8 

23.6 

24.6 

15.95 

12.3 

18.61 

3.5 

4.0 

2.25 

2.0 

2.94 

86.3 

6 

83.8 

7 

85.9 

8 

82.2 

9 

1,806 

84.2 

10 

1.806 

8 

18.68 

2.32 

87.6 

11 

3,240 

9 

62.35 

11.35 

81.8 

12 

3,240 

9 

45.78 

7.6 

85.6 

13 

2,854 

9 

41.98 

8.0 

81.0 

14 

2,854 

9 

50.33 

9.33 

81.5 

15 

1,800 

9 

29.25 

4.9 

83.2 

16 

1,800 

9 

28.56 

5.83 

79.6 

17 

About  1,800 

10 

34.29 

7.22 

79.0 

18 

About  1,800 

10 

33.05 

6.7 

79.7 

19 

New-born 
New-born 

14  days. 

14  days. 

38.4 

38.3 

179.5 

224.0 

8.4 

8.8 

43.8 

75.4 

78.4 

20 



77.1 

21 

75.6 

22 

65.1 

The  weight  of  the  mother  has  great  influence  on  the 
weight  of  the  fetus,  and  is  given  for  that  reason  in  this 
table.  This  factor  is  of  less  importance  in  human 
statistics,  where  the  range  of  variation  is  compara- 
tively much  restricted. 

The  table  shows  a  gradual  decrease  in  the  percent- 
age of  water  in  the  tissues  of  the  fetus,  and  this  is 
associated,  as  in  man,  with  a  gradual  decrease  in  the 
relative  rate  of  growth  as  shown  in  the  following 
table : 


Growth  of  Rabbit  Embryos. 

Period. 

Weight    of    be- 
ginning    of 
period. 
Grams. 
a 

Absolute 

growth  during 

period. 

Grams. 

I 

Relative 

growth    per 

period. 

b 

- 

a 

5 

0.619 
6.176 
11.734 
18.65 
28.908 
33.67 
38.35 

5.557 
5.558 
6.916 
10.258 
4.762 
4.68 

8.97 

6 

0.89 

7 

0.59 

8 

0.55 

9 

0.16 

10 

0  13 

Term 

The  figures  for  the  sixth  period  in  this  table  are  some- 
what doubtful,  for  there  is  nothing  to  show  that  they 
were  obtained  by  actual  observation. 

All  these  results  tend  to  show  that  in  both  animals 
and  plants  the  most  rapid  increase  in  weight  in  pro- 
portion to  the  weight  of  the  body  takes  place  at  the 
time  when  the  tissues  are  at  their  least  density.  As 
the  solid  constituents  of  cells  increase  the  relative  rate 
of  growth  decreases. 
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The  relation  between  growth  and  the  absorption  of 
water  has  again  been  demonstrated  by  studies  made 
by  Glaser  (1914)  on  young  embryos  of  the  frog  and 
Amblystoma.  In  these  the  most  rapidly  growing 
part  is  the  dorsal  region  including  the  nervous  system, 
and  in  this  the  brain  is  growing  faster  than  the  rest; 
while  the  ventral  part  of  the  embryo,  consisting 
largely  of  inert  endodermal  cells  laden  with  yolk,  lags 
behind.  Glaser  separated  these  parts  and  by  drying 
and  weighing  obtained  the  following  average  results: 

Amblystoma  31  whole  larvffi 58.  6  per  cent,  water 

Rana  pipiens  55  yolk  sacs 54 . 2  per  cent,  water 

Rana  pipiens  55  nervous  systems 80. 1  per  cent,  water 

Amblystoma  136  nervous  systems 79 .  7  per  cent,  water 

.\mblystoma  125  larval  cords   79.0  per  cent,  water 

.\mblystoma  125  larval  brains 82.8  per  cent,  water 

Little  is  known  of  the  effects  of  external  conditions 
upon  the  rate  of  growth  of  animals,  but  upon  the 
growth  of  plants  external  conditions  have  been  shown 
to  have  a  very  marked  effect.  For  full  discussion  of 
this  subject  the  reader  should  consult  Davenport's 
very  excellent  summary  ("E.xperimental  Morphology, 
voL  ii.,  1899). 

III.  Growth  of  Man. — We  divide  the  subject  as 
follows:  1  Prenatal  growth;  2,  weight  of  the  new- 
born child;  3,  growth  of  infants,  0  to  5  years;  5, 
growth  of  children;  6,  size  of  adults. 

1.  Prenatal  Growth. — From  observations  on  forty- 
three  specimens,  together  with  the  data  previously 
collected  by  others,  Jackson  (1909)  has  constructed 
the  following  table  showing  the  prenatal  growth  of  the 
human  body  by  months: 

Weight  at  be-  Weight    at        Relative 
Lunar  month.  ginning  of       end      of  monthly 

month   (a),     month  (6).       growth 
(6-0). 


1 0  000004  g. 

II 0.04 

III 3.0 

IV 36.0 

V 120.0 

VI 330  0 

VII 600.0 

VIII 1000.0 

IX 1500.0 

X 2200.0 


It  will  be  seen  that  during  the  first  month  the  rate 
of  growth  relative  to  the  size  of  the  embryo  is  enor- 
mous. From  this  time  the  relative  rate  decreases  at 
first  very  rapidly  and  then  more  and  more  slowly. 
The  absolute  growth  on  the  other  hand  increases,  at 
first  slowly  and  then  more  rapidly.  So  that  the  gain  in 
weight  during  the  ninth  month  alone  exceeds  all  the 
grains  of  the  first  six  months  put  together.  Jackson 
finds  that  the  absolute  growth  after  the  first  month 
may  be  represented  by  a  fairly  regular  curve  that 
corresponds  roughly  to  the  formula. 

m  ■  \,i  /  \       age   (days)* 
Weight  (g)  =  -5 g^-^ 

2.  Weight  of  the  New-born  Child. — It  is  subject  to 
very  considerable  variations.  For  middle  Europe  the 
average  may  be  held  to  be  about  3,340  grams  for  boys, 
3,190  grams  for  girls,  the  latter  being  somewhat  lighter. 
The  variations  are  very  great,  ranging  from  1,000  to 
5,000  grams.  For  instance,  the  following  table  is  given 
by  Pfannkuch,  who  unfortunately  jumbles  the  two 
sexes  together: 


a 

0.04g. 

9999.0 

3.0 

74.0 

36.0 

11.0 

120.0 

2.33 

330.0 

1.75 

600.0 

0.82 

1000.0 

0.67 

1500  0 

0.50 

2200  0 

0.47 

3200.0 

0.45 

Obs. 

23 

36 

52 

90 

2.75  to  3.00 110 


I^lograms. 
1.50  to  2.0.. 
2.00  to  2.25. 
2.25  to  2.50. 
2.50  to  2.75. 


Kilograms.  Obs. 

3.00  to  3. 25 150 

3.25  to  3.50 115 

3.50  to  3. 75 79 

3.75  to  4. 00 46 

4.00  to  4. 50 IS 
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It  will  be  noticed  that  the  maximum  number  of 
cases  (150)  falls  between  3.00  and  3.25  kilograms,  and 
that  the  further  the  weight  is  removed  on  either  side, 
above  or  below,  from  this  mean,  the  fewer  are  the 
cases.  The  tables  by  other  authors  show  the  same 
general  results,  with  usuall}'  slight  differences  in  the 
quantitative  values. 

The  factors  which  determine  the  weight  at  birth  are 
very  obscure.  It  is,  of  course,  safe  to  say,  vaguely, 
that  it  depends  on  the  nutrition  of  the  fetus;  it  is 
probable  that  individual  differences  in  the  rate  of 
growth  exist  before  as  well  as  after  birth,  and  it  is 
probable  that  the  length  of  gestation  is  the  most 
influential  single  factor,  to  judge  from  Minot's  ex- 
periments on  the  growth  of  mammals. 

It  has  been  demonstrated  that  the  variations  in  the 
weight  of  the  child  depend  upon  various  maternal 
circumstances. 

First.  It  is  correlated  with  the  age  of  the  mother, 
as  is  shown  in  the  following  table,  giving  the  weight  of 
the  children  in  grams  according  to  three  observers : 

Age  of  the  mother.                     Ingerslev.  Fassbender.  Petersson. 

15  to  19  years 3,241  3.271  3,451 

20  to  24  years 3,299  3,240  3,485 

25  to  29  years 3,342  3,333  3,591 

30  to  34  years 3,375  3,367  4,062 

35  to  39  years 3,428)  ,  ,.„  f  3,591 

40  to  44  years 3,326/  *'"'''''  13,676 

From  such  tables  we  learn  that  very  young  mothers 
have  the  smallest  children,  and  those  of  about  thirty- 
five  years  the  heaviest.  It  is  much  to  be  regretted 
that  the  tables  do  not  show  the  correlation  by  single 
years,  and  also  the  number  of  observations. 

Second.  The  weight  of  the  child  increases  with  the 
weight  (Gassner)  and  stature  (Frankenhauser)  of  the 
mother.  Gassner  states  that  the  weight  of  the  child  is 
to  that  of  the  mother  as  1  to  19.13,  or  5.23  per  cent,  of 
the  maternal  weight.  Frankenhauser  states  that  if 
the  height  of  the  mother  is  less  than  4  feet  6  inches, 
the  child  weighs  6  pounds  15  ounces;  if  it  is  4  feet  6 
inches  to  4  feet  11  inches,  the  child  weighs  6  pounds 
25  ounces;  if  it  is  more  than  4  feet  11  inches,  the  child 
weighs  7  pounds  3  ounces. 

Third.  The  weight  of  the  child  increases  according 
to  the  number  of  previous  pregnancies,  as  indicated  by 
the  foUowing  table : 

Hecker.         Ingerslev. 

Number  of  pregnancies.  Gm.  Gm. 

One 3,201  3,251 

Two 3,330  3,391 

Three 3,353  3,400 

Four 3,360  3,424 

Five 3,412  3,500 

Six 3,353 

Here  again  we  encounter  faulty  statistics,  for  it  is 
not  shown  that  we  have  any  other  effect  than  that  of 
age,  for  the  conclusion  claimed  cannot  be  established 
until  it  is  proved  that  primiparce  have  smaller  children 
than  multipara  of  the  same  age. 

Fourth.  Negri  has  maintained  {Annali  di  ostelricia, 
1885)  that  the  compilation  of  333  observations  shows 
that  the  children  of  women  whose  menstruation  is 
early  are  larger  than  the  children  of  those  whose  first 
menstruation  is  late. 

Fifth  and  sixth,  the  influence  of  race  and  climate, 
which  have  not  yet  been  subjected  to  any  proper 
exact  study. 

In  conclusion,  it  seems  probable  that  all  these 
influences  produce  their  effect  principally  by  prolong- 
ing or  abbreviating  the  period  of  gestation.  In  other 
words,  the  variations  in  the  weight  of  children  at 
birth  are  to  be  referred  immediately  to  two  principal 
causes:  (1)  Differences  in  the  age  at  birth;  (2) 
individual  differences  of  the  rate  of  growth  in  utero. 

3.  Growth  of  Infants. —  (a)  Alteration  in  weight 
during  the  first  week.  There  is  an  interruption  of  the 
normal  rate  of  growth  during  a  few  days  after  birth, 


both  in  man  and  other  mammals  (Section  IV.).  It 
lasts  for  a  variable  period,  and  is  variable  in  degree. 
In  most  cases,  with  the  human  species,  it  is  so  great  as 
to  cause  an  actual  loss  of  weight,  but  f requenty  it  shows 
itself  only  as  retarded  growth.  During  the  first 
month  the  average  daily  increase  is  about  thirty-five 
grams  (Fleischmann),  but  during  the  first  two  or  three 
days,  or  sometimes  more,  the  rate  of  increase  is  very 
much  less,  often  even  negative.  Gregory,  for  instance, 
gives  the  following  data: 


Day 1 

Number  observed 33 

Weight  change,  grams —  139 


2         3         4         5         6 

33       33       33       33       33 

-64   -f-33   -f50   -1-50   -|-36 


The  retardation  of  the  growth  is  prolonged  by  defec- 
tive nutrition,  of  which  the  cause  may  lie  in  either  the 
mother  or  the  child,  and  by  illness  of  the  child.  A 
healthy  baby  ought  to  get  back  to  its  initial  weight  by 
the  sixth  or  seventh  day,  and  failure  to  reach  the  initial 
weight  by  the  ninth  day  may  be  taken  as  an  indica- 
tion of  illness. 

The  cause  of  the  postnatal  retardation  is  not  fully 
elucidated.  That  it  is  not  due  to  the  mother's 
condition  is  shown  by  two  considerations:  (1)  The 
retardation  occurs  also  in  chicks  at  hatching,  although 
they  are  not  dependent  on  the  parent  for  nutrition; 
(2)  Ingerslev  put  sixteen  children,  just  born,  to  wet- 
nurses,  who  had  borne  four  to  five  days  previously 
and  gave  abundant  mUk,  nevertheless  the  children  all 
lost  weight.  It  seems  probable  that  the  loss  is  due  to 
the  establishment  of  respiration,  and  to  the  increased 
expenditure  (metabolism)  of  the  body  to  maintain 
the  normal  temperature.  During  gestation  and 
incubation  the  parent  supplies  caloric  to  its  young,  but 
after  birth  (or  hatching)  the  young  is  self-dependent, 
and  rapidly  wastes  its  tissues  to  keep  up  its  body 
warmth. 

(6)  For  the  growth  from  the  first  to  the  fifty-second 
week  we  must  depend  chiefly  on — (1)  the  careful 
compilation  given  by  Meek  and  quoted  by  Vierordt, 
in  which,  however,  the  sex,  nutrition,  race,  and  social 
condition  of  the  children  are  not  considered,  all 
factors  which  have  a  very  great  influence  on  the 
weight;  (2)  the  observations  of  Albrecht  (Central- 
zeitung  f.  Kinderheilkunde,  1879,  No.  7),  who  followed 
the  growth  of  eighty  chOdren  at  Berne.  From  Meek 
the  following  data  are  taken : 

No.  of  . 
Week.  obser- 

vations. 

First 22 

Second 25 

Third 31 

Fourth 31 

Seventh 33 

Tenth 34 

Thirteenth 36 

Sixteenth 34 

Nineteenth 32 

Twenty-second. ...   26 
Twenty-fifth 23 

Albrecht  states  that  in  his  experiments,  taking  the 
weight  of  the  child  at  3,300  grams  at  birth,  the  follow- 
ing is  the  average  daily  increase  for  each  month  in 
grams: 


Weight, 

Week. 

No.  of 
obser- 

Weight, 

gm. 

vation. 

gm. 

3,228 

Twenty-eighth. 

.      21 

7,187 

3,367 

Thirty-first 

.      19 

7,524 

3,412 

Thirty-fourth... 

.      19 

7,842 

3,532 

Thirty-seventh . 

.      18 

8,126 

4,103 

Fortieth 

.      17 

8,344 

4.600 

Forty-third 

.      17 

8,533 

5,022 

Forty-sixth 

.      17 

8,760 

5,529 

Forty-ninth. . . . 

.      15 

8,995 

5,864 

Fiftieth 

.      15 

9,102 

6,497 

Fifty-first 

.      14 

9,198 

6.925 

Fifty-second  ... 

..       8 

(10,172) 

Month 1     2     3     4     5     6     7     8     91011 

Grams 30  29  29  24  20  IS  14  11   11     9     8 


The  corresponding  figures  by  Bouchaud  are : 

Month 1     2     3     4     5     6     7     8     9  10  11   12 

Grams 25  23  22  20  IS  17  15  13  12  10     8     8 

By  Fleischmann: 

Month 123456789  10  11   12 

Grams 35  32  28  22  18  14  12  10  10     9     8     6 

The  individual  variations  are  very  great,  and  the 
growth  of  anj-  indivdual  goes  by  fits  and  starts.  A 
considerable  delay  in  growth  is  not  important,  even  if 
lasting  for  several,  say  three  or  four,  weeks,  as  it  is 

783 


Growth 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


counterbalanced   by  a  subsequent   excessively   rapid 
growth. 

5.  Growth  of  Children. — Concerning  school  children 
we  possess  a  good  many  valuable  data.  The  best 
statistics  by  far  are  those  of  Bowditch.  The  average 
weights  obtained  by  him  are  given  in  the  accompany- 
ing table  in  kilograms;  the  clothes  make  up  about 
eight  per  cent,  of  the  weights  given.  The  average 
standing  heights,  without  shoes,  is  given  for  both 
sexes  in  the  same  table.     These  data  refer  to  nearly 


distinguish  three  periods:  (1)  The  steady  growth  of 
childhood,  up  to  ten  and  one-half  or  eleven  years  in 
girls,  to  twelve  or  twelve  and  one-half  in  boys;  (2) 
the  period  of  i)repubertal  acceleration,  when  the  growth 
is  much  more  rapid,  lasting  in  girls  from  eleven  to 
fourteen  or  fifteen,  in  boys  from  twelve  and  one-half 
to  sixteen  and  one-half;  (3)  the  postpubertal  decline. 
In  girls  the  prepubertal  acceleration  begins  earlier 
and  is  more  marked  than  in  boys;  hence,  though 
during  childhood  girls  are  smaller  than  boys,  yet  from 


Fig.  2S33. — Graphic  Representation  of  the  Growth  of  Boston  School  Children,  baaed  on  the  whole  number  of  Bowditch'a 

observationa.  irrespective  of  nationality  of  parents. 


twenty-five  thousand   measurements   on   the   school 
children  of.Boston,  Mass. 

Growth  op  Boston  School  Children 


Boys. 

Girls. 

Age. 

Height 
in 

No.  of 
obser- 

Weight' 

Height 
in 

No.  of 
obser- 

Weight, 

cm. 

vations 

kgm. 

cm. 

vations 

kgm. 

5  to"  Byeara 

105.6 

848 

18.64 

104.9 

605 

17.99 

6  to]  7  years 

111.1 

1,258 

20.49 

110.1 

987 

19.63 

7tO|  8  years 

116.2 

1,419 

22.26 

115.6 

1,199 

21.53* 

8  to    9  years 

121.3 

1.481 

24.46 

120.9 

1,299 

23.61* 

9  to  10  years 

126.2 

1,437 

26.87 

125,4 

1,149 

25.91 

10  to  11  years 

131.3 

1,363 

29.62 

130.4 

1,089 

28.29 

11  to  12  years 

135.4 

1,293 

31.84 

135.7 

936 

31.23 

12  to  13  years 

140.0 

1,253 

34.89 

141.9 

935 

35.53 

13  to  14  years 

145.3 

l.]60 

38.49 

147.7 

830 

40.2' 

14  to  15  years 

152.1 

908 

42.95 

152.3 

675 

44.65 

15  to  16  years 

158.2 

636 

48.56 

155.2 

459 

48.12 

16  to  17  years 

165.1 

359 

54.90 

156.4 

353 

50.81 

17  to  IS  years 

168.0 

192 

57.84 

157.2 

233 

52.41 

18  to  19  years 

169.3 

84 

60.13 

157.3 

155 

52.24 

The  results  are  more  easily  followed  in  the  graphic 
representation,  Fig.  2833,  the  ordinates  represent  the 
heights  or  weights,  the  abscissae,  the  ages.     We  can 

•In  Bowditch's  tables,  as  printed,  incorrect  numbers  are  given. 
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twelve  to  fifteen  they  outstrip  them,  and  are  both 
taller  and  heavier  than  boys  of  the  same  age.  Puberty 
ensues  later  in  boys  than  in  girls.  (See  article,  Age.) 
The  postpubertal  falling  off  in  growth  is  more  rapid  in 
girls  than  in  boys;  accordingly,  after  the  fifteenth  year 
boys  gain  fast  over  the  girls.  That  the  acceleration 
is  really  prepubertal  is  shown  by  the  fact  that  the  age 
of  the  first  catamenia  averages  in  Boston  about  four- 
teen and  one-half  years,  so  far  as  determined  by  the 
present  imperfect  statistics.  Pagliani  has  proved  the 
same  relation  in  Italy.  Most  conclusive  is  the 
record  of  the  growth  of  individuals,  which  demon- 
strates that  the  first  menstruation  is  preceded  by 
rapid,  and  followed  b.v  slower,  growth. 

Dr.  Bowditch  has  shown,  also,  by  his  statistics  that 
the  children  of  American-born  parents  are,  in  the 
community  of  Boston,  taller  and  heavier  than  children 
of  foreign-born  parents,  a  superiority  which  depends 
probably  chiefly  on  the  greater  average  comfort  in 
which  such  children  live  and  grow  up,  and  partly 
upon  differences  of  race  and  stock.  The  children  of 
the  well-to-do  classes  are  taller  and  heavier  than  those 
of  poorer  classes.  American  (Boston)  boys  are  taller 
for  their  age  than  English  boys,  concerning  whom  we 
have  statistics,  and  are  also  heavier  in  proportion  to 
their  height;  the  comparison  holds  between  the 
laboring  classes  and  the  upper  classes  both,  as  well  as 
between  boys  taken  without  distinction.  Inciden- 
tally it  may  be  said  that  the  popular  conception  of  a 
"Yankee,     as  tall  and  slim,  has  no  foundation  in  life 
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the  Yankee,  on  the  contrary,  being  stouter  than  the 
Englishman. 

MacDonald  (1899)  gives  some  interesting  results  of 
the  study  of  school  chOdren  in  Washington,  D.  C, 
containing  data  from  16,473  white  children  and 
5,457  colored  children.  He  gives  measurements  of 
heights,  sitting  heights,  weights,  and  circumference 
of  head,  classified  by  age,  parentage,  and  mental 
ability.  As  regards  growth,  these  results  in  general 
confirm  those  obtained  by  Bowditch,  except  that 
American  white  boys  appear  to  be  inferior  in  weight 
to  boys  of  foreign  parentage.  Mental  ability  appears 
to  be  correlated  with  circumference  of  head  and  with 
height  and  weight,  except  that  dull  boys  of  American 
non-laboring  classes  are  on  the  average  taller  and 
heavier  than  the  bright  boys. 

In  general  it  may  be  said  that  growth  is  favored  by 
healthful  conditions;  it  is  impaired  by  illness, 
probably,  of  any  kind,  but,  of  course,  by  some  diseases 
much  more  than  by  others.  It  is  favored  by  country 
more  than  by  city  life;  by  outdoor  more  than  by 
sedentary  occupations;  by  summer  more  than  by 
winter;  by  vacation  more  than  by  attendance  on  school. 
A  considerable  body  of  statistical  material  on  these  and 
simDar  points  is  available,  but  unfortunately  it  is 
much  scattered  and  has  never  been  collated. 

A  summary  of  the  chemical  changes  associated  with 
the  growth  of  warm-blooded  animals  is  given  by 
Aron  (1913).  In  general  it  may  be  said  that  there  is 
a  decrease  in  water  and  an  increase  in  the  proportions 
of  fat,  protein,  and  ash.  If  the  tissues  free  from  fats 
are  considered  alone  the  decrease  in  proportion  of 
water  is  much  less,  but  is  still  perceptible.  There  is  a 
marked  increase  in  fat  just  before  or  after  birth, 
which,  doubtless,  has  an  important  physiological 
significance.  Important  changes  occur  in  the  con- 
sistency and  chemical  composition  of  the  fat,  which 
in  young  babies  is  nearly  solid  while  in  grown  persons 
it  is  more  fluid  and  oUy.  The  melting  point  decreases 
from  47.2°  C.  in  an  eight  and  one-half  months  embryo 
to  27°  C.  in  a  person  twenty-six  years  old.  Parallel 
changes  have  been  observed  in  a  number  of  organs, 
but  the  blood  shows  much  less  change  than  the  organs. 

6.  Size  of  Adults. — Measurements  of  recruits  furnish 
a  large  mass  of  statistics  concerning  the  size  of  adult 
men:  the  best  worked  out  are  the  data  in  regard  to 
the  American  army,  as  discussed  by  Gould  and  Baxter. 
The  former  had  the  material  collected  by  the  Sanitary 
Commission  during  the  Rebellion;  the  records  were 
hastily  and  inaccurately  made  by  the  single  States,  but 
the  number  of  observations  was  so  large  that  the 
errors  may  have  corrected  themselves  to  a  consider- 
able extent.  Baxter,  whose  material  was  much  more 
extensive  and  reliable,  has  not  thought  it  worth  while 
to  tabulate  the  weights  in  proportion  to  age,  but  gives 
good  tables  of  the  stature. 

Gould'b  Table  op  the  Mean  Weights  of  White  Soldiers 


Age. 

No.  of 
obser- 

Weight, 
lb. 

Age. 

No.  of 
obser- 

Weight, 
lb. 

vations 

vations 

IS 

216 

121.03 

36 

..      184 

149.29 

17 

456 

128.02 

37 

..      167 

148.81 

IS        ... 

,  .     1,100 

133.93 

38 

153 

147.22 

19 

...     1,150 

137.05 

39 

..      123 

146.38 

20 

.  .     1,357 

141.38 

40 

98 

150.01 

21 

....     1,446 

143.06 

41 

61 

146.30 

22 

.     1,351 

143.60 

42 

.  .  .      102 

146.97 

2:j 

.     1,108 

144.31 

43 

..       73 

145.62 

24 

.     1,0.59 

146.31 

44 

83 

152.79 

2.1 

745 

146.84 

45 

67 

147.06 

2(i 

599 

147.05 

46 

.       37 

146.97 

27 

551 

146.93 

47 

19 

145.05 

28 

512 

147.21 

48 

35 

146.82 

29 

386 

145.51 

49 

10 

145.19 

30 

...        395 

147.62 

50 

21 

138.06 

31 

242 

147.65 

31 

12 

144.23 

32 

298 

146.00 

52 

10 

1.39.49 

33 

226 

148.53 

53 

11 

151.15 

34 

225 

148.29 

54 

8 

159.60 

35 

339 

145.57 

Over  54... 

20 

143.49 

From  this  table  the  increase  in  weight  is  seen  to  con- 
tinue up  to  about  the  thirty-fifth  year,  but  the  figures 
of  the  weights  are  irregular  after  the  number  of  ob- 
servations falls  below  600.  That  the  period  of 
growth  reaches  to  this  age  is  more  clearly  shown  by 
Baxter's  table  of  the  height  at  different  ages. 

Table  of  Ages  and  Corresponding  Heights  (Without  Shoes) 
OF  190,621  American  Born  White  Men  Found  Fit  for  Mili- 

TABT   SeBTICB. 


Age. 


Under  17  years 

17  years 

18  years 

19  years  

20  years 

21  years 

22  years 

23  years 

24  years 

25  years 

26  years 

27  years 

28  years 

29  years 

30  years 

31  years 

32  years 

33  years 

34  years 

35  years 

36  years 

37  years 

38  years 

39  years 

40  to  45  years. 


Number  of 
observations. 


468 

937 

30,456 

14,994 

11,526 

14,146 

10,479 

8,907 

7,335 

7.940 

6,986 

6,351 

6,033 

4,447 

6,256 

5,562 

4,635 

3,939 

2,782 

4,966 

4,138 

4,172 

4,014 

3,402 

15,750 


Heiqht. 


Inches. 


Meter. 


64.11 
65.67 
66.39 
67.07 
67.51 
67.78 
67.92 
68.01 
68.02 
68.03 
68.09 
68.11 
68.13 
68.17 
68.18 
68.20 
68.20 
68.29 
68.35 
68.47 
68.28 
68.26 
68.24 
68.23 
68.23 


1.6284 
1.6675 
1.6863 
1 . 7036 
1.7148 
1.7216 
1.7252 
1.7275 
1.7277 
1.7285 
1.7295 
1 . 7300 
1 .  7305 
1.7315 
1.7318 
1.7323 
1 . 7323 
1.7346 
1.7361 
1.7391 
1 . 7343 
1 . 7338 
1.7333 
1.7330 
1.7330 
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These  tables  show  that  it  is  necessary  to  be  ex- 
tremely cautious  in  fixing  upon  any  year  to  mark  the 
adult  age,  for  the  cessation  of  growth  is  so  gradual  that 
its  ending  cannot  be  determined.  In  practice,  it  is 
convenient  and  sufficiently  accurate  to  call  twenty- 
five  the  adult  year;  for  women  it  ought  probably  to  be 
somewhat  less.  Bowditch  (1890)  gives  the  results  of 
observations  made  on  1107  women  in  Massachusetts^ 
most  of  them  in  schools  and  colleges,  seventeen  years 
old  and  upward.  He  finds  the  average  height 
(without  shoes)  to  be  158.76  centimeters,  and  the 
average  sitting  heights  to  be  53.24  per  cent,  of  the 
total  stature.  Sargent  (1889)  gives  the  median 
weights  of  1901  women  aged  16  to  26  years  as  52 
kilograms,  or  114.6  pounds  (without  clothes). 

IV.  The  Laws  of  Mammalian  Growth. — -Extensive 
investigations  of  the  laws  of  growth  have  been  made 
by  Minot  (1908).  He  regards  the  absolute  incre- 
ments as  less  significant  than  the  proportion  of 
increase  to  the  weight  of  the  growing  body.  Ac- 
cordingly he  takes  the  rate  of  growth  for  any  period  as 
the  ratio  of  the  increments  during  that  period  to  the 
weight  of  the  animal  at  the  beginning  of  the  period. 
Minot's  experiments  were  made  chiefly  on  guinea-pigs, 
but  include  also  rabbits  and  chickens.  Fig.  2834 
summarizes  the  most  important  general  results  of  these 
experiments;  the  chart  refers  only  to  male  guinea-pigs, 
it  not  being  necessary  to  include  the  females  or  other 
animals. 

The  chart  shows  that  the  daily  increase  during  the 

first  three  days  in  zero.     This  is  due  to  the  postnatal 

retardation,  which  is  very  marked  in  guinea-pigs,  as 

it  is  also  in  man.     The  exact  data  are: 

Weight.   , 

Increase, 
grams. 

At  birth 70.8     

One  day 68.9  -1.9 

Two  days 70.0  1.1 

Three  days 73 . 4  3.4 

Four  days 77.3  3.9 
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The  daUy  gain  slowly  increases  till  about  the  four- 
teenth day,  and  then  slowly  but  steadily  falls  off.  The 
observations  are  so  few  in  number  that  there  are  many 
irregularities,  which  need  not  be  heeded  in  this 
article. 

As  regards  the  guinea-pig,  Fig.  2834  shows  at  once 
that   as  soon  as  the  animal  has  recovered  from  the 
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Fia.^2834. — Curve  Showing  the  Daily  Percentage  Increments  in 

Weight  of  Male  Guinea-pigs.     tMinot.) 

postnatal  retardation  its  relative  rate  of  growth 
declines  steadily.  The  observations  of  Fehling  upon 
the  embryos  of  man  and  rabbits  show  that  this 
retardation  in  the  relative  rate  of  growth  begins  long 
before  birth,  and  observations  on  plants  make  it 
probable  that  it  has  its  beginning  with  the  commence- 
ment of  histological  differentiation.  The  rate  of 
growth  of  the  human  embryo  during  the  first  month, 
assuming    the    ovum    to   weigh   0.000004    gram,    is 

estimated  by  Jackson 
(1909)  to  be  between  one 
million  and  fifty  million 
per  cent.  From  this  it 
declines  at  first  very 
rapidly  and  then  more 
slowly  to  less  than 
twenty  per  cent,  during 
the  ninth  month  (Minot, 
1908,  Fig.  2835). 

The  constant  loss  in 
the  rate,  which  appears 
to  be  the  fundamental 
law  of  growth,  at  least  in 
mammals  and  probably 
in  all  metazoa,  may  be 
shown  in  another  man- 
ner very  strikingly.  If 
we  calculate  at  what  age 
after  birth  the  animal 
wUl  have  added  ten  per 
cent,  to  its  original 
weight,  and  then  the  age 
at  which  it  will  have 
again  added  ten  per  cent, 
to  its  weight  at  the  end 
of  the  first  period,  and 
so  on,  we  obtain  the 
accompanying  curve 
(Fig.  2836). 

To  make  the  first  ad- 
dition   of  ten  per  cent. 
requires  long,   4.1  days, 
owing   to   the   postnatal 
retardation;    the  second 
Fig.  2S35.— Curve    of    Relative  addition    takes    only    1.5 
Growth    in    Man  During  the  Last  days;  the  succeeding  ad- 
Seven    M  o  n  t  h  3  of    Gestation,  ditions  occupy  increasing 
^'"'°°*-'  .        periods,     "overlooking 

slight  irregularities.  In  other  words,  the  older  the 
animal  the  longer  it  requires  to  add  ten  per  cent,  to  its 
weight.  In  this  chart,  also,  we  see  the  decline  pro- 
gressing during  the  so-called  period  of  development. 

The^same  law  of  decline  holds  true  for  rabbits  and 
chickens,  and  also  for  man.     In  man  there  is  a  very 
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noteworthy  modification,  produced  by  the  very 
marked  prepubertal  acceleration  of  growth,  during 
which  the  decline  is  interrupted,  as  shown  by  Minot's 
calculations  from  Bowditch's  tables;  but  compared 
with  the  whole  course  of  decline  the  interruption  is 
but  slight,  and  is  counterbalanced  by  an  over  rapid 
postpubertal  decline.  No  essential  importance  is  to 
be  assigned  to  this  phenomenon,  since  it  is  well 
known  to  embryologists  that  during  development 
there  are  often  displacements  in  time  and  in  the 
growth  of  individuals.  Minot  observes  that  an 
accidental  quickening  or  slowing  of  growth  is  followed 
by  a  reverse  period,  in  the  first  case  of  slowing,  in  the 
second  of  quickening.  There  appears,  therefore,  no 
objection  to  the  conclusion  that  in  man  also  the 
period  of  apparent  development  is  a  period  of  real 
decline. 

This  leads  us  to  the  corollary  that  the  stoppage  of 
growth  is  not  due  to  the  reaching  of  maturity,  but  is 
merely  the  final  term  of  a  series  of  losses.     It  has  been 
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Fig.  2836. — Curve  Showing  the  Length  of  Time  Required  to 
make  each  Successive  Increase  of  10  Per  Cent,  in  Weight  by  Male 
Guinea-pigs.     fMinct.) 

asserted  by  Herbert  Spencer,  Carpenter,  and  others, 
that  there  is  an  inherent  opposition  between  growth 
and  reproduction,  because  the  assimilative  processes 
cannot  perform  enough  to  supply  material  for  the 
growth  of  mother  and  offspring  both.  These  authors 
and  their  followers  see  in  the  commencement  of 
reproduction  the  beginning  of  a  tax  upon  the  organ- 
ism which  stops  its  growth;  but  as  Minot  has  pointed 
out,  the  cause  is  mistaken  for  the  effect,  and  probably 
the  loss  of  vital  force  is  the  stimulus  causing  repro- 
duction. Certainly  the  decline,  which  goes  on  from 
birth,  cannot  be  caused  by  a  phenomenon  which  begins 
only  when  the  decline  is  nearly  completed.  Direct 
observations  show  that  Spencer's  view  is  erroneous, 
for  growing  guinea-pigs  wUl  bear  one-third  of  their 
own  weight  of  young  while  growing,  and  stUl  reach  as 
full  an  adult  size  as  those  producing  no  young  (Hen- 
sen).  Minot's  experiments  suggest  that  they  become 
even  larger.  We  thus  learn  that  the  fundamental 
conception  on  which  Spencer's  theory  rests  is  imagin- 
ary— the  conception  being,  that  the  assimilative  power 
is  approximately  equal  only  to  the  needs  of  the 
growing  animal.  In  reality  there  is  a  large  excess  of 
assimilation  possible  within  normal  limits. 

As  a  result  of  her  experiments  on  the  spotted 
salamander,  Miss  Springer  (1909)  agrees  with  Minot 
that  the  initial  weight  is  the  chief  factor  in  determin- 
ing the  rate  of  growth;  and  she  makes  the  interesting 
observation  that  when  the  weight  has  been  reduced, 
as  by  previous  starvation  or  by  cutting  off  the  tail 
(fifteen  per  cent,  loss),  although  the  effects  are  not 
strictly  comparable,  the  result  is  the  same — an 
increase  in  rate  of  growth.  She  finds,  however,  that 
within  limits  the  rate  of  growth  is  directly  pro- 
portional  to   the   amounts   of   food   taken,    and   she 
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attributes  the  decrease  of  rate  with  increase  of  size 
to  the  greater  need  of  the  larger  animal  for  food  to 
maintain  its  equilibrium. 

The  next  point  to  be  noticed  is  that  animals  tend, 
as  they  grow,  to  approximate  to  the  special  size  of  the 
species.  This  shows  itself,  according  to  Minot,  by  the 
fact  that  the  range  of  variation  is  less  for  adults  than 
for  the  young.  The  following  table  shows  this, 
averages  being  based  on  4,200  observations  in  all: 


Male  Guinea-pigs. 


Age. 


Variation  above,  Variation  below. 


0  to  0  day 

1  to  15  days. . . . 

16  to  30  days 

31  to  65  days. ... 
70  to  140  days... 

145  to  215  days... 

8  to  12  months. 

13  to  17  months. 

18  to  24  months. 


per  cent. 

per  cent 

19.51 

19.49 

18.95 

18.99 

17.13 

16.87 

15.68 

16.31 

12.12 

13.31 

7.52 

7.48 

10.66 

9.72 

10.38 

11.41 

12.10 

10.82 

The  variation  of  adults  is  barely  over  half  that  at 
birth  in  range.  Remarkable  is  the  low  variation 
from  145  to  215  days,  and  from  8  to  12  months.  The 
higher  values  for  older  periods  is  perhaps  due  to 
variations  in  obesity,  which  we  know  from  common 
observation  increases  in  the  human  species  with  age. 
Jackson  (1913),  using  white  rats,  obtains  a  different 
relation  between  variability  and  growth.  His  results 
are  based  on  fewer  observations,  570;  but  the  vari- 
ability is   more   exactly  expressed  by  the  coefficient 

of  variation,  C  = -J  100   (see   article    Variation).     He 

finds  the  variabOity  of  body  weight  to  be  lowest  at 
birth,  C  =  12,  and  highest  at  three  weeks,  C  =  28. 
At  later  periods  the  variability  in  weight  ranges  from 
C  =  19  to  C  =  21. 

The  growth  of  an  individual  also  indicates  the 
existence  of  a  tendency  to  attain  the  typical  adult  size ; 
if  the  growth  of  the  animal  is  retarded  by  illness,  after 
recovery  the  growth  is  accelerated  to  make  up. 
This  has  practical  importance,  for,  unless  the  illness  of  a 
child  is  very  prolonged,  no  permanent  effect  upon  its 
size  is  to  be  anticipated. 

The  size  of  an  animal  or  the  limit  of  its  growth 
depends  upon,  first,  the  rate,  and  second,  the  duration 
of  its  growth.  This  is  well  shown  by  comparing  man 
with  the  rabbit  and  the  guinea-pig,  as  to  the  average 
daily  growth.  A  man  acquires  a  weight  of  about  63,000 
grams  in  twenty-five  years;  a  rabbit,  of  the  larger 
breeds,  about  2,500  grams  in  one  j'ear,  and  a  guinea-pig 
about  750  in  the  same  period.  For  man  add  280  days, 
for  rabbits  30  days,  for  guinea-pigs  68  days,  on  ac- 
count of  the  period  of  gestation. 

Man 63,000  gm. 

Rabbit 2.500  gm. 

Guinea-pig 750  gm. 


9.139  -f  280  =  6.69  gm.  per  diem. 
365  -I-  30  =  6.30  gm.  per  diem. 
365 -f    68  =  1.73  gm.  per  diem. 


Man  grows  about  as  fast  as  a  rabbit,  but  becomes 
much  bigger,  because  he  grows  longer;  but  the  rabbit 
is  bigger  than  the  guinea-pig,  because  he  grows  much 
faster.  This  is  matter  of  common  observation;  all 
that  we  gain  from  our  calculation  is  a  quantitative 
expression  more  suited  for  ready  comparison. 

Of  course,  the  whole  shaping  of  the  organism  de- 
pends upon  variations  in  the  growth  rates  of  the'single 
parts.  With  respect  to  variability  Jackson  (1913) 
classifies  the  individual  organs  in  three  groups:  (1) 
head,  brain,  and  eyeballs,  with  least  variability, 
average  coefficient  10  to  12;  (2)  the  heart,  lungs, 
hair,  suprarenals,  and  kidneys,  with  moderate 
variability,  coefficients  21  to  26;  and  (3)  the  thymus, 
spleen,  gonads,  and  intestinal  canal  (with  contents) 
are  very  variable  with  a  coefficient  above  29.  The 
relation  between  the  weight  of  various  organs  and 
the  total  weight  of  the  body  in  white  rats  of  various 
sizes   has    been    investigated    by  Hatai    (1913).     He 


expressed  the  relation  by  the  formula: 

y  =  ax  +  b  log  X  +  c, 
where  y  =  weight  of  organ,  x  =  weight  of  body 
and  a,  b,  c,  are  constants  to  be  determined  from 
the  data.  Curves  drawn  by  this  or  a  similar  form- 
ula, may  be  classed  in  three  groups:  (1)  for  the 
growth  of  the  brain,  spinal  cord  and  eyeballs,  show- 
ing very  rapid  growth  at  an  early  period  followed  by 
very  slow  growth;  (2)  for  most  other  viscera,  an  early 
rapid  growth  followed  by  a  less  rapid  but  steady 
gain,  represented  by  an  almost  straight  line;  (3) 
for  the  ovaries  and  testes,  irregular  curves,  showing 
three  phases,  the  middle  one  being  the  period  of 
most  rapid  growth.  Sexual  differences  were  ob- 
served in  the  growth  of  the  suprarenals  and  the  hypo- 
physis, these  organs  attaining  their  maximum  size 
much  earlier  in  the  female  than  in  the  male. 

Robert  Payne  Bigelow. 
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Qruber,  Ignaz. — Born  in  Vienna,  Austria,  in  1803. 
During  the  early  years  of  his  professional  life  he  was 
physician  for  cholera  patients,  first  in  the  Litschak 
Hospital  in  Lemberg,  and  afterward  in  one  of  the 
Vienna  hospitals.  From  1833  to  1835  he  busied  him- 
self with  the  writing  and  publication  of  a  treatise  on 
medical  chemistry,  which  was  received  with  much 
favor.  After  1835  he  devoted  himself  exclusively^to 
otology.  His  chief  contribution  to  this  department 
of  medicine  was  the  discovery  of  the  usefulnessof  the 
cone-shaped  ear  speculum  (made  in  a  single  piece  of 
metal,  or  other  material,  and  non-expanding).  This 
was  a  most  valuable  discovery,  as  the  old  type  of 
speculum,  with  adjustable  handles,  easily  caused  the 
patient  much  discomfort  or  even  pain,  and  necessitated, 
in  all  operative  work,  the  emplovment  of  an  assistant. 
He  died  September  28,  1872.       "  A.  H.  B. 

Qruber,  Josef. — Born  at  Kosolup,  in  Bohemia, 
on  August  4,  1827.  He  received  the  degree  of  Doctor 
of  Medicine  in  1855  from  the  University  of  Vienna. 
In  1863  he  was  appointed  Dozent  in  Otiatrics,  in  the 
same  institution,  and  in  1870  he  became  Extraordinary 
Professor  of  Otology.     In  1873  he  was  made  Director 
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of  the  newly  established  Otiatric  Clinic.  Then  he 
was  kept  waiting  for  twenty  years  before  the  title 
and  privileges  of  a  fuU  professor  were  finally  (1893) 
bestowed  upon  him.  In  the  meantime — that  is,  from 
1864  onward — he  held  the  official  position  of  Aural 
Surgeon  to  the  Konigl.  Kaiserl.  AUgemeine  Kranken- 
haus.  Of  his  published  writings  the  following  deserve 
to  receive  special  mention:  " Anatomisoh-physiolog- 
ische  Studien  uber  das  Tromraelfell  und  die  Gehor- 
knochelchen,"  Vienna,  1867;  and  "Lehrbuch  der 
OhrenheUkunde,"  Vienna,  1870  (2d  edition,  1888). 
He  was  also  one  of  the  editors  of,  and  a  frequent 
contributor  to,  the  M onatschrifi  fiir  OhrenheUkunde, 
etc.     He  died  on  March  31,  1900.  A.  H.  B. 

Guacamphol,  guaiacol  camphorate,  occurs  in 
white,  needle-like  crystals  or  powder,  and  is  tasteless 
and  odorless,  and  soluble  in  alcohol  or  chloroform  but 
insoluble  in  water.  It  is  said  to  pass  unchanged 
through  the  stomach,  and  to  split  up  in  the  intestines 
into  guaiacol  and  camphoric  acid;  so  it  has  been 
employed  as  an  intestinal  antiseptic,  particularly  in 
tuberculous  diarrheas.  It  has  also  been  recommended 
for  combating  the  night  sweats  of  pulmonary  tubercu- 
losis. The  dose  is  0.5-1  gm.  (gr.  viij.-xv.)  in  capsule 
at  bedtime.  W.  A.   Bastedo. 

R.  J.  E.  Scott. 

Guadalajara. — See  Mexico. 

Guaiacol. — Methyl-pyrocatechin.     CeH^.OH.OCHj. 

Guaiacol  constitutes  from  sixty  to  ninety  per  cent,  of 
wood  creosote,  from  which  it  is  separated  by  fractional 
distillation,  the  boiling  point  of  guaiacol  being  206°  to 
207°  C.  "It  is  a  colorless,  crvstalline  solid,  melting 
at  28.5°  C.  (83.3°  F.),  or  a  colorless  refractive  liquid, 
boUing  at  205°  C.  (401°  F.),  having  an  agreeable 
aromatic  odor.  Specific  gravitv  of  liquid.  1.140  at 
25°  C.  (77°  F.),  soluble  in  53  parts  of  water  at  25°  C. 
(77°  F.),  and  in  alcohol  and  ether  in  all  proportions; 
soluble  in  acetic  acid  and  in  1  part  of  glycerin" 
(U.S. P.).  Guaiacol  may  also  be  prepared  synthetic- 
ally from  catechin,  and  by  the  dry  distillation  of 
guaiacum  resin.  fVom  these  sources  it  is  obtained  in 
colorless,  prismatic  crystals.  These  are  considered  to 
be  absolutely  pure  guaiacol,  and  are  official  in  the 
Paris  Codex.  The  guaiacol  of  commerce  is  very 
variable  in  strength  and  often  very  impure,  the 
impurities  being  such  as  are  common  in  creosote  and 
are  the  result  of  careless  distillation.  The  adultera- 
tion is  evident  by  the  lower  specific  gravity,  the  stronger 
odor,  and  b.v  becoming  darker  upon  exposure.  The 
pure  guaiacol,  with  concentrated  sulphuric  acid,  gives 
a  faint  yellow  coloration  which  is  changed  to  a  cherry- 
red  by  the  addition  of  acetone;  the  impure  article 
gives  a  more  or  less  red  color  with  the  acid  alone. 

Guaiacol  is  absorbed  from  the  stomach  or  intestines, 
frorn  the  unbroken  skin,  and  by  inhalation.  It  is 
rapidly  excreted  and  may  be  detected  in  the  urine, 
saliva,  or  perspiration  within  fifteen  minutes.  In 
twenty-four  hours  it  is  entirely  excreted. 

The  action  of  guaiacol  is  the  same  as  that  of  creosote, 
the  advantages  claimed  for  it  being  its  greater  purity 
and  more  definite  composition.  Locally,  it  is  anti- 
.septic  and  analgesic,  and  when  administered  by  the 
mouth  it  exercises  the  same  effect  upon  the  stomach 
and  intestinal  tract. 

Although  guaiacol  has  not  replaced  creosote  in  the 
treatment  of  tuberculosis,  it  is  very  extensively 
employed  and  is  one  of  the  drugs  looked  upon  with 
favor  in  this  disease.  It  has  been  employed  with 
favorable  results  in  all  septic  diseases,  in  puerperal  and 
typhoid  fevers,  erysipelas,  pleurisy,  bronchial  catarrh, 
whooping  cough,  and  many  local  inflammatory  con- 
ditions. 

The  method  of  administering  guaiacol  varies. 
Many  prefer  to  give  it  in  continuous  small  doses,  from 
three  to  five  minims  three  times  a  day,  while  others 
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give  it  in  rapidly  increasing  doses  for  the  purpose 
of  saturating  the  system  and  acting  directly  upon 
the  pathological  processes.  With  this  in  view  the 
quantity  may  be  increased  by  one  drop  at  each  dose 
untQ  fifteen  drops,  three  times  a  day,  are  given,  and 
this  dose  is  to  be  maintained  for  an  indefinite  period. 
It  has  been  demonstrated  that  as  much  as  sixty 
minims  three  times  a  day  may  be  given  without  ill 
effect.  When  the  remedy  is  given  in  large  doses  or 
when  its  use  is  continued  for  a  prolonged  period,  the 
action  of  the  kidneys  should  be  watched,  as  any  inter- 
ference with  this  function  would  cause  an  unexpected 
retention  of  the  drug  in  the  system. 

It  should  always  be  administered  well  diluted,  in 
milk,  wine,  spirits,  or  water.  The  addition  of  a  vege- 
table bitter,  as  tincture  of  orange,  gentian,  or  carda- 
moms, serves  to  disguise  its  taste  and  to  add  to  its 
stomachic  properties.  If  capsules  are  selected  they 
should  always  be  followed  with  draughts  of  water  or 
some  diluent. 

If  for  any  reason  the  remedy  cannot  be  given  by  the 
mouth,  enemata  may  be  adopted,  and  the  following 
formula  has  proved  satisfactory:  guaiacol,  gr.  vij.; 
sweet  almond  oil,  5  iss.;  gum  acacia,  3  i.;  water,  5  viij. 

Iodoform,  eucalyptol,  and  other  similar  drugs  have 
been  combined  with  guaiacol  for  use  subcutaneously. 
Of  these  iodoform  is  the  most  favored.  The  drugs  are 
dissolved  in  sterilized  oil  and  injections  of  iodoform, 
one-sixth  grain,  with  guaiacol,  one  grain,  are  given 
daOy. 

Submucous  injections  have  been  advised  in  laryn- 
geal tuberculosis;  and  inhalations  from  respirators, 
or  from  heated  water,  have  proved  of  much  service. 

The  absorption  of  guaiacol  through  the  unbroken 
skin  is  very  rapid,  and  advantage  is  taken  of  this  to 
obtain  its  physiological  effects.  Fifty  to  sixty  minims 
are  applied  to  the  surface,  and  the  part  is  covered  with 
oil  silk.  Within  fifteen  minutes,  the  pulse  relaxes,  the 
skin  becomes  cool  and  moist,  and  the  temperature 
begins  to  fall.  The  effect  lasts  for  four  or  five  hours. 
The  application  may  be  repeated  night  and  morning 
according  to  the  course  of  the  fever.  This  method  of 
employing  the  remedy  calls  for  the  exercise  of  care,  as 
the  reports  of  ill  effects  show  that  they  generally  occur 
when  it  is  used  in  this  way.  On  account  of  the  rapid 
absorption  of  the  drug,  the  fall  of  temperature  may  be 
rapid,  descending  below  normal,  with  cold  extremities, 
clammy  skin,  feeble  pulse,  and  other  indications  of 
threatened  collapse. 

Guaiacol  Benzoate,  "Benzosol":  CeHiOCHsOCOCe- 
Hs.  A  crystalline  salt  in  which  one  atom  of  hydrogen  is 
replaced  by  a  benzoyl  radical.  It  occurs  in  small  color- 
less, tasteless,  and  odorless  crystals,  nearly  insoluble 
in  water.  It  contains  fifty-four  per  cent,  of  guaiacol, 
and  after  administration  it  slowly  breaks  up  into  its 
constituent  elements,  guaiacol  and  benzoic  acid. 

It  is  given  in  doses  of  from  five  to  ten  grains,  three 
times  a  day.  It  is  used  in  all  conditions  in  which 
guaiacol  is  indicated,  and  is  thought  to  be  particularly 
serviceable  in  intestinal  tuberculosis  and  diarrhea. 

Guaiacol  Carbonate,  "Duotol":  (C6H40CH30)2CO, 
a  neutral,  white,  tasteless,  odorless  powder.  Insoluble 
in  water,  containing  ninety-one  per  cent,  of  guaiacol. 
In  contact  with  the  alkalme  secretions  of  the  intestines 
it  breaks  up  into  guaiacol  and  carbonic  acid.  The 
dose  is  from  three  to  eight  grains  three  times  a  day. 
Guaiacol  carbonate  is  the  most  popular  of  the  guaiaco- 
lates,  probably  from  its  being  extensively  advertised 
as  duotol.  It  has  been  much  used  in  tuberculosis  and 
in  tvphoid  fev  er,  and  as  an  antiseptic  in  various 
intestinal  disorders. 

Crcsotnl  closely  resembles  guaiacol  carbonate,  it  being 
the  carbonate  of  creosote,  including  guaiacol  as  well 
as  the  other  constituents. 

Guaiacol  Cinnamale,  "Styracol":  C6H4OCH.OC9H7O. 
A  German  proprietary  medicine  patented  under  the 
latter  name.  In  the  intestines  it  is  decomposed  into 
its   two   constituents,    and   the   beneficial   effects   of 
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cinnamic  acid,  as  well  as  those  of  guaiacol,  are  mani- 
fested.    It,  however,  has  not  been  much  employed. 

Guaiacol  Piperidin,  "Guaiaperol."  A  compound 
occurring  in  granular  crystals,  soluble  in  thirty  parts 
of  water,  with  a  slight  odor  of  creosote.  It  has  been 
employed  in  the  treatment  of  pulmonary  tuberculosis 
and  it  is  thought  to  possess  the  stimulating  properties 
of  piperidin  in  addition  to  the  action  of  guaiacol.  Dose : 
from  five  to  thirty  grains. 

Guaiacol  Valerianate,  "Geosote."  A  liquid  com- 
bination of  guaiacol  and  valerianic  acid,  having  the 
characteristic  odor  of  valerian.  Dose:  five  minims  in 
capsules.  This  preparation  has  received  much  atten- 
tion and  is  thought  to  have  a  particular  value  as  an 
application  in  local  forms  of  tuberculosis.  It  has  been 
used  in  the  Loomis  Sanatorium  for  consumptives  and 
reported  upon  favorably. 

Guaiacol  Salicylate;  g.  phosphate;  g.  phosphite;  potas- 
sium guaiacol-sulphonate  or  "thiocol" ;  quinine  guaiacol- 
sulphonate,  or  "guaiaquin";  calcium  guaiacol  sulphon- 
ate,  or  "guaiacyl";  and  many  similar  derivatives  of 
guaiacol  have  been  introduced  as  substitutes  for  the 
pure  drug.  Each  one  is  supposed  to  add  some  special 
therapeutic  value,  and  although  all  have  had  some 
favorable  mention,  none  has  attracted  much  attention 
or  proved  of  any  special  value. 

Beaumont  Small. 

R.J.  E.  Scott. 


Guaiacol  Cacodylate  is  a  combination  of  caco- 
dylic  acid  with  guaiacol.  It  has  been  recommended 
hj-podermically  in  doses  of  gr.  i-1  (0.03-0.06)  in 
tuberculosis.  The  injection  is  said  to  be  painless,  and 
the  remedy  is  employed  for  the  purpose  of  introducing 
arsenic  into  the  system.  R.  J.  E.  S. 

QuaiacoI=ethyl,  homocresol,  thanatol,  pyro- 
catechin-mono-ethyl  ether  (C6H4.OC2H5.OH),  is  a 
homologue  of  guaiacol  in  which  the  methyl  group  is  re- 
placed by  ethyl.  It  is  an  oily  liquid,  insoluble  in 
water  or  glycerin,  and  soluble  in  alcohol,  ether,  and 
chloroform.  It  resembles  guaiacol  physically  and 
physiologically,  but  has  a  greater  analgesic  and 
sedative  action.  It  has  been  used  for  neuralgia, 
neuritis,  painful  joints,  epididymitis,  etc.,  in  ten  to 
fifty  per  cent,  ointment.  In  tuberculosis  it  has  been 
employed  in  place  of  guaiacol  in  doses  of  TU  5-10 
(0.3-0.6)  three  times  a  day  in  mUk  or  in  capsule. 

R.  J.  E.  Scott. 


Quaiacum. — Gualac,  Guaiaci  Resina,Guaiac  Resin. 
The  resin  of  the  wood  of  Guaiacum  officinale  Linne 
or  of  G.  sanctum  Linne  (fam.  Zygophyllacece).  The 
heart-wood  of  the  same  trees  was  also  formerly  official. 
These  are  small  evergreen  trees  of  northern  South 
America  and  the  West  Indies,  having  the  habit  of  a 
small  apple-tree,  and  forming  a  brilliant  mass  of  bright 
blue,  when  in  fuU  bloom. 

Guaiacum  wood  was  carried  to  Europe  soon  after 
the  discovery  of  the  West  Indies  (early  in  the  sixteenth 
century),  and  made  a  rapid  reputation  for  itself  as  a 
remedy  for  syphilis  and  gout,  a  reputation  that  it 
unfortunately  very  soon  lost  again  in  great  measure. 
Two  products  of  the  tree  are  imported — the  wood, 
which  if  of  fair  size  and  soundness,  goes  to  the  turners 
to  be  made  into  pulley-sheaves,  mallets,  mortars,  tool 
handles,  etc.,  and  the  crude  resin,  rudely  obtained 
from  the  living  tree  or  fresh  wood. 

The  wood  comes  in  logs  several  feet  in  length,  and 
from  two  to  six  or  eight  or  more  inches  in  diameter, 
often  irregularly  crooked  and  branching;  they  consist, 
excepting  the  smallest,  of  a  bright  yellow,  hard  albur- 
num, and  a  very  dark  greenish-brown,  exceedingly 
hard  and  heavy  heart,  consisting  of  very  much  thick- 
ened wood  cells,  and  an  abundance  of  a  peculiar  com- 
posite resin.     This  wood  is  almost  as  hard  and  heavj' 


as  ivory,  and  turns  the  edges  of  tools  not  especially 
sharpened  for  it.  That  which  reaches  the  drug  market 
consists  principally  of  the  turnings  and  refuse  of  what 
is  manufactured  for  the  purposes  above  named.  It 
should  consist  only  of  the  brown  or  green  heart-wood, 
which  is  heavier  than  water,  to  which  it  does  not  im- 
part its  color.  Upon  the  addition  of  nitric  acid,  if 
it  has  not  been  deprived  of  its  resin,  it  should  give  a 
dark,  bottle-green  color.  The  resin,  of  which  there 
should  be  about  twenty-five  per  cent.,  is  the  only  active 
constituent,  so  that  its  properties  are  also  those  of  the 
wood.' 

The  resin,  which  is  obtained  partly  by  incising  the 
trees,  and  partly  as  a  spontaneous  exudation,  also 
sometimes  forced  out  from  the  wood  by  heat,  is  a  crude 
and  impure  substance.  It  occurs  in  irregular  masses, 
or  subglobular  pieces,  externally  greenish-brown,  inter- 
nally of  a  glas.sy  luster,  and,  in  recent  guaiac,  usually 
reddish-brown,  transparent  in  thin  splinters,  fusible, 
feebly  aromatic,  the  odor  becoming  stronger  on  heat- 
ing; taste  somewhat  acrid;  powder  grayish,  turning 
green  on  exposure  to  air. 

Soluble  in  potassium  or  sodium  hydrate  T.  S.  and  in 
alcohol;  the  alcoholic  solution  is  colored  blue  on  the 
addition  of  tincture  of  ferric  chloride. 

It  is  very  brittle  when  cold,  plastic  with  slight  heat. 

Composition. — It  contains  about  seventy  per  cent, 
of  guaiaconic  acid,  a  yeUow  or  brown,  brittle,  amor- 
phous resin;  ten  of  guaiaretic  acid  which  is  crystalline; 
nine  or  ten  of  guaiacic  acid,  something  like  guaiaconic 
acid,  and  three  or  four  of  gum,  besides  a  little  volatile 
on,  ash,  coloring  matter,  and  various  impurities. 

Action  and  Use. — The  reputation  of  guaiac  depends 
upon  clinical  evidence  entirely,  and  has  had  .spells  of 
waxing  and  waning.  It  is  stimulating,  or  in  large 
doses  irritating  to  mucous  membranes,  and  markedly 
increases  their  secretions,  thus  acting  as  a  laxative. 
Its  medicinal  value  depends  practically  upon  its 
pronounced  stimulation  of  the  eliminative  functions. 
The  high  estimate  early  placed  upon  it  in  syphilis  has 
disappeared  since  the  real  efiiciency  of  mercury  and 
iodine  has  been  established.  In  gout,  although  per- 
haps useful,  it  is  certainly  no  specific;  as  an  emmena- 
gogue  it  is  no  better  nor  worse  than  many  others.  In 
chronic  and  mUd  subacute  rheumatism,  and  in  rheu- 
matic arthritis,  the  evidence  in  its  favor  is  strong.  It 
is  perhaps  one  of  the  best  remedies  for  these  intract- 
able maladies.  It  is  considerably  used  in  inflamma- 
tory conditions  of  the  throat  and  fauces,  especially 
when  there  is  deficient  secretion. 

Administration. — The  dose  of  guaiac  (resin)  is 
from  gr.  vtij.  to  gr.  xxx.(0.5to  2.0).  It  may  be  given  in 
pUl  or  powder,  but  the  tinctures,  of  which  there  are 
two — one  simple  {Tinctura  Guaiaci,  V.  S.  P.,  strength 
twenty  per  cent.),  made  with  alcohol,  and  one  associ- 
ated with  ammonia  {Tinctura  Guaiaci  Ammoniata, 
U.  S.  P.,  strength  twenty  per  cent.),  made  with  aromatic 
spirit  of  ammonia — are  more  generally  used  in  doses 
fl  3  ss.-i.  (2.0-4.0).  Both  become  turbid  upon 
mixing  with  water,  and  are  oftenest  given  in  milk. 
Guaiac  wood  is  used  as  an  adjuvant  in  the  Compound 
Syrup  of  SarsaparUla.  H.  H.  Rusbt. 

Guaiamar,  the  glvcerol  ester  of  guaiacol  (CeH^.- 
OCH3.OCH2.CHOH.CH2OH),  is  formed  by  the  action 
of  anhydrous  glycerin  on  guaiacol.  It  is  a  white,  dry, 
crystalline  powder,  soluble  in  twelve  parts  of  water, 
and  in  alcohol,  chloroform,  ether,  and  glycerin.  It  has 
a  bitterish,  aromatic  taste,  and  is  split  in  the  ali- 
mentary tract  into  guaiacol  and  glycerin.  It  is  said 
to  be  antipyretic,  diuretic,  diaphoretic,  and  antisep- 
tic. It  stimulates  the  appetite  and  prevents  gastric 
fermentation,  deodorizes  and  loosens  the  bronchial 
excretions,  and  is  a  very  efficient  antiseptic  to  the  ali- 
mentary or  genitourinary  tract.  It  is  less  irritating 
than  benzosol  or  guaiacol  carbonate,  though  occasion- 
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ally  more  so  by  idiosyncrasy.  Butler  recommends 
it  in  typhoid  fever,  tuberculosis,  bronchitis,  broncho- 
pneumonia, chronic  cystitis,  gonorrhea,  and  the  sum- 
mer diarrhea  of  children.  Its  dose  is  0.2-1  gram  (gr. 
iij.-xv.).  Locally,  with  belladonna  and  mercurial  omt- 
ments,  he  applies  it  to  rheumatic  joints;  and,  with  bal- 
sam of  Peru  and  zinc  ointment,  to  bed-sores. 

W.  A.  Bastedo. 


Guaiasanol,  di-ethyl-glycocoU-guaiacol  hydro- 
chloride, occurs  in  the  form  of  white  prisms,  having  a 
faint  odor  and  a  saline,  bitter  taste.  It  is  freely  soluble 
in  water.  It  liberates  guaiacol  in  the  alimentary  tract, 
and  has  been  used  both  externally  and  internally  for 
the  same  purposes  as  guaiacol.  The  dose  is  gr.  15-30 
(1.0-2.0)  three  times  a  day.  It  may  be  used  hypo- 
dermicaUy,  and  in  two-per-cent.  solution  is  unirritat- 
ing  to  wounds.  R-  J-  E.  Scott. 

Quanase  is  an  enzyme  having  a  diaminizing  action 
upon  guanine  whereby  this  substance  is  converted 
into  xanthine.  F.  P.  U. 

NHs 
Quanidine. — This  substance,  C  =  NH   is   closely 

related  to  cyanamide  and  may  be  formed  from 
guanine.  It  "possesses  interest  from  its  relation  to 
urea  and  from  the  fact  that  it  occurs  in  proteins  as 
arginine.  The  guanidine  groups  of  the  proteins  are 
considered  as  the  mother  substances  of  creatine  and 
creatinine.  F.  P.  U. 

HN— C^O 


Guanine. — Guanine,  H2N — C     C — NH 
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CH 
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(2  Amino-6-oxypurLne),  is  present  in  all  organs  con- 
taining large  quanties  of  cells,  and  also  in  the  urine  in 
small  quantities.  Under  pathological  conditions  it 
has  been  found  in  the  blood  in  leucemia.  By  the 
action  of  an  enzyme  guanase,  it  is  converted  in  the 
body  to  xanthine  which  is  then  transformed  to  uric 
acid  in  which  form  it  may  be  eliminated.  It  is  in- 
soluble in  water,  alcohol  and  ether,  but  is  readily 
soluble  in  mineral  acids  and  alkalies  with  the  ex- 
ception of  ammonia.  F.  P.  U. 

Guanasine  is  a  glucoside-like  combination  of 
guanine  and  a  pentose  (d-ribose)  contained  in  guan- 
ylic  acid  as  a  compound  with  phosphoric  acid.  Guano- 
sine  belongs  to  group  of  bodies  designated  as  nucleo- 
sides from  their  derivation  from  nucleic  acids  and 
their  properties  of  a  glucoside-like  nature. 

F.  P.  U. 


Quarana. —  (Pronounced  gwaw-rah-nah' .)  "A 
dried  paste,  consisting  chiefly  of  the  crushed  seeds 
of  Paullinia  cupana  Kunth  (fam.  Sapindacece) , 
yielding  when  assayed  by  the  following  process,  not 
less  than  3.5  per  cent,  of  its  alkaloidal  principles." 
(U.S. P.).  This  is  a  climbing  shrub,  native  of  the  hot- 
test parts  of  South  America,  but  the  seeds  are  obtained 
wholly  from  cultivated  plants. 

The  genus  contains  upward  of  one  hundred  and 
twenty  species,  and  its  members  are  rich  in  saponin, 
also  contained  in  guarana,  on  account  of  which  parts 
of  several  of  them  are  used  as  fish-poisons. 

The  guarana  plant  is  very  extensively  cultivated, 
especially  uoon  the  banks  of  the  Itenez  River,  a  south- 
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Fig.  2837. — Paullinia 
Seed.  Natural  size. 
(Baillon.) 


ern  tributary  of  the  Madeira.  It  isTgrown  to  stout 
stakes  or  poles  and  the  plantation  resembles  an  ordi- 
nary vineyard  or  hop-field.  The  panicles  of  small 
white  flowers  are  succeeded  by  fruit  clusters  looking 
not  unlike  large  bunches  of  immense  grapes.  When 
ripe,  the  yellow  fruit  splits  into  three  husks  and  the 
seeds  are  lost.  They  are  gathered  just  previous  to  this 
time  and  the  seeds  are  shelled  and  ^_^___ 

washed.  The  seed  is  large  (one 
centimeter  in  diameter),  globular 
or  spheroidal,  with  a  flattened 
base,  and  a  slightly  pointed  sum- 
mit. Its  surface  is  dark-brown 
and  very  shiny,  excepting  the 
large  chalaza  at  the  base,  which  is 
light-colored,  and,  before  it  is  dis- 
turbed, covered  with  a  large  arU. 
It  is  exalbuminous  and  entirely 
filled  by  the  large  fleshy  embryo.  In  general  ap- 
pearance and  structure  it  may  be  described  as  a 
small  horse-chestnut.  After  shelling,  the  seeds  are 
lightly  roasted,  by  which  the  testa  is  loosened. 
The  latter  is  then  broken  off  and  winnowed  out, 
and  the  kernels  are  coarsely  broken  up  in  a  wooden 
mortar  and  with  a  wooden  pestle.  Just  enough  water 
is  added  to  form  an  adhesive  mass.  This  mass  is  then 
moulded  by  hand  into  cakes,  balls,  or,  more  commonly 
into  sausage-shaped  rolls,  six  to  ten  inches  in  length  by 
one  or  two  in  diameter.  The  drying  of  these  is  the 
most  delicate  and  critical  part  of  the  operation.  It  is 
conducted  by  artificial  heat,  in  specially  built  houses, 
great  care  being  taken  to  avoid  a  disagreeable  flavor 
from  the  smoke  or  from  the  subsequent  development 
of  some  variety  of  mould  through  imperfect  or  unequal 
drying.  Adulteration  occurs  only  occasionally.  It 
consists  in  making  various  additions —  usually  tapioca 
starch — to  the  mass  before  it  is  subjected  to  the  drying 
process. 

As  regards  the  home  consumption  of  guarana,  it  is 
the  exact  equivalent  of  tea  or  coffee,  except  that  it  is 
grated  off  and  taken  suspended  in  cold  water.  It  is 
the  staple  beverage  of  millions  of  people.  Its  exces- 
sive habitual  use  brings  on  nervous  disorders  similar 
to  those  from  other  caffeine-containing  beverages,  and 
ending  in  a  kind  of  palsy. 

Description. — In  subglobular  or  elliptical  cakes  or 
crjdindrical  roUs,  hard  and  heavy;  outer  surface  some- 
what shortly  nodular,  smooth,  slightly  lustrous,  deep 
chocolate-brown;  rather  brittle,  the  fracture  uneven, 
often  fissured  in  the  center,  of  a  deep  flesh  color  or  pale 
reddish-brown,  showing  numerous  coarse,  angular, 
lustrous  fragments  of  seeds  partly  invested  with  black- 
ish-brown integuments;  odor  slight,  peculiar,  a  little 
resembling  that  of  chocolate;  taste  very  astringent, 
somewhat  bitter,  afterward  sweet,  especially  when 
chewing  is  followed  by  the  taking  of  a  swallow  of 
water. 

Composition. — Guarana  stands  at  the  head  of 
caffeine-yielders,  containing  four  or  five  per  cent.  A 
quarter  of  its  weight  is  tannin,  and  there  are  starch, 
saponin,  resin,  and  small  amounts  of  fixed  and  volatile 
oU.  It  should  not  yield  more  than  two  and  one-half 
per  cent,  of  ash.  It  should  be  remembered  that  the 
domestic  value  of  guarana  depends  largely  upon  its 
flavor.  Many  lots  defective  in  this  particular  are 
exported  for  medicinal  use  and  are  not  necessarily 
inferior  for  this  purpose.  At  the  same  time,  adul- 
terated lots  are  undoubtedly  manufactured  especially 
for  such  export,  but  only  rarely. 

Action  and  Medicinal  L^se. — Because  of  its  tannin, 
guarana  is  to  be  compared  rather  with  tea  than  with 
coffee.  Caffeine  is  elsewhere  so  fully  treated  that  its 
action  cannot  be  here  discussed. 

As  the  contained  dose  of  tannin  is  a  small  one,  it  is, 
in  fact,  a  mode  of  giving  caffeine,  and  little  or  nothing 
more.     Its  principal  clinical  reputation  lies  in  its  value 
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in"nervous  and  sick  headaches,  of  which  there  is  con- 
siderable evidence.  It  has  been  the  foundation  of  sev- 
eral widely  known  secret  remedies  for  these  afflictions. 
The  powdered  drug  can  be  given  in  gram  doses  or 
more,  repeated  once  an  hour,  until  the  headache  is 
relieved,  or  until  several  doses  have  been  given.  The 
fluid  extract  [Exlraclum  Guaranm  Fluidum,  U.S. P.)  is 
rather  neater,  and  of  the  same  theoretical  strength. 
Milk  is  a  good  vehicle  for  either. 

Henby  H.  Rusby. 


Von  Qudden,  Bernhard  Aloys. ^Born  in  Cleve, 
Germany,  on  June  7,  1824.  He  pursued  his  medical 
studies  at  the  universities  of  Bonn,  Berlin,  and  Halle, 
andireceived  the  degree  of  Doctor  of  Medicine  from 
theilatter  institution.  From  1849  onward  he  devoted 
himself  to  the  Study  of  psychiatry,  first  under  Max 
Jacobi  in  Siegburg,  and  then  under  Roller  in  lUenau. 
From  1855  to  1869  he  was  Physician-in-Chief  of  the 
Insane  Asylum  at  Werneck,  in  Lower  Franconia.  In 
the  latter  year  he  was  caUed  to  Ziirich,  to  fill  the 
chair  of  Psychiatry  in  the  University  of  that  city. 
In  1872  he  was  appointed  Professor  of  Mental  Dis- 
orders in  Munich,  with  the  added  title  of  Ober- 
medizLnalrat ;  and  at  the  same  time  he  was  given 
the 'position  of  Director  of  the  principal  insane  asylum 
of. the  district.  Fourteen  years  laterf(June  13,  1886) 
he  lost  hLs  life  in  an  attempt  to  save  that  of  his  patient, 
the  insane  King  Louis  II  of  Bavaria  who  had 
thrown  himself,  with  suicidal  intent,  into  the  Starn- 
berger  Lake  not  far  from  Munich. 

'  Von  Gudden,  according  to  Pagel,  was  one  of  the 

B  most  gifted  and  influential  of  the  psychiatrists  of 
modern  times.  His  published  writings  on  the  various 
experiments  which  he  made  in  relation  to  the  growth 
of  the  calvarium,  localization  in  the  cortex  of  the 
brain,  etc.,  deserve  special  commendation.  In 
addition  to  these,  however,  he  wrote  a  large  number  of 
shorter  treatises  on  psychiatric  topics,  a  collection 
of   which   has   been   published   by    Hubert    Grashey 

^     under  the  title  of  Gudden's  Uterar,  Nachlass. 

I  A.  H.  B. 

»Qu^neau  de  Mussy,  Henri. — Born  in  1822.  In 
1844  he  received  the  degree  of  Doctor  of  Medicine, 
his  thesis  bearing  the  title  "De  I'apoplexie  pul- 
monaire."  Having  first  gained  a  certain  amount  of 
hospital  experience  he  accompanied  the  king,  Louis 
Philippe,  into  exile.  After  the  latter's  death  in  1850 
Gu^neau  de  Mussy  continued  to  reside  in  England 
up  to  the  year  1871,  when  he  again  took  up  his  resi- 
dence in  Paris.  He  was  a  member  of  the  College  of 
Physicians  in  London,  and  also  of  the  Academy  of 
Medicine  in  Paris.  He  died  in  Saint-Raphael  early 
in;October,  1892. 

Of  his  published  writings  the  following  deserve 
to  be  mentioned:  "The  History  of  the  Case  of  Poi- 
soning by  Lead,  which  lately  occurred  at  Claremont, 
with  Observations,  etc.,"  Dublin  Quart.  Jour.,  1849; 
and  "Apergu  de  la  thfiorie  de  germs  contagieux;  de 
I'application,  de  cette  th6orie  k  I'^tiologie  de  la 
fifevre  typhoide,  etc.,"  Paris,  1877.  A.  H.  B. 


Quenther,  Johann. — -A  German  physician  who 
flourished ''during  the  sixteenth  century,  and  who  is 
chiefly  celebrated  for  the  work  which  he  did  in  re- 
viving the'knowledge  of  Greek  medicine  and  for  his 
able  and  zealous  advocacy  of  the  importance  of  study- 
ing anatomy.  Johann  Guenther  was  born  in  1487 
at  Andernach  on  the  Rhine,  not  far  from  Cologne. 
Having  manifested  a  decided  love  of  study  at  an  early 
period  of  his  boyhood  he  was  sent  in  1499  for  his 
further  education  to  the  University  of  Utrecht, 
Holland.  Here  he"devoted  himself  more  particularly 
to  acquiring  a  thorough  knowledge  of  Greek.     From 


Utrecht  he  went  first  to  Deventer  (about  forty  miles 
to  the  east  of  Utrecht  )and  then  to  Marburg  in  Hesse 
Nassau,  Germany.  In  the  university  of  the  latter 
city  he  also  studied  philosophy  and  the  science  of 
physics.  A  few  years  later  he  was  appointed  Pro- 
fessor of  the  Greek  language  at  the  University  of 
Louvain,  in  what  is  now  Belgium,  the  celebrated 
Vesalius  being  one  of  his  pupils  in  this  institution.  A 
preference  for  the  study  of  medicine  having  by  this 
time  asserted  itself  quite  strongly  Guenther  visited 
Paris,  the  city  in  which,  more  than  in  any  other  town 
of  Europe  during  the  early  part  of  the  sixteenth  cen- 
tury, this  branch  of  knowledge  was  greatly  cultivated. 
He  read  here,  with  profound  interest,  the  works  of  the 
Greek  physicians,  and  made  translations  of  several  of 
their  writings,  more  particularly  those  of  Hippocrates 
and  Galen.  He  received  his  doctor's  degree  on  October 
29,  1531,  and  five  years  later  he  was  appointed  one 
of  the  household  physicians  of  Francis  I.  Then,  dur- 
ing the  period  immediately  following,  he  cultivated  the 
study  of  human  anatomy  and  gave  public  courses  of 
instruction;  Sylvius,  Vesalius,  and  Rondelet  being 
among  his  pupils.  At  the  same  time  he  was  not 
neglectful  of  the  other  important  branches  of 
medical  knowledge — surgery,  botany,  chemistry,  and 
internal  diseases.  From  Paris  Guenther  went  to 
Strassburg,  where  he  expounded  for  a  certain  length  of 
time  the  works  of  the  ancient  Greek  writers.  Then 
he  devoted  himself  for  a  number  of  years  to  the  practice 
of  his  profession,  his  services  being  called  into  requi- 
sition by  people  living  in  almost  every  part  of  Cen- 
tral Europe.  Toward  the  end  of  his  career  he  received 
various  titles  of  nobility.  He  died  October  4,  1574, 
at  the  age  of  eighty-seven. 

Guenther's  published  writings  are  of  two  kinds — 
translations  of  the  best  medical  authorities  of  ancient 
times,  and  his  own  original  compositions.  Of  the 
former  class  the  following  deserve  to  receive  special 
mention:  " Anatomicarum  institutionum  secundum 
Galeni  sententiam  libri  iv,"  Basel,  1536;  "De  victus 
et  medendi  ratione,  turn  aUo,  tum  pestUentise  maximse 
tempore  observanda,  commentarius,  etc.,"  Strass- 
burg, 1542;  and  excellent  translations  of  Polybua, 
Paulus  Aegineta,  Oribasius,  Rhazes,  Alexander  of 
Tralles,  and  CoeUus  Aurelianus.  From  his  own  com- 
positions the  following  selections  may  be  made: 
"De  medecina  vetere  et  nova,  tum  cognoscenda  tum 
faciunda,  commentarii  duo,"  Basel,  1571;  and  "Gyiiae- 
ciorium  commentarius  de  gravidarum,  parturientium 
puerperarum   et  infantium   cura,"  Strassburg,    1606. 

A.  H.  B. 

Guernsey. — See  Channel  Islands. 

Guersant,  Paul  Louis  Benolt. — Born  in  Paris, 
France,  in  1800.  He  received  his  doctor's  degree  in 
1828,  his  thesis  bearing  the  title:  "Sur  les  avantages 
et  les  inconveniences  de  la  lithotomie,  compares  3. 
ceux  de  la  lithotritie."  In  1832,  after  a  somewhat 
severe  competitive  examination,  he  was  made  Surgeon 
of  the  ChUdren's  Hospital.  The  usefulness  of  this 
institution  was  soon  much  increased  by  Guersant's 
establishment  of  a  surgical  policUnic  as  a  part  of  the 
regular  work  of  the  ho.spital.  In  1860,  after  twenty- 
eight  years  of  service,  he  resigned  his  position  in  the 
Children's  Hospital.  In  the  meantime  the  policlinic 
had  attracted  a  constantly  increasing  number  of 
students,  both  Frenchmen  and  foreigners.  Guersant 
was  one  of  the  seventeen  surgeons  who,  in  1843, 
founded  the  Society  de  Chirurgie  of  Paris,  and  during 
the  year  1852  to  1853  he  was  chosen  its  president.  He 
died  October  1,  1869. 

Guersant's  published  writings,  which  were  quite 
numerous,  dealt  almost  exclusively  with  the  surgery 
of  children.  One  of  them  entitled  "Notices  sur 
la  chirurgie  des  enfants,"  Paris,  1864  to  1867,  was 
translated  into  English  by  Richard  J.  Dunglison, 
Philadelphia,  1873.  A.  H.  B. 
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Guinea-worm. — A  round  worm,  Filaria  medin- 
ensis,  also  known  as  dracunculus,  Beinwurm,  Brach- 
wasserwurm,  tank  worm,  and  dragon-neau,  which  is 
endemic  in  many  tropical  countries.  It  enters  the 
human  bodv  bv  drmking  in  a  small  fresh-water  crus- 
tacean, Cyclops,  and  causes  dracontiasis,  in  which  the 
adult  is  found  in  the  connective  tissue  beneath  the 
skin.     See  Nemaloda.  A.  &.  P. 

Guja. — Epidemic  spasmodic  bronchial  asthma. 
The  word  gvja  (pronounced  goo'hah)  is  from  the 
Chamorro,  the  language  of  the  natives  of  the  Mariana 
Islands.  The  following  description  of  the  disease  is 
taken  from  the  sanitarv  report  of  the  senior  medical 
officer  in  the  island  of  Guam  to  the  Surgeon  General 
of  the  Na^T  for  the  year  1904.  The  total  population 
of  Guam  at  that  time  was  10,355. 

"This  disease  is  unusuallv  prevalent  in  Guam.  It 
affects  natives  at  all  ages,  the  inteUigent  ones  among 
them  attribute  it,  probably  correctly,  to  sudden 
changes  in  the  atmospheric  conditions.  The  atmos- 
phere has  always  a  high  humidity.  Sudden  wide-spread 
epidemics  of  this  trouble  occur,  generally  at  the  change 
of  seasons  about  July  and  November,  when  the  trade 
■wind  gives  place  to  the  south-west  monsoon  or  vice 
versa.  Within  forty-eight  hours  hundreds  of  persons 
will  be  suddenly  afflicted,  many  dangerously,  a  con- 
siderable number  fatally.  The  symptoms  and  signs 
are  simply  those  of  spasmodic  bronchial  asthma 
without  catarrh  or  fever  and  with  labored  but  other- 
wise normal  heart  action.  The  disease  has  been  mis- 
taken for  influenza,  but  the  entire  absence  of  fever 
precludes  such  a  diagnosis. 

"The  symptoms  are  just  those  generally  seen  else- 
where in  asthmatics  at  or  after  middle  life.  All  ages 
are  affected,  from  sis  months  to  four-score  years. 
Within  a  week,  with  a  change  of  weather,  the  whole 
epidemic  subsides  and  those  that  have  not  died  are 
well,  except  for  traces  of  emphysema  after  repeated 
attacks.  As  the  mortality  table  for  the  year  shows, 
twenty-seven  out  of  191  deaths  from  known  causes, 
or  more  than  fourteen  per  cent. ,  were  from  this  disease. ' ' 

The  treatment  is  svmptomatic  and  palliative. 

J.  F.  Leys. 


Gull,  William  Withey.^Born  in  Thorpe-le- 
Soken,  County  of  Essex,  England,  December  31, 
1816.  He  pursued  his  medical  studies  partly  at  Guy's 
Hospital  and  partly  at  the  University  of  London,  and 
received  the  degree  of  Doctor  of  Medicine  from  the 
latter  institution  in  1846.  For  a  period  of  twenty 
vears  he  was  Attending  Physician  and  Instructor  in 
"Medicine  at  Guy's  Hospital.  From  1847  to  1849 
he  was  FuUerian  Professor  of  Physiology  in  the  Royal 
Institution  of  Great  Britain.  He  was  a  memlaer 
of  the  General  Medical  CouncD.  The  honorary  de- 
gree of  LL.  D.  was  conferred  on  him  by  Oxford  in 
1868,  by  Cambridge  in  1880,  and  by  Edinburgh  in 
1884.  In  1872  he  was  created  a  baronet.  He  was 
also  Physician  Extraordinary  to  the  Queen,  Phj'si- 
cian-in-Ordinary  to  the  Prince  of  Wales,  and  Con- 
sulting Physician  of  Guy's  Hospital.  He  died  Janu- 
ary 30,  1890. 

Sir  WOliam  Gull's  researches  in  the  domain  of 
diseases  of  the  nervous  system  deserve  honorable 
mention  in  the  history  of  clinical  medicine.  His 
active  support  of  the  temperance  movement  in  Eng- 
land is  also  something  which  should  be  set  down  to 
his  lasting  credit.  Of  his  published  writings  the  fol- 
lowing deserve  to  receive  special  mention:  "Goul- 
stonian  Lectures  on  Paralysis,"  London  Medical 
Gazette,  1849;  "Abscess  of  the  Brain,"  in  Rej'nolds' 
System  of  Medicine;  "  Paraplegia,"  in  Guy's  Hospital 
Reports,  1856,  1858;  "On  Paralysis  of  the  Lower  Ex- 
tremities Consequent  upon  Disease  of  the  Bladder 
and  Kidneys  (Urinary  Paraplegia),"  Guy's  Hosp.  Rep., 
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1861;  and  (in  association  with  Sutton)  "  Arterio-capil- 
lary  Fibrosis,"  in  Medico-Chirurgical  Transactions, 
vol.  iv.  A.  H.  B. 

Gum  Arabic- — See  Acacia. 

Gumma. — See  Syphilis. 

Qums. — See  Active  Principles. 

Gums,  Diseases  of. — See  Mouth,  Diseases  of. 

Gunshot  Wounds. — To  the  surgeon  in  civil 
communities  gunshot  wounds  are  understood  to 
result  from  missiles  fired  from  portable  hand  weapons 
such  as  shotguns,  sporting  rifles,  pistols,  revolvers, 
toy-pistols,  air  guns,  etc.  These  weapons  propel 
projectiles  like  buUets  of  varying  caliber,  lead  pellets, 
powder  grains,  wadding,  etc.,  by  means  of  an  expansive 
force  which  is  produced  by  the  sudden  liberation  of 
large  volumes  of  gases  by  igniting  or  detonating 
explosive  materials.  The  term  gunshot  wounds  has 
a  much  wider  appUcation  for  the  military  surgeon. 
To  him  the  term  includes  in  addition  to  those  already 
specified,  aU  wounds  which  result  from  the  effects  of 
any  explosive  force.  In  his  battle  returns  under  the 
term  "gunshot  wounds"  he  includes  all  traumatic 
injuries  which  are  caused  by  projectiles  from  firearms 
generally,  viz.,  shotguns,  sporting  rifles,  pistols, 
revolvers,  toy-pistols,  air  guns,  cannons,  bombs, 
terrestrial  mines,  torpedoes,  or  any  implement  used 
in  war.  In  medico-militar)'  parlance  we  may  also  add 
that  any  particle  of  matter  such  as  a  splinter  of  wood, 
piece  of  mortar,  sand  or  gravel  that  is  set  in  motion 
with  sufficient  velocity  by  a  sudden  expansive  force 
may  cause  a  gunshot  wound. 

Firearms. — To  understand  properly  the  character- 
istic features  of  wounds  caused  by  projectiles  the 
surgeon  should  acquaint  himself  in  a  brief  way  at 
least  with  the  different  kinds  of  firearms,  their  pro- 
jectiles, the  nature  of  the  explosives  which  are  used 
to  propel  them,  and  the  ballistics  of  projectiles  as 
this  relates  to  motion,  velocity,  and  energy. 

In  the  military  service  firearms  are  divided  into  the 
artillery  class  and  the  so-called  hand  weapons.  The 
former  includes  large  guns,  field  guns,  and  other 
devices  used  in  war. 

Large  guns  are  now  breech-loading  rifle  guns.  They  • 
are  used  on  board  ship  and  on  fortified  positions. 
The  largest  of  these  guns  are  sixteen  inches  in  caliber, 
forty-nine  and  one-fourth  feet  in  length,  weighing 
130  tons.  Their  projectiles  are  made  from  the  hard- 
est steel,  each  weighing  2,400  pounds  with  an  initial 
velocity  of  2,250  f  .s. 

Mobile  artillery  and  siege  guns  vary  in  caliber 
between  three  and  six  inches.  The  former  accom- 
panying an  army  in  the  field  and  the  latter  are  used 
against  fortified  positions  and  they  both  employ  shell 
and  shrapnell. 

Howitzers  are  shorter  than  the  field  guns,  of  3.8  to 
4.7  inches  in  caliber. 

Mortars  are  still  shorter.  They  are  used  to  throw 
projectiles  into  fortified  positions  and  onto  decks  of 
vessels. 

Service  machine  gxms  are  now  extensively  used  by 
all  armies.  They  employ  the  ammunition  of  the 
mUitary  rifle  of  the  fine,  which  thej-  fire  at  great 
speed. 

Hand  Weapons. — This  class  of  firearms  is  fired  from 
the  hand  or  shoulder.  It  includes  the  military  rifle, 
revolver,  and  pistol. 

The  Military  Rifle. — This  is  the  weapon  carried  by 
all  soldiers  of  the  line.  In  its  present  state  of  per- 
fection it  has  been  evolved  from  the  hand-cannon,  the 
handgun,  match  lock,  the  flint  lock,  percussion-cap, 
smooth  bores,  and  rifled  guns.  The  earlier  guns 
mentioned  were  larger  in  caliber,  ranging  between  0.63 
and  0.75.     They  fired  bullets  made  of  soft  lead  weigh- 


REFERENCE  HANDBOOK  OF  THE   MEDICAL  SCIENCES 


Gunshot  Wounds 


ing  from  315  to  400  grains  and  the  charge  of  powder 
was  from  130  to  270  grains.  The  projectiles  were 
round  with  initial  velocities  ranging  from  540  to  950 
f.s.,  and  the  effective  range  never  exceeded  350  yards. 
The  guns  referred  to  were  all  loaded  by  the  muzzle 
and  the  more  perfect  of  them  is  represented  by  the 
Springfield  rifle  which  was  adopted  by  the  U.  S.  Army 
in  1855.  Its  caliber  was  0.58  inch,  weight  of  bullet  500 
grains,  charge  of  powder  sixty  grains,  and  the  rifling  in 
the  barrel  made  one  complete  turn  in  thirty-six  inches. 
Our  army  used  this  rifle  until  1866.  At  this  time  we 
reduced  the  caliber  to  0.50  inch  and  converted  the 
Springfield  rifle  into  a  breech-loader.  In  1873  we 
stUl  further  reduced  the  caliber  to  0.45  inch,  the  twist 
was  shortened  to  one  turn  in  twenty-two  inches  to  give 
the  elongated  bullet  more  stability-,  the  powder  charge 
was  placed  at  seventy  grains  and  the  weight  of  bullet 
at  405  grains.  The  velocity  of  the  bullet  was  now 
1,315  f.s.  with  a  point  blank  range  of  350  yards,  and  a 
maximum  effective  range  of  2,000  yards.  In  expert 
hands  this  weapon  could  be  fired  as  often  as  twenty 
shots  per  minute.  It  was  one  of  the  effective  weapons 
of  its  time  and  its  ballistic  value  was  equal  to  the 
German  Mauser,  the  Lee-Speed  of  the  English,  and 
the  Lebel  of  the  French,  etc.  With  but  slight  modifi- 
cations we  continued  to  use  the  Springfield  rifle  until 
1892  when  we  adopted  a  magazine  breech-loading 
rifle  with  reduced  caliber  under  the  name  of  the  Krag- 
Jorgensen  rifle,  with  features  as  follows: 

Caliber 30  m. 

Twist,  turn 1  in  10  inches. 

Weight   of   bullet 220  grains. 

Bullet: 

envelope cupro-nickel  steel. 

core lead  and  tin. 

Smokeless  powder  (nitrocellulose)  ....  35-42  grains. 

Initial  velocity 2,000  f.s. 

Muzzle  energy 1,954  foot-pounds. 

This  gun  corresponded  in  effectiveness  for  war 
with  the  guns  of  foreign  nations  which  were  in  use  at 
about  this  time.  In  1903  we  perfected  and  adopted 
a  new  arm  very  much  on  the  lines  of  the  German 
Mauser  of  reduced  caliber  which  we  called  the 
United  States  rifle,  cal.  0.30,  model  1903,  in  which  the 
length  of  barrel  was  reduced  to  24.006  inches.  Again 
in  1906  we  made  radical  changes  in  the  ammunition: 
the  weight  of  buUet  was  reduced  from  220  to  150 
grains.  The  ogival  head  of  the  bullet  was  brought  to 
a  point  to  reduce  the  resistance  offered  by  atmos- 
pheric air,  and  the  powder  charge  was  increased  from 
thirty-eight  to  fifty  grains.  The  muzzle  velocity  of 
the  rifle  buUet  has  been  increased  from  2,000  to  2,700 
f.s.,  and  the  striking  energy  from  1,954  to  2,400  foot- 
pounds. The  extreme  range  has  been  increased  from 
4,066  to  4,891  yards.  The  rapidity  of  fire  has  been 
increased  to  twenty-three  aimed  shots  per  minute 
when  the  rifle  is  used  as  a  single  loader,  and  to  thirty 
shots  in  the  same  time,  when  the  piece  is  pointed  from 
the  hip,  without  aim.  The  bullet  penetrates  28.25 
inches  in  thoroughly  seasoned  oak  acro.ss  the  grain  at 
fifty  feet  as  compared  to  3.2  inches  and  19.5  inches  by 
the  bullets  of  the  Springfield  and  Krag-Jorgensen 
rifles  at  the  same  distance.  The  trajectory  of  the 
buUet  is  flatter  and  the  danger  space  has  increased  for 
all  the  ranges.  The  point  blank  danger  space  while 
firing  in  different  positions  is  as  follows: 

Firing. standing 718. 6  yards. 

Firing  kneeling 629.4  yards. 

Firing  lying  down 580.7  yards. 

In  many  respects  this  is  one  of  the  most  effective 
guns  used  by  any  army.  The  bullet's  center  of  grav- 
ity is  placed  near  its  base,  a  fact  which  gives  it  but 
little  stability  in  flight.  When  it  hits  structures 
having  the  slightest  resistance  it  is  apt  to  turn  and 
assume  a  position  at  a  tangent  to  its  line  of  flight. 


The  effect  of  this  instability  on  the  wounds  it  causes 
will  be  discussed  later. 

The  other  hand  weapons  to  be  considered  are  the 
shotgun,  revolvers  and  pistols,  the  toy-pistols,  and 
so-called  Flobert  rifles.  With  the  exception  of  revol- 
vers and  pistols  we  wiU  not  refer  to  these  weapons 
until  we  are  discussing  their  projectiles  later  on  as 
their  mechanism  and  uses  are  sufficiently  familiar  to 
American  readers  at  least. 

Revolvers  and  Pistols. — We  have  to  mention  these 
weapons  specially  because  of  the  late  changes  which 
have  taken  place  in  the  use  of  a  class  of  weapons  that 
is  so  generally  employed  among  people  in  personal 
combat  and  in  which  changes  have  recently  been  made 
in  the  mUitary  service.  The  more  familiar  examples 
of  revolvers  in  this  country  are  the  Smith  and  Wes- 
son, and  the  Colt's  new  service  revolvers.  The 
Colt's  revolver  is  a  double  action  weapon  which  can 
be  fired  separately  by  cocking  the  hammer  and  puUing 
the  trigger  or,  when  rapidity  of  action  is  required  it  may 
be  fired  by  a  steady  pull  on  the  trigger.  The  United 
States  Army  used  this  weapon  for  many  years,  but  its 
stopping  power  was  found  deficient,  and  it  lacked  also 
in  accuracy  of  fire.  The  United  States  Army  has 
recently  conducted  many  trials  of  automatic  pistols 
so-called,  viz.,  the  Savage,  Luger,  and  Colt's,  of  calibers 
ranging  from  0.32  inch  to  0.45  inch  with  most 
favorable  results,  after  which  the  0.45  caliber  Colt's 
automatic  pistol  was  adopted  in  lieu  of  the  0.38 
caliber  Colt's  new  service  revolver.  The  fact  that 
automatic  pistols  are  fast  supplanting  the  use  of 
revolvers  in  and  out  of  the  military  services  requires  a 
more  specific  reference  to  their  mechanism  and  bal- 
listic qualities.  The  wounds  caused  by  their  pro- 
jectiles are  much  more  severe  than  those  caused  by 
the  ordinary  revolver  bullets,  and  this  fact  makes  the 
advent  of  these  weapons  of  special  interest  to  civilian 
practitioners  and  military  surgeons  alike. 

Colt's  Automatic  Pistol. — This  pattern  of  automatic 
pistol  has  a  movable  barrel  and  slide  the  recoil  of 
which  ejects  the  empty  shell,  cocks  the  firing  mechan- 
ism and  loads  a  new  cartridge  into  the  barrel.  When 
the  first  shot  has  been  fired  it  is  only  necessary  to 
make  a  steady  puU  on  the  trigger  for  each  succeeding 
shot  until  the  magazine  is  emptied.  The  magazine 
holds  seven  cartridges  in  the  0.45  caliber  weapon  and 
eight  cartridges  in  the  0.32  and  0.38  caliber  weapons. 
The  bullet  weighs  200  grains  in  the  largest  caliber,  it 
is  composed  of  a  lead  core  placed  in  a  steel  jacket. 
Nitrocellulose  is  used  as  a  propellant,  and  the  initial 
velocity  is  900  f.s.  The  advantages  of  this  weapon 
over  the  Colt's  revolver  is  said  to  consist  in  greater 
accuracy,  less  recoil,  greater  rapidity  of  fire,  rapidity 
of  loading  and  a  greater  number  of  shots.  Reloading 
is  done  by  inserting  an  extra  magazine  from  below  in 
the  hoUow  handle. 

Explosives. — The  effectiveness  in  present  day 
firearms  is  largely  due  to  the  use  of  modern  explosives. 
These  substances  are  used  to  propel  projectiles  into 
space,  to  explode  shells,  mines,  fugases  and  bombs, 
torpedoes,  etc.,  in  offensive  and  defensive  warfare. 

Gun  Powder. — This  was  the  only  explosive  used  in 
war  for  centuries.  It  is  usually  referred  to  under  the 
name  of  black  gun  powder,  and  it  is  formed  by  the 
mechanical  mixture  of  saltpeter  75  per  cent.,  charcoal 
15  per  cent.,  and  sulphur  10  per  cent.  Its  value  as  a 
propellant  is  due  to  the  large  amount  of  gas  which  it 
liberates  on  exploding.  It  is  usually  exploded  in  hand 
weapons  by  striking  the  primer  in  the  base  of  the 
metallic  cartridge  which  is  charged  by  fulminate 
powder.  The  results  of  the  explosion  are  43  per  cent, 
gaseous  products  and  57  per  cent,  of  unburnt  powder 
grains  which  are  propelled  forward  as  projectiles,  and 
cause  the  familiar  example  of  tattoo  or  powder  burn 
on  the  skin.  The  volume  of  the  gases  at  freezing 
temperature  and  under  atmospheric  pressure,  occu- 
pies 280  times  the  bulk  of  the  original  charge.     When 
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the  explosion  occurs  in  a  vessel  completely  filled  by 
the  powder,  the  pressure  exerted  as  a  result  of  the 
liberation  of  the  gaseous  vapors  is  5,850  atmospheres 
(Noble  and  Abel).  The  temperature  of  the  flame  at 
the  moment  of  ignition  has  been  estimated  at  2,000° 
F.  to  4,000°  F.  a  fact  which  is  no  doubt  responsible 
for  the  erroneous  notion  that  the  heat  imparted  to 
Ijrojectiles  from  this  great  amount  of  temperature 
renders  bullets  sterile  on  impact.  In  the  explosion 
which  takes  place  the  niter  furnishes  the  oxygen  and 
the  charcoal  furnishes  the  carbon  while  the  sulphur 
adds  to  the  rapidity  of  the  explosion. 

Modern  Explosives. — -These  have  many  uses  in  the 
industrial  world,  but  to  surgeons  they  are  of  chief 
interest  when  used  in  the  discharge  of  firearms  and 
other  engines  of  destruction  in  peace  and  war. 

Fulminate  Powder.^ Among  the  modern  or  so-called 
high  explosives,  fulminate  of  mercury  takes  first  rank. 
It  is  the  only  one  of  the  fulminates  used  in  firearms. 
It  explodes  instantly  with  great  force  by  either  friction 
or  percussion.  It  is  the  most  typical  among  the 
detonators  because  of  the  rapidity  of  its  explosion. 
It  is  used  as  a  detonator  in  exploding  gun-cotton  and 
other  explosives,  and  also  in  charging  percussion  caps. 
It  is  handled  with  impunity  when  wet,  in  which  state- 
it  burns  quietly  in  the  open  air.  When  heated  to 
360°  F.  it  explodes  with  characteristic  violence.  The 
theoretical  pressure  developed  by  the  explosion  is 
28,000  atmospheres  and  the  gases  of  the  explosion  are 
CO2,  N,  and  a  vapor  of  mercury.  In  the  attempt  to 
assassinate  the  French  Emperor  in  1858  three  bombs 
were  exploded  each  containing  four  ounces  of  the 
mercuric  fulminate,  when  511  wounds  were  inflicted 
on  156  persons.  The  large  number  of  multiple  wounds 
testify  to  the  violence  of  the  explosion. 

Smokeless  Powders. — These  powders  emit  no  smoke 
on  exploding  hence  their  name.  Their  composition 
is  better  known  now  than  formerly.  Our  military 
services  use  two  classes  of  smokeless  powders,  viz., 
nitroglycerin  and  nitrocellulose  powder.  They  are 
both  made  from  gun  cotton,  but  the  nitroglycerin 
powder  has  in  addition  from  ten  to  thirty  per  cent,  of 
nitroglycerin  which  increases  the  temperature  of  the 
explosion,  thereby  adding  to  the  erosion  of  the  large 
guns.  For  this  reason  the  nitroglycerin  powder  is 
seldom  used  except  in  the  hand  weapons,  whDe  the 
use  of  the  nitrocellulose  powder  is  confined  to  the 
large  guns.  The  following  is  the  composition  of  one  of 
the  nitroglycerin  powders: 

Insoluble  nitrocelluloae 67 .  25  per  cent. 

Nitroglycerin 30. 00  per  cent. 

Metallic  salts 2 .  75  per  cent. 
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gun-cotton  containing  12.65  per  cent,  nitrogen  dis- 
solved in  two  parts  of  ether  to  one  of  alcohol.  It  is 
prepared  very  much  like  the  nitroglycerin  powder 
but  not  graphited.  The  grains  are  brown  in  color  and 
their  size  differs  with  the  caliber  of  the  gun. 

The  principal  advantages  in  the  use  of  the  smoke- 
less powders  are  that  they  are  almost  entirely  con- 
verted into  gas;  with  smaller  charges  it  is  possible  to 
give  higher  velocity  to  the  projectile;  it  leaves  no 
residue  in  the  bore;  the  theoretical  pressure  when 
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Fig.    2838. — Nos.    3   and  5  represent  the  shape  and  size  of  the 
present  use  by  the  United  States  Army.     1,  2,  and  4  represent  the 
recently  discarded. 

Forty  pounds  of  acetone  is  the  solvent  for  100 
pounds  of  the  above  mixture.  The  paste  thus  made 
is  shaped  and  cut  into  bead-like  grains,  perforated  and 
graphited.     The  nitrocellulose  powder  is  composed  of 
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Fig.  2.S39.— The  3-inch  Common  Fig.  2840.— Common  Shrapnel 
Steel  Shell  used  in  U.  S.  Army.  used  in  U.  S.  Army. 

exploded  in  its  own  volume  exerted  by  gun-cotton 
is  24,000  and  as  much  as  25,000  atmospheres  for 
nitroglycerin,  viz.,  four  times  greater  than  the  pres- 
sure developed  by  the  explosion  of  the  old  black 
gun-powder. 

There  are  other  smokeless  powders  with  picric  acid 
as  a  base  which  interest  the  surgeons  because  of  the 
irritating  fumes  which  they  emit.  They  are  popularly 
known  under  the  names  of  meUnite,  emmensite,  lid- 
dite,  etc. 

Projectiles. — The  term  projectile  is  synonymous 
with  the  term  bullet  when  it 
refers  to  projectUes  from  hand 
weapons.  Objects  propelled 
from  the  bursting  charge  of 
grenades,  bombs,  and  mines 
are  also  referred  to  as  projec- 
tiles. 

Projectiles  from  hand-wea- 
pons are  shot  from  rifles,  pistols, 
and  revolvers,  shotguns,  air- 
guns,  etc.  These  projectiles 
or  buUets  are  classed  as  follows: 
penetrating,  setting  up,  disin- 
tegrating, and  explosive  bul- 
lets. The  penetrating  buUets 
are  the  steel-jacketed  bullets 
commonly  used  in  reduced 
caliber  rifles  and  automatic 
pistols.  The  setting  up  bullet 
is  composed  of  lead  to  invite 
deformation  against  resistant 
tissues.  The  disintegrating, 
sometimes  called  T  Dum-Dum  or  metal-patchSd 
bullets,  are  composed  of  a  core  of  lead  enveloped 
in  a  steel  jacket  except  at  the  point  or  nose  of  the 
buUet.     Such  a  bullet  readily  breaks  into  fragments  of 
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steel  and  lead  on  impact  against  resistant  structures 
like  bone.  Explosive  bullets  are  hollow  lead  bullets 
containing  an  explosive  which  is  made  to  explode  by  a 
cap  arrangement  placed  in  the  nose  of  the  projectile. 
Thev  are  seldom  used  now. 

Projectiles  from  pistols  and  revolvers  are  usually 

shorter  and  weigh  less  than  the  bullets  of  mihtary 

rifles.     (See  Fig.  2838.)  „  j       ^ 

Shotgun    projectiles   or  pellets    are  all  round  and 

composed  of  hard  lead.     They  vary  from  2,020  to  the 

troy  ounce  to  buck  shot 
which  are  0.31  inch  in 
caliber.  The  smallest 
jiellets  weigh  a  fraction 
of  a  grain,  and  the  buck 
shot  weigh  as  much  as 
thirty-eight  grains. 
The  number  of  pellets 
in  a  cartridge  depends 
on  the  bore  of  the  gun 
and  size  of  the  pellets. 
The  projectQe  of  the 
toy  pistol  consists  of 
the  entire  charge  made 
up  of  cardboard  wad 
and  about  six  grains  of 
black  powder. 

Airgun  and  flobert 
rifle  projectiles  are 
round  or  elongated  lead 
bullets  of  about  22 
caliber. 

Projectiles  from  the 
artillery  arms  are 
classed  as  shot,  shell, 
and  case-shot.  Solid 
shot  is  no  longer  used 
in  modern  guns.  Shot 
now  consists  of  a  hoUow 
projectile  with  thick 
walls,  provided  with  a 
bursting  charge.  It  is 
used  to  perforate  armor 
and  against  material. 

The  shell  is  a  hollow 
projectile  with  thinner 
walls  than  the  preced- 
ing. It  holds  a  larger 
bursting  charge  and  it 
is  used  against  bodies 
of  troops  or  material. 
(See  Fig.  2839.) 

Canister  and  grape- 
shot  consisted  of  a 
number  of  shot  held  in 
a  case  which  was  made 
to  burst  by  the  shock 
of  discharge  or  impact. 
They  are  no  longer 
used. 

The    modern    shrap- 
nell  has  taken  the  place 
of  the  latter.     It  is  be- 
coming more  generally 
used  in  battle  and  be- 
cause    of    the     severe 
character   and  number 
of     wounds     which    it 
inflicts  it  is  of  special 
interest     to     surgeons. 
In    the    Turko-Balkan 
War  of  1912-13  the  casualties  in  some  of  the  battles 
from   shrapnell   balls  alone    ranged   from    thirty    to 
eighty  per  cent.     The  projectile  is  a  steel  tube  pro- 
vided with  a  time  fuse,  fired  from  a  three-mch  field 
gun      It  is  ten  inches  long  and  weighs  fifteen  pounds. 
Its  initial  velocity  is  1,700  f.  s.  and  it  is  a  man  killer 
at  6  .500  vards.     The  projectile  contains  a  bursting 


charge  and  2.52  round  lead  balls  0.50  inch  in  caliber, 
weighing  167  grains  each.  When  bursting  withm 
3  000  vards  the  area  of  dispersion  of  the  contained 
p'rojectUes  extends  for  a  length  of  400  yards  and  a 
width  of  150  yards  (Fig.  2840). 

Grenades,  Bombs,  Mines,  and  Torpedoes. — In 
addition  to  the  projectiles  of  the  foregoing  weapons, 
gunshot  wounds  are  inflicted  in  war  by  the  bursting 
ofithe  foregoing  instruments. 

Grenades.— The  grenade  is  an  old  explosive  projec- 
tile the  use  of  which  was  revived  in  the  Russo- 
Japanese  War.  The  hand  grenade  of  the  Japanese 
consists  of  two  parts,  the  body  and  handle  ihe 
body,  a  tin  cvhnder,  is  four  and  one-half  centi- 
meters in  diameter  by  six  centimeters  in  length  filled 
with  shimose-powder  and  it  is  provided  with  a  time 
fuse      The  grenade  in  our  service  is  very  similar  to 


Fig.  2841. 


-Grenade  in  the  U.  .S 
Service. 


Fig.  2842. — Fragmentation  of  a  Grenade. 

the  Japanese  grenade  except  that  the  body  is  made  of 
steel  (Fig.  2841).  The  grenade  is  fired  from  the 
rifle  instead  of  by  hand.  When  exploding  the 
projectile  breaks  into  many  small  fragments  of  steel 
and  the  violence  of  the  explosion  is  capable  of  killing 
men  and  destroying  material.     (See  Fig.  284-) 

Hand  bombs  were  extensively  used  by  both  combat- 
tants  in  the  Russo-Japanese  War  at  Port  Arthur. 
The  Japanese  bomb  was  composed  of  fourteen  pounds 
of  a  mixture  of  pyroxylin  and  melinite  placed  in  Imen 
bags  which  were  provided  with  a  time  fuse.  Ihe  bags 
were  suspended  from  the  soldier's  neck,  and  they  were 
thrown  among  the  enemy  at  opportune  moments. 
The  Russians  employed  a  device  quite  simUar.  ine 
container  for  the  high  explosive  was  their  discarded 
three-inch  copper  shells  which  was  provided  with  a 
fuse  and  thrown  by  hand  also. 

Mines  and  torpedoes  as  engines  of  war  are  usea  in 
naval  and  harbor  defences.  The  land  forces  employ 
terrestrial  mines  composed  of  a  quantity  of  one  ot  the 
high  explosives  confined  in  a  case,  at  certain  mtervals, 
under  ground.  These  can  be  exploded  at  will  by 
electric  connections  from  a  central  point.  Iroops 
advancing  on  a  terrain  so  mined  are  blown  up  by  the 
rapidly  displaced  air  at  or  near  the  vicinity  of  the  ex- 
plosion, or  otherwise  injured,  by  projectdes  composed 
of  dirt,  gravel,  and  pieces  of  the  casing  contammg  the 

explosive.  ,,     ,  .       ^  rrt„  „,„ 

Galling  and  Automaltc  Machine  Guns.— -the  pro- 
jectUes  from  these  weapons  are  similar  to  the  buuets 
used  in  the  militarv  rifle  since  the  cartridge  used  by 
them  is  the  same  and  the  wounds  caused  by  either 
weapon  have  the  same  characteristic  features. 

Ballistics  .—Mo(iora  of  Projectiles.— T-wo  motions 
are  imoarted  to  bu"°ts  as  they  leave  the  muzzle  of 
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the  gun,  viz.,  a  motion  of  translation  and  a  motion  of 
rotation.  In  the  case  of  the  spherical  balls  used  in 
the  earlier  types  of  hand  weapons  the  motion  of  rota- 
tion was  one  more  of  accident  than  design.  It  was  a 
motion  of  rotation  on  an  axis  at  right  angles  to  the  line 
of  flight  of  the  bullet;  its  velocity  was  variable,  and 
the  direction  of  rotation  was  marked  by  the  last  point 
of  contact  of  the  projectile  with  the  inside  of  the  gun 


Fig.  2843. — The  Trajectory  of  a  Bullet  Traveling  in  Vacuo 


pending  on  the  direction  of  the  twist.     This  deviation 
in  elongated  bullets  is  called  the  drift. 

Trajectory. — The  curve  which  is  described  by  the 
center  of  gravity  of  a  bullet  is  known  as  its  path  or 
trajectory.  A  bullet  travelling  in  vacuo  (Fig.  2843), 
descending  to  earth  under  the  influence  of  gravity 
would  describe  a  trajectory  in  the  shape  of  a  parabola. 
Fig.  2844  shows  how  much  the  trajectories  of  our  mili- 
tary rifle  bullets  are  deformed 
by  air  resistance,  and  Fig.  2845 
shows  the  influence  of  air  re- 
sistance on  lessening  the  danger 
space.  The  effectiveness  of 
rifles  in  war  is  increased  by 
flattening  the  trajectory  and 
thereby  increasing  the  danger 
space.  The  curvature  of  the 
trajectory  is  primarily  due  to 
gravity.  A  bullet  in  flight  is 
subjected  to  the  law  of  falling 
bodies,  that  is,  the  bullet  will 
have  fallen  16.08  feet  below 
the  horizontal  plane  through 
the  muzzle  of  the  gun  in  the 
first  second;  64.32  feet  at  the 
end  of  two  seconds  and  for 
succeeding  seconds  its  rate  of 
fall  will  be  equal  to  the  square 
of  the  times  multiplied  by 
16. OS  feet.  In  order  therefore 
to  flatten  the  trajectory  of  their 
bullets  and  thereby  to  increase  the  danger  space,  gun- 
makers  seek  to  make  buUets  travel  at  great  velocities 
in  order  to  cover  as  much  space  as  possible  during  the 
descent  of  the  projectile  to  earth. 

Sectional  Density  and  Form. — At  the  same  time  that 
gun-makers  have  improved  the  interior  ballistics  of 
their  weapons  in  order  to  obtain  a  high  velocity,  they 
have  also  sought  to  maintain  that  velocity  as  much  as 
possible  by  reducing  the  air  resistance.  They  have  done 
this  by  maintaining  the  sectional  density  of  the  bullet 
at  the  same  time  that  they  have  decreased  its  diameter. 
The  form  of  a  bullet  plays  a  marked  role  in  reducing 
air  resistance.  The  resistance  offered  by  the  air  to  a 
spherical-headed  bullet  is  a  fourth  greater  than  that 
offered  to  the  ogival-headed  bullet  which  we  have  re- 
cently discarded.  With  a  view  to  diminish  the  air  resist- 
ance still  more  we  have  now  adopted  the  pointed  bullet 


barrel.  Reference  to  the  motion  of  bullets  for  our 
present  purpose  is  directed  toward  the  motion  of 
elongated  projectiles. 

Motion  of  Translation. — As  a  projectile  leaves  the 
gun  it  is  acted  upon  by  three  forces:  the  force  of  the 
explosion  which  propels  the  projectile  forward,  the 
retarding  force  of  atmospheric  air,  and  the  force  of 
gravity. 

The    Forces    of    Explosion,    Air    Resistance,    and 
Gravity. — The  force  of  explosion  is   imparted   to   the 
buUet  by  the  liberation  of  the  powder  gases.     Modern 
smokeless  powder  leaves  but  little  residue  in  the  gun ; 
the  powder  is  all  converted  into  gases  which  are  at  a 
high  temperature  and,  as  these  expanding  gases  are 
confined  in  a  small  space  they  exert  great  pressure 
on  the  waOs  of  the  gun  and  base  of  the  projectile. 
The   latter   leaves   the   gun    with    a    certain    muzzle 
velocity  which  is  known  as  the 
initial  velocity.     The   powder 
gases  cease  to  act  on  the  pro- 
jectile as  it  leaves  the  muzzle 
and  it  moves  forward  with  a 
rate  of  speed  that  is  influenced 
by  air  resistance  and  gravity; 
otherwise,  it  would  continue  to 
travel   in   space  at  a  constant 
velocity.       As  we  have  stated 
the    projectile    is    constantly 
acted   upon   by  the  retarding 
effects    of    air   resistance    and 
gravity,  until  it  is  finally  at- 
tracted  to   the   earth   by   the 
latter. 

Motion  of  Rotation. — To  keep 
the  oblong  projectfle  point  for-  q 
ward  in  its  line  of  flight  it  is 
given    a    motion    of   rotation 

coincident    with    its    long   axis.  Fig.  2S44. — Deformation  of  the  Trajectory  of  a  Rifle  Bullet  by  Air  Resistance. 

This  motion  of  rotation  is  con- 


ferred on  the  projectile  by  the  spiral  grooves  in  the 
bore  of  the  gun.  The  velocity  of  rotation  depends 
upon  the  linear  velocity  and  upon  the  sharpness  of 
the  twist  in  the  rifhng.  In  our  present  service  rifle 
the  twist  makes  one  complete  turn  in  ten  inches. 
The  rotation  imparted  by  the  rifling  keeps  the  bullet 
point  on  and  prevents  it  from  tipping,  but  it  also 
causes  the  bullet  to  deviate  to  the  right  or  left,  de- 
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In  addition  to  pointing  the  bullet  experiments  are 
now  being  conducted  with  rifle  bullets  to  ascertain 
the  effectiveness  of  a  rear  ogive  with  a  view  to  still 
further  reduce  retardation  due  to  air  resistance. 

Energy. — The  energy  which  a  bullet  exerts  on  impact 
against  a  resistant  structure  is  of  special  interest  to 
surgeons.  It  is  the  energy  of  bullets  that  enables  them 
to  break  bones  and  destroy  tissues.     Formerly  the 
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gun-maker  sought  to  increase  the  energy  of  projectiles 
by  increasing  the  mass.  To-day,  on  account  of  our 
superior  knowledge  m  the  manufacture  of  firearms, 
and  the  use  of  the  high  explosives,  gases  no  longer 
escape  b}-  the  side  of  the  bullet,  the  whole  of  the  ex- 
pansive force  of  the  high  explosives  is  exerted  on  the 


l°0  SK3  300  400  500  EOO  700       YARDS 

Fig.  2845. — The  lafluence  of  .\ir  Resistance  in  Lessening   the  Danger  Space. 

chamber  of  the  gun  and  the  base  of  the  bullet.  As  a 
consequence  the  bullet  is  shot  forth  at  increased  veloc- 
ity and  its  energy  is  correspondingly  greater.  The 
gun-makers  have  found  that  doubling  the  velocity 
increases  the  energy  of  projectiles  four-fold,  and  the 
scheme  of  attempting  to  add  to  the  energy  of  a  given 
bullet  by  adding  to  its  mass  is  no  longer  employed 
since  doubling  the  mass  only  doubles  the  energy. 


liability  to  infection;  and  for  these  reasons  they  are 
much  more  amenable  to  modern  scientific  methods  of 
treatment. 

Wounds  by  the  old  round  balls  which  measured  from 
0.63  to  0.75  calibers,  exhibited  destruction  of  tissue  in 
proportion  to  their  calibers.  The  velocity  of  pro- 
jectiles was  then  comparatively  low  and 
the  projectiles  were  prone  to  lodge,  a 
complication  which  added  to  the  dangers 
of  infection.  The  entrance  wound  was 
correspondingly  large  and  usually  round, 
surrounded  by  an  area  of  lecchymosis. 
The  walls  of  the  channel  made  by  the 
bullet  in  soft  tissues  were  more  or  less 
devitalized  and  ;  filled  with  hematoma 
which  ser\'ed  to  augment  the  tendency 
to  the  prevalent  infections  of  that  day. 
The  exit  wound  in  the  skin  was  larger 
than  the  wound  of  entrance;  it  was  not 
usually  round,!  but  triangular,  oval,  or 
star-shaped  with  'everted  edges. 

The  effects  of  these  bullets  on  osseous 

tissues  were  first  a  flattening  of  the  soft 

lead  of  which  they  were  composed,  and 

then  lodgment  of    the    missile.       When 

travehng  at  their  'maximum  velocity  of 

about  600  f.s.  these  large   bullets   caused   extensive 

damage,  though  not  so  extensive  as  that  noticed  by  the 

conoidal  bullets  of  a  later  daj'.     The  area  of  fracture 

was  not  so  widely  distributed,  but  the  detached  spicula 

of  bone  which  were  forced  in  the  surrounding  tissues 

added  to  the  dangers  of  infection. 

Wounds  by  the  cylindroconoidal  bullets  caused  ex- 
tensive destruction  of  tissue  from  the  beginning  of 


Table  I.— 

Patter 

vs  AND  Periods 

IN  THE 

Evolution  of 

Small  Arms. 

Designation 

Caliber 
and  shape 
of  bullet 

Metal 

Weight 
bullet, 
grains 

Powder, 
grains 

Initial     Effective 
velocity,     range, 
ft.  sec.        yards 

Outlines 

of 

projectiles 

Smooth-bore.  Sint-Iock 
musliet.  170O 

.7559  to 

.6929 
spherical 

Soft 
lead 

580 
to 
484 

354  to 

277  loose 
black 

590 
to 
754 

164 
to 
323 

o 

1.  Smooth-bore  muzile-loadera  of  this  type  were 
used  with  the  flint-lock  from  about  1700  to 
J840  and  with  the  percuaaion-cap  until  rendered 
obsolete  by  the  introduction  of  muzzle-loading 
rifles  and  elongated  bullets  in  the  Crimean 
War.  1854  and  1856. 

Minnie-rifle,  1851 

.6929  to 

.6771 
.  conical 

Soft 
lead 

636 
to 
5o5 

151 
black 

931 
to 
1017 

2.  First  used  in  percussion-cap  touzzle-Ioading 
rifles  which  appeared  in  Crimean  War;  used 
also  i^  Italian  War  (1S59).  the  American  Civil 
War  (1861-65)  and  by  the  Danish  and  Austrian 
troops  in  war  with  Prussia,  1S&4-66. 

to 
1093 

( ((( 

.5708 
cylindro 
conical 

Soft 
lead 

535 

151 

Jjlack 

1017 

874 

to 

3112 

(   c 

Needie-gun.  lS64snd  1367 

.  5354  oval 
.4842  oval 

Soft 
lead 

483 
and 
331 

74 
black 

981 
to 
1148 

1093 

to 
1640 

c  -) 

3.  Breech-loading  rifles  first  appeared  in  the 
Needle-gun  of  the  Prussians  in  the  wars  6( 
1864-1866-  Used  in  Franco-German  -war. 
1S70.  71  under  the  name  of  Chassepot;  by 
the  Turks  as  the  Peabody-Martini  in  the 
Ruaso-Turkish  war  of  1877-78:  under  the 
name  of  the  Gras.  in  the  Crimean  war  of 
1891.  apd  by  the  United  States  under  the 
name  of  the  Springfield  rifle  in  all  of  its  IndiaD 

.4645 
cylindro 
conical 

Soft 
lead 

385 

86 
black 

1377 

1640 

to 
2187 

( 

Graa  of  the  French,  Old 
MauserofGerniana.etc., 
SpringfieldofU,S„1873. 

.4291 
cylindro 
;  conical 

Com- 
pressed 
lead 

480 
to 
385 

70  to  81 
black 

1301 

to 
1410 

1460 

to 
2734 

( 

] 

_ 

New  Mauser  of  Germans. 
Lebel    of    the    French. 
Krag-Jergenaon  by  U.  S.. 

.3227 
CJ-Iindro 
ogival 

Hard 
lead  core 
and 
cupro- 
nickel 
case 

220 
to 
233 

43 

smokeless 

2066 

32S0 

to 
4374 

] 

4.  Breech-loading  magazine  rifles  with  reduced 
calibers,  steel  jacketed,  ogival  headed  bullets, 
with  smokeless  powder,  appeared  in  1886  and 

( 

later  adopted  by  all  nations.  Used  in  South 
American  revolutions  about  189 1  under  came 

of  Mannhcher,  and  later  '  in  the  Spanish- 
American  War  lS9S-Krag-Jergenson  and 
Spanish  Mauser. 

The  reduced  caliber  rifles 
of  England,  Germany, 
etc..  U.  S.    rifle    (New 
Springfield)  Model  1903 

.3083 
pointed 

Core  of 
lead, 
cupro- 
nickel 

150 

47  to  50 
cellulose 

2700 

5465 

5.  Breech-loading  maeazine  rifles  of  reduced 
caUber  the  same  as  No.  4  except  that  the  bullet 
is  pointed  in  shape  and  known  as  the  Bullet  S. 
Now  adopted  by  Germany.  England  and 
United  States.  First  used  in  the  Turko- 
Balkan  W:ir  in  the  German  Mauser.  1912-13. 

"^^^^^^^ 

Lesions  Caused  bt  Projectiles. — Wounds  by 
Projectiles  from  Hand-weapons. — There  have  been 
radical  changes  in  the  character  and  treatment  of  gun- 
shot wounds  in  recent  years.  Gunshot  wounds  by 
hand  weapons  like  the  military  rifle  are  not  compar- 
able to  those  of  twenty-five  years  ago,  in  severity  or 


their  use,  so  much  so,  that  accusations  and  recrimina- 
tions of  the  use  of  explosive  bullets  were  often  made 
by  combatants  in  the  wars  of  that  period.  This 
notion  was  brought  about  by  the  great  destruction 
wrought  by  the  impact  of  these  bullets  against  hard 
bone,  an  appearance  which  simulated  the  pressure  of 
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an  expanding  force  from  within.  (See  Table  I,  p.  797, 
Evolution  of  Small  Arms.)  As  may  be  surmised 
from  this  table,  the  aim  of  the  ballistician  was  directed 
toward  increasing  the  velocity  of  the  projectiles. 
This  was  done  by  securing  a  perfect  fit  of  the  projectile 
in  the  barrel  to  prevent  the  escape  of  the  expanding 


Fig.  2846. — Lodged    Conoidal    Ball,    Hadiating    Fracture.     No. 
3175  A.  M.  Museum.     Specimen  from  Civil  War,  1861-65. 

gases  by  the  side  of  the  bullet.  As  a  consequence 
the  shock  of  recoil  was  increased  to  such  an  extent 
that  the  caliber  and  weight  of  the  projectile  were 
reduced,  and  to  lessen  the  recoil  still  more,  the  amount 
of  propellant  was  also  reduced.  These  changes  had  a 
corresponding  effect  on  the  characteristics  of  gunshot 
wounds.  The  wounds  of  entrance  and  exit  were 
smaller  and  the  amount  of  devitalized  tissue,  when 
soft  parts  alone  were  involved  was  less. 


Fia.  2847.— Lesion   by   Conoidal   Ball.     From   amputated   limb. 
No.  3245  A.  M.  Museum.     Specimen  from  Civil  War,  1861-65. 

Bone  Injuries  by  Cylindroconoidal  Bullets. — When  a 
cylindroconoidal  projectile  of  about  0.45  caliber 
"f  PPened  to  collide  with  a  resistant  bone  like  the  shaft 
of  the  femur  at  proximal  ranges  not  exceeding  350 
yards,  the  pathological  lesion  inflicted  partook  of  the 
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nature  of  a  wound  with  explosive  effects.  In  such  an 
injury  the  wound  of  entrance  presented  no  special 
features  from  that  of  a  wound  of  soft  parts  alone, 
except  in  instances  where  bone  lay  immediately 
beneath  the  point  of  entrance  as  the  anterior  surface 
of  the  tibia  or  the  clavicle,  in  which  case  the  entrance 
wound  was  apt  to  exhibit  bony  sand.  The  point  of 
impact  against  the  resistant  bone  showed  loss  of  sub- 
stance, from  minute  fragmentation.  Larger  spicula 
of  bone  were  driven  in  the  flesh  about  the  area  of 
fracture  in  all  directions.  There  was  extensive 
destruction  of  soft  parts  complicated  by  hemiitomata. 
Fissures  were  present  in  the  shaft  above  and  below  the 
fracture.  The  bullet  which  was  composed  of  lead, 
was  flattened,  fragmented,  and  lodged  partly  or  en- 
tirely in  the  majority  of  instances.  The  wound  of  exit 
was  very  large,  irregular  in  shape,  measuring  in  some 
cases  three  and  four  inches  in  diameter.  The  lesion  of 
the  tissues  from  the  area  of  fracture  to  the  exit  wound  in 
the  skin  was  funnel  shaped  with  the  apex  of  the  funnel 
pointing  to  the  foyer  of  fracture,  while  the  base  was 
represented  by  the  exit  wound.     The  foregoing  marked 


A  B 

Fig.  284S. — Photograph  of  Perforation  in  Head  of  Tibia  by 
.30  cal.  German  Silver-jacketed  Bullet,  Shot  out  of  the  Experimental 
Springfield  Rifle,  into  a  Cadaver  at  a  Simulated  Range  of  1200 
Yarda  by  the  Author.  Bullet  used  is  undeformed  and  shows  to  left 
of  specimen.  (A)  Orifice  of  entrance:  (B)  orifice  of  exit.  Army 
jMed.  School  collection. 

the  typical  conditions  in  a  fracture  known  as  "explo- 
sive effects."  If  the  conoidal  bullet  happened  to 
traverse  the  epiphyseal  end  of  a  bone,  there  was  not 
so  much  tendency  to  fissuring  of  bone  or  detachment 
of  large  fragments.  The  bullet  was  apt  to  gutter 
the  bone  or  make  a  perforation  in  the  osseous  tissues, 
depending  on  the  angle  of  impact  against  the  surface. 
Guttering  and  perforation  of  the  epiphyses  were  more 
frequently  seen  at  the  mid-ranges  from  500  to  1,500 
yards.  The  differences  in  the  lesions  of  the  diaphyses 
and  epiphyses  were  wholly  due  to  the  degree  of  resist- 
ance in  the  two  structures.  The  more  spongy  bone 
having  less  resistance,  and  being  in  the  nature  of  soft 
tissues,  the  lesion  was  always  less. 

Injuries  from  Steel-clad  Bullets. — Our  earlier  knowl- 
edge of  the  effects  of  reduced  caUber  bullets  came  to  us 
as  a  result  of  experiments  which  were  conducted  by 
experimenters  on  behalf  of  the  great  governments 
during  the  decade  1882-92  at  a  time  when  there  were 
no  wars  to  test  the  value  of  the  changing  armaments 
in  battle.     The  limits  of  this  article  do  not  permit 
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extended  reference  to  this  important  subject  but  we 
may  state  here  that  the  results  of  the  experimenters 
were  later  fuUy  confirmed  by  observations  in  the  wars 
which    have    since    taken    place. 

In  the  Spanish-American  War,  at  the  battle  of 
Santiago,  we  had  the  first  opportunity  of  observing 
the  effects  of  steel-clad  bullets  of  reduced  caliber  on 


Fig.  2849. — Front  View.  Radiograph  in  case  of  W.  K.  showing 
perforation  of  upper  end  of  tibia.  Wounded  June  25,  1899,  by  a 
Krag-Jorgensen  bullet  at  a  distance  of  10  feet.  Radiograph  taken 
30  months  after  injury.  Remote  effects:  slight  weakness  and  pain 
at  site  of  wound.  ^  Good_motion  in  joint.  U.  S.  Soldiers'^Home 
collection. 

the  living.  Our  army  carried  the  0.30  caliber'Krag- 
Jorgensen  rifle,  while  the  Spaniards  used  the  Spanish 
Mauser  of  0.27.6  caliber.  The  ballistic  value  of  the 
two  guns  was  very  much  alike  and  the  wounds  noticed 
on  both  sides  were  very  similar.  In  the  Anglo-Boer 
War,  the  Boers  carried  the  Spanish  Mauser  whose 
features  are  very  much  the  same  as  the  Mauser  of  the 
Spaniards  already  referred  to.  Their  forces  were  also 
provided  with  some  Krag-Jorgensen  rifles  and  a  few 
Martini-Henry's  but  the  bulk  of  the  wounds  according 
to  British  returns  were  inflicted  by  the  Spanish 
Mauser.  The  British  troops  were  provided  with 
their  0.303  caliber  Lee-Enfield  whose  ballistics  cor- 
respond to  those  of  the  Krag-Jorgensen.  In  the 
Russo-Japanese  war  the  Russians  carried  the  0.30 
caliber  Mossin-Nagant,  a  gun  very  much  like  the 
Krag-Jorgensen  in  ballistic  value.  The  Japanese 
army  was  provided  with  two  rifles  very  similar  in  the 
wounds  which  they  inflicted.  The  first  line  of  their 
army  carried  the  Arisaka  rifle  of  0.25.6  caliber  which 
has  a  muzzle  velocity  of  2,390  f.s.;  the  weight  of  pro- 
jectile, 162  grains.  The  rest  of  the  army  carried  a 
gun  which  as  to  caUber,  velocity,  and  penetration 
corresponded  to  our  Krag-Jorgensen,  and  the  Lee- 
Speed  of  the  British  ten  years  ago.  In  a  general  way 
it  may  be  stated  that  the  wars  just  mentioned  were 
fought  with  the  use  of  hand  rifles  that  were  quite 
simOar  and  the  projectUes  from  these  guns  inflicted 
wounds  having  great  similarity.  On  the  other  hand 
the  last  great  war,  viz.,  the  Turko-Balkan  War  of 
1912-13  showed  a  marked  departure  in  the  use  of 
armaments,  and  the  wounds  received  wiU  be  specially 
referred  to  later.  The  troops  of  the  Balkan  States 
were  armed  with  the  Mannlicher  rifle  of  reduced  caliber 
which  about  corresponds  to  the  Krag-Jorgensen  gun 
with  which  we  fought  the  Spanish-American  War. 
Their  army  was  well  provided  with  three-inch  field 
guns  using  shrapnel.  The  gunners  were  well  drilled 
in  the  system  of  indirect  fire,  and  the  large  number  of 
casualties  from   this   arm   has   formed   a   subject   for 


special  comment  by  military  critics  and  surgeons 
generally.  The  Turkish  army  was  provided  with 
the  German  Mauser  rifle  which  uses  the  pointed 
bullet  so  recently  adopted  by  Germany,  England,  and 
the  United  States.  The  effects  of  this  bullet  were 
tested  on  the  living  for  the  first  time  in  this  war.  The 
lesions  which  it  produces  at  times  are  quite  a  departure 
from  those  noticed  hitherto  as  a  result  of  Injuries  by 
steel-clad  reduced  caliber  bullets. 

Concerning  the  effects  of  the  ogival  headed  bullets 
of  reduced  caliber  in  the  Spanish-American,  Anglo- 
Boer,  and  Russo-Japanese  Wars  the  characteristic 
lesions  are  quite  similar  and  they  may  be  summarized 
as  follows:  The  wound  of  entrance  in  the  proximal 
ranges  before  the  bullet  has  become  steadied  in  flight, 
is  at  times  larger  than  one  finds  it  in  the  battle  and 
remote  ranges.  The  outline  of  the  entrance  wound 
depends  upon  the  angle  of  impact  with  the  surface — 
it  is  round  if  the  bullet  impinges  perpendicularly,  and 
oval  if  it  strikes  at  a  tangent.  In  skin  overlying  bone, 
over  the  tibia,  sacrum,  etc.,  the  wound  appears  larger 
than  the  diameter  of  the  bullet,  while  in  skin  with 
underlying  areolar  tissue  like  the  scrotum,  the  wound 
of  entrance  appears  smaller  than  the  bullet,  it  is 
irregular  In  shape,  but  more  often  marked  by  a  linear 
slit.  When  irregular,  the  entrance  wounds  suggest 
the  passage  of  a  ricochet  bullet  through  the  skin. 
The  edges  of  the  entrance  wound  are  usually  inverted 
or  depressed  at  first  and  they  are  covered  with  dirt 
from  the  gases  of  the  propellant  and  dirt  from  other 
sources.  The  friction  of  the  projectile  in  passing 
through  the  skin  leaves  a  flesh-colored  ring  composed 
of  the  cuticle  deprived  of  its  epithelium,  which  appears 
under  the  dirt  referred  to.  The  denuded  cuticle 
soon  dries  and  its  pink  coat  turns  to  brown.  The 
ecchymosis  so  common  around  the  wound  of  entrance 
from  the  older  and  larger  bullets,  is  not  so  marked 
after  wounds  of  reduced  caliber. 

The  exit  wound  is  more  variable  in  shape  and  larger 
as  a  rule  than  the  entrance  wound.  The  wounds  of 
entrance  and  exit  in  the  proximal  ranges  when  a  regu- 
lar impact  has  been  made  in  soft  tissues,  bear  great 
similarity  and  it  is  difficult  to  distinguish  the  one  from 


Fig.  2850. — Skiagram  Showing  Side  View  of  Fig.  2S49. 

the  other,  a  fact  which  should  be  remembered  on 
account  of  its  medicolegal  importance.  As  already 
stated  the  entrance  wound  may  show  inverted  edges, 
while  in  the  exit  wound  the  edges  are  usuallj'  everted. 
In  soft  parts  alone  the  exit  wound  is  round.  It  is 
lacerated  when  the  projectile  passes  through  loose  skin 
at  moderate  velocity,  and  slit  like  if  it  makes  its  exit  at 
the  higher  velocities.     Exit  wounds  showing  the  great- 
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est  size  and  irregularity  are  seen  after  compact  bone 
injuries  when  the  velocity  of  the  bullet  is  at  its  maxi- 
mum. The  exit  wound  in  such  cases  may  be  several 
inches  in  diameter,  presenting  all  of  the  characteristics 
of  a  wound  with  explosive  effects  (Fig.  28.51). 

Reduced  caliber  bullets  are  seldom  deflected,  they 
travel  in  a  straight  line  from  the  point  of  entrance  to 
their  place  of  lodgment  or  wound  of  exit.  The 
channel  through  the  soft  parts  is  incised,  like  the  chan- 
nel of  a  wound  by  a  knife.  It  has  but  few  of  the 
lacerated  and  contused  appearances  seen  in  wounds 
caused  by  larger  bullets  possessed  with  lower  velocities. 


yards,  the  bone  lesion  is  attended  with  all  the  features 
of  explosive  effects  in  wounds  such  as  those  referred 
to  by  the  larger  conoidal  lead  bullets.  In  the  mid- 
ranges  the  tendency  in  bone  lesion  is  toward  perfo- 
rations, incomplete,  and  subperiosteal  fractures.  The 
fissures  are  longer  and  the  bone  fragments  when  actual 
fracture  takes  place  are  not  so  badly  displaced  as  they 
are  in  the  near-by  ranges.  In  remote  ranges  the  dia- 
physes  again  show  decided  fracture  with  more  marked 
displacement  of  fragments,  a  fact  which  has  been 
noted  by  all  experimenters  and  which  is  ascribed  to 
irregular  impact  of  the  bullet  after  it  loses  its  balance 


Fig.  2851. — Exit  Wound  Showing  Explosive  Effects  on  Bone  by  Japanese  Kifle  at  Short  Range.     Russo-Japanese  War.      (Lynch.) 


The  tissues  surrounding  the  bullet's  channel  show  the 
presence  of  hemorrhage,  slight  contusion,  and  en- 
gorged vessels.  The  track  itself  contains  hematomata. 
Perforations  in  tendons  and  the  more  resistant  fasci;e 
are  slit  like  in  shape,  but  a  tendon  may  be  cut  across 
when  the  bullet  makes  an  impact  side  on.  On  account 
of  its  smaller  frontage  the  new  military  rifle  bullet 
carries  less  foreign  matter  such  as  shreds  of  clothing, 
part  of  the  equipment  of  soldiers  in  wounds,  etc.,  than 
the  old-time  larger  projectiles. 

Injury  to  Blood-vessels. — From  the  incised  character 
of  the  lesion  in  soft  parts  injuries  to  blood-vessels  are 
more  common  in  war  wounds  now  than  formerly. 
These  small  steel-clad  projectiles,  cut  small  vessels 
across  and  they  scoop  larger  vessels  on  the  side,  like 
a  knife.  The  largest  vessels  are  perforated  at  times 
leaving  an  orifice  of  entrance  and  exit  with  a  band  on 
each  side.  The  clean-cut  character  of  the  wound  in 
the  coats  of  the  vessels  favors  hemorrhage  in  the 
tissues,  causing  traumatic  aneurysms;  and  when  the 
hemorrhage  occurs  in  the  body  cavities  death  ensues 
more  promptly  than  heretofore.  The  narrow  track 
of  the  buUet  in  muscle  and  soft  parts  is  readily  ob- 
structed by  a  change  in  the  position  of  adjoining 
layers  of  muscle  and  fascia,  so  that  a  vessel  in  a  limb 
is  not  attended  with  alarming  external  primary 
hemorrhage  as  often  as  formerly. 

Injury  to  Bone. — In  war  twenty-two  per  cent,  of  all 
gunshot  wounds  were  formerly  complicated  with  bone 
injury.  The  change  in  the  armament  from  the  larger 
to  smaller  calibers,  in  so  far  as  recent  wars  are  con- 
cerned, has  not  altered  the  above  noted  percentage. 

Injury  to  the  diaphyses  of  long  bones  by  the  jacketed 
buUet  is  marked  by  extensive  fragmentation  in  the 
proximal   ranges.     Within    the    first    three    hundred 
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in  the  latter  end  of  its  trajectory.  The  observations 
of  the  experimenters  on  this  point  have  been  repeat- 
edly confirmed  by  surgeons  in  recent  wars.  It  has 
again  and  again  been  noted  that  a  bone  lesion  inflicted 
at  2,000  yards  is  decidedly  more  fragmented  than  one 
which  is  received  at  1,000  to  1,200  yards. 

Injury  to  epiphyseal  ends  of  bones  is  marked  by 
clean-cut  perforations  at  all  ranges  when  the  bullet 
makes  a  regular  impact.  The  joint  ends  of  bone  are 
made  up  of  soft  cancellous  tissue  and  unlike  the  com- 
pact substance  of  the  diaphyses  they  offer  but  little 
resistance,  hence  the  limited  area  of  destruction  at 
the  point  of  impact.  This  characteristic  effect  of  the 
new  militar}^  rifle  bullet  on  joints  has  contributed 
materially  to  the  number  of  humane  wounds  in  recent 
wars. 

Injuries  to  the  Head. — Anteroposterior,  transverse, 
and  oblique  shots  through  the  cranium  at  proximal 
ranges  are  marked  by  decided  explosive  effects.  In 
such  injuries  one  finds  numerous  fissures  radiating 
toward  each  other  from  the  points  of  entrance  and 
exit  in  the  vault,  while  fractures  extending  through 
the  temporal,  sphenoid,  and  other  bones  at  the  base  of 
the  skull  are  not  infrequent.  In  suicides  who  hold 
the  muzzle  of  the  gun  at  contact  the  skull-cap  and 
overlying  skin  are  often  blown  entirely  away.  At 
the  battle  ranges  from  800  to  1,.500  yards  the  destruc- 
tive effects  are  not  so  great.  At  these  ranges  lesions, 
obliquely  and  transversely  disposed,  when  properly 
treated  have  shown  marked  tendency  to  recovery  in 
recent  wars. 

Effects  of  the  Pointed  or  Spitz  Bullet  of  the  Germans. — 
The  pointed  bullet  referred  to  was  adopted  by  our 
army  in  1906,  and  it  is  now  used  in  the  military  rifles 
of  England  and  Germany.     It  was  first  used  in  war 


REFERENCE    HAXDBOOK   OF   THE   MEDIC.\L   SCIENCES 


Gunshot  Wounds 


bv  the  Turkish  armv  in  the  recent  Turko-Balkan  War. 
(Fig.  2S.52).  The  U.  S.  .\rray  bullet  is  1.08  inches  in 
length;  0.3083  inch  in  diameter;  weight  1.50  grains;  the 
jacket  is  composed  of  cupro-nickel  steel.  Its  velocity  of 
translation  is  2700  f.s.  at  the  muzzle  and  the  velocity 
of  rotation  is  3240  turns  per  second 
as  it  leaves  the  weapon.  The  point- 
blank  range  while  firing  standing  is 
718.6  yards.  Such  a  flat  trajectory 
makes  the  bullet  very  popular  with 
military  men. 

The  bullet  is  short,  and  the  point 
is  so  tapering  that  its  center  of 
gravity  is  located  near  its  base.  Its 
stabiUtj-  is  very  much  impaired 
thereby.  The  least  resistance  up- 
.sets  it  and  in  turning  at  great 
velocity  (Fig.  2853),  the  w-ounds  it 
inflicts  are  ver}-  much  lacerated  and 
otherwise  attended  with  destructive 
effects  which  are  not  unlike  the 
wounds  inflicted  by  Dum-Dum 
bullets.  For  this  reason,  the  new 
pointed  bullet  is  a  great  disappoint- 
ment to  military  surgeons.  In 
experiments  which  we  conducted 
two  years  ago,  we  found  the  resist- 
ance encountered  in  the  hip-joint, 
chest  and  abdomen  of  cadavers 
sufficient  to  cause  the  bullet  to  turn 
and  the  resulting  wounds  were  like 
those  of  an  expanding  or  metal- 
patch  bullet  (Fig.  2854). 

Colonel  Roosevelt,  in  his  "  African 
Game  Trails,"  refers  to  the  wounds  of  the  pointed 
bullet  as  having  a  slashing  effect  against  large  game. 
At  280  and  again'  at  180  j-ards  he  brought  down  two 
bulls  each  with  one  shot,  the  bullet  making  "a  terrific 
rending  compared  with  the  heavier  ordinarj'  shaped 
bullet  of  the  same  composition."  At  350  yards  he 
killed    a    hyena.      Its    throat    was    cut,    the    sharp- 


FiG.  2So2. — Photo- 
graph Showing  Turk- 
ish Cartridge  and 
Pointed  Bullet  Used 
in  the  Turko-Balkan 
War. 


Fig.  2853. — Experimental  Shot  in  Cadaver.  Keyholing  of 
pointed  bullet  in  blotting  paper  behind  target  after  going  through 
hip-joint  at  a  simulated  range  of  100  yards. 

pointed  bullet  made  a  slashing  wound. 

Among  the  Bulgarian  casualties  in  the  Turko-Balkan 
War  of  1912-13,  the  ratio  of  killed  to  wounded  was  1  to 
2.4,  a  much  higher  ratio  than  has  been  noted  in  any  of 
the  recent  wars  and  the  surgeons  believe  that  the  mor- 


Fig.  2S54. — Explosive  Effects  in  Right  Thigh  of  a  Cadaver  Due 
to  Pointed  Buliet  Shot  out  of  U.  S.  Magazine  Rifle  at  Simulated 
Range  of  100  Yards.  Entrance  wound  round,  size  of  bullet. 
Exit  wound  6  inches  long,  by  3  inches  wide:  opening  large  enough 
to  admit  fist.  Bullet  hit  femur  in  middle  third  causing  extensive 
fragmentation  and  it  then  struck  head  of  barrel  behind  the  target, 
side  on.     Array  Medical  School  collection. 


Fig.  2855. — Skiagram  of  Fractured  Humerus  with  Explosive 
Effects  by  Turkish  Bxiliet  at  Battle  of  Lulu  Bergas^  400  Meter 
Range. 


Vol.  IV.— 51 


80i 


Ganshot  Wounds 


REFERENCE   HANDBOOK   OF   THE    MEDICAL    SCIENCES 


tality  list  was  materially  increased  by  the  use  of  the 
spitz-bullet  used  by  the  Turks. 

Those  with  body  wounds  inflicted  by  this  bullet  sel- 
dom lived  to  reach  hospital  care.  Abdominal  wounds 
were  very  fatal  and  chest  wounds  ending  in  recovery 
were  very  prone  to  complications  Uke  hemothorax, 
pleuritis,  pneumonia,  etc.  (Fig.  28.55.)  The  per- 
centage of  lodged  balls  was  large,  and  this  is  what 
we  might  expect  from  the  poor  balance  of  the  buUet 
as  already  noted. 


Fig.  2S56.- 


-Skiagram  Showing  Obli  lue  Fracture  of  the  Tibia  by 
Ricochet  Turkish  Pointed  Bullet. 


War  wounds  by  the  military  rifle  are  destined 
to  be  much  more  grave  in  tlie  future.  Body  wounds 
will  be  attended  with  greater  fatality;  bone  injuries 
will  be  more  extensive,  and  the  humane  features  of 
reduced  caliber  wounds  so  universally  noted  in  others 
of  the  recent  wars  in  tissues  like  the  lungs  and  epi- 
physeal ends  of  bones  will  be  less  frequently  seen. 

The  Sloppifig  Poxcer  or  Shock  Effects  of  Rifles,  Pistols 
and  Rei'olvers. — The  stopping  power  of  projectiles 
from  firearms  is  of  material  importance  to  hunters 
after  large  game,  in  war  against  savage  tribes,  in 
warfare  against  horses  in  a  cavalry  charge,  and  between 
enemies  in  personal  combat.  Under  the  circumstances 
mentioned  when  firearms  are  used  the  weapon  that 
stops  an  enemy  by  the  shock  of  impact  most  effectuallv, 
lends  a  sense  of  security  to  the  party  who  is  doing  the 
shooting  and  such  a  weapon  is  considered  far  more 
valuable  on  account  of  its  stopping  power. 

The  stopping  power  of  the  reduced  caliber  rifles  of 
the  present  day  has  been  sufiSciently  tested  in  war  in 
the  last  few  years  to  demonstrate  that  it  is  sufficiently 
effective  for  all  the  purposes  of  civilized  warfare. 
When  a  soldier  is  hit  in  battle  bv  the  new  bullet,  he 
generally  falls  back.  On  the  other  hand  it  is  of  doubt- 
ful value  on  horses  in  a  cavalry  charge,  and  it  is  nota- 
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bly  so  against  fanatics  and  savage  tribes.  Against 
these  the  only  recourse  is  to  file  the  nose  of  the  steel 
jackets  to  invite  deformation  on  impact  against 
structures  having  sufficient  resistance  to  break  the 
buUet  up.  When  this  occurs  the  destructive  effects 
are  very  much  increased,  and  the  reduced  caliber 
jacketed  buUets  are  as  effective  as  the  larger  lead 
bullets  have  shown  themselves  to  be. 

The  stopping  power  of  revolvers  carrying  lead 
bullets  like  our  0.38  Colt's  revolver  of  a  few  "years  ago, 
was  often  questioned  in  encounters  against  fanatics, 
especially  during  the  Philippine  Insurrection.  Fig. 
28.58  shows  how  signally  a  number  of  body  wounds  from 
this  weapon  can  fail  entirely  in  .stopping  a  determined 
enemy.  Instances  of  failure  such  as  is  cited  in  this  case 
made  the  stopping  power  of  our  revolver  very  question- 
able,   and    for    this    reason,    the    War   Department 


Fig.   2S57. — Skiagram  Showing  a  Lodged  Turkish  Rifle  Bullet. 

recently  constituted  a  board  to  investigate  the  shock  I 
effects  of  various  pistols  and  revolvers  for  the  purpose  1 
of  determining  upon  a  weapon  that  should  have  the  j 
stopping  power   and   shock   effects   at   short   ranges  I 
necessary  for  a  pistol  in  the  military  service.     The  f 
board  was  composed  of  Col.  John  T.  Thompson  of  J 
the     Ordnance    Department    and    the    writer.     Thef 
board  was  furnished  a  number  of  pistols  and  revolvers- 1 
with   certain    ammunitions    as   shown   in    Table    II. 
The  table  shows  that  the  extreme  range  in  calibers 
was  between  0.476  inch  and  0.3012  inch.     To  increase 
destructive  effects  and  to  add  to  the  stopping  power, 
soft-nose,  and  metal-patch  bullets  were  used.     In  the 
full  jacketed  bullets,  destructive  effects  were  magnified 
by  filing  the  nose  of  the  steel  envelope  enough  to  ex- 
pose the  lead  core. 

The  form  of  bullets  which  adds  to  their  destructive  ef- 
fects, such  as  bullets  with  truncated  cone,  spherical  seg- 
ment, blunt-point,  hole-in-point,  cupped  nose,  and  one 
bullet  with  a  |hole-in-point  filled  by  a  copper  shell 
primed  and  charged  (explosive  bullet)  were  used. 

The  extreme  variation  in  the  weight  of  projectiles 
was  between  92.6  grains  and  288.1  grains. 

The  lowest  initial  velocity  among  the  projectiles 
was  700  f.s.  and  the  highest  was  1420  f.s. 

The  lowest  muzzle  energy   was   191   foot-pounds. 
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Fig.  2S5S. — Antonio  Caspi  a  Prisuuer  uq  the  Island  of  .Saiiiiir,  F.  I.  Attempted  to  escape  Oct.  26.  1905.  lie  was  shot  four  times  at 
close  range  in  a  hand-to-hand  encounter  by  a  .38  cal.  Colt's  revolver  loaded  with  U.  S.  Army  regulation  ammunition.  He  was  finally 
stunned  by  a  blow  on  the  forehead  from  the  butt-end  of  a  Springfield  carbine.  1.  Bullet  entered  chest  near  right  nipple,  passed  upward, 
backward  and  outward,  perforated  lung,  and  escaped  through  back  passing  through  edge  of  right  scapula.  2.  Bullet  entered  chest  near 
left  nipple,  passed  upward,  backward  and  inward,  perforated  lung  and  lodged  in  back  in  subcutaneous  tissues.  3.  Bullet  entered  chest  near 
left  shoulder,  passed  downward  and  backward,  perforated  lung  and  lodged  in  back.  4.  Bullet  entered  palm  of  left  hand  and  passed 
through  subcutaneous  tissues  and  escaped  through  wound  on  anterior  surface  of  forearm.  Treated  at  military*  hospital,  Borongan, 
Samar.     Turned  over  to  civil  authorities  cured,  Nov.  23,  1905.     Reported  by  L.  P.  Lewald,  1st  Lieut.  Medical  Corps,  U.  S   Army. 

Table  II. — Pistols  and  Revolvebs  with  Vabious  Shapes  of  Bullets. 


Model        Caliber 


Shots  in 
magasine 


Powder  charge 


orcyl.      Weight       ^^^ 


Weight  I       ,..    .  Shape  of     Muz- 37  i    75       MumIp 

gr.      ,       ^'"^       '       point  z\e      yd.     yd.      >>""le 


Velocity  f.  s  at     ^""^^ 


1.  Luger    Automatic       Medium 

Pistol.  barrel  3012 


3.  Luger  Automatic  !  Short  barrel 
Pistol. 


3.  CoU'3  Revolver. . 


4.  Colt's  Automatic 
Pistol. 


5.  Colt's   Automatic 
Pistol. 


6.  Colt's  Revolver. 


7.  Colt's  Revolver. 


Army,  1903 


Military 
1902 


Military 
;902 


New  Service        45 


New  Service!       45 


».  Colt's  Revolver. .  .(New  Service 


9.  Colt's  Revolver.. 


10.  Colt's  Revolver. 


New  Service 


Smoke- 
-  less 


Boll's  eye 


Bull's  eye 


Truncated 
cooe 


123  5  1  Jacketed     Truncated 
cone 


Sph.  seg. 


Sph.  seg. 


Sph.  seg. 


Lead        Blunt  point 


Hole  in 
point 


Lead, 
explosive 


Cupped 


Sph.  seg. 


Sph.  seg. 


1420  1258  1133   415 
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and  the  highest  was  415  foot-pounds.     The  weapons 
were  selected  for  their  value  in  ballistic  elements  and 
not  for  a  test  of  their  mechanism. 
The  following  ranges  were  selected : 

1.  Extreme  range,  seventy-five  yards. 

2.  Medium  range,  thirty-seven  and  one-half  yards. 

3.  Short  or  close  range,  near  the  muzzle.  Simu- 
lated velocities  were  used  for  the  first  two  ranges. 

In  all  of  its  experiments  the  board  fired  into  ten 
cadavers,  sixteen  beeves,  and  two  horses. 

In  the  case  of  cadavers  the  degree  of  shock  effects 
was  estimated  by  the  amount  of  oscillation  which  was 
noted  in  a  limb  from  the  impact  of  a  bullet  when  the 
body  was  suspended  by  the  neck.  The  amount  of 
shock  effects  as  measured  by  this  standard  was  always 
proportional  to  (1)  the  sectional  area  of  the  bullet, 
(2)  the  resistance  on  impact,  and  (3)  the  amount 
of  tissue  destroyed. 

The  diaphyses  of  the  long  bones  offered  the  greatest 
resistance  and  at  the  same  time  they  exhibited  the 
greatest  amount  of  destruction,  and  the  destruction 
in  the  hard  bone  was  always  greater  with  the  use  of 
the  larger  calibers. 

The  shock  effects  on  living  animals  had  to  be  deter- 
mined by  the  behavior  of  projectiles  on  (1)  vital  parts, 
(2)  non-vital  parts,  (3)  the  anatomy  necessary  to 
locomotion  or  parts  essential  to  activity. 

All  shots  against  vital  parts,  naturally  showed 
prompt  and  complete  stopping  power. 

For  shots  in  non-vital  parts  like  the  lungs,  liver, 
intestines,  etc.,  exclusive  of  large  vessels,  the  stopping 
power  increased  with  the  sectional  area  of  the  project- 
ile. It  was  notably  less  with  the  smaller  projectiles 
notwithstanding  their  superior  energy. 


FlQ.  2859. — Fracture  of  Humerus  by  Colt's  New  Service 
Revolver  .45  cal.  Bullet  with  Blunt  Point,  Close  Range.  Army 
Medical  School  collection. 

The  stopping  power  of  bullets  was  considered  posi- 
tive in  fractures  of  the  long  bones  concerned  in 
locomotion  or  parts  essential  to  activity.  In  accord- 
ance with  this  standard  all  the  bullets" submitted  for 
trial  possessed  sufficient  stopping  power.  The  stop- 
ping power  of  the  larger  calibers  was  considered  posi- 
tive in  gunshots  of  the  epiphyseal  ends  of  bones  enter- 
ing into  the  formation  of  the  ankle,  knee,  hip,  and 
shoulder,  and  doubtful  when  these  structures  were 
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traversed  by  the  small  0.3012  inch  jacketed  bullet  of 
the  Luger  pistol. 

Contrary  to  a  popular  notion,  metal-patch,  soft 
nose,  and  enveloped  projectiles  with  marred  jackets 
faUed  to  show  superior  destructive  effects  in  soft  parts 
or  the  epiphyseal  ends  of  bones.  These  structures 
did  not  offer  sufficient  resistance  to  invite  deformation 
and  the  lesions  were  quite  similar  to  those  inflicted  by 
the  full  jacketed  bullets. 
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Fig.  2800. — Fracture  of  Femur;  Colt's  New  Service  Revolver  J 
.  15  cal.  Carrying  a  Bullet  with  Hole  in  Point,  Close  Range.  [ 
.•Vrniy  Medical  School  collection. 

In  some  quick  firing  experiments  on  beeves  it  was  ] 
found  that  the  small  caliber  projectiles  of  the  7.65  j 
millimeters  Luger  failed  to  bring  the  animals  to  the  I 
ground  until  as  many  as  ten  shots  were  delivered  in 
the  chest  or  abdomen  away  from  the  spine  and  large 
vessels.  Similar  experiments  with  the  0.47.6,  0.45.5 
and  0.45  caliber  Colts  new  service  revolvers  brought  the 
animals  to  the  ground  promptly  in  from  three  to  five 
shots.  All  of  the  bullets  in  the  quick  firing  experi- 
ments lodged,  so  that  every  particle  of  energy  was 
delivered  and  dissipated  in  the  body.  It  was  evident 
therefore  that  the  energy  of  a  buliet  is  not  so  much 
concerned  in  producing  shock  effects,  as  is  its  sectional 
area.  This  failure  of  the  smaller  caliber  automatic 
pistols  set  at  rest  the  claims  of  the  makers  that  the 
superior  energy  and  velocity  of  their  weapons  was  a 
controlling  factor  in  stopping  power.  It  became 
evident  from  these  quick  firing  experiments  that  a 
bullet  which  possesses  the  stopping  power  and  shock 
effects  at  short  ranges  necessary  for  a  military  pistol 
or  revolver  should  be  a  caliber  not  less  than  0.45  inch 
in  diameter. 

Aside  from  the  value  of  the  experiments  as  they 
relate  to  stopping  power,  there  were  features  in  the 
lesions  produced  by  the  different  bullets  on  bone 
especially  that  will  "interest  both  the  civilian  and 
military  surgeon.  To  the  latter  pistol  bullet  wounds 
composed  of  lead  are  a  thing  of  the  past  since  all 
military  nations  have  adopted  automatic  pistols 
which  can  carry  only  steel-clad  bullets. 

To  the  civilian  practitioner  the  lesions  will  be  of 
like  interest  since  the  automatic  weapons  are  finding 
favor  more  and  more  in  civil  communities,  and  the 
wounds  which  general  practitioners  deal  with  in  civil 
hospitals  will  soon  be  almost  exclusively  from  steel- 
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clad  buUets.  We  herewith  give  Illustrations  from 
skiagrams  made  at  the  time  of  the  experiments  re- 
ferred to,  which,  with  the  captions,  show  at  a  glance 
the  differences  between  the  lesions  of  lead  and  jacketed 
projectiles  (Figs.  2So9-2S62). 

In  the  foregoing  pages  we  have  had  frequent 
occasion  to  refer  to  the  subject  of  explosive  effects  in 
gunshot  wounds.  The  term  so  employed  is  descrip- 
tive of  extreme  traumata  that  one  occasionally  sees  in 
wounds  by  high  velocity  projectiles  of  the  military 


Fig.  2861. — Fracture  of  Tibia  from  Man-stopper  Bullet  Fired 
from  Colt's  Revolver  Xew  Service  Cal.,  .455,  Velocity  704  f.s 
Bullet  fragmented  and  lodged  just  under  skin.  Army  Medical 
School  collection. 

rifle  in  the  proximal  ranges.  The  extreme  lesions 
referred  to  are  more  often  seen  in  wounds  against 
resistant  osseous  structures  although  the  organs 
containing  fluid  or  semi-fluid  masses  like  the  stomach, 
intestines  and  urinary  bladder  may  exhibit  simUar 
lesions.  In  a  gunshot  wound  showing  explosive 
effects  when  bone  is  implicated,  the  wound  of  entrance 
presents  no  special  features  except  that  in  a  certain 
proportion  of  cases  it  may  contain  bony  sand.  The 
resistant  bone  at  the  point  of  impact  is  finely  com- 
minuted, and  small  particles  of  osseous  tissue  will 
appear  driven  in  all  directions,  forward,  laterally,  and 
backward  in  the  soft  parts.  The  latter  will  be  pulpi- 
fied  and  totally  deprived  of  their  vitality  for  some 
distance  about  the  bullet's  channel.  The  exit  wound 
will  be  very  large,  as  much  as  9  to  12  inches  in  area. 
Torn  muscles,  tendons,  lacerated  nerves,  mingled 
with  pieces  of  bone  give  the  appearance  of  an  explo- 
sion having  occurred  from  within,  and  such  lesions 
are  not  unlike  the  lesions  caused  by  explosive  bullets, 
bullets  that  are  charged  with  gunpowder  and  provided 
with  a  cap  on  their  point  to  cause  actual  explosion  on 
impact,  hence  the  term  "explosive  effects"  in  these 
wounds. 

]Many  writers  have  advanced  theories  to  explain 
these  distinctive  effects  by  the  high-power  rifles; 
they  have  been  ascribed  in  turn  to  (a)  compressed  air 
which  was  said  to  be  massed  on  the  nose  of  the  pro- 
jectile, as  it  was  forced  onward;  (h)  hydraulic  pressure; 
(c)  the  rotation  of  the  oblong  projectiles;  (d)  deforma- 
tion of  the  bullet,  and  (e)  heating  of  the  bullet.  It 
may  be  proper  to  admit  that  the  agencies  under 
(b),  (c),  and  (d)  have  in  a  minor  degree  some  contrib- 


uting influence  in  bringing  about  part  of  the  destruc- 
tive effects,  but  explosive  effects  such  as  we  have  de- 
scribed, have  been  explained  otherwise. 

The  True  Cause  of  Explosive  Effects. — Examination 
of  the  area  of  fracture  and  the  funnel-shaped  channel 
of  a  gunshot  wound  with  explosive  effects  shows  the 
presence  of  spicula  of  bone,  and  when  the  bullet  has 
disintegrated,  metallic  particles  will  be  found  to  have 
been  forced  into  the  tissues  in  all  directions.  Each 
particle  of  bone  and  metal  appears  to  have  been 
animated  by  a  force  which  caused  it  to  act  as  a  sec- 
ondary projectile.  These  secondary  projectiles  have 
in  reality  been  impressed  by  part  of  the  energy  which 
the  bullet  possessed  on  impact,  and  the  amount  of 
energy  in  each  particle  is  proportional  to  the  amount 
of  remaining  velocity  which  the  bullet  possessed 
when  coUiding  with  the  bone.  When  the  projectile 
collides  against  the  wall  of  a  cavity  containing  fluid, 
the  latter  is  dispersed  and  part  of  the  energy  of  the 
bullet  is  transferred  to  particles  of  the  fluid  contents 
and  they  in  turn  are  propelled  forth  to  act  as  sec- 
ondary projectiles.  The  true  cause  of  explosive 
effects  is  the  transfer  of  the  bullet's  energy  to  par- 
ticles of  its  own  composition  when  it  disintegrates, 
as  well  as    to  spicula   of  bone,  particles  of  fluid,  or 


Fig.  2SG2. — Fracture  of  Femur  by  Colt's  New  Service  Uevolver, 
Carrying  Man-stopper  Bullet,  Caliber  .455  w-ith  Simulated  Velocity 
at  37  ^  Yards.  Note  butterfly  character  of  fracture.  Army 
Medical  School  collection. 

soft  tissues.  The  degree  of  destruction  is  measured 
by  the  amount  of  energy  originally  possessed  by 
the  bullet,  and  the  amount  of  the  latter  corresponds 
to  the  velocity  of  the  projectile  on  impact.  Sec- 
tional area  and  deformation  of  the  bullet  favor  de- 
struction of  ti.ssue,  but  they  are  not  essential,  because 
we  know  that  the  lesions  from  small  jacketed  bullets 
often  exhibit  all  th?  ch  iracteristics  of  wounds  with 
explosive  effects  when  the  bullet  itself  has  not  been 
deformed. 

805 


Gunshot  Wounds 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


WOITNDS    OF    THE     ARTILLERY     ArM. This     claSS    of 

wounds  is  inflicted  by  shells,   shell  fragments,   and 
shrapnel. 

Shell  wounds  more  often  result  from  shell  fragments. 
They  are  lacerated,  contused  and  correspond  to  the 
size  of  the  missUe.  Since  the  missiles  are  impressed 
by  low  velocity,  lodgment  of  metallic  fragments  is 
very  frequent.  When  the  whole  shell  strikes  the 
body  it  carries  everything  before  it,  and  when  it 
makes  a  central  impact  it  leaves  a  hole  in  the  body 
corresponding  to  its  caliber,  and  adjoining  viscera 
are  dislodged  and  scattered.  When  a  limb  has 
been  carried  away  the  stump  presents  a  level  surface 
with  tissues  very  much  contused.  The  skin  and 
muscles  are  devoid  of  the  contractility  that  is 
normally  present  in  amputated  limbs.  Injuries 
by  the  whole  shell  while  traveling  at  lower  velocity 
are  marked  by  more  laceration  of  the  skin  and  other 
soft  parts,  the  bone  exhibits  larger  spicula,  and  the 
fissures  in  the  shaft  remaining,  are  longer.  There  is 
more  e.xtravasated  blood  and  greater  contusion. 
Trauma  from  spent  shells  may  not  exhibit  external 
evidence  of  injury  although  disorganized  tissues, 
lacerations,  contusions  and  crushing  of  soft  parts 
with  or  without  bone  injury  are  present. 

Except  in  fortified  positions  and  on  board  ship  shell 
wounds  are  infrequent  in  modern  wars.  In  the 
field  nearly  all  the  artillery  casualties  in  recent 
wars  like  the  Spanish-American,  Anglo-Boer,  Russo- 
Japanese,  and  Turko-Balkan  wars  were  caused  by 
bursting  shrapnel.  The  large  majority  of  the  shell 
roounds  reported  in  these  wars  are  erroneously  re- 
ported as  such.  The  accuracy  and  effectiveness  of 
field  artillery  fire  with  bursting  shrapnel  marks  one 
of  the  great  advances  in  the  gunnery  of  the  present 
day,  and  eighty  per  cent,  of  the  ammunition  of  the 
mobile  artillery  is  composed  of  shrapnel.  Surgeons 
are  wont  to;]class  wounds  from  artillery  fire  as  coming 
from  shells,  when  in  reality,  the  wounds  have  been 
inflicted  by  shrapnel  balls.  According  to  our  returns 
shell  wounds  in  the  Spanish-American  war  formed 
seven  and  one-half  per  cent,  of  all  wounds,  but  we 
know  that  comparatively  few  shell  wounds  per  se 
occurred.  The  reporters  from  all  the  wars  since  have 
had  occasion  to  refer  to  the  same  error. 

Wind  contusion  is  one  of  the  vagaries  of  old  time 
writers  on  gunshot  wounds.  When  shot  and  shell 
were  extensively  used  in  battle,  surgeons  often  met 
cases  of  severe  internal  injury  to  viscera  and  soft 
parts  and  fracture  of  bone  with  no  evidence  of  injury 
to  the  surface.  These  traumata  were  erroneously 
attributed  to  the  rapid  displacement  of  air  by  a  shot 
passing  near  the  surface,  hence  the  term  wind  con- 
tusion. The  more  intelligent  surgeons  learned  with 
time  that  the  injuries  included  under  this  designation 
were  in  reality  due  to  the  result  of  pressure  from  the 
large  heavy  projectiles  of  those  days,  when  they  were 
impressed  with  a  slow  momentum  against  a  tough 
elastic  skin. 

In  the  Manchurian  campaign  the  Japanese  shell 
was  loaded  with  chimose  powder,  an  explosive  which 
emits  poisonous  gases  on  exploding.  The  force  of 
explosion  and  the  effects  of  the  fumes  caused  a  mental 
shock  and  nervous  symptoms  like  neurasthenia  or 
traumatic  hysteria.  The  case  of  the  chimose  shell 
was  broken  in  minute  fragments  which  penetrated 
the  surface  like  so  many  grains  of  sand,  and  some 
of  the  observers  believed  that  the  gases  absorbed  by 
the  cellular  tissue  produced  the  nervous  symptoms 
referred  to. 

Our  knowledge  of  shell  wounds  and  the  injurious 
effects  of  the  discharge  of  large  guns  in  recent  wars, 
have  come  to  us  from  the  writings  of  naval  surgeons 
Saneyoshi  and  Suzuki'  describe  vividlv  the 
casualties  on  board  ship  from  shells  and  shell  frag- 
ments, splinters  of  planks  and  furniture,  pieces  of 
iron,  etc.,  which  are  mobilized  by  bursting  shells. 
Casualties  also  come  from  exploding  magazines  which 
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cause  burn  and  irritation  to  the  mucosae  from  the 
fumes  of  liberated  powder  gases.  Rapid  displace- 
ment of  air  in  the  vicinity  of  exploding  shells  and 
detonating  explosives  is  responsible  for  many  cases 
of  mangling,  lacerations,  etc. 

Among  the  more  common  lesions  aboard  ship 
during  a  naval  engagement  conhtsions  are  compara- 
tively rare,  because  the  projectiles  which  are  mobil- 
ized have  a  limited  range,  and  their  surface  being 
irregular,  the  injuries  they  cause  usually  involve  the 
thickness  of  the  skin  enough  to  inflict  abrasions 
or  lacerations  at  least;  penetrating  wounds  result  from 
missiles  of  low  velocity,  when  lodgment  occurs; 
perforating  wounds  are  caused  by  missiles  having 
sufficient  velocity  to  penetrate  and  then  leave  the 
body;  they  have  a  wound  of  entrance  and  one  of 
exit.  Lacerated  wounds  are  of  all  degrees  of  severity; 
they  result  from  wounds  by  the  entire  shell  or  some 
of  its  fragments,  producing  laceration  in  the  soft 
parts,  or  severance  of  a  limb,  or  the  entire  body  may 
be  cut  in  two,  entirely  or  partially.  Mutilating  wounds 
occur  when  the  anatomical  parts  of  the  body  are 
mangled  beyond  recognition.  B  urn  is  the  most  common 
of  the  injuries  in  modern  naval  combat;  it  may 
arise  from  the  escape  of  steam  when  boilers  are  per- 
forated by  projectiles  or  otherwise  destroyed,  but  it 
generally  arises  from  the  explosion  of  shells  and  the 
ignition  of  ammunition.  Poisoning  from  powder  gases 
which  are  liberated  from  the  bursting  shells  of  the 
enemy  and  the  discharge  of  the  batteries  on  board 
each  ship  constitutes  one  of  the  chief  dangers  of  naval 
warfare  today.  The  products  of  combustion  of 
the  high  explosions  yield  CO  and  NO5,  and  as  pointed 
out  by  Surgeon  General  Stokes  of  the  U.  S.  Navy,' 
there  will  be  two  types  of  poisoning,  "one  resembling 
illuminating  gas  poisoning,  the  other  irritative  in  its 
effects.  Both  may  vary  in  degree.  In  the  one  group, 
in  mild  cases,  we  find  dilatation  of  the  pupU,  impaired 
vision,  a  fall  in  blood  pressure,  a  rapid  heart  action, 
and  possibly  some  mental  confusion."  The  degree 
of  poisoning  will  vary  from  slight  degrees  to  a  dosage 
sufficient  to  cause  unconsciousness  and  death. 

Among  the  complications  rupture  of  the  memhrana 
tympani  is  frequently  noted  from  the  reverberations 
attending  the  discharge  of  large  cannon  and  exploding 
ammunition;  hemorrhage  is  not  often  noted  because 
of  the  lacerated  and  other  features  in  shell  wounds 
which  stay  the  flow  of  blood;  shock  as  a  result  of 
severe  wounds,  and  a  mental  shock  from  proximity 
to  bursting  shells  is  not  infrequent;  traumatic  delirium 
among  wounded  men  in  the  vicinity  of  exploding 
magazines  is  frequent.  Burn  nerve  exhaustion, 
insomnia,  and  pain  are  also  laid  down  as  causes  of 
traumatic  delirium. 

The  severity  of  naval  war  wounds  by  modern 
armament,  and  the  rapidity  with  which  the  casual- 
ties occur  are  well  summarized  by  Mathiolius'  in 
liis  description  of  the  attack  of  the  Japanese  war 
ships  against  the  Russian  Cruiser  Varyag  at  the 
beginning  of  the  Russo-Japanese  War.  The  vessel 
was  placed  hors  du  combat  in  fifty  minutes  with  a 
casualty  list  of  eighteen  per  cent,  of  her  effectiveness. 
There  were  forty-one  killed  and  sixty-four  wounded. 
Men  were  entirely  mutilated  by  the  large  shells; 
immediate  amputation  became  necessary  in  a  number 
of  cases.  One  sailor  received  160  wounds  from  the 
explosion  of  one  shell. 

The  casualties  before  Port  Arthur  from  February  9, 
to  October  1,  1904,  numbered  2,321  from  all  causes.' 
The  total  mortality  was  1,022.  The  severely 
wounded  numbered  5.56  and  the  slightly  wounded 
numbered  655.  Shell  wounds  were  generally  multiple. 
In  thirty-six  wounded  specially  noted  there  were 
sixt}--two  wounds,  not  counting  slight  excoriations, 
etc.  The  wounds  ranged  from  the  size  of  a  pea  to 
trauma  sufficient  to  mutilate  a  limb. 

Wounds  by  Shrapnel. — Wounds  by  the  modern 
shrapnel  have  entirely  superseded  those  from  the  old 
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time  canister  and  case  shot.  The  lesions  from 
shrapnel  balls  are  quite  similar  to  those  from  the 
ordinary  round  lead  baU  of  older  times.  The  missile 
has  slow  momentum,  it  often  lodges,  and  all  the  wounds 
suppurate.     Body  wounds  are  very  fatal.     Wounds 


are  prone  to  exhibit  lodged  missiles.  Fracture  is 
not  so  often  noted  as  it  is  with  the  higher  velocities 
from  rifles  and  automatic  pistols.  When  fracture 
takes  place  the  area  of  bone  lesion  is  prone  to  show 
fissures  into  the  shaft  of  the  long  bones  and  to  lodg- 
ment of  metallic  fragments  from  disintegration 
of  the  projectile.  Injuries  to  joint  ends  of 
bones  are  marked  by  grooves  or  clean-cut  per- 
forations with  Uttle  or  no  sphntering. 

Injury  to  compact  bone  from  the  latest 
automatic  pistols  with  higher  velocity  like  the 
Colt's,  Luger,  and  Savage  weapons  which 
carry  bullets  of  lead  enveloped  in  a  mantle  of 
hard  steel,  is  almost  invariably  attended  with 
fracture.  The  area  of  fracture  is  more  cir- 
rumscribed  about  the  point  of  impact,  the 
Ijullets  do  not  disintegrate,  metallic  fragments 
are  seldom  deposited,  and  the  buUet  does  not 
so  often  lodge.  The  lesions  in  the  joint  ends 
are  less  severe.     Perforations  are  clean  cut. 

Body  wounds  from  automatic  pistol  bullets 
are  generally  more  severe  and  they  show  a 
greater  amount  of  laceration  and  contusion. 
This  is  ascribed  to  the  high  velocity  which  is 
impressed  on  the  short  projectile.  The  sub- 
ject of  the  lesions  from  pistols  and  revolvers 
is  more  extensivelydealt  with  in  the  section  on 
the  stopping  power  of  pistols  and  revolvers  to 
which  the  reader  is  referred. 


Fig. 


2863. — From  Turko-Balkan  War  1912-1.3.     Bulgarian  artilleryman 
wounded  by  a  bursting  shrapnel  at  Lule  Burgas. 


of  the  lungs  that  recover  are  prone  to  the  develop- 
ment of  complications  like  hemothorax,  pneumothorax, 
and  empyema.  Wounds  from  part  of  the  casing  of 
the  projectile  do  not  differ  in  character  from  injuries 
by  shell  fragments. 

There  are  but  few  shrapnel  wounds  recorded  in  the 
Spanish-American,  and  Anglo-Boer  wars,  but  the 
field  guns  were  well  provided  b}'  shrapnel  projectiles 
in  the  Russo-Japanese  and  Turko-Balkan  wars,  and 
in  the  latter  the  ratio  of  wounds  from  this  source  has 
exceeded  that  from  all  former  wars.  Of  25,000 
wounded  received  in  the  hospitals  at  Sophia  from  the 
battles  near-by  the  shrapnel  wounds  noted  by  our  At- 
tache Major  P.  C.  Fauntleroy,  Medical  Corps,  U.  S. 
Armj-,  amounted  to  thirt3--five  per  cent,  of  the  whole 
number  of  wounds.  Some  observers  found  the  num- 
ber of  shrapnel  wounds  as  high  as  ninety  per  cent,  of 
all  wounds  in  the  Constantinople  hospitals  after  the 
retreat  from  the  Tchatalgia  lines  (Figs.  2863  and  2864 ). 

Wounds  from  H.\xd  Grex.vdes,  Bo^rBS,  axd  Mlnes. 
■ — Hand  grenades  were  used  in  ancient  times  in  defen- 
sive warfare,  but  they  fell  into  disuse  for  a  long  time 
until  again  employed  first  by  the  Japanese  at  Port 
Arthur.  The  lesions  thej'  cause  are  the  same  as  those 
inflicted  by  the  detonating  high  explosives  with  the 
addition  in  some  instances  of  the  lodgment  of  many 
small  metallic  particles  from  the  casing  or  body  of 
the  grenade.  The  wounds  are  described  as  difficult 
to  treat.  Thej'  are  all  infected  and  the  propellant 
leaves  a  yellow  color  in  the  wound,  and  pain  is 
present  for  some  time  after  the  wound  has  entirely 
healed  (Fig.  2865). 

Wounds  from  bombs  and  mines  do  not  differ  from 
the  lacerations  which  are  caused  by  the  rending  effects 
of  the  high  explosives.  The  mines  which  are  buried 
dnder  ground  in  wooden  boxes  propel  gravel,  sand,  and 
splinters  of  wood  into  space  which  cause  some  of  the 
traumata.  Such  injuries  are  prone  to  the  develop- 
ment of  virulent  infections  like  malignant  edema 
and  tetanus. 

Wounds  from  Pistols  .txD  Revom-ers. — Wounds 
from  revolvers  in  present  use  and  those  in  former  times 
which  propelled  lead  projectiles  with  low  velocities 


Blank  Ammunition  and  Toy-pistol 
Wounds. — Blank  ammunition  wounds  have 
been  noted  a  great  deal  abroad  in  recent 
years  in  army  maneuvers.  The  lesion  from 
such  a  source  at  short  range  is  marked  by  laceration 
of  soft  parts  and  the  lodgment  of  powder  grains 
and  wadding.  The  wounds  from  toy  pistols  are 
very  similar.  The  hematomata,  contusion,  and 
laceration  afford  a  favorite  pabulum  for  the  devel- 
opment  of   septic   microbes   and   virulentiinfections 


Fig.  2864. — Turko-Balkan  War  1912-13.     Bulgarian  wounded  by 
Turkish  shrapnel  at  Kirk-Kalisse.  Fauntleroy  collection. 

like  tetanus  are  not  infrequent.  The  subject  of 
toy-pistol  tetanus  is  a  familiar  one  to  surgeons  in 
the  United  States  where  so  manj'  cases  of  tetanus 
have  developed  in  the   wounds  which  occur  during 
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the  celebration  of  Independence  Day,  July  4,  of  each 
year.  The  particular  source  of  infection  in  these 
cases  was  the  subject  of  diligent  research  for  years, 


Fig.  2865. — Wound  Produced  by  E.xplosion  uf  Hand  Grenade,  liusso-Japanese  War.      (.Lynch.) 


but  the  investigators  have  finally  concluded  that  the 
bacilU  of  Nicolaier  enter  the  wounds  which  are  generally 
inflicted  on  the  hands  of  children  who  use  these 
weapons  on  the  street  where  the  droppings 
from  animals  contain  the  necessary  germs 
in  abundance.'^ 

Wounds  from  Shotguns. — These  wounds 
differ  in  characteristic  features  with  the 
distance,  size  of  shot,  and  the  amount  of 
propellant.  Close  shots  show  laceration, 
destruction  of  tissue,  hematomata,  fracture 
of  bone,  and  lodgment  of  individual  pellets. 
The  cone  of  dispersion  of  the  pellets  in- 
creases with  the  distance  and  beyond  the 
ifery  close  ranges  the  lesion  nflicted  is  that 
of  each  individual  pellet.  The  severity  of 
the  wound  from  the  latter  depends  upon  the 
anatomical  part  involved  (Figs.  2867  and 
2868). 

Wounds  prom  Air-guns,  Target,  and 
Flobert  Rifles. — Air  guns  use  a  0.22  cali- 
ber lead  bullet,  with  air  as  a  propellant. 
The  bullet  causes  a  contused  and  lacerated 
wound.  It  has  sufficient  penetration  to 
traverse  some  of  the  vital  parts  of  the 
body.  The  knee,  eye,  and  abdominal 
cavity  have  been  penetrated  with  disabling 
and  fatal  results. 

Target  and  Flobert  rifles  carry  0.22  and 
0.32  caliber  projectiles  either  round  or 
cylindroconoidal.  The  latter  are  short  or 
elongated.  The  0.22  caliber  bullet  weighs 
about  fifteen  grains  and  the  0.32  caliber 
bullet  weighs  as  much  as  sixty  grains.  The 
velocity  of  the  U.  S.  Army  target  rifle 
which  we  use  for  gallery  practice  is  969  f  .s. 
Fatal  and  disabling  effects  are  frequently 
recorded  in  the  literature  from  both  of  the 
foregoing  weapons. 


The  sensation  is  also  compared  to  a  sting  from  an 
insect,  while  all  sensibility  is  blunted  in  a  certain 
proportion  of  the  cases  and  the  wounded  are  not  aware 
of  any  injury  until  their  at- 
tention is  called  to  it  by  a 
comrade  or  the  sight  of  blood. 
Pain  is  more  often  felt  at  the 
wound  of  exit.  There  is 
often  a  sense  of  stiffness  in 
the  region  hit,  with  pain  on 
motion.  When  attended  with 
great  trauma,  as  a  wound 
from  a  large  shell  fragment, 
or  a  high  velocity  rifle  at 
close  range,  in  which  the 
parts  are  devitalized,  the 
pain  is  blunted  to  the  point 
of  anesthesia  in  the  wound 
and  the  tissues  surrounding 
it.  Pain  is  sometimes  re- 
ferred to  at  a  point  remote 
from  the  seat  of  injury. 
Thus,  a  man  hit  in  the  head, 
has  complained  of  pain  in  the 
great  toe,  and  in  another,  the 
referred  sensation  of  pain 
was  located  in  the  foot  when 
the  injury  was  in  the  ab- 
domen. 

Conslituiional    Shock.  — 
Shock  is  specially  marked  in 
wounds     by     gunshot     that 
cause     fracture     with     com- 
minution; in  body  wounds,  and  most  of  the  injuries 
from   shells  and  shell  fragments.     The  symptoms  of 
constitutional   shock   are   similar   to   those   of   shock 


Symptoms  of  Gunshot  Wounds. — Pain. — 
The  sensation  on  the  receipt  of  a  gunshot  wound  is 
referred  to  as  a  sudden  rap,  likened  to  the  blow  from  a 
cane,  which  is  often  followed  by  a  feeling  of  burning. 
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FiQ.  2866. — Perforation  by  Marred  Bullet  from  Colt's  Automatic  Pistol  .38 
cal.  The  jacket  was  not  ruptured  on  impact.  Range  5  jards,  velocity  1 107  f .  s. 
.\rniy  Medical  School  collection. 


from  other  causes.  Instead  of  the  mental  apathy 
or  anxiety  and  distress  often  seen  in  shock,  in  the 
excitement    of    battle    there    is    occasionallv    seen    a 
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form    of  shock   attended  with  great   excitement.     It 
is  apt  to  follow  upon  excitement  which  was  agitating 


Fig.  2867. — Katiiograin  Stmwin^  Lodged  Pellets  from  Shot-gun 
Wound.  Compound  coniminuted  fracture  of  the  fibula.  (Army 
Medical  School  collection. ^ 

the  individual  when  the  wound  was  received.  In 
other  cases  there  is  the  reverse  condition.  The 
injured  seems  to  exercise  a  mental  tension  which 
apparently  controls  shock  for  an  indefinite  time. 
We  knew  a  lieutenant  of  cavalry  in  the  Sioux  cam- 
paign of  1876  who  showed  the  wildest  kind  of  agita- 
tion after  receiving  a  number  of  wounds,  in  a.cavalry 
charge.  He  was  leading  his  troop  to  seize  an  im- 
portant position  when  he  was  shot.  The  charge  was 
made  with  cheering  and  all  the  accompanying  din 
of  battle,  and  when  he  was  badly  wounded  (three 
of  the  wounds  were  of  a  fatal  kind  through  the  body), 
the  excitement  under  which  he  was  laboring  con- 
tinued until  death  took  place  a  half  hour  later.  In 
another  instance  a  captain  of  cavalry  was  shot  by 
a  Mauser  bullet  through  the  liver  and  right  kidney 
at  Guacimas  during  the  advance  on  Santiago  as  his 
troop  was  slowly  progressing  through  a  terrain  filled 
with  undergrowth.  There  was  no  excitement  nor 
charge,  when  a  volley  was  unexpectedly  fired  into  the 
command  from  a  distance.  The  oflScer  knew  he  was 
hit  because  he  felt  a  sensation  the  same  as  if  he  had 
been  struck  by  a  stone  and  he  saw  blood  flowing  on 
his  clothing.  He  was  aligning  his  company  when 
hit.  He  continued  this  work  without  stopping,  and 
then  without  falling  to  the  ground  he  walked  a  dis- 
tance of  seventy-five  3'ards  to  a  dressing  station 
after  which  a  certain  amount  of  shock  supervened. 

Treatment  of  Shock. — The  following  cardinal  facts 
should  be  kept  in  mind  when  dealing  with  a  case  of 
shock : 

1.  In  shock  the  wounded  should  be  carefully 
watched  for  the  occurrence  of  hemorrhage  which 
is  prone  to  occur  as  soon  as  the  blood  pressure  is 

2.  If  the  temperature  falls  to  about  96.8°  F.  the 
prognosis  is  grave. 

.3.  The  thermometer  should  be  the  guide  for  the 
proper  time  to  operate.  All  the  wounded  who  fail 
to  recover  their  temperature  in  about  four  hours 
should  be  considered  among  the  seriously  wounded 
and  unfit  for  operation. 

4.  No  operation  is  permissible  in  a  state  of  shock 
except  the  ligation  of  vessels  to  control  hemor- 
rhage, and  transport  should  be  delayed  unless  it  is 
imperative. 


The  measures  of  relief  for  shock  are  directed  toward 
restoration  of  the  blood  pressure.  The  patient  should 
lie  prone,  the  foot  of  the  bed  slightly  elevated,  warmth 
by  means  of  hot  water  bottles  and  warm  blankets 
should  be  applied  e.xternally,  and  brandy  or  whiskey 
mixed  with  hot  water  should  be  administered  inter- 
nally. Transfusion  of  saline  solution  with  inhalations 
of  oxygen  are  resorted  to  most  successfully  in  some 
cases  of  profound  shock.  In  the  Russo-Japanese  war 
the  Japanese  surgeons  employed  subcutaneous  in- 
jections of  camphor  one  part,  ether  four  and  one-half 
parts,  and  olive  oil  four  parts.  This  was  the  favorite 
remedy  on  the  firing  line.  In  this  country  strychnine 
hypodermically  is  a  favorite  remedy,  also  injections  of 
adrenalin  with  physiological  salt  solution  in  the  pro- 
portion of  five  milligrams  of  the  former  to  500  c.c,  of 
the  latter  injected  in  the  cellular  tissue  behind  the 
breasts  or  in  the  flanks. 

Among  the  symptoms  of  gunshot  wounds  we  have 
different  forms  of  hemorrhage  as  (a)  external  primary, 
(fe)  recurrent,  and  (c)  internal  primary  hemorrhage. 

(a)  External  primary  hemorrhage  of  the  kind  that 
is  accessible  to  surgical  intervention  like  that  which 
proceeds  from  vessels  in  the  neck  and  limbs  is  com- 
paratively rare.  It  has  become  more  so  from  wounds 
by  the  reduced  caliber  military  rifles  on  account  of  the 
small  track  made  by  the  ball  which  is  easily  obstructed 
by  a  change  in  the  arrangement  of  the  fascias  and 
muscles  involved  in  the  traumatism.  Bleeding  takes 
place  in  the  tissues  causing  frequent  traumatic  aneu- 
rysms to  which  we  will  refer  later,  but  external  hemor- 
rhage of  an  alarming  kind  requiring  ligation  of  vessels 
is  rare. 

(6)   Recurrent  hemorrhage  has  reference  to  the  kind 


Fig.  2SGS. — .\  Radiograph  taken  in  1911  of  James  A.  Stewart,  Co. 
"I"  81st  Ind.  Vol.  Inf.,  and  "G"  45th  Veteran  Reserve  Corps,  who 
was  accidentally  shot  in  the  right  hand  by  a  hunter,  Feb.  8,  1S57, 
the  shot  entering  the  wrist  and  palm  of  the  hand.  The  fingers  are 
strongly  flexed,  and  there  is  considerable  atrophy  of  the  muscles. 
U.  S.  Soldiers  Home  collection.  Dr.  -\.  B.  Herrick,  j-rayist. 
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of  bleeding  that  takes  place  when  temporary  obstruc- 
tions in  the  way  of  clot  or  intervening  layers  of  tissue 
give  way.  It  may  be  external  or  internal  and  it 
generally  occurs  on  the  second  or  third  day. 

(c)  Internal  primary  hemorrhage  is  one  of  the  fre- 
quent symptoms  of  gunshot  wounds.  It  causes  death 
in  the  vast  majority  of  the  fatalities  on  the  field  of 
battle.  Unlike  the  vessels  of  the  extremities  those  of 
the  abdomen  and  thorax  are  unsupported  by  resistant 
tissues  like  fascia  and  muscle,  and  bleeding  takes  place 
freely  in  these  large  spaces  until  death  ensues. 

Thirst. — Thirst  is  an  invariable  accompaniment  of 
gunshot  wounds  in  war.  Men  are  generally  engaged 
in  fatiguing  marches  in  which  but  few  opportunities 
to  obtain  water  are  at  hand,  and  again  soldiers  know 
from  experience  that  the  ingestion  of  water  on  the 
march  is  hurtful  and  they  school  themselves  to  abstain 
from  drinking.  The  experienced  military  surgeon  is 
always  on  the  alert  to  obtain  water  for  his  wounded 
before  he  comes  in  their  presence,  because  water  is  one 
of  the  first  things  required  to  ameliorate  suffering. 

Infection  of  Gunshot  Wounds. — We  may  assume 
that  no  gunshot  wound  is  bacteriologically  clean,  and 
for  reasons  which  we  will  touch  upon  later,  we  have 
to  conclude  that  all  gunshot  wounds  are  infected 
whether  the  clinical  evidences  of  sepsis  are  noted  or 
not. 

Infection  is  primarily  found  on  all  projectiles  and 
since  there  is  nothing  in  the  act  of  firing  that  sterilizes 
the  bullet,  the  wound  becomes  infected  by  the  bullet 
itself.  Furthermore  we  have  shown  that  a  bullet  can 
gather  infection  from  a  dirty  gun  barrel  or  by  ricochet 
before  it  enters  the  body.  The  liability  to  infection 
from  shreds  of  clothing  and  particles  of  integument  is 
well  recognized,  so  that  everything  seems  to  combine 
to  add  to  the  chances  of  infection  in  gunshot  wounds. 
The  clinical  evidence  of  infection  is  so  nearly  absent  in 
some  cases  that  wounds  heal  without  apparent  inflam- 
mation, and  to  all  appearances  the  wounds  seem  to  be 
sterile.  Such  a  favorable  outcome  is  due  no  doubt  to 
the  local  and  constitutional  resistance  of  the  individual 
as  well  as  to  the  lack  of  virulence  in  the  septic  mi- 
crobes. In  spite  of  the  apparent  absence  of  inflamma- 
tion, one  will  almost  invariably  find  pus  in  and  about 
the  wound  of  exit  especially.  In  military  practice 
environment  promotes  the  occurrence  of  sepsis.  The 
injured  are  seldom  left  quiet  as  they  are  in  fixed 
hospitals.  In  the  emergent  conditions  following  great 
battles,  owing  to  shortage  of  relief  personnel  the  wound- 
ed often  lie  unattended  for  hours  in  varying  kinds  of 
weather.  Enforced  transport  is  often  necessarj'  during 
which  immobilization  becomes  difficult  or  impossible. 
The  amount  of  disturbance  to  which  the  wounded 
are  almost  constantly  subjected  may  be  laid  down 
as  one  of  the  prime  causes  of  sepsis  in  field  practice. 

The  character  of  the  missile  has  a  great  deal  to  df 
with  the  development  of  sepsis.  All  wounds  by  shell, 
shell  fragments,  shrapnel  balls,  the  larger  caliber  rifle 
projectiles,  and  deformed  ricochet  bullets  are  apt  to 
show  active  suppuration,  and  the  dangers  of  sepsis 
are  very  much  magnified  if  there  is  fracture.  Gun- 
shot wounds  of  soft  parts  by  the  smaller  calibers 
including  the  reduced  caliber  bullets  of  the  present 
military  rifles  seldom  show  active  symptoms  of  inflam- 
mation. When  fracture  takes  place  in  wounds  bv  the 
jacketed  bullets,  and  especially  at  closes  range  the 
dangers  of  sepsis  are  the  same  as  are  seen  in  fractures 
from  shell  fragments. 

The  Virulent  Infections. — Among  the  virulent 
infections  tetanus  is  the  most  fatal  and  the  most 
common.  In  former  wars  it  has  occurred  in  about 
one  case  in  every  300  of  the  wounded  as  shown  by  the 
accompanying  table.  In  more  recent  times  it  has 
been  frequently  found  associated  with  the  lesion  of 
those  wounds  which  are  inflicted  by  blank  cartridges. 
Schjerning  reports  thirty-four  cases  in  the  German 
army  and  other  observers  have  noted  it  in  wounds 
from  blank  cartridges  which  are  more  or  less  frequent 
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Tetanhs  in  Wab.     (By  Mathied.) 


Wars. 


Cases 
of  Te- 
tanus. 


No.    of 
Wounded. 


British  Army  in  India  (1782)  . . . 

British  Army  in  Spain  (1811-14) 

British  Army  in  Crimea 

Spanish  Army  in  Morocco, 
wounded  cared  for  in  Africa.  . 

Spanish  Army  in  Morocco, 
wounded  cared  for  in  Spain.  . 

French  Army  in  Cairo  (1798).  . 

French  Army  before  Constan- 
tinople (1836) 

French  Army  in  Crimea 

French-Sardinian  Hospitals 
(1859) 

Prussian  Army  (1864) 

Hanoverian  Army  after  Langen- 
salza  (1866) 

German  Army  (1870-71) 

Austrian  Army  in  Bosnia  (1878) 

United  States  Army,  Civil  War. 


20 

263 

26 

1 

4 

7 

10 

120 

153 
14 

13 
350 

16 
505 


810 
20,683 
12,904 

56 

3,920 
200 

176 
39,868 

21,967 
1.968 

1,092 

99,566 

3,878 

246,712 


Percentage. 


A  or  2.47 

t',  or  1 .  25 

iJs  or  0.21 

sS   or  1.78 

,!,,,  or  0.10 
Is  or  3.  50 

,V  or  5 .  68 
jji  or  0.30 

,h  or  0.69 
ih  or  0.71 

s-j  or  1 .  20 
.^5  or  0.35 

ijj  or  0.41 
1^8  or  0.20 


in  army  maneuvers.  In  our  own  country  toy-pistol 
tetanus  is  or  has  been  of  frequent  occurrence  until 
State  laws  were  enacted  to  prohibit  the  sale  of  toy- 
pistols  to  minors.  This  source  of  tetanus  occurred 
mostly  among  urchins  on  the  street  who  amused  them- 
selves by  firing  toy-pistols,  fire  crackers,  torpedoes  and 
other  explosives  to  celebrate  the  anniversary  of  our 
National  Independence  on  July  4.  The  occurrence 
of  tetanus  from  blank  ammunition,  toy-pistols,  and  all 
wounds  from  such  weapons  is  due  to  the  nature  of  the 
lesion  more  especially.  The  wounds  are  usually  in- 
flicted at  or  near  the  muzzle  of  the  weapon.  They 
show  a  great  deal  of  laceration,  hematoma,  coagula- 
tion necrosis  and  all  the  conditions  which  are  known 
to  augment  the  tendency  to  the  development  of  in- 
fections. Tetanus  bacilli  are  so  common  with  mobile 
armies  and  in  the  dust  of  the  streets  from  the  presence 
of  horse  manure  that  they  find  easy  access  to  all 
wounds  and  the  clinical  evidences  of  this  disease  are 
very  apt  to  develop  in  such  wounds  as  we  have  just 
described.  Gunshot  wounds  at  best  are  contused  and 
lacerated,  and  tetanus  is  naturally  identified  with  this 
class  of  wounds  in  preference  to  the  clean  incised 
wounds  from  stabbing,  or  cutting  instruments. 
Wounds  by  reduced  caliber  bullets  at  the  battle 
ranges  should  show  fewer  cases  of  tetanus  henceforth, 
but  those  received  at  close  range,  and  the  wounds 
from  shell  fragments,  grenades,  shrapnel,  etc.,  which 
exhibit  so  many  of  the  features  necessary  to  the  devel- 
opment of  all  kinds  of  infections  will  always  be  more  or 
less  identified  with  tetanus.  In  the  Russo-Japanese 
war  300  cases  of  tetanus  are  reported  bj^  Follenfant' 
following  the  battle  of  Mukden  with  a  mortality  of 
eighty  per  cent.  McPherson*  calls  special  attention 
to  the  tendency  to  tetanus  and  malignant  edema  in 
wounds  which  resulted  from  the  destruction  of  bomb- 
proof shelters  and  which  were  more  directly  caused 
by  splinters  from  the  beams  that  supported  the  earth 
sheltering. 

Infection  from  the  Bacillus  aerogenes  capsulatus 
ranks  among  the  most  virulent  infections.  Welch 
in  his  Shattuck  Lecture  has  shown  that  infection  from 
this  organism  is  most  frequently  seen  in  compound 
fractures,  and  next  in  gunshot  wounds. 

We  have  reason  to  believe  that  infections  from  the 
more  common  pus-producing  microbes  acquire  added 
virulency  when  frequently  transmitted  as  they 
were  in  preantiseptic  times  from  wound  to  wound. 
In  the  surgical  practice  of  those  times  septicemia, 
pj'emia,  osteomyelitis,  erysipelas,  and  hospital  gan- 
grene were  the  bane  of  all  military  hospitals.  In- 
stead of  amelioration  taking  place  in  the  character  of 
the  different  infections  as  the  war  progressed,  their 
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tendency  to  develop  in  the  most  trivial  injuries  seemed 
to  augment  with  the  duration  of  the  war.  In  our 
Civil  war  from  1861-1865  the  virulency  of  micro- 
organisms showed  great  tendency  to  suppuration, 
slough,  and  the  development  of  a  gangrene  which  was 
called  hospital  gangrene  the  exact  etiological  factor  of 
which  remains  unknown  to  this  day,  and  which  only 
ceased  to  make  its  appearance  when  the  war  had 
ended. 

Poisoned  Wounds. — Although  poisoned  wounds  from 
gimshot  do  not  altogether  result  from  infection,  it  is 
more  convenient  to  treat  them  as  a  class  with  infected 
wounds.  By  the  term  poisoned  wounds  we  have 
reference  to  the  practice  of  placing  a  lethal  dose  of 
vegetable,  bacterial,  or  chemical  poison  upon  a  bullet 
to  add  to  the  certain  death  of  the  victim.  The  prac- 
tice of  poisoning  the  implements  of  warfare  like  swords, 
knives,  arrowheads,  etc.,  is  of  ancient  origin.  It  was 
a  legitimate  custom  in  the  days  of  the  Greeks  and 
Romans.  Poisoned  arrows  were  used  against  man 
and  beast.  The  Celts  used  certain  poisons  on  their 
arrowheads  in  the  hunt,  among  which  was  hellebore. 
The  Vandals  of  North  Germany  are  said  to  have  used 
aconite  as  their  favorite  poison.  The  literature  also 
records  the  use  of  poisons  like  curare  which  were  fatal 
when  introduced  into  a  wound  but  innocuous  by  mouth. 

In  more  modern  times  we  are  informed  that  the 
natives  of  Africa,  the  South  Seas,  India,  and  China 
followed  the  practice  of  poisoning  their  missiles  and 
cutting  weapons  with  decomposing  viscera,  snake 
venom,  etc.  The  inhabitants  of  New  Caledonia  infect 
their  arrowheads  by  dipping  them  in  crab-holes.  The 
victims  wounded  by  arrowheads  so  prepared  die  of 
either  tetanus  or  malignant  edema. 

Our  work  with  septic  bullets  and  septic  powders" 
has  shown  that  there  is  nothing  in  the  act  of  firing  a 
buUet  or  powder  from  a  weapon  which  tends  to 
sterilize  either  the  bullet  or  the  powder  grains.  We 
have  succeeded  in  conveying  anthrax  spores,  tetanus 
baciUi,  and  the  various  other  germs  into  media  and 
animals  when  fired  from  various  weapons  at  aU  ranges 
up  to  500  yards.  Death  ensued  in  the  majority  of  the 
animals  showing  that  the  particular  poison  used  was 
not  destroyed  by  the  act  of  firing,  setting  aside  a 
popular  notion  that  bullet  wounds  are  for  the  most 
part  sterile  because  of  the  heat  that  is  imparted  to  the 
buUet  by  the  act  of  firing.  The  experiments  which  we 
made  by  placing  vegetable  and  chemical  poisons  on 
bullets  and  powders  were  just  as  positive. 

Treatment  of  Gunshot  Wounds. — The  treatment 
of  gunshot  wounds  at  the  beginning  is  directed  toward 
the  management  of  shock,  arrest  of  hemorrhage,  and 
the  prevention  of  infection. 

The  management  of  shock  has  already  been  con- 
sidered. External  primary  hemorrhage  from  vessels 
in  the  extremities  or  neck  is  treated  by  ligation.  If 
this  cannot  be  done  at  once  firist  aid  resources  should 
be  employed,  such  as  elevation  of  the  injured  limb, 
extreme  flexion,  digital  compression,  and  pressure  by 
packing  with  antiseptic  tampons.  When  these  are 
not  sufficient,  constriction  whenever  it  can  be  applied, 
should  be  resorted  to.  The  limb  should  be  rendered 
as  bloodless  as  possible  by  gravitation  before  con- 
striction is  made.  In  the  absence  of  a  regular  tour- 
niquet an  elastic  bandage,  a  Spanish  windlass,  or  a 
pair  of  suspenders  will  answer  the  purpose.  After 
the  limb  has  been  elevated  the  constriction  should  be 
rapidly  applied  with  sufficient  force  to  prevent  the 
flow  of  blood  through  the  vessels  at  the  point  of 
pressure,  but  it  should  not  be  maintained  longer  than 
three  or  four  hours  lest  gangrene  or  paralysis  is  brought 
about.  It  is  better  to  keep  cases  in  which  constrict- 
ing bands  have  been  applied  under  the  watchful  -'are 
of  the  surgeon  until  the  apparatus  has  been  removed. 
Recurrent  hemorrhage  from  giving  way  of  temporary 
obstructions  like  a  blood  clot  or  the  remaining  wall  of 
an  injured  vessel,  a  kind  of  bleeding  that  is  apt  to 


appear  from  one  to  three  days  after  the  receipt  of  the 
injury,  is  generally  treated  by  ligation.  The  treat- 
ment of  internal  primary  hemorrhage  in  body  cavities 
wUl  be  more  especially  dealt  with  when  dealing  with 
injury  to  the  chest  and  abdomen.  The  treatment  of 
secondary  hemorrhage  is  prophylactic  and  by  ligation. 
The  invasion  of  septic  microbes  is  the  principal  cause 
of  secondary  hemorrhage  and  in  preantiseptic  times 
this  form  of  hemorrhage  was  very  common  and  one  of 
the  frequent  causes  of  death. 

With  our  modern  method  of  antiseptic  treatment 
we  now  prevent  secondary  hemorrhage  as  a  result  of 
sepsis.  Late  forms  of  hemorrhage  which  may  be 
classed  as  secondary  hemorrhage  sometimes  take 
place,  especially  in  the  military  service  during  enforced 
transport,  as  a  result  of  injury  to  blood-vessels,  from 
puncture  of  a  vessel  by  a  jagged  spiculum  of  bone,  or 
final  rupture  of  an  injured  vessel's  coat  from  jolting  in 
all  kinds  of  vehicles  over  rough  roads.  The  treatment 
in  secondary  hemorrhage  is  by  (a)  ligation  of  the 
vessel  in  the  wound,  (b)  ligation  of  the  main  artery  of 
the  limb  above  the  wound,  (c)  amputation.  Second- 
ary hemorrhage  from  an  injury  to  a  blood-vessel  by  a 
spiculum  of  bone  or  final  rupture  of  a  weakened  vessel 
from  previous  injury  is  general!)-  arrested  by  ligation 
of  the  vessel  in  the  wound. 

When  hemorrhage  occurs  as  the  result  of  a  septic 
process  a  tourniquet  should  be  applied  at  once  and  the 
wound  should  be  opened  up  and  explored  for  the 
bleeding  vessel.  The  surgeon  should  be  sure  that  he 
is  applying  his  ligature  to  healthj'  tissue  and  if  any 
doubt  arises  he  should  expose  the  artery  until  the 
sound  part  of  the  vessel  comes  into  view.  The  wound 
should  next  be  drained  and  thoroughly  irrigated  with 
antiseptic  solutions  like  mercuric  bichloride  1-4,000 
or  carbohc  acid  1-40.  If  the  bleeding  appears  to 
be  an  oozing  from  a  particular  part  of  the  wound 
the  hot  iron  may  be  used,  and  also,  when  it  is  diffi- 
cult to  find  a  healthy  vessel  to  tie  conveniently  the 
hot  iron  maj'  be  used  very  successfully  if  the  vessel 
is  not  too  large.  If  the  bleeding  vessel  is  in  one  of 
the  extremities  the  rule  is  to  ligate  on  the  proximal 
side  of  the  wound.  When  the  hemorrhage  persists 
after  ligation  or  if  gangrene  sets  in  amputation  should 
be  resorted  to.  Proximal  ligations  succeed  better  in 
the  upper  extremity,  but  irrespective  of  the  extremity 
that  one  is  dealing  with,  amputation  is  in  order  when 
ligation  fails. 

Prevention  of  Infectiori. — The  prevention  of  infection 
in  the  emergent  conditions  of  war  has  received  a  great 
deal  of  attention  in  recent  years.  The  relief  personnel 
of  armies  is  taught  never  to  allow  their  fingers  or  any- 
thing else  to  come  in  contact  with  a  wound  except  a 
clean  dressing  which  is  carried  by  every  soldier. 
The  dressing  in  the  United  States  Army  is  carried  on 
the  cartridge  belt  in  a  metallic  hermetically  sealed 
case.  It  is  made  up  of  two  bundles  of  absorbent 
sublimated  (1-1,000)  gauze  four  by  eighty-four  inches 
long,  two  compresses  of  absorbent  sublimated  (1- 
1,000)  gauze,  each  composed  of  a  half  square  yard  so 
folded  as  to  make  a  compress  three  and  a  half  bj'  seven 
inches,  and  two  large  safety  pins  wrapped  in  wax 
paper.  The  compresses  and  pins  are  wrapped  to- 
gether in  tough  paper  in  which  are  included  printed 
directions  for  the  use  of  the  dressing.  I'ntil  recently 
we  applied  this  dressing  to  the  wound  with  no  attempt 
to  cleanse  the  surface  or  the  wound.  Now  we  first 
paint  tincture  of  iodine  or  Lugol's  solution  over  the 
wound  and  adjacent  skin,  being  careful  not  to  let  the 
iodine  collect  in  the  recesses  of  the  wound  when  pres- 
ent, and  then  apply  the  dressing.  For  large  lacerated 
wounds  it  may  be  necessary  to  use  the  contents  of 
several  of  the  first  aid  packages.  The  difficulties  of 
transporting  tincture  of  iodine  or  Lugol's  solution 
already  prepared  are  met  by  including  the  following 
preparation  in  the  field  equipment:  a  cardboard  carton 
containing  ten  hermetically  sealed  glass  tubes  and  a 
four-ounce  bottle  are  carried  b\-  every  member  of  the 
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hospital  corps,  and  there  is  included  in  each  tube  1 
gram  of  iodine  crystals  and  1.5  grams  of  potassium 
iodide.  By  putting  the  contents  of  two  tubes  in  the 
bottle  and  then  filling  the  latter  with  water  or  alcohol 
one  makes  a  two  per  cent,  solution  which  is  sufficient 
to  sterilize  the  skin  for  first  aid  work.  Lugol's  solu- 
tion thus  prepared  has  the  same  antiseptic  value  as 
the  tincture.  By  carrying  a  preparation  with  which 
to  make  the  solution  or  tincture  at  will,  we  overcome 
the  difficulty  which  would  arise  from  the  absence  of 
water  or  alcohol,  not  an  infrequent  complication  in 
field  practice. 

Aside  from  the  clean  dressing  of  a  wound,  immobili- 
zation of  all  gunshot  injuries  plays  a  very  important  role 
as  a  prophylactic  against  wound  infection,  and  besides, 
in  cases  where  enforced  transport  becomes  necessary, 
it  adds  much  to  the  comfort  of  the  patient,  it  helps  to 
prevent  the  recurrence  of  hemorrhage,  and  it  favors 
early  healing.  Soft  parts  are  immobilized  by  means 
of  slings,  a  firmly  fitting  bandage,  or  splints.  In 
wounds  of  the  chest  or  abdomen  a  tight  bandage 
around  the  body  will  give  comfort,  but  the  great  value 
of  immobilization  is  in  gunshot  fractures.  Whether 
there  is  a  distinct  solution  of  continuitj'  or  not  immo- 
bilization should  always  be  practised.  Bone  injuries 
in  the  way  of  grooves  or  furrows  with  slight  fissures 
radiating  from  the  point  of  impact  will  soon  be  con- 
verted into  complete  fractures  with  attendant  dis- 
placement unless  the  precaution  of  immobilizing  in  all 
cases  is  adopted.  Minor  bone  lesions  like  perfora- 
tions, furrows,  and  butterfly-fractures  in  which  the 
Assures  are  at  first  only  subperiosteal  are  not  uncom- 
mon as  a  result  of  gunshot  by  jacketed  bullets,  and  the 
principle  of  immobilizing  in  all  bone  lesions  is  more 
imperative  now  than  it  was  in  the  days  of  the  old 
armament. 

In  the  presence  of  a  gunshot  wound  the  following 
rules  for  the  prevention  of  infection  are  worthy  of  note : 
(a)  paint  the  wound  and  surrounding  skin  with  tinc- 
ture of  iodine  or  Lugol's  solution  and  apply  a  clean 
dressing;  (b)  it  is  better  not  to  attempt  to  disinfect  the 
wound  proper  during  emergent  conditions  or  on  the 
battlefield;  (c)  never  probe  a  gunshot  wound  with 
finger  or  instruments  however  sterilized;  (d)  never 
transport  the  severely  wounded  unnecessarily;  (e) 
immobilize  in  all  gunshot  wounds,  and  in  bone  lesions 
with  or  without  fracture,  maintain  immobUization 
until  a  fracture  has  had  time  to  unite. 

After  the  application  of  first  aid  resources  it  is 
sometimes  necessary  to  employ  further  treatment. 
This  is  generally  instituted  in  a  fixed  hospital  where 
all  the  means  for  the  proper  care  of  the  injured  are  at 
hand.  Here  a  thorough  examination  should  be  insti- 
tuted if  necessary  and  the  measures  of  relief  will  have 
to  be  guided  by  the  symptoms,  i-ray  findings,  etc. 
This  will  always  include  redressing,  the  proper  use  of 
antiseptics  and  drainage  in  cases  of  existing  infection. 
The  fixed  or  base  hospital  will  also  be  the  Jiroper  place 
for  removal  of  foreign  bodies,  loose  fragments  of  bone; 
laparotomies,  excisions,  amputations,  the  adminis- 
tration of  food  and  stimulants,  ligation  for  traumatic 
aneurysms,  hemorrhage,  and  the  treatment  of  secon- 
dary hemorrhage. 

As  long  as  there  are  no  indications  for  interference 
the  wound  should  be  let  alone.  One  should  never 
interfere  except  in  the  case  of  a  lodged  ball  which  may 
be  causing  pain,  and  in  the  case  of  a  gunshot  fracture 
where  infection  has  set  in.  In  such  a  case  the  surgeon 
should  cut  down  boldly,  establish  tubular  drainage, 
remove  free  and  infected  fragments  of  bone,  lodged 
material,  and  the  liberal  use  of  antiseptic  solutions 
should  be  employed.  When  intermittent  irrigation 
fails  to  cheek  the  septic  condition  continued  irrigation 
of  a  saturated  solution  of  acetate  of  lead  as  recom- 
mended by  the  late  Nicholas  Senn  should  be  employed. 
As  soon  as  union  of  the  broken  bones  has  commenced 
to  take  place  the  temporary  methods  of  immobiliza- 
tion should  be  replaced  by  a  fixed  plaster-of-Paris 
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cast  and  the  patient  should  be  encouraged  to  walk 
or  be  wheeled  into  the  open  air. 

Secondary  hemorrhage  which  was  so  common  in  the 
war  hospitals  of  the  preantiseptic  era  is  now  seldom 
seen.  But  secondary  hemorrhage  from  gunshot  may 
appear  from  a  grazing  shot  to  a  vessel  which  impairs 
its  outer  coats  when  the  remaining  coat  gives  way  and 
causes  bleeding  some  days  after  the  receipt  of  the 
injury;  or,  a  secondary  or  recurrent  hemorrhage  is  not 
infrequent  when  a  temporary  obstruction  from  an 
intervening  layer  of  tissue  or  clot  gives  way.  Again 
in  transport  a  jagged  edge  of  bone  may  lacerate  a 
vessel  and  cause  a  secondary  hemorrhage. 

Treatment  of  secondary  hemorrhage  from  any  cause 
is  by  ligation  of  the  vessel  in  the  wound,  ligation  of 
the  main  vessel  above  the  wound,  or  amputation. 
When  the  vessel  cannot  be  found  in  the  wound  and 
the  bleeding  seems  to  ooze  from  one  particular  locality, 
the  actual  cautery  is  often  successful.  When  hemor- 
rhage persists  after  all  methods  have  been  tried,  or  if 
gangrene  sets  in,  amputation  becomes  necessary. 

Removal  of  lodged  missiles  is  best  accomplished 
after  the  wound  has  healed  and  the  exact  location 
of  the  foreign  body  has  been  ascertained  by  i-ray  evi- 
dence. 

Wounds  of  Special,  Regions. 

Wounds  of  the  Head,  Face,  and  Neck. — Gunshot 
wounds  o_t  the  head  are  divided  into  (1)  those  of  the- 
scalp;  (2)  those  of  the  skull  without  lesion  of  cranial 
contents;  (3)  those  attended  with  brain  injury. 

(1)  Wounds  of  the  scalp  need  not  occupy  one's- 
attention  unduly  since  they  are  rarely  fatal  and  seldom 
require  more  than  first  aid  attention.  In  the  records- 
of  our  Civil  War  the  fatalities  were  2.09  per  cent, 
out  of  7,739  scalp  wounds,  but  these  are  attributed  to- 
erysipelas,  meningeal  inflammation,  gangrene,  pyemia, 
and  other  infections  that  are  most  generally  avoided 
by  our  modern  methods  of  -ivound  treatment.  The- 
French  troops  in  the  Crimean  War  sustained  a  loss- 
of  ten  per  cent,  of  their  scalp  wounds  (Chenu),  but 
doubtless  a  large  proportion  of  these  fatalities  cani 
now  be  assigned  to  unrecognized  cranial  injuries. 
Particular  attention  should  be  paid  to  the  first  dress- 
ing of  a  scalp  wound  to  avoid  sepsis.  The  dirt  of  the- 
scalp  is  proverbial  and  all  scalp  wounds  are  followed 
by  infection  unless  extreme  care  is  observed  to  avoid 
it,  and  this  applies  especially  to  lacerated  wounds 
from  shell  fragments,  deformed  bullets,  and  glancing 
shots  from  shotguns.  The  hair  should  be  shaved  and 
the  scalp  thoroughly  scrubbed  with  nail  brush,  soap, 
and  water,  and  a  liberal  use  of  antiseptic  solutions- 
like  bichloride  of  mercury  1-2,000,  or  carbolic  acid 
one  to  twenty  should  precede  the  primary  dressing. 
In  field  practice  or  emergent  conditions  in  civil 
communities  where  the  necessary  facilities  are  not  at 
hand,  the  shaved  scalp  and  wound  should  be  painted 
with  tincture  of  iodine  just  before  the  application  of 
the  first  dressing. 

(2)  Shot  wounds  of  the  skull  without  lesion  of 
cranial  contents  will  include  contusion  of  the  skull, 
fracture  of  the  outer  table  alone,  and  fracture  of  the 
inner  table  alone. 

Contusion  of  the  skull  in  former  wars  was  caused  by 
slow  moving  projectiles  like  lead  rifle  bullets  and 
pieces  of  shell  with  smooth  surfaces.  The  latter 
and  shrapnell  balls  are  the  frequent  causes  of  the 
lesion  in  the  wars  of  the  present. 

Fracture  of  the  outer  table  alone  is  of  rare  occurrence 
except  over  certain  cranial  regions  like  the  frontal 
sinus,  the  mastoid  and  zygomatic  process  of  the  tem- 
poral. Injury  to  other  regions  of  the  skull  is  most 
generally  accompanied  by  involvement  of  the  inner 
table.  Injuries  to  the  outer  table  in  this  respect  are 
alike  for  the  old  and  new  armaments.  Except  for 
the  regions  above  mentioned,  a  grazing  shot  of  the 
skull  by  the  reduced  caliber  bullets  of  our  present 
military    rifle,    or  the  steel-clad  bullets  of  the  high 
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velocity  automatic  pistol,  will  invariably  show  fissures 
or  fragmentation  of  the  inner  table  accompanying 
the  lesion  of  the  outer  table. 

Fracture  of  the  Inner  Table  Alone. — Only  twenty 
such  cases  are  said  to  have  occurred  in  our  Civil  War 
and  ten  of  the  specimens  are  now  on  exhibition  in  the 
Army  Medical  Museum  at  Washington.  Figs.  2869 
and  2S70  are  typical  examples  of  these  cases. 


Fig.  2S69. — Photograph  of  Outer  Table  of  Skull  showing  contusion 
without  fracture  by  a  conoidal  musket  ball. 

The  cases  referred  to  were  caused  by  oblique  im- 
pact of  musket  balls  mostly,  some  of  shell  fragments, 
and  one  by  a  buck  shot.  These  missiles  did  not  have 
enough  energy  to  fracture  the  outer  table.  They 
caused  the  latter  to  yield  and  the  pressure  so  exerted 
on  the  inner  table  ended  in  fracture  of  it,  after  which 
the  outer  table  resumed  its  normal  curvature.  The 
superior  penetration  of  the  jacketed  rifle  and  automatic 
pistol  bullets  of  the  present  day,  except  when  they 
act  as  spent  balls,  invariably  fracture  the  outer 
and  inner  tables  at  the  same  time. 

Gunshot  Fracture  of  the  Skull  with  Attendant  Brain 
Injury. — In  this  kind  of  lesion  there  is  fracture  of 
the  inner  or  both  tables  with  injury  to  cranial  contents. 
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Fig.  2870.— Inner  Table  of  Same  Skull  with  Fracture.  A 
fragment  an  inch  and  a  half  in  length  and  half  an  inch  broad  com- 
pletely detached  from  vitreous  table.  Specimen  from  Civil  War 
1861-65.     Army  Medical  Museum  collection. 

These  injuries  are  very  fatal,  they  are  attended  with 
definite  complications  and  sequelae,  and  they  require 
prompt  and  radical  measures  of  treatment.  The 
fatality  of  these  head  injuries  in  war  was  59.2  per 
cent,  for  the  Civil  War;  51.3  per  cent,  for  the  Franco- 
German  War  of  1870-71;  and  51.3  per  cent,  for  the 
Spanish-American  War  and    Philippine   Insurrection. 


The  fatality  in  the  Anglo-Boer  War  according  to  the 
British  returns  was  29.4  per  cent,  in  136  cases  of 
gutter,  penetrating,  and  perforating  fractures  of  the 
head.  Their  results  are  far  better  than  those  of  the 
U.  S.  Army  returns  in  the  Spanish  American  War 
under  modern  conditions.  The  discrepancy  is  so 
great  that  it  is  more  than  likely  due  to  the  manner  of 
registration  on  the  field  by  the  relief  corps  of  the  two 
armies.  We  have  reason  to  believe  that  our  returns 
were  made  up  from  all  the  eases  as  they  occurred  at 
the  front  and  along  the  line  of  communications,  while 
the  returns  of  the  English  included  only  those  that 
lived  to  reach  hospital  care. 

Gutter  Fracture. — This  form  of  fracture  with  at- 
tendant brain  injury  is  common  with  the  use  of  steel- 
clad  bullets  from  reduced  caliber  rifles  and  automatic 
pistols.  The  scalp  is  slit  in  the  superficial  fractures 
of  the  skull,  but  the  deeper  injuries  are  more  frequent; 
thev  exhibit  wounds  of  entrance  and  exit  which  mark 


Fig.  2871. — Photograph  of  John  G.,  Jr.,  late  Private.  Co.  "D," 
1st  Neb.  Vol.  Inf..  taken  thirteen  years  after  receipt  of  injury. 
Scar  from  wound  entrance  shows  on  forehead  above  inner  canthua. 
left  eye.     Army  Med.  School  collection. 

the  limit  of  the  bullet's  track.  The  shock  of  impact 
from  the  high  velocity  bullets  is  so  great  in  the  deeper 
gutter  lesions  that  the  energy  which  is  transmitted 
to  the  outer  table  invariably  causes  fracture  of  the 
inner  table  as  well.  Under  prompt  measures  of 
treatment  these  minor  lesions  have  a  favorable 
prognosis. 

Penetrating  Fractures. — In  this  class  of  gunshot 
wounds  of  the  head  there  is  a  wound  of  entrance  and  no 
apparent  wound  of  exit.  The  missile  generally  finds 
lodgment  in  the  skull,  though  it  has  been  known  to 
lodge  down  the  neck,  and  with  lead  buUetsof  low  veloc- 
ity, the  projectile  will  at  times  flatten  against  the  skull 
and  there  find  lodgment.  Penetrating  fractures  are 
not  as  common  now  as  they  were  in  the  days  of  the 
old  armament.  Otis,  in  the  Surgical  Volumes  of  the 
Medical  and  Surgical  History  of  the  War  of  the  Rebel- 
lion makes  note  of  486  cases  for  the  whole  war,  and  mis- 
siles were  extracted  from  within  the  cranium  in  eleven 
cases.     Penetrating   fractures   of   the   skull   are   only 
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noticed  from  the  steel-clad  projectiles  of  the  present 
day  when  these  have  lost  the  greater  part  of  their 
remaining  velocity.  The  following  case  from  the 
Spanish-American  War  of  a  lodged  Mauser  in  the 
brain  substance  is  of  special  interest  because  of  the 
number  of  years  that  the  patient  has  carried  the 
bullet  at  the  same  time  that  he  has  pursued  his  duties 
as  a  post-ofBce  official,  and  also  because  the  history 
is  accompanied  by  a  recent  picture  of  the  bullet  in 
situ  and  a  photograph  of  the  patient.'  (Figs.  2871 
and  2872.) 

Case    14. — Penetrating,    Mauser-bullet    wound    of 
brain;     wound     aseptic;     bullet     removed.     "John 


as  reading,  caused  pain  in  back  of  eyes  and  vertex  of 
the  head.  Returned  to  San  Francisco  with  his  reg- 
iment in  August,  1899.  Radiograph  taken  August  20 
showed  Mauser  bullet  embedded  in  left  occipital  lobe." 
"Condition  October  1,  1899,  six  months  after 
receipt  of  the  injury:  OccasionaUy  has  pain  in  the 
lumbar  region,  and  describes  it  as  being  a  "catch," 
lasting  about  five  minutes  at  a  time.  Pain  in  the 
head,  when  present,  is  located  a  little  anterior  to 
parietal  eminence  on  left  side.  There  is  no  history 
of  loss  of  power  on  either  side,  but  a  weakness  is 
appreciated  in  the  right  arm  and  leg,  and  ^  slowness 
in    response   to    mental    impulse.     This  last  is  dem- 


FlG.  2872. — Latest  Skiagram  of  John  G.,  showing  present  location  of  Mauser  bullet  in  brain, 
years  after  injury.     Army  Med.  School  collection,  Gibbs  Laboratory.     Dr.  Leoi 


Exposure  made  in  1912,  thirteen 
T.  LeWald,  X-rajnst. 


G.  Jr.,  private.  Company  "D, "  First  Nebraska 
Volunteer  Infantry,  wounded  at  long  range,  March 
27,  1899,  at  Mariboa,  Philippine  Islands,  by  a 
Mauser  bullet  entering  cavity  of  cranium,  three-fourths 
inch  above  the  supraorbital  ridge  and  one-fourth 
inch  to  the  left  of  the  median  line.  There  was  a 
total  loss  of  consciousness  during  first  few  hours 
following  receipt  of  the  traumatism,  with  the  exception 
of  a  few  short  intervals  of  semiconsciousness,  at  which 
time  excruciating  pain  in  the  head  was  experienced. 
The  patient  was  taken  to  the  First  Reserve  Hospital 
at  Manila,  where  he  lay  in  bed  for  about  four  weeks. 
While  in  bed,  he  suffered  extremely  from  pain  in  the 
head,  most  severe  the  first  three  days,  moderating 
slightly;  at  the  end  of  the  fifth  week  becoming  in- 
termittent, greatly  exaggerated  on  exertion,  by  heat, 
and  especially  by  direct  rays  of  the  sun,  exposure  to 
which  caused  him  to  reel,  stagger,  and  almost  lose 
consciousness.  At  the  present  time  (August,  1899) 
is  still  quite  susceptible  to  direct  rays  of  the  sun. 
First  few  days  of  illness  were  marked,  by  extreme 
nausea  and  persistent  vomiting;  the  slightest  thing 
taken  in  the  stomach  would  be  rejected.  The  pain 
in  the  head  increased  the  severity  of  these  attacks. 
During  early  weeks  of  illness  any  exertion  of  the  brain, 
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onstrated  in  the  act  of  writing;  though  the  thought 
is  perfectly  clear,  there  is  a  slowness  in  the  forming  of 
the  words." 

"Voice:  Patient  did  not,  to  his  knowledge,  exer- 
cise this  function  for  first  two  days  of  illness,  but  on 
beginning  to  do  so,  noticed  a  slight  confusion  of  ideas, 
it  being  necessary  first  to  clearly  fix  a  thought  before 
giving  expression.  There  was  also  temporary  loss  of 
power  to  recall  past  events  and  names  of  companions. 
This  returned  with  full  clearness  at  other  times.  A 
slight  confusion  stOl  remains." 

"Eye:  Pain  back  of  left  eye  is  less  severe,  increased 
by  use,  and  relieved  by  closing  the  lid.  During 
confinement  to  bed  following  injury,  patient  tested 
vision  of  left  eye  by  closing  right.  The  vision  was 
clear,  but  slight  weakness  and  photophobia  was 
noticed.  Ptosis  of  left  ej'e  marked  during  early 
weeks  of  illness.  Aperture  is  now  smaller  than  that 
of  right  eye.  A  slight  diplopia  was  also  present,  a 
line  of  printing  appearing  double.  Pupils  are 
regular,  but  left  slightly  larger.  Reaction  to  light 
and  power  of  accommodation  is  noticeably  de- 
creased, especially  in  left  eye.  Visual  field  normal. 
No  nystagmus." 

"Hearing  is  normal.     Sense  of  taste  more  acute  on 
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right  side,  the  anterior  two-thirds  of  left  side  showing 
marked  dullness. 

Tactile  sense  seemingly  slightly  dull  on  right  side. 
General  sensation  of  right  side  not  as  acute  as  on 
opposite  side. 

"Reflexes:  Knee  reflex  very  marked  on  right  side, 
responding  to  touch  above,  as  well  as  below  the  joint; 
the  contact  from  finger  causing  a  disagreeable  tingling 
throughout  the  thigh.  On  left  side,  reflex  is  exag- 
gerated, but  not  to  such  a  marked  extent.  Wrist 
reflex  marked  on  right  side,  causing  a  chronic  spas- 
modic contraction  of  the  fingers.  Reflex  absent  on 
left  side.  Ankle  clonus  and  patellar  reflex  absent. 
Cremasteric  marked  on  both  sides.  Sphincters  unin- 
volved  at  any  period  of  illness;  coordination  good, 
though  a  slight  uncertainty  is  felt  on  attempting  to 
walk  with  the  eyes  closed.  No  epileptiform  seizures. 
No  disturbance  of  nutrition  or  bodily  functions. 


is  also  true  of  a  sudden  jar.    My  wound  appears  to  be  affected  by 
a  change  in  weather,  general  health  good. 

I  will  be  pleased  to  furnish  you  any  further  information  desired 
and  appreciate  the  interest  you  have  taken  in  my  case.  I  am 
enclosing  a  couple  of  newspaper  clippings  in  connection  with  my 
case,  which  may  be  of  interest. 

Yours  sincerely, 

(Signed)  John  G  ,  Jr. 

The  following  case  exhibiting  a  lodged  Krag- 
Jorgensen  bullet  is  taken  from  the  records  of  the 
hospital  Madison  Barracks,  New  York:  J.  S.  P.  Priv- 
ate, "K"  Companv,  9th  U.  S.  il Infantry,  a!t.  twenty- 
eight,  admitted  July  23,  1903.  "Accidentally  shot 
by  firing  party  at  500  yards  range,  ball  ricocheting 
on  butt  timber  and  striking  patient  while  in  target 
pit  at  Stony  Point  Rifle  Range,  New  York,  July  23, 
1903,  as  per  transfer  slip." 

A  diagnosis  was  made  at  the  Hospital  of  "Gunshot 


Fig.  2873. — Skiagram  in  Case  of  Private  J.  S.  P.,  Co.  "K"  9th  Inf.,  showing  a  Krag-Jorgensen  bullet  lodged  on  the  tentorium. 

Army  Med.  School  collection  X-ray  Laboratory. 


"The  patient  later  entered  the  mail  service  and  re- 
turned to  Manila  on  duty."  Reported  by  Major 
A.  C.  Girard,  Surgeon,  United  States  Army,  General 
Hospital,  Presidio. 

Mr.  G.  is  now  employed  as  a  clerk  in  the  PostoflFice 
Department.  In  a  recent  letter  he  writes  of  his  con- 
dition as  follows: 

Postofiice  Department. 
Office  of  the  Inspector  in  Charge, 
New  York,  N.  Y.,  Oct.  13,  1911. 
Colonel  Louis  A.  LaGarde. 

Commandant,  Army  Medical  School, 
Washington,  D.  C. 
My  dear  Sir: 

I  am  in  receipt  of  your  favor  of  the  9th  inst.  relative  to  gunshot 
wound  of  head,  received  by  me  during  my  service  in  the  Philippine 
Islands.  I  regret  that  I  am  unable  to  furnish  you  with  a  medical 
history  of  my  case  since  lea%'ing  the  Presidio  General  Hospital. 

I  have  not  received  medical  treatment  for  my  wound,  as  I 
realized  aside  from  an  operation  but  little  relief  could  be  afforded, 
and  my  condition  has  not  justified  that,  inasmuch  as  a  consultation 
of  army  surgeons  at  the  Presidio  Hospital  decided  that  an  operation 
would  probably  prove  fatal.  The  symptoms  from  which  I  suffer 
as  a  result  of  bullet  carried  in  brain  are  about  the  same  as  when 
discharged,  except  stooping  causes  severe  pains  in  the  head.     This 


fracture  skull,  right  parietal  region,  Krag-Jorgensen 
bullet,  severe,  causing  partial  hemiplegia,  left  side. 
Entrance  wound  four  inches  above  right  external  audit- 
ory meatus  and  four  inches  from  right  external  angular 
process  of  frontal  bone,  ball  penetrating  brain,  no 
exit  wound."  Under  chloroform  anesthesia  numer- 
ous pieces  of  bone  were  taken  from  the  entrance 
wound,  a  bleeding  vessel  was  ligated;  brain  lacerated, 
bullet  not  found.  Scalp  wound  -was  sewed  with  silk- 
worm gut  and  dressed  antiseptically.  Sent  to  quarters; 
August  23.  The  patient  was  later  discharged  from  the 
service,  but  he  was  readmitted  to  the  same  hospital 
June  3,  1904,  for  cerebral  abscess  posterior  parietal 
lobe.  He  died  the  same  day.  At  autopsy  ball  was 
recovered  on  the  tentorium  in  the  position  indicated 
in  the  skiagram.  Fig.  2873.  After  discharge  from  the 
service  Jan.  28,  1904,  the  patient  suffered  from 
partial  paralysis  left  side  face,  and  left  hand ;  headache 
and  vertigo,  for  which  he  was  borne  on  the  pension 
rolls  until  his  death  June  3,  same  year. 

Perforating  Fractures. — In  this  class  of  cranial 
injuries  we  have  a  wound  of  entrance  and  a  wound  of 
exit.     Such   injuries   are   extremely   fatal,   since   the 
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majority  do  not  live  to  reach  hospital   care.     At  the 
battle  of  Santiago  we  found  that  shots  passing  through 


Fig.  2874. — Photograph  Showing  Side  View  in  Case  of  Patrick  D. 
Med.  School  collection.     Ft.  Sheridan  X-ray  Laboratory. 

the  posterior  two-thirds  of  the  skull  in  "^any 
direction  near  the  base,  were  generally  fatal, 
and,  that  the  degree  of  fragmentation  was  in 
proportion  to  the  remaining  velocity  and  energy 
of  the  projectile. 

The  extreme  explosive  effects  of  ourJ,present 
day  rifle  ammunition  is  strikingly  exhibited  in 
the  case  of  Private  Patrick  D.,  Co.  "K"  27th 
U.  S.  Infantry,  who  shot  himself  Nov.  13,  1911. 
The  muzzle  of  the  piece  was  held  in  his  mouth 
or  near  it  while  the  barrel  was  directed  toward 
the  vortex  of  the  skull.  Col.  Charles  Wilcox, 
M.  C,  U.  S.  A.,  who  reports  the  case  states  that 
"the  entire  squad  room,  especially  the  ceiling, 
was  stained  with  blood  and  fragments  of  brain." 
The  great  destruction  of  soft  parts  destroyed 
all  appearances  of  a  wound  of  entrance  or  exit. 
The  face  above  the  lower  jaw;  the  entire  cere- 
brum and  cranial  vault  were  blown  away. 
Doubtless  the  expanding  force  from  the  gases 
liberated  by  the  propellant  added  to  the  ex- 
plosive effects,  but  aside  from  the  pressure  ex- 
erted from  this  source,  we  know  that  the  energy 
from  the  projectile  and  the  energy  which  it  con- 
veyed to  secondary  missiles  like  pieces  of  bone, 
dura,  and  particles  of  brain  tissue  are  quite 
sufficient  to  cause  the  bulk  of  such  a  lesion. 

Fig.  2S76  exhibits  the  appearance  of  the 
skull  in  a  man  who  was  shot  with  a  Krag- 
Jorgensen  bullet  by  a  member  of  the  guard 
at  Fort  Sheridan,  Illinois,  at  a  distance  of 
ninety  feet.  After  passing  through  the  man's 
skull  posteroanteriorly  it  perforated  a  tree  eight 
inches  thick  and  buried  itself  two  feet  in  the 
ground.  The  patient  lived  only  one  hour  after 
he  was  shot.  The  woimd  of  entrance  was 
round  the  size  of  the  bullet,  that  of  exit  was  larger 
and   ragged.     The   destruction   of   brain   tissue   was 
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extensive,  corresponding  to  the  violence  which  is  ex- 
hibited in  the  skull.  The  explosive  effects  would 
have  been  more  marked  had  the  bullet  traversed 
the  head  nearer  (the  base  where  the  greatest 
amount  of  resistance  lies.  In  addition  to  the 
fissures  which  are  shown  in  the  photograph, 
there  was  comminution  of  the  cribriform  plate, 
fissures  in  the  petrous  and  temporal  portions 
of  the  temporal  bone,  otherwise  the  skull  was 
intact.' 

The  automatic  pistol  bullets  which  are  now 
becoming  so  popular  in  civil  communities  have 
decided  shattering  effects  on  resistant  parts  of 
the  body  like  the  cranium  as  compared  to  the 
buUets  of  similar  calibers  and  lower  velocities 
from  lead  bullets  shot  from  revolvers.  The 
lead  bullets  fromUhe  latter  are  prone  to  inflict 
penetrating  wounds  with  lodged  balls.  This  is 
even  so  when  the  weapon  is  held  near  the  head 
when  fired. 

Aside  from  the  fact  that  the  0.38  caliber 
Colt's  revolver'buUetjhad  a  comparatively  low 
velocity,  it  failed  to  perforate  the  head  on  ac- 
count of  the  deformation  which  it  sustained  on 
impact  against  the  frontal  bone.  When  its 
sectional  area  was  thus  increased  it  at  once  lost 
its  penetration,  and  the  result  was  lodgement  of 
the  bullet.  This  bullet  might  have  perforated 
very  readily  at  eight  or  ten  yards  away.  The 
remaining  velocity  would  have  been  less,  and 
the  bullet  would  have  been  more  likely  to  pene- 
trate the  frontal  bone  without  deforming  and  it 
might  then  have  had  sufficient  force  left  to  carry 
it  through  the  head  without  lodging. 

The  effects  of  superior  velocity  and  energy 
from  steel-clad  bullets  out  of  an  automatic  pistol 
strikingly  shown  in  Fig.  2878.  Although  the 
caliber  of  the  bullet  which  inflicted  this  injury 
was  much  less,   the   shattering  effects  are  far 


Fio.  2875. — Posterior  View  of  Fig.  2S71. 

more  extensive  and  these  have  to  be  ascribed  to  the 
superior   velocity   and   energy  of  the  short  unstable 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Gunshot  Wounds 


bullet  from  the  Luger  pistol.     For  ballistics  of  pistols 
and  revolvers  see  Table  II,  p.  803. 

Remote  Effects  of  Head  Wounds. — But  few  gunshot 
injuries,  whether  they  are  attended  with  contusion  or 
fracture,  fail  to  give  evidence  of  cerebral  disturbance. 
Cicatrices  are  at  times  painful  enough  to  require 
excision.  But  the  more  persistent  remote  symjitoms 
of  head  injuries  are  headache,  dizziness,  and  irritable 
disposition,  which  are  especially  prone  to  appear  when 
the  patient  resumes  his  vocation.  There  are  also 
paralytic  symptoms  which  are   worse  at  first  witli  a 
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tendency  to  improve  with  time.  Headache  and  dizzi- 
ness especially  are  aggravated  in  hot  weather  and  dur- 
ing residence  in  the  tropics.  Physical  and  mental 
work  are  soon  followed  by  fatigue.  Patients  are 
disturbed  by  trifles  and  they  exhibit  neurasthenic 
tendencies.  All  the  symptoms  of  nerve  irritation 
are  aggravated  by  the  use  of  alcohol.  The  memory  is 
impaired,  there  are  at  times  marked  changes  in  the 
character  of  the  individual.  Those  of  a  cheerful  dis- 
position become  fault-finding,  moody,  eccentric,  and 
irascible.  Epilepsy  is  frequently  noted  and  insanity 
supervenes  at  times. 

The  complications  of  gunshot  fracture  of  the  cra- 
nium are  concussion,  compression,  and  hemorrhage; 
and,  as  sequelse  we  have  meningitis,  encephalitis, 
hernia  cerebri,  and  brain  abscess. 

Concussion,  Compression,  and  Hemorrhage.— The 
differentiation  between  concussion  and  compression 
is  not  easily  made  in  the  beginning,  since  the  symp- 
toms are  very  much  the  same.  It  should  be  remem- 
bered that  concussion  is  rare  in  gunshot  wounds  of  the 
cranium,  and  that  it  is  generally  but  transient  when 
it  results  from  contusion,  guttering,  or  the  minor  gun- 
shot lesions  about  the  skull.  Symptoms  due  to  pene- 
tration or  perforation  accompany  those  of  compression 


when  the  latter  is  present.  Symptoms  of  compression 
from  depressed  bone  come  immediately,  while  those 
from  hemorrhage  are  more  gradual  in  their  onset. 
Subdural  hemorrhage  comes  on  gradually  also,  and 
it  generally  results  from  fissure  in  the  track  of  the 
middle  meningeal  artery  with  rupture  of  the  latter. 

Meningitis,  encephalitis,  hernia  cerebri,  and  brain 
abscess  are  the  result  of  infection  and  usually  end  in 
death.  Hernia  cerebri  may  follow  rupture  of  the  dura 
as  a  result  of  pressure  from  depressed  bone  but  most 
generally  it  is  caused  by  penetration  by  the  projectile. 
It  is  either  primary  or  secondary.  The  pri- 
mary form  is  nearly  always  fatal,  it  is  due  to 
pressure  from  internal  hemorrhage  which  takes 
place  through  a  large  opening  in  the  dura  soon 
after  the  receipt  of  the  injury.  The  secondary 
form  occurs  later;  it  is  the  result  of  internal 
pressure  from  the  products  of  inflammation 
ending  in  abscess,  meningitis,  or  encephalitis. 
Otis  reports  fifty-five  cases  of  secondary 
hernia  cerebri  during  our  Civil  War  with  a 
mortality  of  eighty  per  cent.  Under  modern 
methods  of  (treatment  the  mortality  in  the 
Anglo-Boer  War  was  only  41.9  per  cent,  in 
twelve  cases  according  to  Stevenson. 

Treatment  of  the  secondary  form  of  cerebral 
hernia  consists  in  the  persistent  application  of 
a  cleani  dressing  %  applied  with  moderate 
pressure.  Absolute  alcohol  is  a  favorite 
remedy  with  most  surgeons.  It  is  painted  on 
the  tumor  daily  for  its  cleansing  and  dehydrat- 
ing effects.  Excision  and  cauterization  are 
practised,  but  they  are  attended  with  a  certain 
amount  of  danger.  Gangrene  and  spontane- 
ous separation  sometimes  result]in(cure. 

Abscess  of  the  brain  usuallyl'occurs  about 
the  second  or  third  weeks.  The  symptoms 
are  not  always"definite''and  they  are  generally 
slow  in  developing.  Therejareja  rise  of  tem- 
perature.'.hcadache,  chUl,  nausea  and  vomiting, 
also  drowsiness.  Choked  disc  is  frequent,  and 
slow  pulse!,is  [significant.  Jacksonian  epilepsy 
appears  in  some  cases. 

Treatment   of  Gunshot  Fracture  of  the  Cran- 
ium.— Prompt   operative  interference  should 
be  undertaken  in  all  gunshot  fractures  of  the 
cranium   that    offer    any    hope    of   recovery. 
As  a  class,  fractures  of  the  cranium  are  neces- 
sarily  infected   in  every  instance  and  unless 
immediate  and  effective  measures  are  under- 
taken  to    cleanse  the   wound   of  entry,   and 
that  of  exit  if  one  is  present,  infection  with  its 
attendant  dangers  is  sure  to  appear.     Infection  enters 
the  wound  primarily  from  the  dirty  scalp,  hair,  and  in- 
fected bullet.     Every  effort  should  be  made  to  remove 
dirt,  pieces  of  loose  "bone,  and  metallic  particles  from 
the  wounds  and  the  channels  leading  from  them.    The 
scalp  should  first  be  shaved  clean  with  a  razor  if  possi- 
ble and  in  the  absence  of  a  liberal  amount  of  antiseptic 
solution,  the  wound  and  surrounding  surface  should 
be  painted  with  tincture  of  iodine  or  Lugol's  solution. 
A  flap  of  scalp  should  next  be  raised  at  the  wound  of 
entrance  with  its  convexity  directed  in  the  best  way 
to  secure  drainage,  the  wound  of  entrance  forming 
the    center    of   the    flap.     If    sufficient    room    is    not 
available  to  explore  the  vicinity  of  the   injury  the 
orifice    in    the    skull    should    be    enlarged    with    the 
rongeur.     All  fragments  of  bone  and  foreign  matter 
should    be    removed    and    disintegrated    brain    pulp 
and  blood  clots  should  next  be  washed  away.     The 
wound  in  the  scalp  should  then  be  closed  by  suture 
preferably   without   drainage.     If   drainage   beconies 
necessary  at  any  subsequent  time  it  can  be  easily 
accomplished  by  relieving  some  of  the  sutures  at  the 
most  dependent  part  of  the  incision. 

Primary  union  is  preferable  since  it  wards  off  the 
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danger  of  sepsis  that  might  so  readily  enter  an  open 
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wound.  The  wound  of  exit  is  generally  larger,  and 
readily  accessible  for  exploration.  It  should  be 
cleansed  like  the  wound  of  entrance  and  preferably 
closed.  Gutter  fractures  should  be  made  smooth 
with  rongeur  forceps  and  the  floor  of  the  gutter,  com- 
posed of  the  inner  table  should  be  freed  of  all  frag- 
ments. Depressed  fractures  without  complete  pene- 
tration of  the  projectile  in  the  skull  are  treated  by 
replacing  the  fragments  still  attached  and  loose 
fragments  should  be  removed  entirely.  Particles  of 
the  inner  table  that  make  pressure  on  the  dura  or 
brain  should  also  be  removed.     It  is  a  safe  rule  to 


formity  depending  upon  the  remaining  velocity   of 
the  bullet. 

Wounds  of  the  Neck. — Wounds  of  the  neck  exclusive 
of  injury  to  the  vertebral  column  gave  a  mortality 
of  fifteen  per  cent,  in  a  total  of  4,114  neck  wounds 
in  our  Civil  War,  1861-65.  Those  of  the  larynx, 
trachea,  and  pharynx  were  especially  fatal  with  the 
use  of  the  old  armament.  The  beneficence  which 
has  resulted  from  the  employment  of  the  steel  clad 
reduced  caliber  bullets  in  recent  j-ears  is  particularly 
exhibited  in  gunshots  of  the  larynx,  trachea,  and 
pharynx. 


Fig.  2877. — Skiagram  Showing  Perforating  Fracture  of  Head  by  Colt's  new  service  revolver  .45  cal.  lead  bullet  at  close  range 
in  cadaver,  brain  in  situ.  Ball  flattened,  lost  its  penetration  and  then  lodged.  Note  particles  of  lead  in  track  of  bullet.  Army 
Medical  School  collection. 


explore  all  gunshot  injuries  of  the  cranium  whe  her 
fracture  is  apparent  or  not,  and  in  cases  of  doubt 
there  should  be  no  hesitancy  in  removing  a  half-inch 
crown  to  secure  proper  exploration.  In  cases  that 
are  not  thoroughly  explored  the  subsequent  history 
often  reveals  fracture,  with  fatal  results. 

The  treatment  outlined  above  was  faithfully  fol- 
lowed by  the  British  surgeons  in  the  Anglo-Boer  War 
and  their  efforts  were  rewarded  by  the  very  low 
average  mortality  of  29.1  per  cent,  in  a  list  of  sixty- 
three  gutter,  thirteen  penetrating,  and  sixty  per- 
forating fractures  of  the  cranium. 

Removal  of  Lodged  Missiles. — Unless  accompanied 
by  annoying  symptoms  the  removal  of  lodged  missiles 
should  not  be  undertaken,  and  no  attempt  at  removal 
should  be  made  unless  the  location  of  the  bullet  has 
been  definitely  ascertained  by  a; -ray  evidence. 

Wounds  of  the  Face. — Wounds  of  the  face  when 
inflicted  by  large  caliber  projectiles  are  attended  with 
varying  degrees  of  disfigurement.  If  the  reduced 
caliber  bullet  traverses  the  upper  part  of  the  face 
above  the  alveolar  processes  a  clean  cut  perforation 
only  is  apt  to  result  with  little  or  no  disfigurement. 
Impact  against  the  body  or  ramus  of  the  lower 
maxilla  is  attended  with  much  splintering  and  de- 
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We  saw  instances  in  the  Santiago  campaign  in 
which  the  larynx,  trachea,  and  great  vessels  were 
all  in  turn  perforated  without  fatal  outcome.  Of 
133  cases  of  gunshot  of  the  neck  that  lived  to  reach 
hospital  care,  for  the  whole  of  the  Spanish-American 
War  the  mortality  was  eighteen  per  cent.  Two 
of  the  fatal  cases  were  operated  upon  for  subclavian 
aneurysm. 

Septic  pneumonia  sometimes  complicates  gunshot 
of  the  larynx  and  trachea.  Hemorrhage  from  injury 
to  vessels  of  the  neck  should  be  treated  by  ligation 
above  and  below  the  wound.  The  wounded  from  shell 
fragments  seldom  live  to  reach  hospital  care.  Injury 
of  the  large  vessels  of  the  neck  by  reduced  caliber 
steel  clad  bullets  very  frequently  causes  one  of  the 
forms  of  traumatic  aneurysm.  A  certain  percentage 
of  the  cases  will  be  attended  by  a  temporary  spurt 
of  blood,  and  when  the  patient  is  kept  quiet  the 
wound  in  the  vessel  will  close,  and  healing  will 
take  place  without  any  other  symptom.  If  the  case 
is  attended  by  recurrent  hemorrhage,  the  surgeon 
should  at  once  cut  down  upon  the  bleeding  vessel 
and  ligate  above  and  below  the  wound.  Unless 
this  is  done  very  promptly,  swelling  will  take  place 
in  the  tissues  causing  a  diffuse  aneurvsm  that  will 
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destroy  the  normal  relation  of  the  parts  to  such  an 
extent  that  ligation  later  will  become  very  difficult. 
To  temporize  with  pressure  and  the  use  of  styptics, 
which  constituted  the  old  time  treatment  in  such 
cases,  is  fatal.  The  surgical  practice  at  present  is 
to  cut  down  and  tie  the  bleeding  vessels  in  the  wound 
whenever  this  is  possible.  This  will  be  a  difficult 
thing  to  do  when  the  bleeding  is  above  the  bifurcation 
of  the   common    carotid    in  the  parotid  region.     In 


are  treated  more  successfully  when  seen  in  time. 
In  the  case  of  a  vein  that  has  been  hit  at  a  tangent  by 
a  reduced  caliber  bullet,  and  which  is  easUy  accessible, 
application  of  fine  sutures  to  the  margins  of  the 
wounded  vessel  is  a  recognized  procedure.  In  vessels 
with  smaller  wounds,  the  edges  of  the  wound  can  be 
brought  together  with  a  hemostat  which  should  be 
left  in  situ  for  a  few  days.  Larger  vessels  that  are 
perforated  by  the  projectile  require  ligation  of  the 


Fig.  2878. — Photograph  of  Gun-shot  Fracture  of  Cranium  in  Cadaver  w-ith  brain  in  situ  by  the  Luger  automatic  pistol  bullet, 
cal.  765  mm.  at  37  1/2  yards,  with  velocity  of  1258  f.s.  BuUet  entered  left  orbit  and  emerged  above  and  behind  right  auditory- 
meatus  fracturing  left  malar,  orbital  surface  superior  maxillary,  ethmoid,  body  and  great  ^sing  of  sphenoid,  vomer;  separated  the 
right  malar,  fracturing  frontal  over  orbit,  right  parietal,  petrous,  squamous,  and  mastoid  portions  of  right  temporal,  left  parietal, 
and  left  occipital  bones.     Philadelphia  Polyclinic,  service  of  Dr.  A.  Hewson. 


such  a  case  the  surgeon  should  expose  the  origin  of 
the  two  arteries  and  then  successively  compress  the 
vessels,  and  tie  the  one  which  controls  the  hemorrhage 
when  pressure  is  made.  If  the  hemorrhage  fails 
to  stop  when  the  vessels  are  alternately  compressed, 
the  rule  is  then  to  tie  both  the  internal  and  external 
carotids.  As  an  additional  precaution  to  prevent 
the  recurrence  of  hemorrhage  the  skin  incision  should 
be  enlarged  and  the  wound  packed  with  antiseptic 
tampons. 

Wounds  of  the  Jugular  Veins. — Wounds  of  the 
external  jugular  vein  require  ligation  of  both  ends 
of  the  vessel  in  the  wound.  Wounds  of  the  internal 
jugular  were  very  fat,al  by  the  old  armament  under 
the  methods  of  wound  treatment  that  prevailed 
formerly.     L'nder  modern  conditions  the  same  wounds 


vessel  above  and  below  the  point  of  injurj'  the  same 
as  practised  for  a  wounded  artery. 

Wounds  of  the  Nerves  of  the  Neck. — Unlike  injury 
to  nerves  of  other  regions  there  is  little  that  can 
be  done  in  a  surgical  waj'  for  nerve  injuries  in  this 
locality.  Injuries  to  the  seventh,  the  recurrent  laryn- 
geal, and  spinal  accessory  cause  paralysis  of  the 
muscles  in  their  distribution  with  interesting  clinical 
signs.  Injuries  to  the  phrenic  nerves  are  the  most 
serious;  there  is  paralysis  of  the  diaphragm  on  the 
corresponding  side,  with  hiccough,  dyspnea,  and  a 
sensation  of  constriction  around  the  body. 

In  rare  instances  injury  to  the  pneumogastric 
alone  is  noted.  On  account  of  the  intimate  relation 
to  the  great  vessels  the  latter  are  most  generally 
implicated.     Aside  from  direct  traumatism  the  nerve 
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may  be  injured  by  pressure  as  in  cases  of  aneurysm 
or  by  the  vibratory  force  which  is  transmitted  by 
the  projectiles  of  the  high  power  military  rifles  in 
present  use.  Injury  to  this  important  nerve  has 
interesting  clinical  signs  such  as  difficulty  in  degluti- 
tion, phonation,  and  respiration ;  irregularity  and  rapid- 
ity of  heart  action  occur  later,  and  often  cause 
death.  Injury  to  the  pneumogastric  is  doubtless  a 
frequent  cause  of  death  on  the  field  of  battle  among 
those  hit  in  the  neck. 


Fia.   2879. 


-Photograph  of  Cadaver  showing  course  of  bullet  in 
case  of  Capt.  C.  A.  T..  9th  U.  S.  Cavalry. 


Now  that  aneurysm  is  more  frequently  noted  from 
the  use  of  reduced  caliber  bullets,  vagus  involvement 
by  pressure  wUl  be  more  frequent  than  formerly. 

Wounds  of  the  Cervical  Sympathetic. — Uncomplicated 
injury  to  this  nerve  is  seldom  seen  on  account  of  its  inti- 
mate relation  to  other  important  structures.  In  rare  in- 
stances the  nerve  alone  has  been  injured,  and  the  symp- 
toms of  injury  to  it  have  also  been  studied  in  cases  where 
primary  hemorrhage  from  the  adjoining  large  vessels 
has  been  successfully  arrested.  Upon  complete  division 
the  following  sj^mptoms  are  commonly  noted:  (a) 
narrowing  of  the  palpebral  fissure;  (ft)  sinking  of  the 
eyeball;  (c)  contracted  pupil;  (d)  loss  of  the  ciliospinal 
reflex,  and  (e)  redness  and  dryness  of  the  skin  of  the 
corresponding  side  of  the  face.  In  partial  division 
of  the  nerve  only  some  of  the  foregoing  symptoms  are 
seen. 

Wounds  of  the  brachial  plexus  are  among  the  more 
common'nerve  injuries  of  the  neck  by  gunshot.  They 
are  attended  with  protracted  suffering  as  a  result  of 
neuritis  which  is  manifested  by  pain,  hyperesthesia, 
formication,  and  numbness.  Trophic  disturbances 
such  as  loss  of  the  nails  of  the  hand  are  frequent. 
The  dotted  line  on  the  cadaver  in  Fig.  2879  shows  the 
course  of  a  Mauser  bullet  which  injured  an  officer 
at  the  battle  of  Santiago.  The  bullet  entered  the 
left  side  of  the  neck  at  about  the  level  of  the  upper 
border  of  the  thyroid  cartilage,  internal  to  the 
sternocleidomastoid.  It  ranged  downward,  backward, 
and  to  the  right,  making  its  exit  one  inch  to  the  right 
of  the  seventh  cervical  spine.  The  officer  dropped  at 
once  heavily  to  the  ground  from  the  momentary  shock 
of  the  bullet's  energy  exerted  against  the  spinal  cord. 
A  sergeant  who  was  near  thought  him  dead.  He, 
however,  regained  consciousness  very  shortly  and 
the  author  examined  him  the  next  day.  The  neck 
and  left  arm  were  swollen,  and  there  was  a  burning 
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pain  in  the  distribution  of  the  median  nerve.  We 
again  examined  this  officer  a  few  months  after  the 
injury  and,  off  and  on,  for  four  years  thereafter. 
He  was  at  no  time  free  from  hyperesthesia,  for- 
mication, neuralgic  pains,  and  numbness  which  were 
principally  referred  to  the  left  hand. 

Wounds  of  the  Air  Passages. — -Wounds  of  the 
larynx  and  trachea  were  very  fatal  with  the  use  of 
the  old  armament,  so  much  so  that  Chenu  gives  but 
one  case  of  recovery  in  the  Crimean  War,  and  that 
was  complicated  by  a  fistula.  In  the  Civil  War 
Otis'  statistics  show  that  only  seventy-seven  cases  of 
injury  to  the  larynx  and  trachea  reached  hospital 
care  out  of  4,895  neck  wounds,  and  the  mortality  in 
the  seventy-seven  cases  was  fifty  per  cent. 

The  beneficence  which  has  come  from  the  use  of 
reduced  caliber  bullets  is  specially  shown  in  recent 
wars.  Follenfant^  reports  thirty-three  cases  in  the 
Manchurian  Campaign  with  three  deaths.  A  number 
of  observers  in  the  same  campaign  testify  to  simUar 
results. 

Asphyxia  from  hemorrhage  in  the  larj'nx  is  the 
greatest  source  of  danger  in  wounds  of  the  air  passages. 
Later,  pneumonia  and  edema  glottidis  sometimes 
appear.  Among  the  sequel®  stricture  of  the  larynx 
or  trachea  has  been  noted.  The  following  case  from 
the  Spanish-American  War  is  of  special  interest: 
Private  Jacob  H.  M.  Co.  A,  4th  U  .  S.  Infantry, 
was  shot  by  a  iMauser  bullet  before  Santiago,  July  2, 
while  he  was  lying  down.  "The  bullet  entered  right 
temple  two  and  one-half  inches  above  and  one  inch 
posterior  to  the  right  canthus.  It  passed  through 
the  superior  maxilla  downward  and  backward,  cut' 
through  the  posterior  portion  of  the  soft  palate  and 
entered  the  neck.  Here  it  became  deflected,  probably 
by  the  thyroid  bone,  and  entered  the  thjToid  car- 
tilage, thoroughly  comminuting  it,  cutting  into  the 
esophagus  wall  where,  being  spent,  it  dropped  into 
the  stomach."  The  patient  states  that  he  subse- 
quently passed  the  bullet  per  rectum.  The  immediate 
symptoms  wore  profuse  hemorrhage  from  the  mouth 


Fig.  2880, — Photograph  of  Jacob  H.  M.,  March  4.  19U.  at  which 
time  he  was  still  wearing  tracheotomy  tube. 

and  nose,  with  difficult  breathing  and  dysphasia  later. 
The  former  was  so  marked  that  tracheotomy  was 
necessary  August  3.  He  was  wearing  the  trache- 
otomy tube  when  last  examined.  The  larynx  is 
completely  obstructed.  The  laryngoscopic  appear- 
ances are  cited  in  Coctor  Maver's  article'  above 
quoted  (Fig.  2880). 

Treatment. — Slight  wounds  of  the  front  segment  of 
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the  trachea  are  best  treated  by  suture  if  the  respira- 
tory efforts  will  permit.  Dyspnea  calls  for  immedi- 
ate tracheotomy.  Hemorrhage  from  the  large 
vessels  calls  for  ligature.  Wounds  of  the  esophagus 
should  be  sutured  when  this  is  practicable,  care  being 
taken  to  provide  drainage  at  the  bottom  of  the 
wound.  When  suture  of  the  esophagus  cannot  or 
has  not  been  done,  feeding  should  be  conducted 
through  an  esophageal  tube  or  catheter  passed  through 
the  mouth  or  nose  into  the  stomach. 

Wounds  of  the  Spine. — Gunshot  wounds  of  the 
spine  are  among  the  most  fatal  of  the  war  wounds 
the  bearers  of  which  live  to  reach  hospital  care.  Otis 
gives  a  mortality  of  55.5  per  cent,  out  of  642  gun- 
shots of  the  spine  in  our  CivQ  War,  and  he  shows  that 
the  fatality  increases  with  the  proximity  of  the  injury 
t  o  the  head : 

Cer\ical  spine 70      per  cent. 

Dorsal  spine , 63      per  cent. 

Lumbar  spine 45.5  per  cent. 

In  the  Anglo-Boer  War  Stevenson  gives  the 
following  mortaUt}'  in  forty-eight  cases  the  majoritj- 
of  which  were  inflicted  by  reduced  caliber  bullets: 

Cervical  spine  (5  cases) 60      per  cent. 

Dorsal  spine   (41  cases) 60.9  per  cent. 

Lumbar  spine 00      per  cent. 

In  thirty-six  cases  from  the  Spanish-American  War 
and  Philippine  Insurrection  (as  a  result  of  wounds 
by  the  new  armament  in  the  majority  of  cases)  the 
aggregate  mortality  was  seventy-five  per  cent. 

We  have  nothing  to  offer  in  the  way  of  statistics 
from  the  great  Manchurian  War  but  the  reports  from 
individual  observers  confirm  the  belief  of  the  English 
and  American  surgeons  on  the  high  mortality  of  these 
war  wounds  notwithstanding  the  use  of  modern 
methods  of  treatment.  It  is  generally  admitted 
that  fracture  of  the  neural  arch  and  direct  lesion  of 
the  cord  by  either  spicules  of  bone  or  the  projectile 
proper  are  attended  by  a  very  high  mortality.  It 
was  this  class  of  cases  that  swelled  our  mortality 
to  seventy-five  per  cent,  in  the  Spanish-American 
War,  and  Stevenson  fixes  the  mortality  of  the  Eng- 
lish in  South  .Africa  for  simUar  lesions  at  seventy- 
eight  per  cent. 

The  spine  is  wounded  more  often  under  modern 
conditions,  and  this  fact  will  add  to  the  increasing 
deadliness  of  modern  wars.  The  older,  slow  moving 
projectiles,  having  less  penetration  often  lodged 
against  the  more  resistant  structures  of  the  spinal 
column  and  actual  lesion  of  the  cord  which  is  so  fatal 
was  often  avoided.  The  steel  clad  bullets  in  present 
use  penetrate  aU  tissues  very  readily  and  the  op- 
plartunity  for  fracture  or  perforation  of  the  spine  has 
been  very  much  increased.  Thus  in  the  Civil  War 
the  relative  frequency  of  spinal  wounds  was  0.26 
per  cent.,  in  the  Spanish-American  War  0.55  per 
cent.,  and  in  the  Philippine  Insurrection  0.82  per 
cent. 

Lesions  of  the  cord  of  a  grave  nature  are  prone  to 
occur  with  the  use  of  high  velocity  projectiles 
when  no  direct  violence  by  primary  or  secondary 
projectOes  is  apparent.  Such  cases,  although  ap- 
preciated in  a  vague  way  by  older  writers  under 
the  term  concussion,  were  never  fully  understood 
until  described  by  Mr.  Makins  following  his  experi- 
ence in  the  Anglo-Boer  War.  He  describes  these 
particular  lesions  of  the  cord  under  the  following 
terms:  (1)  slight  concussion;  (2)  severe  concussion; 
(3)  contusion;  (4)  hemorrhage;  (5)  intramedullary 
hemorrhage  (hematomyelia).  He  shows  that  any 
of  these  lesions  may  be  caused  by  the  vibratory  force 
which  is  communicated  to  the  cord  when  a  bullet 
traverses  the  bony  tissues  which  surround  it. 

1.  Slight  concussion  is  attended  with  few  symptoms; 
there  is  no  fatality,  and  the  condition  is  likened  to 


the  spinal  concussion  noted  in  civil  practice  from  shock 
or  sudden  jars,  such  as   occurs   in   railway  accidents. 

2.  Severe  concussion  exhibits  parenchymatous  hem- 
orrhage in  many  cases,  which  in  turn  may  show 
symptoms  of  partial  or  complete  transverse  lesion  as 
a  result  of  disorganization  of  tissue  by  the  vibratory 
force  of  the  bullet,  which  is  liberated  as  the  latter 
traverses  the  bony  structures  of  the  spine.  The 
normal  channels  of  communication  with  the  higher 
centers  are  completely  cut  off  as  if  they  had  resulted 
from  contusion  by  direct  violence. 

3.  Contusion.— Mr.  Makins  admits  that  the  two 
conditions,  concussion  and  contusion,  are  closely 
allied,  but  in  the  latter,  at  postmortem,  there  is 
adhesion  between  the  dura  and  cord  opposite  the 
area  of  impact  of  the  bullet  in  the  bony  framework. 


Fig.  2S81. — .\ppearance  of  Spinal  Cord  Enclosed  in  Membranes 
after  Removal  from  the  Canal.  When  the  membranes  were  opened 
a  white  custard-like  substance  took  place  of  the  cord.  Slight  evi- 
dence of  extradural  hemorrhage  existed.      (Makins.) 

The  absence  of  direct  lesion  of  the  cord  from  fracture 
or  otherwise  suggests  lesions  by  contre-coup. 
The  cases  are  as  fatal  as  those  by  direct  injury. 
The  amount  of  lesion  generally  corresponds  to  one  or 
two  segments.  When  held  up  the  membranes 
opposite  the  affected  portion  are  prone  to  coUapse 
as  shown  in  Fig.  2881.  The  case  to  which  the  figure 
refers  is  described  as  follows:  "Total  transverse 
lesion;  slight  intradural  hemorrhage.  Wound  of 
entry  (Mauser),  below  spine  of  scapula,  close  to  right 
axiUa;  exit,  two  and  one-half  inches  to  left  of  tenth 
dorsal  spinous  process.  Complete  motor  and  sensory 
paralysis  below  ensiform  cartilage,  with  well-marked 
hyperesthetic  zone  around  trunk.  All  refle.xes  absent. 
Retention  of  urine.  Incontinence  of  feces.  Bed- 
sores in  sacral  region  developed  during  the  first  two 
days,  and  seventeen  days  later  well-developed  serpigi- 
nous trophic  sores  developed  on  the  outer  side  of  each 
leg  and  continued  to  increase  slowly  untU  death. 
The  paralysis  remained  of  the  absolutely  flaccid 
varietj"^.  Great  emaciation  occurred,  accompanied 
by  hectic  fever,  the  temperature  ranging  from  normal 
to  102.5°.  During  the  third  week  double  pleurisy 
developed.  Postmortem  no  bone  injury  could  be  de- 
tected. The  cord  and  dura  mater  were  adherent  over 
an  area  corresponding  from  the  fifth  to  the  eight 
dorsal  vertebrae,  and  opposite  the  seventh  the  cord 
was  soft  and  of  the  consistence  of  butter.  A  small 
intradural  hemorrhage  was  still  evident  below  the 
main  lesion,  not  extensive  enough  to  give  rise  to  seri- 
ous compression.  General  adhesions  in  each  pleura. 
Cystitis." 

4.   Hemorrhage. — This  lesion  is  both  intra-  and  extra- 
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dural.     The  more  frequent  kind  is  described  uhder 
the  next  heading. 

5.  Intramedullary  Hemorrhage  (Hematomyelia). — 
This  form  of  hemorrhage  is  believed  to  be  a  constant 
accompaniment  of  nearly  all  grave  transverse  lesions 
not-  the  result  of  direct  traumata.  Mr.  Makin  s 
experience  convinces  him  that  the  large  majority  of 
cases  of  transverse  lesion  of  the  cord  are  the  result  of 
vibratory  force.  He  saw  but  one  case  of  pressure 
from  a  "projectile  and  none  from  displaced  bone 
fragments.  In  a  typical  case  of  severe  concussion 
of  the  cord  from  gunshot  the  lateral  transmission  of 
energy  through  the  bony  framework  and  cerebro- 
spinal fluid  is  so  violent  that  there  is  rupture  of  the 
substance  of  the  cord  with  resulting  parenchymatous 
hemorrhage  and  the  appearance  of  symptoms  which 
mark  a  transverse  lesion  as  definite  as  that  which 
follows  direct  trauma. 

The  vibratory  force  is  not  alone  common  to  the 
high  power  military  trifle.  It  is  noted  in  lesions 
from  certain  revolvers  and  automatic  pistols  which 
are  fast  supplanting  the  use  of  old  time  weapons 
in  civil  communities.  The  effects  of  vibratory  force 
on  the  spinal  cord  from  these  more  efficient  weapons 
have  already  been  pointed  out  by  Doctor  Rudolph 
Winslow'^  of  Baltimore  in  cases  of  his  own  and  in  the 
practice  of  others  in  which  serious  and  fatal  trans- 
verse lesions  of  the  cord  without  direct  impact  have 
occurred  from  pistol  bullets. 

Our  own  experience  in  the  Santiago  Campaign 
has  convinced  us  of  the  frequency  of  cord  lesions  from 
the  lateral  transmission  of  the  reduced  caliber  bullet's 
energy.  The  cases  of  partial  lesion  which  ended  in 
recovery  become  especially  convincing  when  we  study 
their  clinical  history.  One  of  the  most  interesting  cases 
is  that  of  First  Lieutenant  A.  S.  13th  U.  S.  Infantry 
the  records  of  whose  case  we  have  obtained  from  the 
register  of  the  Hospital  Ship  Relief  and  other  sources. 
"On  July  1  while  standing  with  his  company  at  the 
foot  of  a  hill  during  the  advance  on  Santiago,  re- 
ceived a  wound  in  the  neck  probably  from  a  Mauser 
bullet.  The  bullet  entered  on  the  right  side  just  be- 
low the  inferior  maxillar}-  bone,  one  inch  in  front 
of  the  angle  of  the  jaw.  The  wound  of  entrance 
was  a  clean-cut  hole  the  size  of  a  lead  pencil.  The 
course  of  the  bullet  was  backward  and  slightly  down- 
*ward,  emerging  at  the  back  of  the  neck  on  a  level 
with  and  to  the  left  of  the  fifth  cervical  vertebra.  At 
the  time  of  the  injury  he  felt  no  pain  at  the  site  of  the 
wound  but  says  that  the  sensation  was  as  if  he  had 
been  grasped  by  the  wrists  and  thrown  violently 
to  the  ground.  The  wound  of  exit  is  similar  to  the 
wound  of  entrance.  There  was  very  slight  hemorrhage. 
A  few  minutes  after  receiving  the  injury  he  was  carried 
from  the  firing  line  by  members  of  his  company,  and 
removed  to  the  first  Division  Hospital;  during  this 
time  he  was  conscious  of  his  wound  for  the  first  time. 
Was  kept  there  for  ten  days  and  then  removed  in  an 
ambulance  seven  miles  over  a  bad  road  to  the  third 
Division  Hospital  at  Siboney." 

We  examined  him  July  10,  and  found  his  condition 
very  much  as  described  by  the  surgeon  on  the  Relief 
the  following  day,  which  reads  as  follows:  "Patient 
was  voiceless  and  making  constant  efforts  to  clear  his 
bronchial  tubes  of  accumulated  mucus.  Complete 
paralysis  of  right  arm  and  leg  and  partial  loss  of 
power  of  left  arm  and  leg.  Grip  of  left  hand  very 
feeble.  Respiration  normal  but  an  almost  constant 
spasmodic  cough.  Has  lost  control  of  sphincters 
and  has  involuntary  passages  from  both  bladder  and 
bowels.  In  a  very  exhausted  condition  and  has  pro- 
fuse diaphoresis.  Complains  of  pains  all  over  body. 
Ordered  a  hypodermic  of  morphine,  gr.  i  and  atropine 
gr.  r^rr- 

"July  14. — Radiograph  taken  by  Dr.  Gray  shows 
an  injury  of  one  of  the  cervical  vertebrae,  probably 
the  fifth.  Injury  seems  to  be  to  the  left  side  of  the 
body    of    the    bone.     Has    received    no    treatment 
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other  than  complete  rest  and  a  nightly  hypodermic 
as  noted  above,  which  gives  a  good  night's  sleep  and 
markedly  reduces  the  sweating.  Has  regained  control 
of  the  sphincters  and  is  able  to  use  bed  pan  and 
urinal. 

"July  19. — During  the  past  six  days  there  has  been 
a  decided  improvement  in  the  general  condition  of 
the  patient.  He  is  brighter  in  appearance,  he  can 
articulate  more  distinctly  and  there  is  a  decided 
return  of  power  in  the  right  leg.  The  right  hand  is 
still  absolutely  powerless  but  the  grip  of  the  left 
hand  is  stronger.  Appetite  is  good  and  bowels 
require  to  be  moved  with  enemas.  Unable  to  sleep 
without  morphine  but  the  atropine  has  been  discon- 
tinued.    Circulation  apparently  unimpaired. 

"July  21. — Improvement  in  general  condition  still 
continues.  The  external  wounds  have  healed  so  well 
that  they  are  not  noticeable  except  on  close  inspection. 
The  hypodermics  have  been  discontinued  and  trional 
and  sulphonal  substituted. 

"July  22. — Transferred  from  hospital  ship  Relief  to 
hospital,  Fort  Porter,  N.  Y."  The  subsequent 
history  of  the  case  shows  a  gradual  restoration  of 
function  of  arms,  legs,  and  sphincters.  This  officer 
had  recovered  sufficiently  in  the  course  of  a  year  to  be 
detailed  as  instructor  in  one  of  our  military  schools.  He 
was  later  retired  from  active  service  and  died  January, 
1906,  seven  and  one-half  years  after  the  injury,  cause 
not  stated.  We  have  every  reason  to  believe  that  the 
lesion  in  this  case  was  due  to  vibratory  concussion  of 
the  cord  as  described  by  Mr.  Makins. 

Symptoms. — The  symptoms  of  gunshot  of  the  spine 
may  be  divided  into  those  having  lesion  of  the 
vertebrse  without  and  with  cord  involvement. 

Sjinptoms  without  cord  involvement. — Such  a 
lesion  was  more  frequent  in  the  days  of  the  old 
armament,  when  projectiles  had  less  power  to  pene- 
trate and  fracture  bone.  They  are  equally  rare 
under  modern  conditions  if  the  modern  rifle  bullet 
traverses  the  center  at  any  distance  except  the  proximal 
ranges.  The  higher  velocities  against  either  center 
or  neural  arches  by  the  old  or  new  armament  are 
apt  to  show  lesion  with  cord  involvement.  Angular 
deformity  which  is  such  an  aid  in  the  diagnosis  of 
spinal  injuries  in  civil  practice  is  not  so  often  seen 
in  gunshot  injuries,  and  this  is  especiallj'  true  of 
injuries  by  the  new  armament  where  the  bullet 
causes  so  little  displacement  of  fragments,  except  at 
proximal  ranges. 

Symptoms  with  cord  involvement. — The  symp- 
toms will  be  similar  to  those  from  fracture  dislocation 
in  civil  hospitals  from  causes  other  than  gunshot. 
There  is  usually  more  or  less  shock  and  complete 
paralysis  below  the  seat  of  injury  which  corresponds 
to  the  region  involved.  When  the  dorsal  region  is 
implicated,  paraplegia  occurs.  Lesion  of  the  cervical 
region  will  be  followed  by  paralj'sis  of  the  upper  and 
lower  extremities.  In  partial  lesions  the  paralysis 
may  show  itself  in  part  of  a  member  or  it  may 
extend  to  one  or  more  members.  The  type  of 
paralysis  will  vary  with  the  injury  and  the  location 
thereof.  The  sensory  symptoms  are  hj'peresthesia, 
anesthesia,  numbness,  formication,  and  a  sensa- 
tion of  pricking  with  pins  and  needles.  At  times  all 
pain  is  absent.  Numbness  and  ensuing  tingling  and 
pain  to  touch  in  a  case  of  complete  loss  of  sensation 
are  regarded  as  symptoms  of  prognostic  value. 
The  girdle  sensation  is  present  in  severe  cases,  and 
the  thermic  sense  is  sometimes  lost  or  diminished  al- 
though the  sense  of  touch  still  persists.  Permanent 
anesthesia  is  unfavorable  to  ultimate  recovery. 
Knee-jerk  is  diminished  or  absent  in  lesion  of  the 
lumbar  region;  impairment  or  absence  of  the  cremas- 
teric, plantar,  and  other  refie.xes  points  to  lesion  of 
certain  parts  of  the  cord  whence  these  reflexes 
emanate. 

Retention  of  urine  is  the  most  frequent  of  the 
genito-urinary  symptoms.     Incontinence   from  over- 
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flow  next  appears,  and  cystitis  comes  on  still  later  as 
a.  result  of  catheterization.  Later  still  vesical  calculi 
appear  from  the  deposits  in  an  alkaline  urine.  Certain 
injuries  of  the  cervical  region  are  often  followed 
by  annoying  priapism. 

Among  trophic  symptoms  herpes  zoster,  dry  skin, 
loss  of  nails,  and  decubitus  are  noted.  The  latter  is 
more  often  seen  over  the  buttocks,  heels,  and  external 
malleoli.  The  temperature  rises  early  in  some  cases 
and  it  is  apt  to  register  as  high  as  108°  F.  in  cervical 
lesions.  Septic  fever  from  bed  sores  and  slough 
from  unavoidable  infection  generally  hasten  the  end. 

Of  the  digestive  symptoms  distention  of  the  in- 
testines by  gas  is  the  most  important  and  serious 
because  of  the  impediment  which  it  offers  to  respira- 
tion. Constipation  is  frequent,  and  incontinence 
is  noted  in  the  later  stages. 

The  pulse  is  generally  full  with  a  tendency  to  in- 
termit. Paralysis  of  the  muscles  of  respiration 
brings  on  difficulty  in  relieving  the  accumulation  of 
mucus  in  the  larynx  and  trachea.  Later  edema  and 
congestion  of  the  lungs  are  apt  to  supervene  and  they 
are  fruitful  causes  of  death.  Contracted  pupil  is 
seen  in  injury  to  any  part  of  the  cord  and  when  the 
ceri'ical  sympathetic  is  implicated  narrowing  of  the 
palpebral  fissure  of  the  side  involved  generallj-  appears. 

.  Diagnosis. — The  diagnosis  of  spinal  cord  injury 
wiU  depend  upon  the  symptoms  already  noted,  and 
j;-ray  evidence  when  pressure  is  present  on  the  cord 
from  depressed  bone  or  a  lodged  missUe. 

Prognosis. — The  prognosis  is  difficult.  Pressure  from 
a  lodged  bullet  is  not  necessarily  fatal  provided  the 
symptoms  of  transverse  lesion  are  but  'partial  and 
secondary  changes  remain  absent.  Pressure  from  dis- 
placed bone  is  unfavorable  in  proportion  to  the  viol- 
ence suffered  by  the  cord  as  a  result  of  the  bullet's  vi- 
bratory force.  Slight  degrees  of  medullary  hemorrhage 
(hematomyelia)  will  generally  cause  partial  symptoms 
of  transverse  lesion,  and  this  may  be  followed  by  re- 
mote but  incomplete  parah'ses.  iSIeningeal  hemor- 
rhage when  uncomplicated  by  inflammation  is  not  fatal. 
The  greatest  uncertainty  in  prognosis  exists  in  cases 
of  concussion  with  hematomj-elia,  and  in  such  cases 
the  prognosis  becomes  favorable  as  the  secondary 
changes  are  delayed. 

Treatment. — After  the  primary  dressing,  the  patient 
should  remain  quiet  on  a  fracture  bed.  Transport 
should  be  avoided  whenever  the  environments  will 
permit.  Care  should  be  employed  to  prevent  pressure 
bed  sores,  and  when  the  latter  are  of  trophic  origin 
every  effort  should  be  made  to  keep  them  clean  and 
free  from  sepsis. 

Operative  treatment  can  avail  nothing  except  in 
cases  of  pressure  from  the  bullet  or  spicules  of  bone 
as  these  may  be  revealed  by  x-ray  evidence.  As 
already  stated  the  large  majority  of  cases  of  transverse 
lesions,  complete  or  incomplete,  that  reach  hospital 
care  are  the  result  of  concussion  from  the  vibratory 
force  of  high  velocity  bullets  for  which  a  formal 
laminectomy  is  never  indicated.  Military  practice 
in  this  regard  assumes  a  wide  departure  from  the 
practice  of  civil  hospitals  where  laminectomy  is  often 
attended  by  brilliant  results  for  the  removal  of  pres- 
sure in  fracture  dislocations. 

Wounds  op  the  Chest. — Two  changes  of  impor- 
tance have  come  about  in  gunshot  wounds  of  the  chest 
under  modern  conditions:  (1)  the  number  of  chest 
wounds  is  greater  when  men  fight  lying  down  during 
which  the  upper  part  of  the  body  alone  is  exposed  to 
fire,  and  (2)  the  mortality  from  gunshots  of  the  chest 
is  much  less  from  the  use  of  the  modern  rifle  bullet. 
In  the  CivU  War  the  hospital  mortality  was  27.8 
per  cent.,  and  it  was  but  9.5  per  cent,  in  the  Spanish- 
American  War.  The  mortality  in  the  Anglo-Boer 
and  Russo-Japanese  Wars  was  correspondingly  less. 
The  only  exception  was  noted  in  the  Turko-Balkan 
W'ar  on  the  side  of  the  allied  armies  when  soldiers  | 


were  wounded  by  the  pointed  or  spitz  buUet  of  the 
Turks.  As  stated  already,  the  deadliness  of  the 
pointed  bullet  is  great  in  all  body  wounds,  and  the 
beneficence  so  happily  noted  after  the  use  of  the  ogival- 
headed  bullet  in  chest  wounds  will  disappear  as  the 
armies  of  the  world  continue  to  adopt  the  more 
perfect  projectile. 

Wounds  of  the  chest  are  divided  into  non-penetra- 
ting and  penetrating. 

Non-penetrating  wounds  include  contusions  and 
lacerated  or  penetrating  wounds  of  the  skin  without 
penetration  of  the  pleural  cavity.  Contusions  of  the 
chest  pure  and  simple,  are  of  no  moment,  and  require 
no  special  comment.  When  inflicted  by  large  pro- 
jectiles or  from  smaller  projectiles  animated  by  suffi- 
cient violence  contusions  are  at  times  complicated 
by  internal  injuries  which  have  resulted  in  hemopty- 
sis, pneumothorax,  hemothorax,  emphysema,  pleuri- 
tis,  or  pneumonia.  Contusion  with  pain  should  be 
immobilized  by  strapping  and  when  the  last-named 
complications  appear  they  should  be  treated  in  the 
ordinary  way. 

Lacerations  and  penetration  of  the  skin  are  attended 
with  no  mortality  under  modern  conditions  of  treat- 
ment. In  preantiseptic  times,  the  mortality  in  11,549 
cases  recorded  by  Otis,  never  exceeded  one  per  cent. 
Lacerated  wounds  of  the  chest  are  apt  to  heal  slowly 
on  account  of  the  movements  of  the  chest  wall;  they 
are  generally  infected  and  they  require  prompt  and 
thorough  antiseptic  treatment  at  the  first  dressing. 

Penetrating  wounds  of  the  chest  by  the  old  arma- 
ment caused  a  death  rate  of  62.5  per  cent,  out  of  8,715 
cases  noted  by  Otis.  The  French  lost  91.6  per  cent, 
of  their  cases  in  the  Crimea,  while  the  mortality  of  the 
English  troops  was  79.2  per  cent,  in  the  same  cam- 
paign. These  high  mortalities  will  no  longer  obtain 
under  modern  conditions.  The  small  frontage  of  the 
reduced  caliber  bullet,  at  the  ordinary  battle  ranges, 
causes  slit -like  wounds  in  kmg  tissue  that  are  prone  to 
heal  readily.  In  the  Spanish-American  War  and 
PhUippine  Insurrection  out  of  283  cases  by  different 
kinds  of  missiles  our  mortality  was  27.5  "per  cent., 
while  the  English  [lost  but  fourteen  per  cent,  out  of 
214  cases  in  the  Anglo-Boer  war.  In  campaigns 
Likely  to  enforce  immediate  transport,  and  attended 
with  privations  and  unfavorable  conditionsof  weather, 
the  mortality  under  modern  conditions  will  necessarilj"- 
be  high.  When  the  conditions  are  altogether  favorable 
with  fixed  hospitals  in  the  immediate  vicinity  of  battle 
fields,  the  mortality  is  very  much  reduced."  In  some 
of  FoUenfants  statistics  the  mortality  in  the  Russo- 
Japanese  war  fell  as  low  as  3.67  per  cent. 

Symptoms  and  Complications. — In  some  cases  which 
we  saw  at  Santiago  there  were  no  symptoms  and  it  was 
difficult  to  restrain  the  wounded  who  seemed  to  regard 
their  injuries  as  trivial. 

Shock  is  present  in  only  a  certain  percentage  of  the 
cases,  and  it  generally  accompanies  cases  with  more 
or  less  extensive  trauma  to  the  chest  wall.  Pain  is 
apt  to  be  severe  when  the  pleura  is  badly  lacerated  and 
fracture  of  the  ribs  is  present,  but  in  the  ordinary  un- 
complicated cases  pain  is  often  absent.  Hemoptysis 
which  lasts  three  or  four  da_vs  occurs  in  about  seventy- 
five  per  cent,  of  the  cases.  Cough  is  generally  noted 
and  of  short  duration.  Hemothorax  appears  in  all  cases 
of  pleural  injury,  and  whenit  occurs  in  sufficient  amount 
to  become  a  clinical  factor  it  is  usually  noted  on  the 
second  or  third  day.  There  is  a  rise  "of  temperature 
from  absorption  of  fibrin,  a  rapid  pulse,  cj'anosis, 
more  or  less  dyspnea,  and  restlessness,  while  the 
remaining  symptoms  are  those  common  to  the  pres- 
ence of  fluid  in  the  pleural  cavity.  Pneumonia  which 
was  more  or  less  common  after  wounds  by  the  larger 
calibers,  is  seldom  noted  after  wounds  by  small  jack- 
eted bullets.  Empyema  is  infrequent  after  wounds 
by  reduced  caliber  bullets.  The  chances  of  infection 
from  infected  clothing  carried  in  the  wound  are  much 
less.     Pleurisy,  abscess  of  the  lung,  and  pneumonia 
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are  complications  associated  with  primary  infection 
and  their  occurrence  is  proportional  to  the  amount  of 
lesion  and  the  sectional  area  ot  the  projectile.  Ab- 
scess is  specially  apt  to  occur  with  lodged  missiles, 
spicules  of  bone,  or  pieces  of  clothing. 

Treatment. — After  the  application  of  a  clean  dress- 
ing the  patient  should  be  put  to  bed  with  shoulders 
elevated  to  insure  comfort.  Transport  should  be 
delayed  until  danger  of  complications  has  passed  or 
until  the  wounds  have  healed.  Forty-six  per  cent,  of 
a  group  of  twenty-six  cases  noted  by  Greenleaf  in  the 
Spanish-American  War  suffered  from  hemothorax 
during  transport  and  fifty  per  cent,  of  the  latter  were 
further  complicated  by  the  occurrence  of  empyema. 
Chest  cases  should  be  treated  in  the  first  aid  zone 
whenever  practicable.  The  majority  of  cases  of 
hemothorax  are  slight  and  require  no  treatment  other 
than  rest  in  bed.  When  the  amount  of  blood  em- 
barrasses respiration  aspiration  is  in  order.  When 
practicable  this  should  be  delayed  to  a  time  when 
injured  vessels  have  had  sufficient  time  to  heal  lest 
coagula  are  disturbed  with  the  recurrence  of  hemor- 
rhage. 

The  source  of  hemorrhage  is  generally  from  the 
intercostals  or  mammary  arteries.  When  it  is  not 
practicable  to  ligate  the  bleeding  vessels,  pressure  by 
Desault's  method  should  be  practised.  This  is' accom- 
plished by  pressing  the  center  of  a  square  piece  of 
gauze  in  the  wound  with  the  finger  and  subsequently 
packing  the  pocket  thus  made  with  loose  gauze.  The 
corners  of  the  gauze  originally  pressed  in  by  the  finger 
are  pulled  upon  to  make  pressure  on  the  internal  sur- 
face of  the  wound  next  to  the  sternum  or  ribs. 

When  large  quantities  of  clotted  blood  fail  to  be 
absorbed  or  infection  sets  in,  free  incision  and  re- 
section of  part  of  one  or  more  ribs  should  be  practised, 
followed  by  thorough  irrigation. 

In  the  case  of  fractured  ribs  it  may  be  necessary  to  ex- 
plore the  wound  for  spicula  of  bone.  Gunshot  wounds 
of  the  costal  cartilages,  sternum,  and  scapula  gener- 
ally show  clean-cut  perforations  or  guttering,  and  this 
is  specially  true  of  wovmds  from  the  reduced  caliber 
bullets.  Fracture  of  the  clavicle  is  attended  with 
comminution  from  the  nature  of  its  compact  substance. 

In  all  injuries  of  the  bony  framework  of  the  chest 
wall  immobilization  should  be  practised  after  the  appli- 
cation of  the  first  aid  dressing. 

Lodgment  of  Bullets  in  the  Chest. — Projectiles  imbed- 
ded in  lung  tissue  or  against  the  spinal  column 
should  not  be  disturbed.  When  lodged  in  the  chest 
wall  no  attempt  at  removal  should  be  made  until  the 
location  of  the  foreign  body  has  been  ascertained  by 
i-ray  evidence,  and  it  should  not  be  removed  then 
unless  it  causes  annoying  symptoms.  The  dangers  ot 
setting  up  sepsis  in  the  pleural  cavity  while  attempt- 
ing the  removal  of  lodged  missiles  in  the  chest  wall 
should  be  borne  in  mind  and  the  greatest  precautions 
should  be  employed  in  the  surgeon's  technique. 
Missiles  that  are  easily  accessible  under  the  skin  should 
be  removed  as  soon  as  the  surgeon  can  master  the 
environments. 

Wounds  of  the  Heart  and  Pericardium. — When  a  gun- 
shot wound  of  the  heart  takes  place  death  occurs  at 
once  in  nearly  every  case.  Some  of  the  observers 
in  recent  campaigns  have  reported  unmistakable  cases 
of  recovery  in  men  who  were  shot  in  the  cardiac  area, 
and  their  recovery  has  been  ascribed  to  the  way  in 
which  the  heart  and  great  vessels  are  held  together 
by  loose  areolar  tissue  which  favors  a  certain  amount 
of  displacement  at  the  moment  of  impact  by  a  bullet 
impressed  with  a  low  remaining  velocity.  Again,  the 
variability  in  the  size  of  the  organ  from  diastole  to 
systole  has  been  advanced  as  one  of  the  causes  of 
escape  from  fatal  injury.  It  is  well  known  that  in- 
cised wounds  have  been  inflicted  on  the  heart  without 
fatal  results,  and  since  the  slit-like  wounds  of  reduced 
caliber  bullets  take  the  nature  of  incised  wounds  at 
times,  there  seems  to  be  no  good  reason  why  recovery 
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from  bullet  wounds  by  the  modern  military  rifle 
should  either  be  improbable  or  impossible.  Man- 
teuffle  and  Butz  from  the  Russo-Japanese, War  report 
eight  cases  altogether  in  which  the  wounds  of  aper- 
ture on  the  surface  of  the  body  made  it  difficult  to 
believe  that  the  heart  had  escaped  injury. 

Si/mploms. — Wounds  of  the  heart  and  pericardium 
exhibit  great  distress,  shock,  irregular  action  of  the 
heart,  syncope,  and  severe  pain  in  the  cardiac  area. 
If  hemopericardium  occurs  it  comes  on  some  days 
after  the  receipt  of  the  injury.  The  fluid  at  first  flows 
from  the  pericardial  wound  into  the  surrounding 
tissues  or  the  pleural  cavity.  Later  the  pericardial 
wound  becomes  closed  by  coagula  and  accumulation 
of  blood  occurs  in  the  pericardium  with  the  symptoms 
already  noted.  There  are  also  increase  of  the  cardiac 
area,  loss  of  apex  beat,  and  friction  sounds  from  the 
inner  lining  of  the  pericardium  rubbing  against  the 
coagulated  blood.  If  pericarditis  sets  in,  elevation  of 
temperature  occurs. 

Treatment. — If  symptoms  of  fluid  in  the  pericardium 
become  urgent  paracentesis  of  the  pericardium  should 
be  preformed.  If  pus  is  present  it  is  best  removed  by 
incision  and  drainage. 

Wounds  op  the  Abdomen. — Gunshot  wounds  of 
of  the  abdomen  are  usually  discussed  under  the  fol- 
lowing classification:  (1)  Contusions.  (2)  Non-pene- 
trating flesh  wounds.  (3)  Penetrating  wounds  of  the 
abdominal  cavity.  (4)  Penetrating  wounds  of  the 
abdomen. 

1.  Contusions  of  the  abdomen  may  be  simple  or  they 
may  be  complicated  by  visceral  injury.  In  the  first 
instance  the  condition  is  rare  and  does  not  differ  from 
like  injuries  from  other  traumata.  Contusions  com- 
plicating visceral  injury,  always  rare,  are  not  referred 
to  by  Mr.  Makins  in  his  "Surgical  Experiences  in 
South  Africa."  Otis  reports  but  forty-one  cases  from 
our  great  Civil  War.  The  cases  are  supposed  to  occur 
from  impact  against  the  abdominal  wall  by  spent  balls. 
The  earlier  symptoms  are  shock,  pain,  vomiting,  and 
rigidity  of  the  abdominal  wall,  while  later  symptoms 
point  to  hemorrhage  or  peritonitis.  Persistence  of 
the  symptoms  is  more  significant  than  their  severity 
when  considered  in  the  light  of  subsequent  treatment. 
Rapid  pulse,  persistent  vomiting,  and  increasing 
rigidity  of  the  abdominal  wall  point  to  unmistakable 
peritonitis. 

Treatment. — All  cases  of  contusion  of  the  abdomen 
should  be  placed  in  bed  with  shoulders  elevated  and 
knees  drawn  up  to  relax  the  abdominal  walls.  What 
seem  to  be  simple  cases  are  at  times  complicated 
by  serious  internal  rupture.  If  the  symptoms  of 
shock,  pain,  and  vomiting  persist,  or  if  the  physical 
signs  indicate  the  accumulation  of  blood  in  the  ab- 
dominal cavity,  an  exploratory  laparotomy  should  be 
undertaken  at  once.  Without  prompt  operative 
interference  such  cases  are  known  to  be  very  fatal, 
and  for  this  reason  the  surgeon  is  not  justified  in 
delaying  operation  for  more  favorable  environments. 

(2)  Non-penetrating  Wounds  of  the  Abdomen. — In 
this  class,  happily,  there  is  no  mortality  when  the 
cases  are  treated  in  accordance  with  modern  methods. 
There  is  often  great  difficulty  in  arriving  at  an  exact 
diagnosis,  and  this  is  especially  the  case  in  the  thicker 
portions  of  the  lower  part  of  the  abdominal  and 
pelvic  walls.  Wounds  of  the  colon  and  sigmoid 
flexure  often  give  no  symptoms  of  penetration  and 
this  adds  to  the  difficulty  in  diagnosis.  Non-pene- 
trating wounds  of  the  abdominal  wall  are  treated  on 
the  principles  laid  down  for  infected  wounds.  Cases 
in  which  the  projectile  has  traveled  some  distance 
under  the  skin  should  be  drained  at  different  points, 
or  the  channel  may  be  laid  open  from  the  point  of 
entrance  to  that  of  exit,  and  treated  as  an  open  wound. 

(3)  Penetrating  Wounds  of  the  Abdominal  Cavity. — 
In  this  class  we  include  those  wounds  in  which  there  is 
no  wound  of  either  the  omentum   or  mesentery,  or  of 
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other   viscera.     It    is    difficult    to   conceive    how    a 
projectile   can  traverse  the   abdominal  cavity   with- 
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-Shows  Omentum  Covering  Lesion  in  Wound  of  Mesentery  in 
Thornburg  Case. 


out  inflicting  perforation  on  either  the  hollow 
or  solid  viscera,  and  yet  the  literature  of  gunshots 
of  the  abdomen  gives  undoubted  instances  of  the 
kind  both  before  and  since  the  change  in  the  arma- 
ment. The  reports  from  recent  wars  testify  to  in- 
creasing frequency  of  penetrating  wounds  of  the 
abdomen  from  the  use  of  reduced  caliber  rifles,  and 
these  are  no  doubt,  in  part  at  least,  the  kind  of 
cases  that  have  occurred  at  times  and  which  have 
puzzled  military  surgeons  by  their  miraculous  re- 
coveries. At  Santiago  we  saw  men  recover  from 
abdominal  wounds  by  the  Spanish  Mauser  bullet 
when  the  track  of  the  bullet,  as  judged  by  the  loca- 
tion of  the  surface  wounds,  made  it  apparently 
impossible  for  the  bullet  to  have  travelled  outside 
the  intestinal  area.  The  patients  got  well  without 
evidence  of  either  local  or  general  peritonitis,  much 
to  the  surprise  of  the  surgeons  who  saw  them. 

One  of  the  most  indubitable  instances  of  gun.shot 
penetration  of  the  abdomen  which  goes  far  to  support 
the  contention  that  the  movable  intestine  is  capable 
of  being  pushed  aside  to  avoid  perforation  occurred 
in  the  practice  of  Major  R.  W.  Thornburg,  U.  S.  A., 
as  follows:  "Private  William  U.,  Co.  'H,' 
30th  U.  S.  Infantry,  recently  entered  Latterman 
General  Hospital,  San  Francisco,  Cal.,  for  gunshot 
wound  of  the  abdomen  self  inflicted.  The  weapon 
used  was  the  U.  S.  Army  reduced-caliber  magazine 
rifle  loaded  with  a  full-charge  cartridge.  Wound 
entrance  three  by  two  centimeters  diameter,  located 
five  centimeters  to  left  and  two  centimeters  above 
the  umbilicus.  Wound  of  exit  one  centimeter  in 
diameter,  located  directly  above  the  left  posterior 
superior  iliac  spine,  on  a  level  with  the  umbUicus. 
There  were  fifteen  wounds  of  ileum,  three  of  de- 
scending colon,  numerous  wounds  of  mesentery.  No 
complete  intestinal  perforation  was  discovered. 
Twelve  ruptured  blood-vessels  were  found.  The  in- 
testinal wounds  consisted  of  destruction  of  the  perito- 


neum and  muscular  coats.  The  wounds  of  the  viscera 
were  principally  due  to  the  explosive  effect  of  the  cone 
of  fire  proceeding  base  forward.  The 
muzzle  of  the  rifle  was  placed  against  the 
bofly,  and  an  olive  drab  woolen  shirt  and 
cotton  undershirt  were  perforated  by  the 
bullet. 

"When  received  at  hospital  patient  was 
so  much  shocked  that  the  surgeons  re- 
frained from  doing  a  resection  of  the 
wounded  intestine.  The  wounds  of  the 
colon  were  inverted,  blood-vessels  tied, 
and  the  wounded  ileum  and  mesentery 
were  covered  by  omentum  as  shown  in 
Fig.  2S,S'2.  Fig.  288.3  shows  the  protrud- 
ing gut  and  a  piece  of  omentum.  Fig. 
2S84  depicts  the  character  of  the  lesion 
of  the  denuded  and  lacerated  intestine. 
The  peritoneal  cavity  was  drained  front 
and  rear  and  the  patient  was  placed  in 
Fowler's  position  with  Murphy  drip  for 
twenty-four  hours.  There  was  at  no  time 
any  infection  and  a  perfectly  normal  con- 
valescence and  recovery  were  the  result." 
It  is  difficult  to  conceive  how  the  ball 
and  the  explosive  charge  could  have 
traversed  the  abdominal  cavity  as  indi- 
cated in  the  history  of  this  case  without 
perforating  the  intestinal  tube  except 
upon  the  theory  of  displacement  by  the 
pressure  which  was  exerted  upon  the  tis- 
sues in  all  directions. 

(4)  Perforating  Wounds  of  the  Abdomen. 
— In  this  class  the  peritoneum  is  opened 
and  in  addition  there  is  lesion  of  some  of 
the  contained  viscera. 

Pathology. — The  wound  of  entrance  is 
most  generally  met  with  on  the  anterior 
surface  of  the  body,  although  from,  high-power  mili- 
tary rifles  a  projectile  may  enter  the  peritoneum  from 


Fig.  2Sb3. — Knuckle  of  Gut  from  Wound  of  Entrance  and  Oiiientuiii 
from  Wound  of  Exit  in  Thornburg  Case. 

I   a  distant  anatomical  part,  such  as  the  thorax,  neck, 
I   or  buttock. 
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Protusion  of  the  omentum  or  intestine  at  the  ex- 
ternal wound  occurs  at  times  in  wounds  by  frag- 
ments of  shell,  the  larger  caliber  military  rifles,  or 
proximal  shots  from  present-day  military  rifles. 

Bullets  impressed  by  high  velocity  travel  in  a 
straight  line  and  the  probability  of  injury  to  contained 
viscera  must  be  based  on  the  location  of  the  external 
wounds  and  a  straight  line  drawn  between  these. 
The  amount  of  destructive  effects  depends  upon  the 
angle  of  impact  against  the  viscera.  In  the  case  of 
the  intestines,  wounds  transverse  to  the  gut  have  less 
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Fig.  2S84. — Shows  the  Denuded  and  Lacerated  Intestine  in  Thornburg  Case 


destructive  area  than  those  disposed  obliquely.  In 
smaller  perforations  of  the  small  intestines  hernia 
of  the  mucosa  occurs  on  account  of  the  latter's  re- 
dundance over  the  serous  coat,  and  this  pathological 
condition  has  figured  extensively  as  a  possible  ex- 
planation of  unexpected  recoveries  in  abdominal 
wounds  by  reduced  caliber  bullets  in  recent  campaigns. 
Hernia  of  the  mucosa  is  not  observed  in  wounds  of 
the  stomach  or  large  gut. 

The  amount  of  destructive  effects  is  farther  con- 
ditioned by  the  sectional  area  of  the  projectile,  the 
velocity,  and  resistance  on  impact.  Water  and  bone 
offer  tile  greatest  amount  of  resistance  on  impact, 
so  that  in  a  loaded  intestine  containing  a  fluid  mass, 
the  lesion  will  be  much  greater  than  it  would  be  on 
an  empty  organ  at  the  same  range  by  a  like  caliber 
projectile. 

Hemorrhage  is  common  in  wounds  of  the  mesen- 
teric border,  the  omentum,  and  solid  viscera.  It  is 
one  of  the  potent  causes  of  death  in  abdominal  wounds, 
where  the  blood-vessels  lie  unsupported. 

Extravasation  from  hollow  viscera,  like  the  stomach, 
urinary  bladder,  and  gall-bladder,  has  an  important 
pathological  bearing.  A  wound  of  the  stomach, 
unless  the  contents  of  the  organ  are  entirely  fluid  at 
the  time,  is  accompanied  by  partial  extravasation, 
only  when  the  wound  is  sufficiently  large.  Wounds 
of  the  urinary  bladder  and  gall-bladder  are  generally 
followed  by  extravasation  of  their  entire  contents. 

Wounds  of  the  intestines  are  more  apt  to  exhibit 
extravasation  when  manipulated.     In  the  first  twenty- 
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four  hours  eversion  of  the  mucosa  and  absence  of 
peristalsis  aid  in  arresting  extravasation.  At  the  end 
of  this  time  if  the  peristalsis  is  resumed  the  mucous 
membrane  retracts  and  when  the  exudate  is  insuffi- 
cient, extravasation  is  apt  to  occur. 

A  cut  vessel  at  the  mesenteric  border  threatens 
life  by  hemorrhage  at  once,  or  the  occurrence  of  gan- 
grene of  the  intestinal  area  of  the  gut  involved. 

In  the  presence  of  a  gunshot  wound  of  the  abdomen 
it  is  well  to  remember  that  the  outcome  is  uncertain; 
the  exact  lesion  is  problematical;  all  penetrating  and 
perforating  gunshot  wounds  of  the  abdomen 
are  infected;  the  complications  that  are  apt 
to  occur  are  uncertain;  and  further,  it  is 
estimated  that  in  aU  peritoneal  wounds,  the 
viscera  have  been  perforated  in  nearly 
every  instance.  As  many  as  twenty-eight 
perforations  have  been  recorded  in  one  case. 
Perforations  of  the  intestines  occur  in  shots 
disposed  from  flank  to  flank,  transversely 
or  obliquely. 

The  development  of  perforation  perito- 
nitis in  intestinal  wounds  is  the  rule  in 
twelve  to  twentj'-four  hours.  Virulent 
infections  have  been  known  to  cause  death 
before  the  onset  of  the  characteristic  symp- 
toms indicating  the  appearance  of  perito- 
nitis. In  any  case  of  gunshot  of  the  ab- 
dominal cavity  the  outcome  will  depend 
upon  the  nature  of  the  lesion,  the  amount 
of  hemorrhage,  the  kind  of  infection,  .and 
the  presence  of  extravasation  from  hollow 
viscera.  Effused  blood  may  be  walled  off 
and  absorbed  when  it  occurs  in  small 
quantities.  Larger  quantities  are  apt  to 
undergo  septic  changes  ending  in  peritonitis. 
General  Symptom s. — Constitutional 
shock,  although  generally  present,  may  be 
absent,  a  fact  which  lessens  its  diagnostic 
features,  but  the  duration  of  shock  adds  to 
its  importance  as  a  symptom. 

Pain  is  a  fairly  constant  symptom. 
Meyer  and  Parker  of  New  Orleans  have 
described  it  as  a  griping  pain  at  first,  about 
the  region  of  the  umbilicus  in  lesion  of  the 
small  intestines.  Later  the  pain  is  dis- 
tributed to  the  groins,  chest,  and  over  the 
abdomen  generally. 

Tympany  is  a  common  symptom  of  perforation  only 
in  the  later  stages.  Some  observers  claim  that  it  is 
an  early  and  frequent  symptom  from  wounds  with 
larger  calibers  due  to  extravasation  of  gas  in  the 
general  peritoneal  cavity. 

Among  the  positive  signs  of  perforation  we  may 
mention  escape  of  intestinal  gas,  feces,  or  intestinal 
worms  from  either  of  the  external  wounds  protrusion 
of  the  injured  gut  at  the  wound  of  entrance  or  exit, 
and  passage  of  the  missile  or  blood  by  the  anus. 
Passage  of  red  blood  from  the  anus  points  to  wound 
of  the  colon  or  rectum.  Dark  bloody  stools  indicate 
lesion  of  the  small  intestine. 

Diagnosis  of  perforation  is  often  uncertain  and  it 
can  only  be  inferred  from  the  location  of  the  wounds 
of  entrance  and  exit.  Wounds  in  the  umbilical  region 
are  apt  to  be  attended  with  lesion  of  the  small  intes- 
tines; wounds  running  from  flank  to  flank  are  apt  to 
include  lesion  of  the  colon;  wounds  located  above  the 
umbilicus  and  below  the  costal  margin  are  more  often 
attended  with  lesion  of  the  transverse  colon  and 
stomach. 

Prognosis. — ^The  fatality  of  perforating  gunshot 
wounds  of  the  abdomen  largely  depends  upon  the 
amount  of  destructive  effects  in  the  tissue  involved, 
and  the  latter  is  constantly  dependent  upon  the  factors 
of  velocity,  sectional  area  of  the  projectile,  and  the 
resistance  encountered  on  impact.  In  the  days  of 
the  old  armament  the  mortality  averaged  about 
ninety-five  per  cent.     Out  of  115  cases  in  the  Spanish- 
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American  War  and  Philippine  Insurrection  treated 
under  modern  conditions  the  mortality  was  67.1  per 
cent.  We  have  no  exact  data  on  the  mortality  in  the 
Russo-Japanese  War,  but  the  reports  of  individual 
reporters  bring  the  mortality  as  low  as  fifty-six  per 
cent.,  which  is  based  no  doubt  on  a  restricted  class. 
We  believe  that  our  own  mortality  of  67.1  per  cent, 
is  a  fair  average  of  the  mortality  which  is  encountered 
in  the  wars  of  the  present.  The  wounds  in  the  large 
majority  of  our  cases  were  inflicted  by  reduced-caliber 
bullets,  with  ogival  heads.  The  reports  from  the 
Turko-Balkan  War  indicate  that  the  pointed  bullet 
of  the  Turkish  army,  which  corresponds  to  that  re- 
cently adopted  by  the  United  States  and  British 
armies,  was  very  fatal  for  all  bodj'  wounds  and 
especially  those  of  the  abdomen.  But  few  of  the 
wounded  are  said  to  have  lived  long  enough  to  reach 
hospital  care.  This,  as  we  have  already  pointed  out, 
is  no  doubt  due  to  the  unstable  action  of  the  pointed 
bullet.  Its  center  of  gravity  is  located  at  its  base, 
and  the  least  resistance  on  the  bullet's  point  causes  it 
to  turn  side  on.  Its  sectional  area  is  thereby  increased, 
and  as  it  travels  at  great  velocity  the  amount  of 
destruction  which  it  inflicts  is  correspondingly 
great. 

The  prognosis  in  gunshot  wounds  in  civil  hospitals 
corresponds  largely  to  the  factors  of  sectional  area, 
velocity  of  the  projectile,  and  resistance  on  impact. 
In  olden  times  the  abdominal  wounds  of  the  large 
dueling  pistols  were  all  fatal.  Later,  it  became  the 
vogvie  to  use  small  pocket  pistols,  and  the  destructive 
effects  of  the  lighter  and  smaller  bullets  inflicted 
wounds  with  Umited  lesions  that  often  recovered 
under  the  quieting  treatment  of  opium  and  rest  in 
bed.  Later  still,  the  pistols  and  revolvers  used  in 
civU  life  were  made  more  efficient,  the  use  of  smoke- 
less powders  has  added  to  the  velocity  of  the  pro- 
jectiles to  such  an  extent  that  the  steel-jacketed  bul- 
lets of  the  automatic  pistols  now  have  an  initial  veloc- 
ity as  high  as  1,400  feet  seconds.  Such  a  velocity  of 
a  short  bullet  like  those  of  this  class  of  hand  weapons 
causes  it  to  turn  side  on,  when  impact  is  made  against 
any  kind  of  resistance  in  the  body,  and  the  resulting 
lesion  exhibits  much  more  destruction  of  tissue  than 
formerly.  Recoverj^  under  the  quieting  effects  of 
opium  seldom  occurs,  and  the  shock,  hemorrhage, 
and  greater  extent  of  the  lesion  compUcate  the  sur- 
geon's efforts  at  operative  interference.  The  results 
of  Richardson,  in  Charity  hospital,  New  Orleans, 
before  operative  treatment  was  employed,  in  the  five 
years  preceding  1887,  as  pointed  out  by  Professor 
Rudolph  Matas',  gave  a  mortality  of  59.4  per  cent. 
In  a  series  of  statistics  which  may  be  found  in  the 
work  referred  to,  Matas  and  his  assistants  have 
clearly  shown  that  operated  and  non-operated  cases 
give  but  little  if  any  advantage  in  favor  of  the  opera- 
tive method  in  the  last  twenty-five  years.  We 
believe  Richardson's  statistics  deal  largely  with  lesions 
by  the  smaller  calibers  and  more  imperfect  weapons 
of  that  day,  and  that  the  lesions  were  more  amenable 
to  any  kind  of  treatment  than  the  wounds  which  were 
inflicted  by  larger  calibers  and  more  perfect  weapons 
later  and  up  to  the  present.  Matas  informs  us  that 
the  operative  treatment  is  gradually  losing  favor  in 
Charity  hospital,  because  the  results  are  no  better 
than  they  are  by  the  non-operative  method.  The 
character  of  gunshot  wounds  of  the  abdomen  in  both 
civU  and  miUtary  practice  has  undergone  recent 
changes  for  the  worse,  and  that  is  due  to  the  use  of 
short  unstable  bullets  upon  which  high  velocities  are 
impressed  by  the  nitroceUulose  compounds.  The 
deadliness  of  the  pointed  bullet  of  the  Turkish  army 
in  the  Turko-Balkan  War  has  already  been  referred 
to  and  since  this  bullet  is  destined  to  supplant  the 
use  of  the  better  balanced  ogival  headed  bullets  of  a 
decade  ago,  fatality  in  abdominal  wounds  under  any 
plan  of  treatment,  will  continue  to  be  great. 

Treatment. — In  any  case  of  gunshot  of  the  abdomen 


the  first  and  most  important  consideration  is  the  ad- 
visability of  opening  the  abdomen. 

Contraindications  to  Operation. — (1)  Impending 
death  from  collapse  or  increasing  shock  contraindi- 
cates  operation. 

(2)  \Mien  twelve  hours  have  elapsed  since  the  in- 
jury and  peritonitis  has  set  in,  there  is  little  hope  of 
recovery  from  surgical  aid. 

(3)  The  chances  of  recovery  are  materially  less- 
ened by  unfavorable  surroundings  and  the  inexperience 
of  the  surgeon  and  his  assistants. 

(4)  Operation  for  gunshot  of  the  ascending  or 
descending  colon  is  not  as  imperative  as  it  is  for  injury 
which  includes  lesion  of  the  small  intestine,  and  in  cases 
in  which  the  entrance  wound  is  to  one  side  of  the  me- 
dian line — nearer  the  flank,  the  course  of  the  ball  rang- 
ing anteroposteriorly — operation  should  be  delayed. 
In  intraperitoneal  shots  of  the  large  gut  by  small 
calibers  especially,  the  outcome  without  operation  is 
generally  favorable.  The  opening  in  the  gut  is  in 
contact  with  the  parietal  peritoneum,  the  intestinal 
contents  are  solid,  and  the  gut  is  immobile,  all  of 
which  reduce  the  chances  of  extravasation. 

(5)  In  military  practice  it  often  happens  that  cases 
of  gunshot  through  the  intestinal  area  are  brought 
within  the  sphere  of  favorable  environments  long 
after  the  expiration  of  the  first  twelve  hours.  It  is 
wise  in  all  such  cases  to  withhold  operation  if  the 
patient  is  doing  well.  Such  cases  have  exhibited  a 
surprisingly  large  percentage  of  recoveries  in  recent 
campaigns.  They  sometimes  require  secondary 
laparotomies  at  a  later  period  for  abscess  from  local- 
ized peritonitis.  This  is  no  doubt  the  class  in  which 
the  small-caliber  bullet  has  made  a  wound  in  the  intes- 
tine which  has  been  subsequently  closed  by  hernia  of 
the  mucosa  as  already  explained,  or  in  which  the 
projectile  has  passed  through  the  intestinal  area 
without  perforating  the  gut. 

The  consensus  of  opinion  among  military  surgeons  is 
against  laparotomy  in  the  field  except  in  those  cases 
already  mentioned,  in  which  hemorrhage  is  going  on. 
The  opportunity  for  early  operation  is  seldom  pre- 
sented; the  cases  are  first  seen  in  the  first-aid  zone 
where  the  environments  for  such  a  painstaking  opera- 
tion are  most  forbidding  from  the  lack  of  trained 
personnel,  water,  sterile  dressings,  proper  shelter, 
equable  temperature  under  canvas  at  all  times  of  the 
year;  and,  furthermore,  the  difficulties  that  arise 
from  wind,  dust,  and  flies  are  often  insurmountable. 
Again  we  may  state  that  a  comparatively  small  num- 
ber of  laparotomies,  although  the  environments  are 
favorable,  require  a  corps  of  assistants  whose  services 
are  intended  for  a  far  greater  number  of  important 
wounds,  that  are  threatening  life  on  all  sides,  and 
justice  to  the  greater  number  forbids  the  employ- 
ment of  this  operating  staff  to  administer  to  the  wants 
of  a  comparatively  few.  Humanit}'  and  the  best 
interests  of  the  State  command  the  relief  corps  to 
save  the  greater  number  by  preference. 

Indications  for  Operation. — In  severe  abdominal 
wounds  in  which  there  is  protrusion  of  the  gut,  which  is 
generaUy  soiled  bj-  dirt  and  feces,  operation  should  not 
be  withheld  for  lack  of  proper  environments.  If  in- 
ternal hemorrhage  is  progressing  as  indicated  by  the 
symptoms,  laparotomy  is  at  once  indicated  regardless 
of  the  surrounding  conditions.  Within  the  first  twelve 
hours,  laparotomy  is  in  order  in  all  cases  in  which 
the  bullet  has  crossed  the  intestinal  area,  provided  the 
condition  of  the  patient  and  the  environments  are 
fit.  In  expert  hands,  operation  under  such  circum- 
stances will  not  add  to  existing  danger,  and  surgical 
skill  will  save  more  lives  than  a  laisser  faire  policy. 

Operation. — Having  determined  upon  the  necessity 
for  abdominal  section,  as  soon  as  the  patient  has  been 
anesthetized,  a  median  incision  should  be  made  in 
cases  in  which  the  ball  has  entered  near  the  midline 
of  the  abdomen,  or  in  which  the  track  of  the  bullet  has 
crossed  a  median  plane.     If  the  course  of  the  ball  is  to 
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one  side  and  the  entrance  wound  is  to  tlie  same  side 
of  the  median  hne  tlie  incision  may  be  made  over  this 
corresponding  side.  All  bleeding  in  the  abdominal 
cavity  should  be  arrested  by  ligation  or  pressure 
with  a  gauze  pad,  and  the  extravasated  blood  removed 
by  sponging.  Intestinal  perforations  should  be 
closed  as  they  are  met  if  small ;  when  large  they  should 
be  clamped  with  rubber-covered  forceps  to  be  attended 
to  later.  Drainage  should  be  employed  in  cases  of 
doubt.  It  is  safer  to  drain  than  not  to  drain.  Drain- 
age should  be  employed  where  the  remaining  lesion 
may  end  in  necrosis,  and  when  it  becomes  necessary 
to  arrest  the  bleeding  by  tamponade.  Bleeding  in 
abdominal  wounds  should  never  be  controlled  by  the 
actual  cautery. 

Wounds  of  the  Small  Intestines. — The  search  for 
perforations  should  be  commenced  at  the  ileocecal 
junction,  tracing  the  small  gut  rapidly  upward,  being 
careful  to  return  each  loop  as  soon  as  examined. 
Large  perforations  and  lesions  of  the  mesenteric 
border  that  call  for  resection  should  be  controlled  by 
clamps  to  be  attended  to  later.  Small  perforations  on 
the  convex  border  are  closed  by  double  continued  or 
purse-string  sutures.  Larger  perforations  should  be 
closed  by  a  double  line  of  seromuscular  sutures  dis- 
posed with  the  short  axis  of  the  gut,  the  first  to  in- 
clude all  the  coats,  the  second  to  include  the  sero- 
muscular layer.  In  perforations  which  approximate 
half  the  lumen  of  the  intestine,  the  sutures  should  run 
in  a  direction  coincident  with  the  length  of  the  gut. 
When  the  lesion  comprises  more  than  half  the  lumen 
of  the  gut,  a  resection  should  be  made.  An  injury  to 
the  mesenteric  border  of  a  half-inch  or  less  may  be 
closed  by  suture.  If  the  area  involved  exceeds  a  half- 
inch,  there  is  danger  of  gangrene,  and  the  rule  is  to 
resect.  Suturing  should  be  made  with  fine  silk 
threaded  in  a  small  round  needle,  employing  six 
sutures  to  one  inch.  Resections  are  done  by  end-to- 
end  approximation  with  the  Czerny-Lembert  suture. 
If  the  operator  is  inexperienced  or  where  it  is  necessary 
to  save  time  a  Murphy  button  should  be  used.  When 
the.  condition  of  the  patient  forbids,  in  the  presence 
of  multiple  perforations,  it  is  preferable  to  do  one 
circular  enterorrhaphy,  rather  than  two  or  more 
resections  even  though  several  feet  of  gut  are  sacrificed. 
The  closure  of  perforations  in  large  intestines  covered 
by  peritoneum  is  similar  to  that  in  small  Intestines; 
resections  in  the  former  are  seldom  called  for. 

Cleansing  the  peritoneal  cavity  by  irrigation  is 
necessary  only  when  extensive  fouling  is  present. 
If  irrigation  is  necessary  it  is  better  to  flush  the 
peritoneal  cavity  with  hot  saline  solution. 

Gunshot  Wounds  of  the  Stomach. — Wounds  of 
the  stomach  are  closed  by  Lembert  sutures  in  the 
direction  of  the  blood-vessels,  and  when  the  wound  is 
large  the  Czerny-Lembert  suture  is  preferable. 
To  treat  wounds  of  the  posterior  wall  it  is  better  to 
break  through  the  gastrocolic  omentum,  and  when 
the  pancreas  is  injured  posterior  drainage  through  the 
skin  of  the  lumbar  region  should  be  made. 

Wounds  of  the  Large  Intestine. — Wounds  of  the  large 
intestines  like  the  cecum,  ascending  and  descending 
colons,  often  recover  without  operation  for  reasons 
already  stated.  This  is  true  of  injuries  by  the  old 
armament,  and  more  so  after  gunshot  by  the  reduced- 
caliber  bullets.  In  forty  cases  in  tlie  Anglo-Boer 
War  Stevenson  fixes  the  mortality  at  32.5  per  cent., 
although  some  of  the  wounds  were  complicated  by 
perforation  of  the  liver,  urinary  bladder,  and  kidney. 
Wounds  of  the  sigmoid  flexure  and  rectum  when  un- 
complicated by  shots  through  the  bladder,  adjoining 
pelvic  bones,  or  femur,  also  belong  to  the  hopeful 
class.  In  the  wounds  of  the  sigmoid  and  rectum  not 
covered  by  peritoneum  the  prime  indication  is 
drainage  to  ward  off  cellulitis,  septicemia,  and  fistula 
which  result  from  extravasation  of  feces  in  the 
tissues.  A  one-half  inch  tube  should  be  introduced 
as  far  as  the  opening  in  the  bowel,  at  the  same  time 
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that  sterile  gauze  is  packed  around  the  tube  to  prevent 
the  intestinal  contents  from  contaminating  the  sides 
of  the  wound. 

Wounds  of  the  Liver  and  Gall-bladder. — Uncompli- 
cated gunshots  of  the  liver  require  no  surgical  aid. 
If  complicating  wounds  are  suspected  exploratory 
laparotomy  is  indicated.  Hemorrhage  from  liver 
tissue  is  best  controlled  by  gauze  packing,  the  end  of 
which  is  left  protruding  through  the  abdominal  wall, 
and  when  necessary  the  edges  of  the  wound  are 
brought  together  by  sutures  with  a  straight  blunt 
needle  threaded  with  number  three  or  four  catgut. 
Small  perforations  of  the  gall-bladder  are  closed  by 
silk  sutures.  If  the  loss  of  substance  is  extensive  chole- 
cystectomy should  be  practised. 

Gunshot  wounds  of  the  pancreas  are  treated  by  the 
arrest  of  hemorrhage  and  lumbar  drainage. 

Womids  of  the  Spleen. — The  surgical  indication  is 
control  of  hemorrhage,  and  when  this  cannot  be  accom- 
plished, splenectomy  should  be  resorted  to. 

Wounds  of  the  Kidney. — Uncomplicated  gunshots 
of  the  kidney  by  the  modern  military  rifle  bullet 
heal  readily  with  no  symptom  beyond  .  transient 
hematuria.  They  are  treated  by  rest  in  bed  and  the 
administration  of  opium.  Uncomplicated  gunshots 
of  the  kidney  are  rare.  Wound  of  the  pelvis  demands 
nephrotomy  for  temporary  drainage  of  urine.  If 
hydronephrosis  develops  incision  and  drainage  should 
be  practised. 

Wounds  of  the  Urinary  Bladder. — Laparotomy 
should  be  done  in  all  cases  of  intraperitoneal  wounds 
of  the  bladder  when  the  environments  permit.  The 
urethra  is  first  cleansed  by  a  mild  antiseptic  solution. 
A  catheter  is  next  introduced  as  far  as  the  bladder 
and  secured  in  place  for  the  purpose  of  distending" 
the  bladder  later  to  bring  the  perforation  into  view 
if  this  is  necessary.  The  perforation  should  be 
closed  by  a  deep  and  superficial  line  of  sutures.  ' 
Drainage  of  the  bladder  is  accomplished  by  urethral 
syphonage  which  should  be  maintained  for  seventy- 
two  hours;  or  drainage  may  be  accomplished  by  a  per- 
ineal section  when  the  difficulties  of  transport 
interfere  with  syphonage  from  a  suprapubic  drain. 

Extraperitoneal  wounds  should  be  treated  by  keep- 
ing the  bladder  empty  and  by  drainage  through  the  ex- 
ternal wound  as  described  for  extraperitoneal  wounds- 
of  the  sigmoid  flexure  and  rectum. 

Wounds  of  the  External  Genitals. — Wounds  of 
this  region  form  a  small  group;  they  were  never- 
considered  dangerous  in  the  days  of  the  old  armament, 
and  they  are  less  so  now. 

Wounds  of  the  penis  consist  of  lesion  to  the  skin 
and  erectile  tissue.  They  are  smaller  than  the- 
caliber  of  the  bullet.  External  hemorrhage  is  not 
frequent,  but  hematomata  are  common. 

Wounds  of  the  urethra  are  the  most  important 
injuries  of  the  penis.  Drainage  is  the  principal 
indication  in  the  treatment.  The  opening  in  the 
urethra  should  be  located,  and  a  soft  catheter  passed 
through  it  into  the  urethra  as  far  as  the  bladder.  If 
this  cannot  be  readily  accomplished  a  suprapubic 
incision  or  aspiration  should  be  practised  until  the 
patency  of  the  urethra  has  been  established.  In 
some  cases  perineal  section  may  be  preferable. 

Wounds  of  the  testicle  are  accompanied  with  more- 
or  less  shock,  vomiting,  and  pain  radiating  into  the 
abdomen.  A  clean  dressing  is  the  prime  rule  of  treat- 
ment. Castration  is  in  order  when  the  wound  is 
lacerated  and  involves  the  major  part  of  the  gland. 
Inflammation  of  the  testicle  generally  calls  for- 
castration. 

Woimds  of  the  spermatic  cord  generally  consist  of 
contusions,  transverse,  or  oblique  wounds.  Hema- 
tomata are  frequent.  Injury  to  the  vas  is  often 
followed  by  atrophy  of  the  testicle.  The  treatment  of 
wounds  of  the  spermatic  cord  consists  in  the  arrest, 
of  hemorrhage  and  a  clean  dressing. 
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Wounds  of  the  scrotum  by  reduced-caliber  bullets 
may  be  overlooked  on  account  of  the  contractile 
character  of  the  fibers  of  the  dartos.  The  treatment 
of  gunshot  in  this  region  consists  of  a  clean  dressing 
and  strict  antisepsis.  The  onset  of  infection  should  be 
treated  by  free  incisions  and  thorough  drainage. 

Injury  to  Blood-vessels  ''and  their  Lesions. — 
Lesions  of  blood-vessels  from  gunshot  are  more 
frequent  now  than  formerly.  The  high-velocity  pro- 
jectiles cut  vessels  instead  of  pushing  them  to  one 
side  as  formerly  happened  with  lower-velocity  lead 
bullets.  These  injuries  may  be  considered  under  (1) 
contusion,  (2)  partial,  and  (3)  complete  division. 

1.  Contusion  of  an  artery  may  be  slight  or  severe. 
The  former  heals  with  no  after-effects  while  the  latter 
often  ends  in  rupture  from  necro.sis  of  the  damaged 
area.  If  the  rupture  is  complicated  by  sepsis,  secon- 
dary hemorrhage  occurs  in  ten  to  fifteen  days  from  the 
time  of  injury.  The  resistance  of  the  arterial  coats  may 
be  so  impaired  as  to  end  in  traumatic  aneurysm. 

2.  Partial  division  of  an  artery  may  result  from  a 
sharp  spicule  of  bone,  a  fragment  of  shell,  the  short 
edge  of  a  deformed  buUet,  or  metallic  fragments  from 
a[missile.  A  vessel  may  also  be  notched  by  high- 
velocity  steel-clad  bullets;  and  in  arteries  larger  than 
the  caliber  of  the  bullet,  the  vessel  may  suffer  per- 
foration with  two  circular  openings  on  ojjposite  sides. 

3.  Complete  division  of  an  artery  is  followed  by  loss 
of  pulsation  in  the  distal  distribution  of  the  vessel  if 
the  coUateral  circulation  is  lacking,  but  where  the 
anastomosis  with  other  vessels  is  free,  pulsation  will  be 
resumed  later. 

Wounds  of  veins  differ  in  no  way  from  those  of 
arteries. 

Traumatic  Aneurysm. — This  complication  as  a 
result  of  injury  by  gunshot  has  as.sumed  greater 
importance  with  the  use  of  steel-clad  bullets.     In  the 


"Fig.  2885, — Traumatic  Aneurysm  of  Radial  Artery  from  gun- 
■sbot  wound  by  reduced  caliber  rifle  bullet  in  the  Russo-Japanese 

War.  Treated  by  ligation  and  dissection  of  sac.  Discharged 
■cured.     Base  Hospital,  Heroshima,  Dr.  Tanaka,  I.  J.  Army,  Chief 

Surgeon. 


•Civil  War  Otis  records  but  seventy-four  cases,  while 
the  statistics  of  the  Franco-German  war  give  one 
traumatic  aneurysm  for  every  2,000  wounded.  In 
the  Anglo-Boer  war  where  the  reduced-caliber  mili- 
tary rifle  was  extensively  used,  Graf  found  trau- 
matic aneurysm  in  four  per  cent,  of  his  cases  suffering 
from  some  form  of  injury  to  blood-vessels. 


There  are  two  forms  of  traumatic  aneurysm, 
namely,  the  diffuse  and  the  circumscribed. 

Diffuse  traumatic  aneurysm  is  the  persistent 
effusion  of  blood  in  the  tissues  from  a  rent  in  a  vessel. 
It  is  in  reality  a  hematoma. 

Treatment. — The  treatment  is  similar  to  that  for 
external  hemorrhage  from  injury  to  a  vessel's  coats, 
namely,  ligation  of  the  vessel  at  the  point  of  injury  in 
the  wound.  The  tumor  should  be  laid  open  and  the 
blood  clots  turned  out  in  all  cases  demadding  operative 
interference.  If  the  bleeding  vessel  cannot  be  secured 
in  the  old  wound,  proximal  ligature  of  it  should  be 
practised  (Figs.  2885  and  2S86) . 


Fig.  2886. — Traumatic  Aneurysm  of  Right  Brachial  .\rtery 
from  gunshot  wound  by  reduced  caliber  bullet  in  Russo-Japanese 
War.  Treated  by  Ugation  and  dissection  of  sac.  Discharged 
cured.  Base  Hospital,  Hferoshima,  Dr.  Tanaka,  I.  J.  Army,  Chief 
Surgeon. 

Circumscribed  traumatic  aneurysms  are  smaller 
than  the  diffuse  variety.  They  arise  from  a  small 
opening  in  an  artery  which  is  surrounded  by  dense 
tissue  like  the  popliteal  space  in  which  the  hematoma 
has  no  room  to  expand.  They  have  the  expansile 
pulsation  and  bruit  of  spontaneous  aneurysms, 
and  they  offer  a  more  favorable  prognosis  than  the 
diffuse  varietj'. 

Treatment. — Rest  in  bed  will  often  cure  these  small 
tumors  entirely.  When  the  tumor  shows  a  tendency 
to  enlarge  and  rupture,  ligation  of  the  injured  vessel 
above  and  below  the  point  of  injury  and  dissection  of 
the  sac  should  be  practised.  If  this  cannot  be  done 
the  operation  of  Anel  or  that  of  Hunter  may  be 
resorted  to. 

Arteriovenous  Aneurysms  and  Aneurysmal  VarLx. 
— These  terms  relate  to  arteriovenous  communica- 
tions. In  arteriovenous  aneurysms  there  is  a  com- 
munication between  an  artery  and  vein  with  an 
intervening  sac  between  the  two  vessels.  In  aneu- 
rysmal varix  the  communication  is  direct,  the  two 
vessels  being  in  contact.  These  arteriovenous 
communications  were  formerly  the  result  of  stab  or 
punctured  wounds,  but  the  advent  of  reduced-caliber 
rifles  has  made  it  possible  for  projectiles  to  pass 
between  vessels,  thereby  inflicting  injury  to  the  coats 
of  each,  which  ends  in  the  pathological  conditions  de- 
scribed. It  has  also  been  noted  that  the  upper  or  un- 
der surface  of  two  adjacent  vessels  may  at  times  sustain 
injury  from  a  passing  projectile,  which  ma.y  later  end 
in  one  of  the  forms  of  arteriovenous  communications. 
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Symptoms. — In  all  such  communications  there  are  a 
pulsation,  thrill,  and  bruit  present,  and  they  become 
more  apparent  after  the  disappearance  of  the  primary 
swelling.  The  murmur  is  often  referred  to  as  a 
"machinery"  murmur.  The  distinguishing  feature 
between  the  aneurysmal  varix  and  varicose  aneurysm 
is  the  constant  presence  of  a  tumor  with  the  latter. 
The  prognosis  of  arteriovenous  aneurysm  is  not  so 
encouraging  as  that  of  aneurysmal  varix. 

Operative  treatment  is  the  most  effective  method  for 
the  relief  of  either  form  of  arteriovenous  communica- 
tion. This  unfortunately  can  be  employed  only  in 
vessels  of  the  limbs  and  more  especially  the  upper 
limb  in  the  case  of  the  brachial  and  its  accompanying 
vessels.  Ligation  of  the  artery  above  and  below  and 
as  near  as  possible  to  the  point  of  communication  is 
the  ideal  operation.  It  is  always  preferable  in  any 
event  to  delay  operation  for  some  time.  Varicose 
aneurysms  under  quiet  in  bed  are  often  converted  into 
the  less  serious  condition  of  aneurysmal  varix. 

In  arteriovenous  communications  involving  the 
large  vessels  of  the  neck  the  most  suitable  operation  is 
ligation  of  the  main  trunk  on  the  proximal  side  of  the 
sac.  The  sac  consolidates  and  disappears  in  the  course 
of  a  short  time.  Here  also,  it  is  preferable  to  avoid 
operation  until  it  is  rendered  necessary.  In  some 
instances  there  is  a  tendency  to  spontaneous  cure,  but 
the  tendency  is  toward  increasing  discomfort  from 
the  effects  of  the  pressure  of  dilated  vessels  or  from 
undue  enlargement  of  the  sac  in  the  case  of  a  varicose 
aneurysm. 

Injuries  of  Peripheral  Nerves. — Lesions  to  per- 
ipheral nerves  are  divided  into  those  of  (1)  Concussion, 
(2)  Contusion,  (3)  Partial,  and  (4)  Complete  Division. 

(1)  Concussion  of  individual  nerves  from  gunshot 
by  the  high-power  military  rifle  has  served  to  increase 
the  number  of  nerve  lesions  materially  in  war  wounds. 
Such  a  lesion  results  from  the  vibratory  effects  which 
emanate  from  the  projectile  or,  as  often  happens,  from 
secondary  projectiles  which  issue  from  the  area  of 
fracture  of  one  of  the  long  bones.  The  vibratory 
impulse  which  is  thus  received  by  a  nerve  will  cause 
it  to  suffer  temporary  and  at  times  complete  loss  of 
function  with  no  visible  evidence  of  injury  to  the  nerve 
tissue.  The  amount  of  concussion  so  sustained  is 
proportional  as  a  rule  to  the  amount  of  velocity  and 
resistance  in  the  bone  at  the  moment  of  impact. 
Observers  in  recent  wars  have  in  addition  noted  cer- 
tain degrees  of  concussion  from  the  vibratory  effects 
which  the  high-velocity  bullet  imparts  to  adjoining 
nerves  when  traversing  soft  tissues  alone,  inde- 
pendently of  bone  lesion. 

Symptoms  of  Concussion. — Partial  or  complete  loss 
of  function  including  loss  of  sensation  and  motion  are 
among  the  most  common  symptoms.  In  slight  cases 
there  arc  more  or  less  complete  anesthesia  and  tingling 
of  a  transient  character  in  the  skin  supplied  by  the 
nerve  involved.  In  more  severe  cases  there  is  loss  of 
motion  and  sensation  such  as  occurs  in  complete 
division  of  a  nerve,  followed  by  trophic  changes  and 
wasting  of  muscles.  In  spite  of  apparent  nerve 
degeneration,  after  a  time  these  cases  undergo  a 
gradual  improvement  with  entire  return  of  sensation 
followed  by  restoration  of  motion. 

2.  Contusion. — This  lesion  differs  from  concussion 
to  the  extent  that  direct  injury  to  the  nerve  has 
taken  place  from  violence  exerted  by  the  projectile  on 
some  secondary  missile.  Contusion  is  generally  more 
serious  than  concussion. 

Symptoms. — The  loss  of  motion  and  sensation  is 
not  complete.  Trophic  changes  like  redness  of  the 
skin,  eczema,  club-nails,  pain,  polished  skin,  loss  of 
hair,  etc.,  appear.  '  Recovery  is  the  rule.  Sensation 
will  be  the  first  to  return,  and  later  motion  will 
appear. 

3.  Partial  Division. — This  is  one  of  the  more  com- 
mon traumatism  of  nerve  injury  by  gunshot.     The 
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symptoms  and  prognosis  do  not  differ  from  those  of 
contusion. 

4.  Complete  Division. — This  injury  occurs  most 
generally  in  smaller  nerves.  The  large  nerves  are 
only  bisected  when  a  reduced  caliber  bullet  is  travel- 
ling at  a  tangent  to  its  trajectory.  Large  nerves  like 
the  sciatic  are  only  notched  or  perforated. 

Symptoms. — Complete  loss  of  sensation  and  motion 
at  once  take  place.  The  muscles  fail  to  react  to  the 
faradic  current  and  the  signs  of  degeneration  and 
trophic  changes  set  in  later. 

Treatment. — This  is  expectant,  and  operative, 
when  necessary.  Strict  antisepsis  should  be  employed 
at  aU  times.  Suppuration  in  a  wound  delays  the 
union  of  nerves  and  prolongs  restoration  of  function. 
After  complete  rest  for  about  one  month  the  galvanic 
current,  gentle  massage,  and  the  movement  of  joints 
may  be  commenced. 

Immediate  Operation. — This  is  practised  when  in 
exploring  a  wound  we  find  a  nerve  cut  across. 

Intermediate  Operation. — In  all  cases  we  should 
wait  a  reasonable  time  for  the  signs  of  recovery  that 
are  sure  to  return  in  all  minor  cases  like  those  of  con- 
cussion, contusion,  and  partial  division.  Nothing  is 
lost  by  a  delay  of  about  two  months.  When  after  this 
time  restoration  of  function  is  not  apparent,  without 
return  of  sensation,  the  ends  of  the  nerve  should  be 
.sought  and  brought  together  with  a  small  round 
needle,  threaded  with  fine  chromicised  catgut  or  silk 
suture  through  the  sheath  of  the  nerve,  using  mattress 
stitch  or  Lembert  suture.  If  the  whole  nerve  cannot 
be  brought  together  such  parts  and  filaments  that  can 
be  identified  should  be  carefully  sutured.  When  loss 
has  been  considerable,  grafting  the  distal  end  to  an 
adjoining  nerve  may  be  practised.  In  the  after-treat- 
ment traction  on  the  ends  of  the  divided  nerves  is 
prevented  by  fixing  the  limb  in  a  plaster-of-Paris 
splint  for  several  weeks.  Later  prolonged  treatment 
by  means  of  electricity,  massage,  and  gymnastics 
should  be  employed. 

Operation  for  Secondary  Involvement. — Operation 
is  sometimes  necessary  when  the  function  of  a  nerve  is 
interfered  with,  by  pressure  in  sac  tissue  or  in  callus. 
In  such  cases  the  nerve  should  be  released  and 
stretched.  Traction  on  a  nerve,  from  contracted  scar 
tissue  with  no  apparent  lesion  of  the  nerve  itself  will 
also  require  stretching  in  some  cases  to  relieve  pain 
and  discomfort. 

Wounds  op  Joints. — Marked  beneficence  has  come 
from  the  use  of  reduced  caliber  bullets  in  all  joint 
wounds.  The  pathological  lesion  by  old  time  lead 
bullets  favored  the  development  of  sepsis  because 
of  the  extent  of  laceration  and  Assuring  of  bone  into 
the  joint  and  shaft  of  long  bones.  The  lesion  of  steel- 
clad  bullets  is  more  limited.  It  consists  of  a  small 
perforation  with  no  fissuring  except  in  proximal 
shots,  and  the  reports  from  recent  wars  are  most 
encouraging. 

The  changes  that  have  been  wrought  in  recent  years 
from  the  use  of  antisepsis  and  the  new  armament 
are  at  once  shown  in  the  following  tabular  statement:" 

Percentage  Mort.\litt  from  Wounds  of  the  Joints  in  Fr\'E 
Wars 


Joints. 

Ameri- 
can 
CivU 
War. 

Franco- 
Prus- 
sian. 

Japan- 
China 
(Haga). 

Spanish- 
Ameri- 
can. 

Anglo- 
Boer 
War. 

Hip 

84.7 
53.7 
26.9 
31.1 
9.4 
12.9 

71.8 
48.9 
24.0 
35.5 
21.2 
12.6 

100.0 
25.0 
0.0 
0.0 
0.0 
0.0 

33.0 
5.5 
0.0 
0.0 
0.0 
0.0 

28.5 

4.2 

Ankle     

0.0 

Shoulder 

Elbow 

3.7 
2.0 

Wrist 

0.0 
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Gunshot  Wounds 


Cases  and  Deaths  in  each  Class  of  Joint  Wounds  in  Three 
Recent  Wars 

Spanish-Amer-  , 

I     Japan-China      ican     War    and        Anglo-Boer 
War   (Haga).      Philippine      In-  War 


Joints. 

surr 

ection. 

Num- 
ber. 

Deaths. 

Num. 
ber. 

Deaths. 

Num- 
ber. 

Deaths. 

Hip 

1 

16 
4 
4 

16 
6 

1 
4 
0 
0 
0 
0 

3 

77 
26 

9 
44 

6 

1 
2 
2 

1 
1 
0 

7 
95 
40 
27 
49 
10 

2 

Knee 

4 

Ankle 

Shoulder 

Elbow 

Wrist     

0 
1 
1 
0 

Total 

Mortality,  per 
cent. 

■    47     j          5 
10.6 

t 

165 

6 
3.6 

228 

8 
3.4 

The  Karbine  statistics  of  1905  during  the  Russo- 
Japanese  War  according  to  Follenfant  give  records 
of  1,382  joint  injuries  with  only  seven  deaths  and 
seventy-two  resections.  The  latter  were  no  doubt 
the  result  of  artillery  fire,  because  formal  or  even 
partial  resections  for  lesions  of  the  reduced-caliber 
rifles  are  seldom  called  for. 

Vibralion  Synovitis. — A  joint  may  be  shocked  by  the 
dispersion  of  a  bullet's  energy  as  it  passes  throvigh 
tissues  near  it,  to  such  an  extent  as  to  cause  what 
Mr.  Makins  has  seen  fit  to  call  vibration  synovitis. 
Whether  minute  fissures  into  the  joint  are  present  or 
not  to  answer  for  the  appearance  of  certain  symptoms 
it  is  difficult  to  state.  Mr.  Makins  has  seen  effusion 
in  joints  when  apparently  soft  parts  alone  had  been 
traversed. 
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Fig.  2887. — Photograph  in  Case  of  C'orpl.  H.  C.  S..  Co.  "F," 
122nd  N.  Y.,  shot  March  27,  1865.  Globular  head  of  femur  is 
shattered  by  conoidal  ball  which  remains  lodged.  No.  9821. 
Army  Medical  Museum  collection. 

Wounds  of  joints  are  divided  into  the  following: 
(1)  Lesions  of  joints  without  injury  to  osseous  struc- 
tures. (2)  Wounds  of  joints  accompanied  by  lodged 
missile.  (3)  Lesions  of  joints  marked  by  grooving  of  the 
articular  ends  of  bones.  (4)  Perforation  of  articular 
ends  across  the  joint.  (5)  Comminution  of  articu- 
lar ends  of  bones. 

1.  Lesions  of  joints  without  injury  to  hone  were  seldom 
observed  with  the  use  of  the  old  and  larger-caliber 


bullets.  Such  wounds  are  more  common  with  the 
reduced-caliber  bullets,  especially  in  the  larger  joints 
like  the  shoulder,  hip  and  knee. 

2.  Wounds  with  Lodged  Missiles. — Lodged  missiles  in 
joints  were  common  in  the  days  of  low-velocity 
projectiles.  They  are  still  commonly  seen  with  the 
use  of  modern  shrapnell  balls,  pistols,  and  revolvers; 
and  they  are  not  infrequent  with  the  use  of  the  pointed 
bullet  when  it  has  lost  its  remaining  velocity  (Figs. 
2887  and  2888). 


Fig.  2888. — Private  J.  R.  Co.  "C"  U'Jth  N.  V.  Wounded  March 
25,  1865.  Died  of  exhaustion  Apr.  6.  1865.  Conoidal  ball  entered 
anteriorly  and  lies  lodged  in  great  trochanter.  A  fissure  6  inches 
long  extends  down  the  shaft  from  the  point  of  lodgment.  No. 
98211,  Army  Medical  Museum  collection. 

3.  Superficial  Grooving  of  the  Bone. — In  this  class  of 
wounds  the  joint  is  not  always  directly  implicated, 
but  the  danger  lies  in  the  great  liability  to  infection 
due  to  the  character  of  the  wound,  such  as  the  long 
superficial  tear  in  the  capsule  of  the  knee  especially. 
A  perforation  in  and  out  of  the  capsule  offers  less 
danger.  All  wounds  in  the  neighborhood  of  joints 
should  be  treated  as  joint  wounds. 

4.  Perforation  of  the  Articular  Ends  Across  the  Joint. 
— In  perpendicular  shots  the  joint  surfaces  are  trav- 
ersed by  the  shortest  route  and  the  amount  of  lesion 
and  the  dangers  of  infection  are  less. 

5.  Comminxdion  of  the  articular  ends  of  bones  is 
frequently  noted  as  a  result  of  wounds  by  shell  frag- 
ments, large  lead  bullets,  shrapnell  balls,  and  proximal 
shots  near  the  muzzle  of  high-power  military  rifles. 
In  this  class  infection  is  prone  to  occur  as  a  result  of 
the  large  external  wounds  and  the  comminuted  bone 
which  in  turn  inflicts  extensive  injury  to  soft  parts. 

Symptoms. — The  earliest  of  the  significant  symp- 
toms is  effusion  in  the  joint,  composed  of  the  products 
of  inflammation  and  blood.  The  most  positive  sig^ 
of  joint  injury  is  escape  of  synovial  fluid.  When  this  is 
absent  the  diagnosis  must  rest  from  a  study  of  the 
location  of  the  external  wounds.  Joints  may  be 
implicated  by  fissures  from  an  adjoining  fracture, 
and  when  a  joint  becomes  septic  from  an  adjoining 
injurv,  implication  by  Assuring  is  very  probable. 

Treatment. — The  treatment  of  joint  injuries  by 
gunshot  is  divided  into  (1)  amputation,  (2)  excision, 
and  (3)  conservative  treatment. 

1.  Amputations  are  seldom  called  for  now  in  joint 
wounds  by  gunshot.  Primary  amputation  is  only 
resorted  to"  for  great  destruction  of  the  joint  and  inter- 
ference to  the  blood  and  nerve  supply  such  as  occurs 
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from  shell  wounds.  No  amputation  was  required  m 
either  the  Spanish-American  or  Anglo-Boer  wars  for 
injury  from  jacketed  rifle  bullets.  „    .    f 

2.  "Primary  excisions  are  also  seldom  called  lor. 
Partial  excisions  such  as  the  removal  of  loose  frag- 
ments of  bone  are  at  times  required  from  mjury  by 
shell  fragments  or  shrapnell  balls,  but  fornial  ex- 
cisions have  wellnigh  disappeared  from  the  field  ot 
military  surgery.  ,  , 

3  Conservative  Treatment.— This  is  by  far  the 
most  commonly  employed  mode  of  treatment  m  joint 
wounds.  It  is  used  in  aU  joint  injuries,  moderate  or 
severe  except  in  those  cases  which  have  sustained 
irreparable  destruction  of  the  joint  structures,  the  nerve 
and  blood  supply,  and  which  demand  amputation. 
In  simple  joint  wounds  exhibiting  perforation  with 
little  or  no  splintering  of  the  epiphyseal  ends  of  bones 
a  clean  dressing  to  a  clean  field  and  immobilization 
are  the  onlv  indications  of  treatment.  Passive 
motion  and  gentle  massage  should  be  employed  as  soon 
as  the  external  wounds  have  healed. 

In  the  more  severe  injuries  exhibiting  laceration  ot 
tissue,  splintering  and  loose  fragments  ot  bone,  the 
wound  should  be  irrigated  with  a  solution  of  bichloride 
1-4  000,  loose  fragments  removed,  and  the  wound 
dressed,  drained  if  necessary,  and  then  immobilized. 
In  the  emergent  conditions  of  active  campaign  the 
surgeon  is  never  sure  of  being  able  to  carry  out  all  the 
details  of  the  conservative  method.  Immobilization 
bv  extension  and  counterextension  is  sometimes 
difficult  or  impossible.  When  transport  is  necessary, 
under  trying  conditions,  the  chances  of  saving  life 
may  be  better  by  resorting  to  amputation.  In  this 
way  military  surgeons  are  often  compelled  to  sacrifice 
limbs — lower  Umbs  especially — that  could  be  easily 
saved  in  fixed  hospitals.  An  amputated  hmb  will 
stand  transport  better  than  a  comminuted  joint, 
hence  the  advisability  of  a  primary  amputation  under 
certain  field  conditions. 

If  suppuration  sets  in  when  the  surgeon  is  attempt- 
ing a  conservative  plan  of  treatment,  free  incisions, 
irrigation,  and  drainage  should  be  employed  at  once. 
Wounds  of  the  Shoulder. — A  wound  of  this  joint  is 
often  complicated  by  wounds  of  adjoining  parts  like 
the  forearm  and  hand,  the  face,  neck,  thorax,  clavicle, 
or  scapula. 

Gunshot  wounds  of  the  shoulder  are  not  as  frequent 
as  formerly.  In  the  Civil  War  they  occurred  in 
sixteen  per"  cent,  of  all  joint  wounds,  and  in  two  per 
cent,  of  all  wounds  in  the  Franco-German  War.  Out 
of  4,919  gunshot  wounds  in  the  Spanish-American  War 
and  Philippine  Insurrection  there  were  but  nine 
gunshots  of  the  shoulder-joint  reported,  with  one 
death.  Four  of  the  men  were  restored  to  duty,  one 
was  discharged  at  expiration  of  term  of  service,  and 
three  were  discharged  and  pensioned. 

Treatment.— The  large  majority  of  wounds  of 
the  shoulder  are  amenable  to  treatment  by  expect- 
ancy or  conservation.  If  fragmentation  is  pres- 
ent, loose  spicules  should  be  removed  through  the  exit 
wound  which  should  be  enlarged  when  necessary.  Ir- 
rigation with  a  solution  of  boric  acid  or  bichloride  of 
mercurv  1-4,000  should  next  be  made,  drainage  pro- 
vided for;  and,  after  applying  a  clean  dressing  the 
limb  should  be  immobilized. 

Primary  excision  is  seldom  resorted  to  on  account  of 
the  effective  methods  of  modern  treatment,  and  the 
favorable  lesion  incurred  by  the  present-day  rifle  bul- 
lets. In  preantiseptic  times  excisions  were  resorted 
to.  A  formal  excision  was  less  frequently  followed 
by  the  development  and  after-effects  of  sepsis.  The 
cases  were  more  safely  handled  in  transport  and  in  the 
crowded  conditions  of  the  hospitals. 

Amputation  as  already  stated  is  only  indicated 
for  very  severe  comminution  with  destruction  of  the 
nerve  and  blood  supply.  Secondary  amputation  or 
excision  is  at  times  necessary  in  those  cases  in  which 
conservation  has  failed.     Necrosis  of  a  large  portion 


of  the  humerus,  osteomyelitis,  gangrene,  and  second- 
ary hemorrhage  were  the  complications  which  led  to 
amputation  in  preantiseptic  times. 

Wounds  of  the  Elbow.— The  frequency  of  gun.shots 
of  the  elbow  ranks  next  to  that  of  the  knee.  They 
lend  themselves  especially  to  the  conservative  mode 
of  treatment;  it  is  the  method  of  choice  in  the  modern 
treatment  of  all   elbow-joint   wounds   short  of  those 


Fig.  2889.— Skiagram  Showing  the  Result  ot  Gun-shot  by  the 
30  cal.  Krag-Jorgensen  bullet  in  a  U.  S.  soldier  who  was  shot  at  a 
distance  of  5  feet,  in  Oct.,  1901.  He  was  treated  in  accordance 
with  modern  methods  by  removing  aU  detached  fragments,  etc. 
There  is  excellent  use  of  the  arm.  Exposure  was  made  in  1911. 
Lettermann  General  Hospital  Laboratory. 

lesions  which  demand  excision  or  amputation.  In 
those  injuries  in  which  the  blood  supply  is  badly 
compromised,  the  surgeon  in  fixed  hospitals  is  often 
rewarded  bv  success  after  the  painstaking  details  of 
a  conservative  mode  of  treatment.  It  is  generally 
otherwise  in  military  practice.  Experience  has  taught 
us  that  the  surgeon  errs  on  the  safe  side  if  he  amputates 
when  there  is  injury  to  the  brachial  artery  regardless 
of  the  chances  of  the  reestablishment  of  the  collateral 
circulation  through  the  rich  supply  of  vessels  about 
the  elbow-joint.  No  primary  excision  of  the  elbow 
was  done  in  either  the  Spanish-American  or  Anglo- 
Boer  War.  ,  ,.  .  X  i 
The  after-treatment  under  any  plan  of  treatment 
.should  guard  against  malposition  of  the  forearm  and 
hand.  The  forearm  should  be  flexed  on  the  arm  at  a 
trifle  less  than  a  right  angle  and  the  hand  should 
occupy  a  position  half-way  between  pronation  and 
supination,  the  thumb  pointing  upward.  The  fixa- 
tion apparatus  should  be  provided  with  windows  to 
permit  redressing  of  the  wound  without  disturbmg 
the  attempt  at  immobUization. 

Wounds  of  the  Wrist  and  Carpi/s.- Lesions  of  this 
joint  depend  upon  the  size  and  velocity  of  the  pro- 
ectile  inflicting  the  injury.  The  effects  of  modern 
military  bullets  are  less  likely  to  .show  comminution 
of  the  articular  ends  of  the  radius  and  ulna  or  carpal 
bones.  No  deaths  are  reported  from  gunshots  of  the 
wrist  in  either  the  Spanish-American  or  Anglo-Boer 
War. 
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Conservative  Treatment. — The  functions  of  the 
hand  and  fingers  are  best  promoted  by  avoiding  the 
development  of  sepsis  in  the  wound.  The  rules  of 
conservative  treatment  include  rigid  antisepsis, 
removal  of  loose  fragments  when  necessary,  and 
immobilization. 

Complete  or  partial  excision  gave  very  discourag- 
ing results  in  preantiseptic  times,  as  a  result  no 
doubt  of  inflammatory  deposits  in  the  tissues  of  the 
hand  and  wrist.  Under  our  modern  methods  of 
treatment  we  expect  to  have  '  useful  hands  and 
fingers  after  excisions  of  the  wrist. 

Primary  amputation  is  required  only  after  extensive 
lesion  of  the  soft  parts  and  bony  articulation  from 
shell  fragments,  the  larger  rifle  projectiles  and  wounds 
exhibiting  explosive  effects  from  the  modern  rifle  and 
shotguns  at  very  close  range. 

Wounds  of  the  Hip-joint. — Fischer's  statistics  give 
thirty  gunshots  of  the  hip  for  every  1,000  wounded  in  all 
anatomical  parts,  and  five  per  cent,  for  all  joint 
wounds.  Of  the  large  joint  injuries  those  of  the  hip 
were  the  most  fatal.  In  Otis'  table  there  are  386  cases 
reported  from  both  the  federal  and  confederate 
armies.  If  we  divide  the  cases  into  two  groups:  one 
where  the  acetabulum  is  involved  in  the  lesion  and 
the  other  where  it  is  not,  we  find  the  former  gave 
a  mortality  of  96  per  cent,  after  a  conservative  mode  of 
treatment,  and  in  the  latter,  in  which  the  acetabulum 
was  not  involved,  the  mortality  was  58  per  cent.  The 
two  groups  gave  a  very  high  mortality  regardless  of 
the  anatomical  parts  involved  when  amputation  or 
excision  was  performed.  In  acetabular  involvement 
there  were  no  doubt  complications  of  a  serious  nature 
about  the  pelvis  to  develop  during  the  clinical  history 
of  the  cases.  Under  our  modern  methods  of  treat- 
ment, lesions  of  the  hip-joint,  uncomplicated  by  internal 
injuries,  the  results  of  hip-joint  wounds  wUl  be  attended 
with  a  much  lower  mortality. 

Diagnosis. — The  x-ray  has  made  the  diagnosis  of 
hip-joint  injury  very  easy  in  the  majority  of  cases. 
Since  the  physical  signs  of  fracture  such  as  shortening 
of  the  limb,  eversion  of  the  foot,  disturbed  relations  of 
the  bony  points  about  the  joint,  and  escape  of  synovia 
are  often  absent,  injury  to  the  hip  is  often  obscure 
without  x-ray  evidence.  This  difficulty  in  diagnosis 
is  very  much  emphasized  by  the  use  of  reduced- 
caliber  bullets.  Perforation  or  grooving  of  the  head, 
neck,  and  trochanters  of  the  femur  are  now  very 
common.  A  complete  solution  of  contiunity  seldom 
occurs  so  that  the  physical  signs  of  fracture  are 
frequently  absent.  In  such  cases  one  has  to  take  ac- 
count of  the  location  of  the  external  wounds.  In 
cases  of  doubt  the  surgeon  should  treat  all  injuries  close 
to  the  joint  as  hip-joint  wounds. 

"In  the  absence  of  the  x-ray  as  an  aid  to  diagnosis, 
or  in  cases  in  which  the  plate  may  show  an  obscure 
finding,  there  are  signs  which  the  surgeon  should  look 
for.  Langenbeck  laid  stress  on  swelling  of  the  capsule 
with  blood  which  is  most  apparent  on  the  front  of  the 
thigh  just  below  Poupart's  ligament.  The  pressure 
of  the  tumor  back  of  the  large  vessels  causes  the 
femoral  artery  to  pulsate  perceptibly  under  the  skin 
of  the  groin.  Again  in  through-and-through  shot? 
the  exact  location  of  the  "dangerous  region"  in  hip 
cases  as  laid  down  by  Langenbeck  must  be  carefully 
mapped  out.  According  to  him  the  "dangerous 
region"  is  included  in  "a  triangle  whose  base  intersects 
the  trochanter  major,  while  the  femur  and  the  anterior 
superior  spine  of  the  ilium  form  the  points  of  an  acute 
angle."  Stevenson  suggests  a  dangerous  space  in- 
cluded in  "a  triangle  the  angles  of  which  are  at  the 
spine  of  the  pubes,  the  anterior  inferior  spine  of  the 
ilium,  and  the  outermost  point  of  the  great  trochanter. 
The  value  of  any  space,  defined  by  invariable  lines,  is 
necessarily  faulty.  This  was  true  in  the  days  of  the  old 
armament,  and  it  becomes  more  so  with  the  use  of 
present-day  rifle  bullets.  The  joint  capsule  may  be 
penetrated    by    reduced-caliber     bullets     anteropos- 
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teriorly  or  vice  versa  time  and  again  without  implicat- 
ing the  osseous  structures,  by  passing  above  or  below 
the  neck  of  the  femur." 

Treatment  of  Gunshot  Wounds  of  the  Hip. — The 
management  of  gunshot  of  the  hip  has  hitherto  been 
considered  under  the  following  heads:  (1)  Expect- 
ancy, (2)  Conservation,  (3)  Excision,  (4)  Amputation. 

Expectancy  contemplates  a  strictly  laisser  faire 
policy  with  the  exception  of  a  clean  dressing  and 
immobilization.  No  exploration  is  permissible.  The 
plan  is  applicable  in  many  cases  of  gunshot  about  the 
hip  from  the  present  armament  involving  doubt 
in  diagnosis,  or  in  those  cases  of  slight  injury  by 
steel  bullets  which  nearly  always  heal  without  com- 
plications. The  plan  has  been  practised  with  re- 
markable results  in  the  Spanish-American,  and  all  of 
the  recent  wars. 

Conservative  Treatment. — When  a  positive  diag- 
nosis of  joint  injury  has  been  ascertained,  under  this 
plan  of  treatment  if  interference  is  deemed  neces- 
sary, the  surgeon  may  employ  exploration  of  the  joint; 
removal  of  loose  fragments  and  lodged  missiles;  and 
immobilization  after  the  application  of  a  clean 
dressing.  Lesions  calling  for  conservation  usually 
arise  from  injury  by  smaller  shell  fragments,  large 
lead  bullets  from  rifles  or  pistols  and  shrapnell 
balls.  Out  of  eight  cases  treated  conservatively  in  the 
Spanish-American  and  Boer  Wars,  from  different  kinds 
of  missiles,  the  mortality  was  27.2  per  cent. 

Exploration  may  easily  be  done  through  the  exit 
wound  which  should  be  enlarged  when  necessary. 
After  the  removal  of  loose  fragments  and  foreign 
bodies  the  joint  and  wound  are  properly  irrigated 
and  the  limb  immobilized. 

Immobilization  is  often  a  most  difficult  problem  in 
war  surgery.  In  the  face  of  enforced  transport  it  is 
next  to  impossible.  We  have  succeeded  in  transporting 
such  wounded  successfully  under  very  trying  condi- 
tions when  the  number  of  cases  was  limited.  In 
war,  when  the  casualties  overwhelm  the  working 
capacity  of  a  limited  personnel,  it  is  better  to  treat 
such  wounded  near  the  seat  of  battle,  and  defer 
transportation  to  general  hospitals  to  a  later  period. 

We  have  found  plaster-of-Paris  splints  preferable  for 
aU  joint  and  shaft  injuries  in  war.  When  the  material 
is  not  at  hand  the  surgeon  is  to  depend  on  wire 
gauze  splinting,  extension,  and  counterextension  if 
practicable. 

The  onset  of  suppuration  should  be  met  by  free 
drainage  and  frequent  irrigation  with  antiseptic 
solutions  like  bichloride  of  mercury  1-4,000.  Such 
cases  are  often  long  continued.  They  should  be 
stimulated  and  well  nourished  in  order  to  prepare  the 
patient  for  the  measures  of  surgical  relief  that  may 
become  necessary  later. 

Excision  of  the  Hip. — Primary  excision  of  the  hip 
has  been  almost  entirely  supplanted  by  the  conserva- 
tive plan  of  treatment,  since  the  employment  of 
modern  methods  of  treatment  and  the  use  of  steel- 
clad  bullets.  The  mortality  in  the  primary  stage 
was  96.9  per  cent,  in  preantiseptic  times  (Otis);  and 
we  have  reason  to  believe  it  would  still  be  great  under 
modern  conditions,  from  shock  and  hemorrhage. 

Intermediate  excisions  are  no  longer  undertaken. 
The  mortality  in  preantiseptic  times  was  most 
discouraging.  We  now  aim  to  delay  the  necessity 
for  excision  by  the  employment  of  drainage  and  the 
free  use  of  irrigation  to  a  time  when  secondary  exci- 
sion becomes  a  safe  procedure. 

Secondary  Excision. — This  method  of  treatment 
is  undertaken  when  all  efforts  at  conservation  have 
failed.  Secondary  excision  is  done  to  remove  necrosis 
of  bone  from  unextracted  loose  fragments,  and  frag- 
ments originally  attached  which  have  subsequently  be- 
come loose.  Secondary  excision  for  these  reasons  does 
not  differ  from  secondary  excisions  met  with  in  civil 
hospitals  from  other  causes,  and  the  operation  gener- 
ally employed  is  the  same  for  both  classes. 
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Amputation  of  the  Hip. — Primary  amputations 
for  gunshot  in  recent  wars  are  not  reported  in  the 
literature.  We  must  await  the  government  reports 
from  the  Manchurian  and  Turko-Balkan  campaigns 
for  data  which  may  bear  on  the  value  of  such  an  opera- 
tion under  modern  conditions. 

In  the  Civil  War  the  fatalities  after  the  operation 
were  very  great.  In  an  aggregate  of  2.50  cases  col- 
lected by  Otis,  sixty-six  of  which  occurred  in  our 
Civil  War,  the  mortality  after  primary  amputation 
was  89.1  per  cent. 

In  three  secondary  disarticulations  in  the  Spanish- 
American  War  there  was  one  death;  and  in  thirteen 
cases  in  the  Anglo-Boer  War  there  were  eight  deaths, 
making  an  aggregate  mortality  of  56.2  per  cent,  for 
the  sixteen  cases  in  these  two  wars. 


the  tibia  and  condyles  are  widely  separated  and  there 
is  ample  space  for  a  bullet  to  traverse  the  joint  in  its 
anterior  third  transversely  behind  the  patella  without 
touching  bone.  Examples  of  wounds  of  this  kind 
are  more  frequent  now  than  formerly,  and  they  have 
been  fairly  common  in  recent  wars. 

Lodged  balls  in  the  joint  unattached  to  bone  have 
been  noted.  They  are  generally  imbedded  however 
in  the  surface  structures.  Under  our  present  methods 
of  diagnosis  with  the  x-ray  such  cases  are  easily 
detected  and  successfully  treated  (Fig.  2890). 

Guttering  of  bony  surfaces  of  the  joint  is  one  of 
the  frequent  lesions  by  the  new  armament.  Complete 
perforations  traversing  the  joint  have  become  more 
common  with  the  use  of  the  new  armament.  They 
are  the  rule  in  the  mid  ranges  when  traversing  the 


Fig.  2890. — Radiogram  Showing  Postero-anterior  and  lateral  Views  of  Knee  in  Case  of  Private  William  R.  B.,  29th  Co.,  U.  S. 
Coast  Artillery.  Exposure  was  made  in  1909.  This  man  was  shot  prior  to  enlistment  with  a  .38  cal.  Smith  and  Wesson  revolver 
and  the  presence  of  the  missile  in  the  knee  was  not  detected  until  he  had  been  in  the  service  some  time.  The  washers  were 
used  as  localizers.     Army  Medical  School  collection. 


Wounds  of  the  Knee-joinl. — On  account  of  its 
exposed  position  and  greater  volume,  wounds  of  the 
knee  were  more  numerous  in  former  times  than  those 
of  other  joints. 

We  divide  wounds  of  the  knee  into  those  in  which 
there  is  a  (1)  simple  perforation  of  the  synovial  sac; 
(2)  injury  to  some  of  the  joint  structure  "with  lodged 
ball;  (3)  injury  showing  guttering  of  articular  ends  of 
bones;  (4)  injury  with  complete  perforation  of  articu- 
lar ends  in  different  directions;  and  (5)  impUcation 
of  the  joint  from  fissures  and  comminution  of  the  bones 
entering  into  its  formation. 

Simple  perforation  of  the  capsule  occurs  from 
injuries  by  sufficiently  small  projectiles  traversing 
the  joint  anteroposteriorly  in  a  line  just  below  the 
patella,  when  the  limb  is  in  any  position  except  that 
of  extreme  extension.  There  is  also  sufficient  space 
from  side  to  side  under  the  extensor  muscles  for  a  ball 
of  moderate  diameter  to  penetrate  the  synovial 
membrane;  again,  when  the  knee  is  slightly  flexed, 
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patella,  condyles  of  the  femur,  and  upper  surface  of 
the  tibia.  Perpendicular  shots  crossing  the  joint 
by  the  shortest  route  inflict  less  injury  and  they  are 
attended  with  good  results  as  a  rule. 

Implication  of  the  joint  by  fissures  from  adjoining 
fractures  arises  generally  from  lesions  by  shell  frag- 
ments and  shrapnel  balls.  The  diaphyses  of  the 
femur  and  tibia  immediately  adjoining  the  joint 
surfaces  are  made  of  compact  bone  so  that  comminu- 
tion of  the  shaft  above  or  below  the  joint  in  the 
immediate  vicinity  of  the  epiphyses  will  tissure  the 
latter  into  the  joint.  Such  an  occurrence  is  rare  with 
the  use  of  steel-clad  bullets  except  at  proximal  ranges. 

Diagnosis. — The  diagnosis  of  wounds  of  the  knee 
is  generally  easy.  Swelling  from  effusion  of  blood, 
inabilit)'  to  move  the  knee,  and  pain  on  motion  are 
valuable  signs.  A  study  of  the  location  of  the  aper- 
tures on  the  skin  will  also  form  a  guide.  Fracture 
may  be  attended  by  displacement  which  is  an  abso- 
lute  sign.     The   x-ray   evidence   will    point    to   the 
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amount  and  kind  of  lesion  and  the  presence  of  lodged 
balls. 

Treatment. — The  results  of  gunshot  wouuds  of  the 
knee  are  now  cited  by  all  authors  because  of  the  strik- 
ing evidence  which  has  come  from  the  employment 
of  the  new  armament  and  the  use  of  antisepsis  in 
recent  times. 

The  rules  of  treatment  in  preantiseptic  times  were 
(1)  amputation,  (2)  conservation,  (3)  excision. 
Among  these  plans  of  treatment,  amputation  was 
the  method  of  choice,  and  excision  was  only  resorted 
to  when  the  patient  refused  amputation.  In  2,431 
amputations  for  gunshot  fracture  the  mortality  was 
56.6  per  cent,  when  amputation  was  done  through  the 
knee,  and  53.6  per  cent,  when  it  was  done  through 
the  lower  third  of  the  thigh  (Otis).  The  experience 
of  von  Bergmann  in  the  Russo-Japanese  War  of 
1877-78  emphasizes  the  value  of  antisepsis  in  gunshot 
injuries  by  the  old  time  armament.  In  fifteen  cases 
of  gunshot  fracture  of  the  knee  treated  by  carbolic 
dressings  he  had  fourteen  recoveries.  Only  two  of 
the  cases  suffered  amputation.  The  experience  of 
Reyher  in  the  same  campaign  in  eighteen  primary 
aseptic  cases,  dressed  antiseptically  was  quite  as 
successful.  His  mortality  was  16.6  per  cent.  The 
treatment  was  entireh^  conservative.  The  employed 
weak  carbolic  irrigations  in  severe  cases,  while  simple 
cases  were  cleansed  and  dressed  with  wet  carbolic 
acid  gauze.  Those  who  recovered,  had  useful  joints. 
Grouped  together  the  cases  of  von  Bergmann  and 
Reyher  give  an  aggregate  mortality  of  only  11.1  per 
cent,  in  favor  of  antisepsis. 

In  the  Spanish-American  War  and  Philippine 
Insurrection  we  have  records  of  seventy-seven  cases 
all  told  with  a  mortality  of  6.5  per  cent.  The 
British  report  ninety-five  cases  in  the  Anglo-Boer 
War  with  a  mortality  of  4.2  per  cent.  The  British 
])erformed  amputation  in  11.5  per  cent,  of  their  cases 
which  were  the  result  of  shell  fragments.  The  results 
in  the  Spanish-American  and  Anglo-Boer  Wars  ex- 
hibit in  a  striking  way  the  beneficence  which  arises 
from  the  use  of  the  new  armament  and  the  modern 
methods  of  wound  treatment.  When  the  injuries  of 
the  knee  arise  salely  from  the  use  of  reduced  caliber 
bullets  the  results  are  stiU  more  striking.  Out  of 
seventeen  such  cases  at  Santiago  by  the  Spanish 
Mauser  there  was  no  death;  fourteen  of  the  men  were 
restored  to  duty  and  but  three  were  discharged  on 
surgeon's  certificate  of  disability. 

Conservation  should  be  the  rule  of  treatment  in 
nearly  all  gunshots  of  the  knee  by  military  rifle 
bullets.  In  the  simple  cases  no  attempt  should  be 
made  to  explore  the  wound  except  to  remove  pieces 
of  clothing  or  foreign  bodies  when  these  are  present. 
In  cases  of  gunshot  of  the  patella  alone,  the  treatment 
pursued  is  similar  to  that  for  injury  to  the  knee. 

Splintering  and  fragmentation  of  the  tibia  and  femur 
as  demonstrated  by  palpation  call  for  exploration  and 
the  removal  of  loose  fragments.  When  additional 
room  for  diagnosis  becomes  necessary  an  incision  may 
be  made  on  one  or  both  sides  of  the  patella,  or  a  horse- 
shoe flap,  convexity  downward,  should  be  raised  as 
recommended  in  excision  of  the  knee.  After  dividing 
the  ligamentum  patella,  and  the  lateral  and  crucial 
ligaments,  ample  room  will  be  found  for  diagnosis  and 
operative  interference.  Following  the  removal  of  loose 
fragments,  lodged  missiles,  etc.,  the  wound  and  joint 
surfaces  should  be  irrigated  with  a  weak  antiseptic 
solution.  The  incised  surfaces  are  next  brought  to- 
gether with  sutures  and  drainage  should  be  provided 
for.  The  latter  should  remain  in  place  not  longer 
than  forty-eight  hours.  The  limb  should  be  dressed 
and  next  immobilized  upon  a  fenestrated  wire  or 
plaster-of-Paris  splint. 

The  presence  of  suppuration  in  such  a  wound  calls 
for  prompt  incision  and  drainage.  Ankylosis  is  the 
rule  in  cases  that  recover  after  the  onset  of  sepsis  or 
cases  that  recover  after  extensive  comminution. 


Excision  at  any  time  has  never  been  a  favorite 
operation  in  knee  cases. 

Primary  amputation  for  injury  to  the  knee  is  only 
employed  in  shell  injuries  which  exhibit  extreme 
traumatism  of  bones,  soft  parts,  and  large  vessels. 

Wounds  of  the  Ankle. — In  this  important  articula- 
tion where  the  important  parts  of  the  joint  occupy 
such  a  limited  and  compact  space,  the  lesion  is  very 
much  influenced  by  the  sectional  area  of  the  projec- 
tile. Shrapnel  balls  and  shell  fragments  generally 
inflict  injuries  of  a  severe  nature  and  those  of  the  latter 
especially  more  often  call  for  amputation. 

The  astragalus  is  generally  grooved  or  perforated  by 
small  steel  bullets.  In  the  mid  ranges,  perforation  of 
the  bone  is  the  rule  if  the  impact  is  against  the  body 
of  the  bone.  At  close  and  nearby  ranges  there  is 
fi.ssuring  or  there  may  be  comminution  amounting  to 
pulverization  of  the  bone,  the  wounds  of  entrance  and 
exit  being  filled  with  bony  sand.  The  external 
malleolus  will  show  the  grooving  and  perforation 
ordinarily  seen  in  epiphyseal  tissue  but  the  fibula 
higher  up  is  very  brittle  and  it  ordinarily  exhibits 
comminution  instead  of  perforation.  The  part  of  the 
tibia  entering  into  the  formation  of  epiphyseal  tissue 
is  composed  of  the  internal  malleolus  and  about  one- 
third  inch  of  the  lower  end  of  the  bone.  This  tissue 
when  injured  wiU  show  the  usual  characters  of  perfora- 
tion or  grooving. 

The  treatment  of  gunshots  of  this  joint  will  be 
taken  up  under  (1)  conservation,  (2)  excision,  and 
(3)  amputation. 

Conservation. — This  mode  of  treatment  has  only 
gained  favor  since  the  introduction  of.  our  modern 
methods  of  wound  treatment  and  the  advent  of  the 
modern  military  rifle.  The  opportunities  for  the 
development  of  infection  in  wounds  of  the  lower  limb 
which  are  great  at  all  times,  caused  the  older  surgeons 
to  class  gvmshots  of  the  ankle  among  the  fatal  war 
wounds,  and  the  rule  of  treatment  in  the  days  of 
Sarrey,  Thompson,  and  Guthrie  was  amputation  in 
aU  cases  in  which  musket  balls  had  lodged  or  passed 
through  the  ankle.  Con.servation  was  not  popular 
with  the  surgeons  of  our  Civil  War.  In  the 
less  severe  cases  so  treated  the  mortality  was  19.5 
per  cent.  In  1,711  gunshot  fractures  of  the  bones  of 
the  ankle  joint  only  518  were  treated  by  this  method. 

In  the  Spanish-American  and  Boer  Wars  the  sur- 
geons, employed  conservation  in  nearly  all  cases.  Our 
reports  for  the  years  1898  to  1901  give  record  of 
twenty-six  cases  with  two  deaths.  Eleven  of  the 
men  were  restored  to  the  colors  and  thirteen  were 
discharged  for  disability.  In  the  Anglo-Boer  War 
Hickson'-  reports  forty  cases  with  no  deaths,  although 
infection  was  present  in  twenty-eight  of  the   cases. 

The  wound  should  be  dressed  antiseptically  and 
fixation  applied  at  once.  At  the  first  opportunity 
exploration  should  be  undertaken  whenever  the 
presence  of  comminution  renders  surgical  inter- 
ference necessary.  Loose  fragments  can  generally 
be  removed  through  the  exit  wound,  which  is  easily 
enlarged  when  necessary.  Severed  tendons  are 
brought  together  by  catgut  or  silk -worm  gut  suture. 
When  a  drain  is  necessary  it  should  not  be  kept  in 
place  more  than  thirty-six  hours.  The  presence  of 
inflammation  is  generally  met  by  free  incision, 
drainage,  and  frequent  irrigation  with  antiseptic 
solutions.  The  after-treatments  consist  of  massage, 
movement  of  the  toes,  friction,  and  faradization. 

Excision  of  the  ankle  is  not  practised  after  gunshots. 
It  was  at  no  time  a  favorite  operation  in  military 
surgery  on  account  of  the  painful  joint  which  was 
an  invariable  sequela  of  such  an  operation.  The 
restoration  of  function  is  very  unsatisfactory,  and  all 
cases  that  call  for  such  a  radical  operation  as  excision 
fare  better  after  a  primary  amputation. 

Amputation  is  performed  in  all  cases  of  extreme 
traumatism  that  are  in  no  way  adopted  to  conserva- 
tion.    There  were  eleven  amputations  in  the  forty 
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ankle  injuries  reported  by  Hickson  in  the  Anglo-Boer 
War.  Artillery  wounds  were  responsible  for  five  of 
the  amputations. 

Wounds  of  the  Diaphyses  of  the  Long  Bones. — 
Fractures  of  the  long  bones  are  of  special  interest  to 
the  military  surgeon  gince  they  form  a  large  percentage 
of  war  injuries.  They  are  varied  in  character  arid 
often  serious  and  finaUy  they  offer  great  difficulty  in 
transport. 

Fractures  of  the  Humerus. — The  results  of  fractures 
of  the  long  bones  since  the  advent  of  steel-clad  bullets 
and  the  modern  methods  of  treatment  have  been  most 
encouraging  and  they  have  been  especially  so  in  gun- 
shots of  the  humerus.  Of  eighty-seven  gunshot 
fractures  of  the  humerus  reported  by  the  surgeon- 
general  of  our  army  for  the  years  1898-1901  inclusive 
which  occurred  during  the  Spanish- American  War  and 
Philippine  Insurrection  there  were  but  five  deaths. 
Thirty-nine  were  restored  to  duty,  twenty-nine  were 
discharged  for  disability,  and  twelve  were  otherwise 
disposed  of.  Ten  amputations  and  one  resection  were 
performed;  fragments  were  removed  in  a  few  cases 
and  incision  for  drainage  was  done  in  one  case. 

Hickson  gives  eighty-three  cases  of  fracture  of  the 
humerus  in  the  South  African  War.  Fragments  were 
removed  in  twenty-two  cases.  The  amputation  rate 
was  15.6  per  cent."  More  than  one-third  of  the  eighty- 
three  cases  were  septic.  The  mortality  for  all  cases 
was  3.6  per  cent. 

Conservative  Treatment. — Conservation  is  to  be 
practised  in  all  gunshots  of  the  humerus  except  in 
cases  of  extreme'traumatism  that  call  for  amputation. 
Excision  in  continuity  is  not  to  be  recommended. 
Consolidation  of  fragments  in  all  comminuted  frac- 
tures will  take  place  provided  they  are  still  attached 
to  periosteum  or  soft  parts.  Attached  fragments 
should  be  replaced  in  their  original  position  as  much 
as  possible.  The  wound  should  next  be  cleansed, 
irrigated,  drained  and  immobilized  with  a  plaster-of- 
Paris  dressing.  Nerve  lesions  from  pressure  by  callies 
is  one  of  the  frequent  after-effects  of  fracture  of  the 
humerus  by  gunshot.  Non-union  which  is  noted  in 
fractures  of  this  bone  from  other  causes  is  happily 
rare  in  fractures  from  gunshot. 

Fractures  o/  the  Forearm. — Fractures  of  the  forearm 
constitute  fifteen  per  cent,  of  all  fractures  in  war. 
Anteroposterior  or  posteroanterior  shots  are  at- 
tended with  fracture  of  but  one  bone  while  oblique 
or  transverse  shots  include  lesions  of  both  bones. 
The  amount  of  fragmentation  of  either  bone  is 
generally  extensive  because  of  the  brittle  nature  of  the 
osseous  structure  about  the  shaft  of  these  bones. 
The  explosive  type  of  fractures  is  common  in  the 
lower  third  of  the  forearm,  and  the  proximity  of  the 
vessels  to  bone  makes  hemorrhage  common  in  these 
wounds. 

Of  114  gunshot  fractures  of  the  forearm  in  the 
Spanish-American  War  amputation  was  called  for 
in  8.3  per  cent,  of  the  cases.  Forty-nine  per  cent,  of 
the  114  cases  were  restored  to  duty,  the  remainder 
were  mustered  out  and  discharged  for  disability. 
Only  one  death  is  recorded. 

Out  of  sixty  cases  in  the  Anglo-Boer  War  there  was 
no  death.  Amputation  was  performed  in  three  cases. 
In  our  Civil  War  out  of  5,194  gunshot  fractures  of 
the  forearm  there  were  1,007  primary  amputations 
with  a  mortality  of  9.5  per  cent.  There  were  1,000 
excisions.  This  mania  for  operative  work  is  ascribed 
by  Otis  to  the  number  of  "inexperienced  medical 
officers,  hastily  summoned  to  the  field  in  emergencies." 
The  tendency  to  do  mutilating  operations  diminished 
with  experience  and  the  duration  of  the  war. 

Wounds  of  the  Hand. — The  most  rigid  antisepsis 
should  be  practised  for  all  wounds  of  this  locality 
because  of  the  tendency  to  sepsis.  The  whole  hand 
should  at  once  be  painted  with  one  of  the  iodine 
preparations  or  thoroughly  scrubbed  with  soap  and 
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water  and  the  wound  irrigated  with  a  solution  of 
mercury  bichloride  1-4,000.  Loose  pieces  of  bone 
should  be  removed,  drainage  provided  for  and  often 
the  application  of  a  proper  dressing;  the  hand  and  arm 
up  to  the  elbow  should  be  immobilized.  Free 
incisions  should  be  made  if  suppuration  is 
impending,  and  a  continuous  antiseptic  bath  should 
be  employed. 

Fractures  of  the  Femur. — There  were  302  gunshot 
fractures  of  the  femur  in  the  Spanish-American  and 
Anglo-Boer  Wars  from  the  effects  of  modern  arma- 
ment and  treated  under  modern  methods  with  a 
mortality  of  15.8  per  cent.  If  we  compare  these 
results  with  those  in  the  CivU  War  we  find  a  great  re- 
duction in  mortality  in  favor  of  those  occurring  under 
modern  conditions.  The  mortality  in  the  Civil  War 
of  6,576  gunshot  fractures  of  the  femur  was  as  follows: 

Upper  third 49 . 7  per  cent. 

Middle  third 46.1  per  cent. 

Lower  tliird 42. S  per  cent. 

The  general  mortality  was  46.2  per  cent.  If  we 
compare  this  with  the  general  mortality  in  the  two  re- 
cent wars  mentioned  we  find  a  gratifying  reduction 
of  30.4  per  cent,  in  favor  of  modern  methods  of  treat- 
ment and  the  use  of  the  modern  armament. 

Treatment  by  Conservation. — This  method  of 
treatment  is  used  in  all  cases  except  those  attended 
by  extreme  comminution,  destruction  of  soft  parts; 
or  of  the  blood  and  nerve  supply.  Conservation  in  in- 
juries of  this  bone  is  done  in  the  same  way  that  has 
been  recommended  in  other  long  bones.  Exploration 
is  done  under  strict  antisepsis  by  enlarging  the  wound 
of  exit.  All  loose  fragments  detected  by  digital 
examination  are  removed,  the  wound  is  next  irrigated- 
with  an  antiseptic  solution,  proper  drainage  is  in- 
stituted and  maintained  for  thirty-six  to  forty-eight 
hours;  the  limb  is  dressed  and  then  immobilized 
from  the  foot  to  the  pelvis.  Under  any  condition 
in  war  plaster-of-Paris  is  preferable  for  immobilization, 
and  this  is  especially  true  when  transport  becomes 
necessary.  In  the  absence  of  plaster-of-Paris  Hod- 
gen's  splint  is  to  be  preferred. 

Excision  was  never  a  favorite  mode  of  treatment  and 
it  should  not  be  undertaken  as  a  formal  operation. 
Loose  fragments  may  be  removed  at  the  risk  of  leav- 
ing a  gap  of  one  or  two  inches  in  the  long  bones  with 
the  chances  that  nature  will  in  time  supply  the  defi- 
ciency and  it  is  better  to  do  this  than  formally  to 
exsect. 

Amputation. — This  mode  of  treatment  is  applicable 
in  all  cases  which  cannot  be  treated  by  the  conserva- 
tive method  with  safety.  Amputation  is  necessary 
when  a  limb  has  been  entirely  or  partly  torn  away  by 
a  large  projectile  or  shell  fragment;  in  extensive  com- 
minution by  shell  fragments;  or  in  comminuted 
fractures  with  destruction  of  the  great  vessels  and 
sciatic  nerv-e.  In  cases  where  there  is  doubt,  the 
emergent  conditions  in  war  often  weigh  on  the  side  of 
amputation.  Enforced  transport  and  the  lack  of 
trained  assistants  often  compel  amputation  in  military 
surgery  for  cases  that  could  ordinarUy  be  treated 
very  successfulh'  in  civil  hospitals. 

Out  of  303  gunshots  of  the  femur  in  the  Spanish- 
American  and  Anglo-Boer  Wars'  there  were  59 
amputations  with  a  mortality  of  42.5  per  cent.  This 
mortality  is  higher  than  one  expects  for  cases  treated 
under  modern  conditions.  In  the  Crimean  War  the 
mortality  in  1,666  amputations  was  91  per  cent.; 
in  our  Civil  War  out  of  6,229  amputations  there  was  a 
mortality  of  53.8  per  cent.  Nearly  all  the  fatalities  in 
preantiseptic  times  resulted  from  sepsis  and  we  regret  to 
find  that  the  large  majority  of  deaths  in  the  Spanish- 
American  and  Anglo-Boer  Wars  was  due  to  the  same 
cause.  We  have  to  admit  that  military  surgeons  are 
working  under  great  difficulties  in  war  and  that  the 
'    confusion  incident  to  field  work  is  not  conducive  to  the 
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Fig.  2891. — Radiograms  Shomng  Postero-anterior  and  Side  Views  in  the  case  of  Captain  James  H.  McC. 

technique  of  the  clean  operating  room.  We  neverthe- 
less believe  that  a  strict  application  of  the  rule  in 
conservative  methods  can  materially  reduce  the  above- 
noted  mortality.  Exploration  should  be  pursued  in 
all  cases  of  doubt;  loose  fragments  should  be  thor- 
oughly cleansed  away  from  the  area  of  fracture;  irri- 
gation and  good  drainage  having  been  established  the 
limb  should  next  be  immobilized,  and  transport  should 
certainly  be  delayed  in  every  case  where  the  resources 
of  modern  treatment  can  be  employed. 

Fractures  of  the  Leg. —  The  tibia  and  fibula  are  harder 
than  the  long  bones  generally.  From  the  exposed 
position  of  the  bones  in  the  lower  part  of  the  leg,  the 
fractures  show  more  comminution  than  we  find  in 
other  long  bones.  The  statistics  of  war  hospitals  in 
preantiseptic  times  show  that  one-third  of  the  frac- 
tures of  the  long  bones  were  found  in  the  leg  and  that 
they  aggregated  as  much  as  three  per  cent,  of  all  war 
wounds. 

Treatment  by  conservation  has  supplanted  all 
methods  in  modern  times  with  the  exception  of 
primary  amputation  which  is  occasionally  done  for 
extreme  destruction  of  soft  parts  with  injury  to  the 
tibial  arteries.  We  treated  146  gunshot  fractures  of 
the  leg  in  the  Spanish-American  War  with  a  mortality 
of  4.1  per  cent.  In  15  amputations  the  mortality  was 
13.3  per  cent. 

The  British  treated  137  cases.  Their  cases  treated 
under  strict  conservative  treatment  showed  the  same 
good  results  as  those  mentioned  for  our  army.  They 
report  thirty-two  amputations  w4th  a  mortality  of 
25.2  per  cent.  The  mortality  of  the  forty-seven 
amputations  for  these  two  codes  is  21.2  per  cent. 
In  nearly  all  of  these  cases  amputation  was  on  account 
of  sepsis.  If  we  take  the  same  class  of  cases  in  the 
Civil  War  we  find  in  Otis's  statistics  a  mortality  of 
32.2  per  cent,  out  of  1,490  amputations  in  the  inter- 
mediate and  secondary  stages.  In  other  words  we 
have  saved  but  11.2  per  cent,  of  our  amputated 
cases  by  our  modern  methods  over  the  surgeons  in 
our  Civil  War  who  treated  their  wounded  in  the 
preantiseptic  era.  A  field  mortality  of  twenty-one 
per  cent,  under  modern  conditions  seems  too  high  for 
amputation  of  the  leg  after  gimshot.  We  have  reason 
to  believe  that  strict   compliance   with   conservative 


Fig.  2892.— Photograph  in  Case  of  W.  A.,  Co.  "L,"  8th  U.  S.  Inf. 
Gunshot  fracture  received  in  action  in  PhiJippines.  Dec..  1906. 
Nature  of  weapon  unknown.  Amputation  Oct..  190S.  Photo- 
graph represents  femur  after  amputation,  it  shows  the  later  bone 
lesions  that  result  from  failure  to  remove  loose  fragments  promptly 
from  a  comminuted  fracture,  a  common  condition  in  Civil  War 
daj's.  Army  Med.  School  collection.  From  X-ray  Laboratorj^ 
Lettermann  Genl.  Hospital. 
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methods  would  in  the  first  place  reduce  the  necessity 
for  amputation  in  a  large  number  of  instances. 
Proper  conservation  should  reduce  the  necessit}'  for 
amputation  to  those  instances  where  a  limb  is  finally 
amputated  for  absolute  loss  of  function,  malposition 
of  a  foot,  pain,  etc.  In  such  cases  final  amputation 
should  be  attended  with  no  mortaUty  whatsoever. 
We  believe  that  the  principal  error  which  is  com- 
mitted in  the  conseri-ative  mode  of  treatment  is  in 
not  removing  loose  fragments  sufficiently  and  thor- 
oughly when  the  wounds  are  first  explored .  If  this  were 
done  properly  and  free  drainage  instituted,  the  results 


At  noon  the  next  day  the  writer  assisted  in  operating 
upon  the  patient  on  the  hospital  ship  Olivetlc.  WhUe 
the  patient  was  under  ether  we  found  the  area  of 
fracture  in  the  tibia  marked  by  the  presence  of  a 
number  of  small  pieces  of  loose  bone  near  the  wounds 
of  exit.  The  Mauser  bullet  had  separated  from  its 
jacket  and  a  number  of  pieces  of  the  core  and  envelope 
were  also  removed.  The  wound  was  thoroughly 
irrigated  with  a  1-2,000  bichloride  of  mercury  solution 
and  then  immobilized.  In  March,  1913 — nearly 
fifteen  years  after  the  occurrence — the  writer  was  able 
to  secure  a  skiagram  of  Captain  McC.'s  leg.     There 


Fig.  2893. — A  shows  the  result  of  a  tr.'insverse  shot  through  metatarsal  bones  of  foot  in  a  soldier  at  Santiago  by  a  Mauser  bullet. 
Radiogram  was  taken  22  months  after  injury.  Callus  formations  were  painful  in  sole  of  foot  on  walking.  B  shows  foot  after  we 
had  amputated  two  toes  and  part  of  corresponding  metatarsal  bones  of  A.  Radiogram  taken  25  months  after  injury.  Army 
Medical  School  collection.     U.  S.  Soldiers  Home  X-ray  Laboratory-.     Dr.  A.  B.  Herric.  X-rajist. 


of  the  conservative  method  would  be  better,  and  the 
necessity  for  amputation  in  the  active  inflammatory 
stage  would  seldom  occur.  We  are  aware  of  the  great 
difficulties  which  the  relief  corps  labor  under  in  field 
work.  We  are  only  calling  attention  to  the  subject 
of  a  high  mortality  after  amputation  in  order  to 
remind  field  surgeons  of  the  extreme  necessity  for 
radical  methods  in  conservation. 

"The  following  case  exhibits  the  excellent  results 
attainable  under  modern  conditions:  Captain  James 
H.  McC,  1st  U.  S.  Vol.  Cavah-y  (Rough  Riders), 
was  -shot  at  the  battle  of  Guacimas  during  the  ad- 
vance on  Santiago,  June  2.5,  by  a  Spanish  Mauser 
bullet.  The  bullet  entered  posteriorly  and  to  the 
tibial  side  of  the  left  leg  five  and  one-half  inches  above 
the  internal  malleolus.  It  smashed  the  tibia  at  this 
point  badly  and  fractured  the  fibula.  There  were  three 
small  wounds  of  exit  on  the  anterior  surface  of  the 
leg  just  below  the  level  of  the  wound  of  entrance. 
The  wound  was  at  once  dressed  with  a  field  dressing. 
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is  no  deformity  in  the  fibula,  and  but  little  deformity 
in  the  tibia.  Particles  of  lead  from  the  core  of  the 
bullet  are  still  embedded  in  the  tissues.  There  is 
three-fourth  inch  shortening  and  some  limitation  of 
motion  in  the  ankle  as  a  result  of  injury  to  the  tendo 
Achillis  (Fig.  2891). 

Without  the  prompt  and  radical  treatment  that 
was  practised  in  this  case,  there  would  have  been  long- 
continued  inflammation  of  the  surrounding  tissues, 
and  all  the  bone  lesions  that  are  common  to  such 
injuries. 

Fig.  2892  illustrates  the  ulterior  effects  of  the  old- 
time  practice  in  bone  lesions  of  gunshot  wounds  when 
expectancy  and  conservation  were  restricted  largely 
to  the  efforts  of  nature. 

Wounds  of  the  Foot. — The  great  difficulty  which 
attends  treatment  of  gunshots  of  this  region  in  war  is 
the  presence  of  sepsis  in  the  majority  of  cases.  The 
opportunity  to  dress  wounds  in  battle  is  often  delayed 
so  that  the  dirt  from  shoes,  boots,  and  stockings  which 
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soils  the  skin  and  which  has  entered  the  wound  with 
the  bullet,  sets  up  sepsis  before  the  majority  of  the 
cases  have  received  the  attention  of  the  surgeons. 

The  mortality  in  gunshot  fractures  of  the  foot  in 
our  Civil  War,  largely  as  a  result  of  sepsis,  was  8.3 
per  cent.,  and  7.S  per  cent,  in  the  Franco-German  War 
of  1870-71. 

In  158  cases  of  gun  shots  of  the  metatarsus  and 
toes  in  the  Spanish-American  War  our  mortality  was 
1.8  per  cent. 

Treatment. — Amputation  is  indicated  in  nearly  all 
cases  of  wounds  by  shell  fragments.  Conservation  is  to 
be  employed  in  the  large  majority  of  cases.  Seeondarj' 
excisions  may  become  necessary  when  conservation 
fails  or  for  painful  caUus.  Transverse  shots  across 
the  foot  by  steel-jacketed  bullets  cause  much  com- 
minution and  unless  the  loose  fragments  are  entirely 
removed  on  exploration,  suppuration  will  lead  to 
excision  and  amputation  later  (Fig.  2893). 

Louis  A.  LaGarde. 
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Qurjun  Balsam. — Wood  Oil.  A  viscid,  copaiba- 
like turpentine,  obtained  from  half  a  dozen  or  more 
majestic  Asiatic  trees  of  the  genus  Dipterocarpus.  The 
■'balsam"  is  collected  by  making  deep  "boxes"  or 
gashes  in  the  trunk  of  the  tree,  scorching  them,  and 
fitting  a  bamboo  spout  to  their  lowest  parts.  The 
yield  is  very  great,  and  the  drug  forms  quite  an  impor- 
tant article  of  commerce  in  the  East.  It  is  officially 
recognized  by  the  Indian  Pharmacopoeia,  and  exten- 
sively used  there  as  a  substitute  for  copaiba.  In  other 
countries  it  is  considerably  used  to  adulterate  the 
latter  drug. 

It  is  an  intensely  fluorescent,  thick  liquid,  of  a  mUd, 
terebinthinous  odor,  and  a  bitterish,  aromatic  taste. 
By  transmitted  light  it  is  of  a  deep  sherry  color,  and 
perfectly  transparent;  by  reflected  light  it  appears 
opalescent  and  greenish-gray.  It  is  soluble  in  chloro- 
form and  the  essential  oils,  but  not  completely  so  in 
alcohol.  It  consists  of  thirty  or  forty  per  cent,  of  a 
mild-smelling  essential  oil  associated  with  a  composite 
resin,  composed  of  a  crystalline  gurjunic  acid,  and  an 
amorphous  portion.  As  it  is  collected  from  several 
different  trees,  its  appearance,  and  also  probably  its 
composition,  are  subject  to  considerable  variation. 

Uses. — In  India  and  Asia  generalh'  as  a  substitute 
for  copaiba  in  the  treatment  of  gonorrhea,  etc.,  and  as 
a  varnish.     It  is  seldom  or  never  used  in  this  country. 

W.    P.    BOLLES. 

Qurit,  Ernst  Julius. — Born  in  Berlin,  Prussia, 
September  13,  1852.  In  1848  he  received  his  doctor's 
degree  from  the  University  of  Berlin,  his  thesis  bear- 


ing the  title.  ''  De  ossium  mutationibus  rhachitide 
effectis."  From  1852  to  1856  he  was  an  assistant  in 
B.  von  Langenbeck's  Clinic,  and  in  1862  he  was  made 
an  extraordinary  professor  in  the  university.  He 
held  various  surgical  positions  during  the  military 
campaigns  of  1848,  1864,  1866  and  1870  to  1871.  He 
died  January  18,  1899. 

For  a  long  period  of  years  Gurlt  was  the  managing 
editor  or  secretary  for  the  Deutsche  Gesellschaft  fiir 
Chirurgie;  and  finally  the  Society  elected  him  an 
honorary  member.  According  to  Pagel,  he  was  one 
of  the  most  learned  surgeons  and  at  the  same  time  one 
of  the  most  facile  writers  of  modern  times.  The  list 
of  his  published  writings  is  very  long;  only  a  few  of 
them  may  here  be  mentioned:  "  Beitrage  zur 
vergleichenden  pathologischen  Anatomic  der  Gelenk- 
krankheiten,"  Berlin,  1853;  "L'eber  die  Cystenge- 
schwiilste  des  Halses,"  Berlin,  1855;  "L'eber  den 
Transport  Schwerverwundeter  und  Kranker  im 
Kriege,"  Berlin,  1859;  "Handbuch  der  Lehre  von 
den  Knochenbriicken,"  1860  to  1865;  "Leitfaden  fiir 
Operationsubungen  am  Cadaver,  etc.,"  Berlin,  1862 
(6th  edition,  1885);  "Die  Ivreigschirurgie  der  letzten 
150  Jahre  in  Preussen,"  Berlin,  1875;  and  "Geschichte 
der  Chirurgie,"  Berlin,  1898 — 3  large  volumes.  Pagel 
speaks  in  the  highest  terms  of  the  value  of  this  great 
work,  which  he  describes  as  a  monumeittum  aere 
perennius  to  the  memorv  of  its  able  author. 

A.  H.  B. 


Qutta  Percha. — The  inspissated  mUk-juice  of 
Palaquium  gutla  (Hook,  f.)  Burck  (fam.  Sapotaceas). 
(Xo  longer  official  in  the  United  States.)  This  re- 
markable substance  is  admitted  into  the  pharma- 
copoeias of  most  countries  on  account  of  the  elastic 
varnLsh  whicli  can  be  made  from  it,  and  of  its  value 
in  the  making  of  plastic  splints  in  surgery.  The  plant 
is  a  large  tree  growing,  now  or  formerlj',  in  many  parts 
of  Southern  Asia,  and  in  the  great  islands  of  the  Pacific. 
Gutta  percha  was  first  brought  into  European  use  in 
1842,  having  been  previously  employed  by  the  aborig- 
ines in  the  manufacture  of  knife  and  weapon  handles. 
From  the  vicinity  of  Singapore,  where  it  was  pre- 
viousl\-  abundant,  from  Penang  and  other  accessible 
places,  the  tree  has  been  practically  exterminated  by 
the  wasteful  method  of  coUecting  its  valued  product. 
It  still  exists,  however,  in  abundance  in  the  Malay 
peninsula,  whence  most  of  the  gutta  percha  now 
conies,  in  Borneo,  Sumatra,  and  other  places.  The 
method  of  collection  is  as  follows:  The  trees  are 
felled  and  the  bark  is  stripped  off.  when  the  milky 
product  beneath  it  collects  upon  the  surface  of  the 
wood,  and  is  scraped  off  and  put  into  a  hollow  leaf 
or  other  convenient  receptacle.  This  juice  quickly 
coagulates  upon  exposure  to  the  air.  and  the  putty- 
like curd  is  moulded  while  3-et  soft  into  blocks  or 
cakes  of  various  sizes  and  shapes.  It  is  of  a  light 
or  medium  brown  color,  often  gray  upon  the  surface, 
sometimes,  when  nearly  pure,  white  or  ash-colored, 
of  a  peculiar  rubber-like  odor,  and  a  rather  flexible 
consistence  at  common  temperatures.  At  something 
above  120°  F.  it  becomes  very  plastic,  and  may  be 
moulded  into  any  shape  and  welded,  resuming  its 
hardness  upon  cooling.  Ordinary  gutta  percha  is  an 
impure  substance,  containing  inevitably,  by  the 
method  of  its  collection,  a  considerable  amount  of 
coarse  admixture  of  vegetable  tissue,  chips,  etc., 
besides  the  residues  of  the  evaporation  of  portions  of 
the  liquid  juice,  imperfectly  separated  from  it  in 
coagulating.  It  is  soluble  in  chloroform,  turpentine, 
carbon  disulphide,  etc.,  but  not  in  water,  alcohol, 
acids,  or  alkalies.  Its  purification  may  be  effected 
by  solution  in  one  of  the  above,  or  by  mixing  with 
hot  water  and  straining.  The  sheets,  in  which  form 
it  is  generally  sold  for  surgical  use,  are  made  by  rolling 
it  while  hot  between  cylinders. 

The  principal  portion,  seventy-five  per  cent,  or  so, 
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of  good  gutta  pereha,  consists  of  an  amorphous  white 
mass  or  powder  having  the  general  properties  given 
above,  named  gidla.  It  contains,  further,  from  four- 
teen to  sixteen  per  cent,  of  alhan,  a  light  flaky  powder 
soluble  in  boiling  alcohol,  and  from  four  to  six  and  a 
half  of  fluavil,  which  is  rather  more  soluble  than 
either  of  the  above  (Payen). 

Gutta  pereha  is  employed  in  medicine  only  on  ac- 
count of  its  physical  properties.  A  nine-per-cent. 
solution  of  it  in  chloroform,  with  ten  parts  of  carbonate 
of  lead  added  mechanically  to  carry  down  coloring 
matters  and  impurities,  is  an  excellent  protective 
varnish  for  abrasions,  excoriations,  and  small  wounds, 
to  be  used  in  the  same  way  as  collodion.  In  sheets, 
from  one-eighth  to  one-fourth  of  an  inch  thick,  it  is 
to  be  had  of  the  instrument  makers  as  a  splint  material. 
For  cases  in  which  there  is  a  good  deal  of  irregularity 
of  surface  to  be  fitted,  as  in  fractures  of  the  jaw,  the 
bones  of  the  thumb  or  great  toe,  or  the  metacarpal  or 
tarsal  bones,  it  is  very  useful;  also  in  making  splints 
that  must  often  be  taken  off  and  reapplied.  The 
form  of  the  splint  should  be  cut  about  one-fourth 
larger  each  way  than  the  desired  splint,  as  it  shrivels 
when  softened  and  when  thrown  into  water  at  a 
temperature  of  about  130°  or  140°  F.  or  more.  The 
limb  having  been  prepared  by  adjusting  the  parts, 
shaving,  bandaging,  etc.,  as  required,  the  softened 
splint  is  laid  on  the  part  and  quickly  moulded  by  the 
fingers  to  the  desired  form.  A  bandage  where  neces- 
sary is  then  applied,  and  cold  water  poured  over  all. 
When  hardened  the  gutta-percha  splint  may  be  taken 
off,  trimmed,  and  permanently  reapplied.  If  it  is 
desired  to  piece  or  weld  the  gutta-percha,  it  should  be 
softened  by  dry  heat,  as  over  a  lamp  or  gas.  The 
fingers  may  be  wet  while  handling  it.  Its  use  in 
submarine  cables  and  other  electrical  apparatus  is 
very  extensive.  H.   H.  Rusby. 


Quy  de  Chauliac. — "The  most  celebrated  surgeon 
of  the  Middle  Ages,  and  the  father  of  French  surgery." 
(Dezeimcris.)  He  was  born,  as  his  name  indicates, 
in  the  village  of  Chauliac,  southeastern  France,  about 
the  year  1300.  He  received  his  preliminary  education 
in  the  College  connected  with  the  cathedral  of  Mende, 
a  school  that  was  quite  famous  in  those  days.  He 
first  studied  medicine  at  the  University  of  Mont- 
pellier,  and  then  crossed  over  into  Italy,  in  order  to 
enjoy  the  privilege  of  being  taught  by  Bertrucius, 
who  alone  among  the  medical  teachers  of  that  period 
gave  instruction  directly  from  the  human  cadaver. 
At  Montpellier,  France,  for  example,  human  anatomy 
was  probably  not  taught  in  this  manner  until  1490. 
On  the  other  hand,  it  is  an  established  fact  that  in 
Italy  the  dissection  of  human  bodies  was  practised 
as  early  as  during  the  first  decade  of  the  fourteenth 
century,  Mondini  having  dissected  the  body  of  one 
woman  in  1.306  and  the  bodies  of  two  others  in  131.5. 

Guy  de  Chauliac  practised  medicine  in  several  dif- 
ferent cities,  probably  for  a  longer  period  in  Lyons 
than  anywhere  else.  About  1348  he  entered  the  ser- 
vice of  Pope  Clement  VI.,  at  Avignon,  to  which  city 
the  papal  seat  had  been  transferred  in  1309.  He 
published  his  celebrated  treatise  on  surgery  in  1363. 
It  has  not  yet  been  satisfactorily  determined  in  what 
language  Guy  de  Chauliac  originally  wrote  this  book. 
Three  different  manuscripts  are  in  existence — one  in 
Latin,  one  in  French,  and  one  in  the  language  of 
Languedoc,  the  author's  native» tongue.  He  died  in 
1370. 

Up  to  1890  the  most  modern  edition  of  Guy  de 
Chauliac's  treatise,  so  far  as  I  am  able  to  learn,  was 
that  printed  at  Lyons  in  1659,  but  at  the  date  first 
mentioned  Edouard  Nicaise  published  at  Paris,  in 
old-style  French,  a  beautifid  edition  of  this  remarkable 
book.  On  turning  over  its  pages  in  a  casual  manner 
I  discovered  a  section  devoted  to  fractures  of  the  thigh, 
and  was  much  surprised  to  find  that  Guy  de  Chau- 
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liac's  method  of  treating  this  injury  was  almost  iden- 
tical with  that  which  is  practised  by  surgeons  of  the 
present  day.  The  paragraph  to  which  I  refer  occurs 
on  page  368  of  Nicaise's  version.  It  reads,  when 
rendered  into  English,  as  follows:  "As  to  my 
practice  it  is  this:  I  apply  to  the  thigh  of  the  frac- 
tured limb  long  splints  that  extend  down  to  the  foot, 
and  I  reinforce  these  appliances  sometimes  with  sup- 
ports made  of  straw,  sometimes  with  a  casing.  I 
attach  a  weight  of  lead  to  the  foot,  using  for  this 
purpose  a  cord  which  passes  over  a  small  pulley;  and 
in  this  way  I  cause  the  limb  to  be  held  firmly  and  con- 
tinuously in  a  state  of  complete  extension.  If  it  is 
found  then  that  the  two  limbs  are  not  of  equal  length, 
a  Uttle  pulling  from  time  to  time  will  overcome  the 
inequalit}'.  It  is  well  every  nine  days  to  move  the 
parts  a  little,  and  to  continue  this  practice  for  some 
time  afterward.  Firm  union  may  be  looked  for  at 
the  end  of  fifty  days."  A.  H.  B. 


Qymnamoebida. — The  order  of  protozoans  which 
includes  the  genera  of  parasitic  amebas — Entamoeba, 
Paramaba,  etc.     See  Protozoa.  A.  S.  P. 

Gymnastics. — See  Exercise. 

Qynaecophorus. — A  synonym  of  Schistosomum,  a 
genus  of  round-worms.  These  animals  are  dioecious 
and  the  male  carries  the  female  on  a  groove  on  his  ven- 
tral surface.  They  are  blood  parasites  and  the  three 
species,  S.  hcemaiobium,  S.  mansoni,  and  S.  japonicufn, 
cause  various  types  of  schistosomiasis.    See  Ncmatoda. 

A.  S.  P. 


Gynecological  E,\aminations.  —  History.  —  A 
proper  history  is  a  necessar.y  preface  to  the  diagnosis  of 
every  gynecological  case.  It  should  not  of  necessity 
be  lengthy,  but  certain  facts  in  the  life  history  of  the 
patient,  peculiar  to  her  sex,  which  may  have  an  espe- 
cial bearing  upon  the  condition  of  the  female  organs, 
.should  be  carefully  inquired  into. 

We  wUl  pass  over  the  points  common  to  all  histories 
and  simply  emphasize  those  having  a  gynecological 
bearing.  The  menstrual  history  should  be  thoroughly 
ascertained.  The  age  at  which  the  menses  first  ap- 
peared; the  duration  of  the  flow;  the  quantity  and 
character;  if  accompanied  by  pain,  whether  it  develops 
before,  during,  or  after  the  flow;  and  its  location, 
whether  in  the  uterus  or  the  region  of  the  appendages, 
or  in  the  sacrum;  the  regularity  of  the  periods;  the 
date  of  the  last  menstruation;  and,  finaUy,  the  his- 
tory of  the  menopause — these  are  all  subjects  for 
inquiry. 

In  judging  the  condition  of  the  menstruation  as  to 
duration,  quantity,  and  regularity,  it  is  well  to  remem- 
ber that  in  this  respect  every  woman  is  a  law  unto  her- 
self, and  she  must  therefore  be  judged  according  to  her 
own  standard.  But,  her  habit  in  this  respect  having 
once  been  established,  she  should  not  deviate  from  it. 

The  history  of  her  pregnancies  should  be  thoroughly 
investigated,  as  about  two-thirds  of  all  patients  coming 
to  the  gynecologist  can  trace  their  sufferings  from  a 
miscarriage,  a  difficult  labor,  or  an  abnormal  puer- 
perium. 

Pain  in  some  form  or  other  is  the  most  prominent 
gynecological  symptom,  and  is  usually  responsible  for 
the  patient's  seeking  the  aid  of  her  physician.  The 
pain  may  be  in  the  form  of  headache,  Ijackache,  pelvic 
tenesmus,  or  a  sensation  of  bearing  down;  or  it  may  be 
referred  to  some  particular  part  of  the  pelvis.  Its 
character  and  location  should  be  carefully  ascertained. 
The  condition  of  the  bowels  is  a  very  important  point 
for  inquiry,  as  so  many  of  the  troubles  in  this  class  of 
patients  are  due  to  pelvic  congestion  induced  by 
chronic  constipation  and  irregular  habits  of  going  to 
stool. 
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Any  bladder  symptoms  should  be  noted,  especially 
burning  or  paiu  on  micturition  and  frequency  of  the 
act,  as  they  may  be  an  indication  of  gonorrhea,  a 
disease  which  is  now  recognized  as  one  of  the  most 
potent  factors  in  the  etiology  of  gynecological  cases. 

The  character,  quantity,  etc.,  of  any  discharge 
should  be  determined. 

Finally,  the  presence  of  those  symptoms  known  as 
neuroses,  of  a  reflex  character,  should  be  recognized. 

For  the  details  of  more  extended  historj^-taking  the 
reader  is  referred  to  such  works  as  those  of  Kelly, 


Fig.  2894. — Outline    Diagrams    for    Recording     Displacements, 
Growths,  etc.,  in  History-taking. 

Montgomery,  Webster,  Hirst,  Ashton,  etc.  For 
ready  reference,  speed,  and  accuracy,  we  believe  that 
cards  or  loose  leaves  for  use  in  one  of  the  modern 
filing  systems  and  used  in  conjunction  with  outline 
diagrams  of  the  various  pelvic  planes,  in  which  it  is 
possible  graphically  to  note  the  size,  situation,  and 
shape  of  growths,  displacements,  etc.,  is  of  especial 
value  in  recording  gynecological  cases.  Rubber 
stamps  of  diagrams  of  the  pelvis  and  abdomen  are 
obtainable.  (See  Fig.  2894.)  Whatever  sj-stem  of 
history-taking  is  adopted  it  should  be  strictly  adhered 
to,  as  routine  habits  will  undoubtedly  guard  against 
error. 

The  novice  will  do  well  to  remember,  if  he  wishes  to 
avoid  embarrassment  both  to  himself  and  to  his  pa- 
tient, that  all  subjects  of  a  delicate  nature  should  be 
approached  in  an  open,  frank  manner,  devoid  of 
subterfuge  or  insinuations  of  any  kind,  and  coupled 
with  the  kindness  and  dignity  of  manner  befitting  a 
gentleman. 

That  the  patient  will  submit  to  an  examination 
should  be  taken  as  a  matter  of  course,  as  at  the  pres- 
ent day  most  women  know  that  such  a  procedure  is  a 
necessity  and  are  prepared  accordingly. 

AxESTHESiA. — In  virgins  it  is  desirable  when  possible 
to  examine  under  anesthesia,  for  as  a  rule,  a  first 
examination  of  such  patients  is  very  unsatisfactory. 


and  therefore  productive  of  no  positive  diagnosis. 
Nitrous  oxide  is  an  ideal  anesthetic  for  such  a  case. 

If  it  is  possible  to  avoid  it,  a  vaginal  examination 
should  not  be  made  in  virgines  iniacta-.  In  the  ma- 
jority of  cases  a  rectal  examination  will  answer  all 
purposes.  The  method  of  rectoabdominal  palpation 
to  be  used  will  be  described  later. 

Not  infrequently  in  married  women,  if  there 
happens  to  be  an  unusual  rigidity  of  the  abdominal 
muscles,  a  superabundance  of  fat,  or  a  neurotic  patient 
it  is  desirable  to  employ  an  anesthetic,  especially, 
when  the  advisability  of  an  operation  is  dependent 
upon  an  accurate  diagnosis.  When  an  examination 
is  decided  upon  it  should  alwaj'S  be  carried  out  in  a 
thorough  manner,  and  this  necessitates  that  a  sys- 
tematic plan  of  procedure  should  be  followed. 

Nurse. — Whenever  possible,  a  third  party  should  be 
present,  not  only  for  the  comfort  of  the  patient,  but  as  a 
protection  to  the  phj-sician  from  the  malicious  charges 
which  are  by  no  means  uncommon.  If  the  physician 
can  have  a  nurse  at  his  disposal,  this  plan  is  by  far 
the  best,  as  the  ready  assistance  and  soothing  in- 
fluence of  a  trained  female  assistant  go  far  toward 
rendering  the  ordeal  less  trying  to  the  patient,  and  en- 
able the  physician  to  conduct  his  examination  with 
much  greater  facility.  When  a  nurse  is  not  available, 
a  female  friend  brought  with  the  patient  may  often  be 
of  great  assistance  in  holding  a  speculum,  etc.,  but 
there  will  be  many  occasions  when  the  general  prac- 
titioner will  have  to  conduct  his  examination  unaided. 
While  an  assistant  is  certainly  desirable,  she  is  by  no 
means  indispensable. 

T.4.BLE. — The  question  as  to  what  is  the  best  table 
for  gynecological  examinations  is  one  that  is  often 
asked  by  the  novice.  The  simpler  the  table  the  better. 
A  costly  complicated  table  or  chair  is  not  at  all  nec- 
essary, and  a  great  many  gynecologists  work  with  one 
of  the  simplest  construction.  An  ordinary  solid  table, 
four  feet  long,  two  feet  wide,  and  two  and  one-half  to 
three  feet  high,  will  answer  for  all  ordinary  purposes. 
The  foot  of  the  table  should  be  raised  about  two  inches, 
and  should  be  fitted  with  foot-rests.  An  extension 
arm  or  leaf  attached  to  the  right-hand  corner  is  of 
great  utility  when  employing  Sims'  position,  as  it 
allows  the  legs  and  feet  of  the  patient  to  have  a  proper 
support,  when  the  buttocks  are  drawn  to  the  edge  of 
the  table. 

A  valuable  adjunct,  in  the  writer's  opinion,  is  a  pair 
of  Edebohls'  leg-holders.  They  consist  of  two  per- 
pendicular rods  that  are  attached  to  the  corners  of  the 
table  and  have  slings  at  their  upper  ends.  The  feet 
being  fastened  in  the  slings,  are  elevated  to  such  an 
extent  that  the  thighs  are  flexed  upon  the  abdomen 
and  rotated  outward.  This  insures  the  greatest 
amount  of  relaxation  of  the  abdominal  muscles,  and 
successfully  prevents  the  approximation  of  the  pa- 
tient's knees.  It  is  therefore  of  especial  value  in 
nervous  patients. 

Placing  the  Patient  upon  the  Table. — If  a  nurse  is  not 
available,  the  physician  should  understand  how  prop- 
erly to  place  the  patient  upon  the  table,  so  that  he  may 
not  appear  awkward  or  render  the  ordeal  unnecessarily 
embarrassing.  A  screen  should  always  be  at  hand,  be- 
hind which  the  patient  is  instructed  to  retire  in  order 
to  loosen  all  tight  clothing  about  her  waist,  and  espe- 
ciall}'  to  unfasten  her  corsets. 

In  all  cases  the  patient  should  empty  her  bladder  be- 
fore going  on  the  table.  This  is  a  detail  that  is  fre- 
quently neglected,  and  it  is  the  cause  of  an  unsatisfac- 
tory examination  in  many  instances.  It  is  likewise  of 
advantage  that  the  lower  bowel  should  be  emptied, 
and  when  possible  the  patient  should  be  instructed  to 
take  an  enema  before  coming  to  the  physician's  office. 
The  patient  should  be  first  placed  in  the  dorsal  posi- 
tion to  permit  of  the  bimanual  examination.  A  stool 
or  chair  is  placed  at  the  foot  of  the  table  and  the 
patient  is  directed  to  stand  upon  it,  while  the  physi- 
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ciaii  holds  up  a  sheet  between  the  patient  and  himself. 
She  is  then  instructed  to  lift  up  all  her  skirts  behind 
and  sit  down  upon  the  edge  of  the  table.  She  next 
lies  down  and  the  sheet  is  thrown  over  her,  while  her 
feet  are  adjusted  in  the  foot-rests.  The  folds  of  the 
sheet  are  then  wrapped  about  each  leg  so  that  there  is 
no  part  exposed  but  the  vulva. 

The  Examination. — The  examination  for  purposes 
of  diagnosis  should  consist  of  two  parts — the  first  with- 
out instruments,  and  the  second  with  instruments. 
It  may  be  possible  to  arrive  at  a  diagnosis  by  the 
bimanual  touch  alone,  but  an  examination  confined  to 


Fig.  2895.- 


-Method  of  Separating  the  Labia  for  Inspection  of  K: 
ternal  Genitals. 


this  procedure  cannot  be  considered  thorough  or  com- 
plete; an  actual  inspection  of  the  cervix,  and  an  explo- 
ration of  the  uterine  cavity  are  in  many  cases  indispens- 
able if  an  accurate  opinion  is  to  be  given  as  to  the 
conditions  present. 

The  Examination  mthout  Instruments. — This  should 
be  conducted  systematically.  A  good  plan  is  to 
investigate  the  parts  from  without  inward,  com- 
mencing with  the  external  genitals;  then  the  vagina, 
cervix,  uterus,  ligaments,  the  appendages  and  the 
pelvic  cavity  are  examined  in  order. 

The  Inspection . — This  is  an  extremely  important  part 
of  the  examination,  and  it  is  too  frequently  omitted. 

The  labia  majora  are  separated  with  the  fingers  of 
both  hands,  and  the  hood  of  the  clitoris  is  retracted,  so 
as  to  reveal  any  adhesions  or  retained  concretions 
which  may  be  the  cause  of  irritation  sufficient  to 
produce  neurotic  disturbances.  The  meatus  urin- 
arius  is  examined  for  caruncle,  prolapse  of  urethral 
mucous  membrane,  or  urethritis.  Skene's  glands  are 
to  be  observed  for  evidences  of  inflammation  anil 
discharge.  These  glands  are  very  often  the  site  of  a 
latent  gonorrhea  which  would  be  overlooked  unless  they 
were  carefully  examined.  The  presence  of  a  discharge 
in  the  urethra  or  from  Skene's  glands  can  best  be 
determined  by  "milking"  the  anterior  vaginal  wall 
with  the  palmar  surface  of  the  index  finger.  A  suspi- 
cious discharge  should  be  stained  for  gonococci. 

Prolapsus  of  the  anterior  and  posterior  vaginal  walls 
(cystocele  and  rectocele)  and  procidentia  uteri  should 
be  looked  for,  and  so  also  should  varicose  veins  of  the 
vulva  which  are  the  result  of  some  obstruction  to  the 
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circulation   and   may   be   indicative   of   a   tumor   or 
growth  blocking  the  pelvis. 

The  amount  of  prolapsus  can  be  best  judged  by 
getting  the  patient  to  strain  or  bear  down  as  if  at  stool, 
while  the  examiner's  fingers  separate  the  labia.  This 
method  shows  the  degree  of  relaxation  of  the  vulvar 
outlet  and  the  amount  of  supporting  power  of  the 
pelvic-floor  muscles.  Injuries  to  the  levator  fibers 
and  the  pelvic  fascia  are  thus  accentuated.  The 
degree  of  laceration  of  the  perineum  should  never  be 
estimated  by  a  superficial  inspection,  as  there  may  be  an 
ample  cutaneous  covering,  but  with  no  body  back  of 
it.  If  the  body  of  the  perineum  be  grasped  between 
the  thumb  and  forefinger,  after  the  latter  has  first  been 
introduced  into  the  rectum,  the  amount  of  muscular 
structure  can  be  readily  determined. 

Bartholin's  glands  should  always  be  examined  for 
evidences  of  inflammation,  which'  is  frequently  gonor- 
rheal in  character.  Latent  gonorrhea  will  be  dis- 
covered bj-  the  careful  examiner  in  the  vicinity  of  these 
glands  in  a  surprising  number  of  cases.  Normally  the 
mouths  of  the  ducts,  which  are  situated  on  each  side  of 
the  labia  majora  just  below  the  center,  and  usually 
behind  a  tag  or  ear  of  the  remains  of  the  hymen,  are  of 
the  same  color  as  the  surrovmding  mucous  membrane. 
The  normal  secretion  which  can  be  expressed  from  them 
is  a  glairy,  colorless  fluid  like  white  of  egg.  Whenever 
the  mouths  of  the  glands  seem  to  be  much  darker  in 
color  and  to  be  eroded,  suspicion  should  at  once  be 
aroused.  If  gonorrhea  is  still  present,  the  secretion 
ex-pressed  from  the  glands  will  be  found  to  be  turbid 
or  purulent,  and,  if  careful  search  is  made,  gonococci 
will  usually  be  found.  In  such  a  case  the  gland 
itself  can  be  felt  between  the  thumb  and  finger  to  be 
decidedly  enlarged  and  sometimes  tender. 

The  anus  and  rectum  should  be  searched  for  hemor- 
rhoids, fissure,  fistula,  etc.  The  rectal  mucous 
membrane  can  be  readily  everted  by  the  finger  placed 
within  the  vagina. 

Any  inflammatory  condition  of  the  vulvovaginal 
raucous  membrane,  if  associated  with  copious  purulent 
discharge,  can  hardly  escape  the  notice  of  the  careful 
observer,  who  will  recognize  it  as  a  specific  infection. 
Likewise  the  presence  of  condylomata,  chancroids, 
venereal  warts,  etc.,  will  readilv  be  detected.  It  should 
always  be  borne  in  mind  that  an  innocent  wife  is  fre- 
quently a  sufferer  from  diseases  of  this  class  through  no 
fault  of  her  own,  and  in  utter  ignorance  of  their 
nature. 

The  Bimanual  Touch. — After  completing  the  inspec- 
tion, the  physician  wOl  next  lubricate  the  examining  fin- 
gers with  some  lubricant,  as  liquid  soap,  glycerin,  or 
lubrichondrin.  (The  advantage  of  the  latter  is,  that 
it  is  readily  soluble  in  water,  so  that  the  hands  can  be 
speedily  cleansed  after  they  have  been  smeared  with  it.) 

The  examiner  should  accustom  himself  to  the  use  of 
the  fingers  of  either  hand  in  the  vagina,  as  it  is  easier  to 
reach  the  left  appendage  with  the  left  hand,  and  the 
right  one  with  the  right  hand. 

At  first  it  is  best  to  use  the  index  finger  alone  in  the 
vagina.  In  introducing  the  fingers,  they  should  be  first 
flexed  and  the  vulvar  opening  approached  by  sweeping 
the  knuckles  of  the  flexed  fingers  over  the  perineum 
from  below,  until  the  knuckles  slip  into  the  vaginal 
orifice,  then  the  fingers  are  straightened  until  they  find 
their  way  over  the  perineum  into  the  vagina.  By  the 
employment  of  this  method  it  will  be  possible  to  avoid 
touching  the  clitoris,  urethra,  and  vestibule  with  the 
tips  of  the  fingers,  and  should  the  circumstances  of  the 
case  not  permit  of  an  inspection  (as  in  an  emergency 
examination,  with  the  patient  in  bed),  the  entrance  to 
the  vagina  can  always  be  found  with  the  greatest  ease 
and  without  causing  any  pain  or  distress  whatever  to 
the  patient. 

It  is  important  that  the  fingers  should  be  held  in  a 
manner  that  will  insure  deep  penetration  into  the  pelvic 
cavity.  The  hand  must  be  rendered  as  narrow  as  pos- 
sible to  permit  its  passage  between  the  ischial  tuberosi- 
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ties.  When  this  is  accomplished  the  whole  pelvic  floor 
can  be  pushed  up  or  invaginated  so  as  greatly  to  in- 
crease the  penetration  of  the  examing  fingers,  and  thus 
render  accessible  to  the  touch  parts  which  cannot 
otherwise  be  reached. 

The  vaginal,  or  passive  hand,  with  its  forearm 
muscles,  should  be  in  a  state  of  relaxation.  Two 
fingers  in  the  vagina  (the  index  and  middle)  will  give 
the  best  results,  and  should  always  be  employed  where 
the  size  of  the  entrance  will  admit  them  without  injury. 
The  thumb  should  be  held  straight  up,  and  the  ring 
and  little  fingers  should  be  flexed  at  the  ■proximal 
phalangeo-phalangeal  joints  (see  Fig.  2896),  and  not  at 
the  metacarpophalangeal  articulations,  as  is  usual. 
The  rea  sons  for  this  will  be  apparent  if  the  illustra- 
tion (Fig.  2897)  is  consulted.  ,4  shows  the  ring 
and  little  fingers  tightly  flexed  into  the  palm  of 
the  hand  in  the  usual  way.  The  full  length  of 
the  third  phalanx  of  the  ring  finger  and  the  head  of 
the  metacarpal  bone  is  brought  broadside  or 
across  the  pubic  arch,  the  ends  impinging  upon  the 
tubera-ischii  and  the  rami  of  the  arch,  thus  making 
deep  penetration  impossible,  as  bone  rests  against 
bone.  B  shows  the  correct  position  of  the  fingers. 
Note  how  narrow  the  hand  is  with  the  fingers  in  this 
position,  allowing  them  to  slip  easily  between  the  tub- 
era-ischii and  to  push  up  ahead  of  them  soft  and  yield- 
ing pelvic  floor  structures,  thus  invaginating  these 
soft  tissues,  into  the  pelvic  outlet.  By  this  maneuver, 
at  least  an  inch  can  be  added  to  the  reach. 


Fig.  2S96. — Position  of  Fingers  for  Vaginal   Examination.     A, 
Incorrect,  B,  correct,  raetliods  of  flexing  the  fingers. 

The  elbow  of  the  examining  hand  should  rest  against 
the  examiner's  hip,  and  all  pressure  should  be  made  by 
throwing  the  weight  of  the  body  upon  the  elbow,  thus 
allowing  the  muscles  of  the  forearm  and  arm  to  be  at 
rest,  which  greatly  facilitates  the  vaginal  touch. 
.\fter  the  fingers  have  gained  entrance  into  the  vagina, 
the  size,  thickness,  and  sensitiveness  of  the  organ  are  to 
be  noted.  The  mucous  membrane  may  present  a 
smooth,  velvety  feel  as  when  the  rugae  are  obliterated, 
or  it  may  feel  harsh  and  granular  as  in  certain  forms 


of  vaginitis.  Spasm  of  the  vagina  (vaginismus) 
may  be  observed  as  the  fingers  pass  the  introitus. 
As  the  fingers  pass  on  toward  the  upper  portion  of  the 
vagina,  they  should  convey  to  the  examiner  a  knowl- 
edge of  the  direction  of  the  canal,  of  any  abnormal 
relaxation  of  its  walls,  and  of  the  presence  of  cysts  or 
other  abnormal  growths.  The  presence  or  absence  of 
fecal  matter  in  the  rectum  can  be  readily  made  out 
with  the  finger  in  the  vagina.  Sometimes  hard  scybal- 
ous masses  may  be  mistaken  for  an  abnormal  growth 


Fig.  2897. — Bimanual  Examination,  with  the  Patient  on  the  Table. 

by  a  careless  observer,  but  they  can  usually  be  indented 
on  pressure.  However,  if  there  is  any  doubt,  an  enema 
will  promptly  clear  up  the  diagnosis.  As  soon  as  the 
cervix  has  been  reached,  the  fingers  should  be  rotated 
until  their  palmar  surfaces  are  directed  upward,  and 
their  tips  should  be  sUpped  under  the  cervix  until  that 
organ  rests  upon  them.  The  relation  that  the  cervix 
bears  to  the  axis  of  the  vagina  should  be  accurately 
noted.  When  the  uterus  is  in  its  normal  position,  its 
axis  is  approximately  at  right  angles  to  the  axis  of  the 
vagina.  Therefore  the  tip  of  the  examining  finger 
should  touch  the  anterior  wall  of  the  cervix  as  it 
reaches  the  upper  portion  of  the  vagina.  Should  the 
examining  finger  directly  enter  the  mouth  of  the  cer- 
vix, it  would  be  an  indication  that  the  uterus  was  dis- 
placed backward  (retroverted),  and  that,  therefore, 
the  axis  of  that  organ  was  parallel,  or  continuous,  with 
the  vaginal  axis — unless  further  examination  showed 
that  the  body  of  the  uterus  was  flexed  upon  the  cervix. 
In  cases  of  extreme  retrodisplacement,  the  cervix 
would  be  found  to  be  pointing  upward  toward  the 
symphysis,  and  the  entering  finger  would  encounter 
the  posterior  cervical  wall  (see  Fig.  2898.) 

In  anteversion  the  cervix  will  be  found  to  point 
backward,  its  axis  forming  an  acute  angle  with  the 
axis  of  the  vagina. 

It  must  be  borne  in  mind  that  the  position  of  the 
uterus  can  be  greatly  influenced  by  the  amount  of 
urine  in  the  bladder."  A  full  bladder  will  throw  the 
uterus  into  a  position  of  retroversion  of  the  first 
degree.  Errors  will  be  avoided  if  the  precaution  is 
taken  to  have  the  bladder  emptied  before  the  ex- 
amination. 

The  condition  of  the  cervix  itself  can  readily  be 
determined  by  the  sense  of  touch.  The  number, 
extent,  and  location  of  lacerations  (if  any  are  present) 
should  be  noted.  It  is  important  also  to  determine 
the  degree  of  patulency  of  the  os,  and  whether  any 
granular  erosion  or  carcinomatous  induration  exists. 
The  presence  of  dense  scar  tissue  in  the  angles  of 
lacerations  should  be  felt  for,  and  the  effort  should  be 
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made  to  ascertain  whether  there  is  any  hyperplasia 
of  the  cervix  or  any  cystic  degeneration  of  the  Nabo- 
thian  glands.  Cysts  of  the  glands  of  the  cervix  give 
to  the  touch  the  impression  of  the  presence  of  buck- 
shot under  the  mucous  membrane. 

The  normal  position  of  the  cervix  in  the  vagina  is 
usually  at  a  point  corresponding  to  about  the  junction 
of  the"  upper  and  middle  thirds,  and  ordinarily  it  is 
not  difficult  to  reach.  In  some  cases,  when  there  is  a 
very  deep  vagina,  or  when  the  pelvic  muscles  are 
rigid  and  unyielding,  it  may  be  difficult  to  reach  the 
cervix.  It  is  a  good  plan  to  place  the  external  hand 
gently  upon  the  lower  abdomen  in  commencing  the 
examination;  then,  if  the  cervix  cannot  be  readily 
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Fig.  2898. — The  Relation  of  the  Uterus  to  the  A'aginal  Axis  in  the 
Different  Displacements. 

reached,  gentle  pressure  should  be  exerted  in  the 
direction  of  the  axis  of  the  pelvic  inlet.  This  will 
depress  the  uterus  and  bring  it  within  touch  of  the 
fingers  in  the  vagina. 

If  the  uterus  is  prolapsed,  the  cervix  will  naturally 
be  found  nearer  the  vulva  than  is  normal.  Care 
must  be  taken  to  differentiate  a  prolapsus  of  the  uterus 
from  an  elongated  or  hypertrophied  cervix. 

After  the  examination  of  the  cervix  as  above  de- 
scribed, the  next  step  will  be  to  examine  the  uterus 
as  a  whole.  The  knowledge  obtained  by  the  simple 
vaginal  touch  of  the  cervix  must  be  further  amplified 
by  the  bimanual  touch,  if  one  wishes  to  arrive  at  a 
complete  diagnosis  of  the  position  and  condition  of  the 
uterus.  It  is  obvious  that  if  a  flexion  of  the  uterus 
exists,  the  position  of  the  fundus  as  indicated  by  the 
relation  of  the  cervix  to  the  vaginal  axis,  will  be 
incorrect. 

In  commencing  the  bimanual  examination  the 
physician  should  pass  the  tips  of  the  vaginal  fingers 
under  the  cervix,  so  that  it  shall  rest  upon  their  palmar 
surfaces.  The  external  hand  rests  upon  the  abdomen 
midway  between  the  symphysis  and  the  umbilicus, 
ready  to  make  counterpressure  from  above. 

The  management  of  the  external  hand  is  a  very 
important  matter.  Too  vigorous  pressure  is  the  rule 
with  the  novice,  and  it  will  promptly  insure  failure. 
Such  a  procedure  will  cause  the  patient  to  resist  to 
the  utmost  the  rude  invasion,  by  contracting  her 
abdominal  and  pelvic  muscles  instead  of  cooperating 
with  the  examiner  by  relaxing  them.  It  is  therefore 
well  to  bear  in  mind,  from  the  very  beginning,  that 
in  the  majority  of  cases  more  can  be  accomplished  by 
gentleness  of  manipulation  and  skill,  than  by  physical 
force.  When  it  is  necessary  to  use  deep  pressure,  it 
must  be  done  slowly  and  gradually,  so  as  not  to  alarm 
the  patient.  By  the  exercise  of  strategy  in  distracting 
the  patient's  mind  from  the  examination,  as  by  asking 
questions  and  by  getting  her  to  take  deep  inspirations, 
we  shall  be  able  to  seize  the  moment  when  the  abdom- 
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inal  muscles  are  relaxed  and  gain  the  desired  entrance 
into  the  pelvis  with  the  external  hand. 

The  four  fingers  of  the  external  hand  should  always 
be  kept  close  together,  and  the  palmar  surfaces  of  the 
fingers  should  be  used  as  much  as  possible  and  not 
the  tips.  To  separate  the  fingers  and  to  use  the  tips 
is  decidedly  unpleasant  to  the  patient,  and  will  cause 
her  to  resist. 

The  first  object  of  the  bimanual  examination  should 
be  to  get  the  uterus  between  the  two  hands,  so  that  it 
can  be  palpated.  With  the  cervix  resting  upon  the 
fingers  in  the  vagina,  slight  upward  pressure  in  the 
direction  of  the  inlet  of  the  pelvis  is  made,  while  the 
external  hand  makes  gentle  counterpressure  from 
above,  gradually  increasing  until  the  fundus  of  the 
uterus  is  reached.  This  can  be  told  by  the  fact  that 
the  pressure  on  the  fundus  is  at  once  communicated  to 
the  fingers  in  the  vagina,  upon  which  rests  the  cervix 
(see  Pig.  2899). 

While  holding  the  uterus  in  this  manner,  the  size, 
shape,  consistency,  and  sensibility  of  the  organ  can 
be  judged,  and  also  the  amount  of  mobility  that 
it  possesses.  The  uterus  should  normally  give  the 
impression  of  being  suspended  between  elastic  liga- 
ments. It  is  movable  forward  or  backward,  upward 
or  downward,  in  response  to  moderate  pressure.  On 
the  pressure  being  removed,  the  organ  should  promptly 
regain  its  normal  position.  In  examining  for  the 
mobility  of  the  uterus  in  this  way,  valuable  knowledge 
can  be  gained  as  to  the  presence  or  absence  of  adhe- 
sions, or  of  infiltration  of  the  vaginal  vault,  or  broad 
ligaments,  which  would  cause  various  degrees  of 
fixation  of  the  uterus. 

The  size  of  the  uterus  can  be  judged  after  a  little 
practice,  as  one  soon  learns  the  impression  that  the 
normal  uterus  eonvevs. 


Fig.  2899. — Locating  the  Fundus  and   Cervix  by   the  Bimanual 
Method. 

Any  irregularity  on  the  surface  of  the  fundus" uteri, 
such  as  might  be  caused  by  fibroids  or  malignant 
growths,  may  be  determined  by  the  external  hand. 

The  various  positions  that  the  uterus  may  assume 
must  be  diagnosed  by  comparing  the  relation  that 
the  cervix  bears  to  the  vaginal  axis,  and  the  position 
that  the  fundus  occupies  as  determined  by  the  external 
hand. 

If  the  cervix  is  at  right  angles  to  the  vagina,  and  the 
external  hand  discovers  the  fundus  about  midway 
between  the  umbilicus  and  the  sj-mphysis,  the  position 
of  the  uterus  is  normal. 
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Should  the  uterus  be  anteverted  or  anteflexed,  it 
would  be  necessary  to  explore  with  the  external  hand 
right  up  to  and  behind  the  symphysis,  until  the  fundus 
had  been  located.  The  position  of  the  cervix  would 
indicate  whether  the  uterus  was  anteverted  or  ante- 
flexed,  and  this  could  be  further  confirnied  by  slipping 
the  vaginal  fingers  in  front  of  the  cervix,  when  with 
the  external  hand  on  the  fundus  any  sulcus  or  bend 
in  the  organ  could  be  easily  appreciated. 


p'iG.  2900. — Recto-abdorainal  Palpation  while  Drawing  Down  a 
Ketrodisplaced  Uterus  with  Kelly's  Corrugated  Tenaculum. 

Three  varieties  of  anteflexion  may  be  recognized. 
The  body  of  the  uterus  may  be  in  its  normal  relation 
with  the  pelvis,  while  the  cervix  is  bent  so  as  to  lie  in 
the  axis  of  the  vagina,  instead  of  at  right  angles  to  it. 
This  is  spoken  of  as  anteflexion  of  the  cervix.  The 
opposite  of  this  condition  may  exist,  the  cervix  being 
in  its  proper  position,  while  the  body  is  bent  forward 
upon  the  cervix.  This  variety  is  designated  as  ante- 
flexion of  the  body,  in  contradistinction  to  the  above. 
Then  again  the  third  variety  may  occur,  in  which  both 
cervix  and  body  are  out  of  their  normal  positions, 
the  flexion  being  very  acute,  and  the  cervix  and  body 
closely  approaching  each  other. 

When  the  uterus  is  displaced  or  flexed  backward, 
the  search  for  the  fundus  is  made  toward  the  sacral 
promontory.  It  is  apparent  that  if  the  fundus  is  at 
or  below  the  level  of  the  promontory,  it  will  be  found 
extremely  difficult — unless  there  is  unusual  relaxation 
of  the  abdominal  muscles,  or  unless  we  employ  a 
general  anesthetic — to  get  the  uterus  between  the 
hands;  indeed,  in  some  cases,  it  is  simply  impossible 
to  accomplish  this. 

The  fact  that  the  fundus  could  not  be  found,  and 
that  the  cervix  was  pointing  in  the  axis  of  the  vagina, 
would  be  strong  presumptive  evidence  that  there  was  a 
backward  displacement  of  the  organ  beyond  the  sacral 
promontory. 

Retroversion  is  classified  by  most  authors  into  three 
degrees:  When  the  fundus  points  toward  the  sacral 
promontory,  it  is  a  retroversion  of  the  first  degree.     If 


it  points  into  the  hollow  of  the  sacrum,  being  practic- 
ally continuous  with  the  vaginal  axis,  it  is  the  second 
degree.  When  the  fundus  is  still  lower  in  the  pelvis, 
and  the  cervix  begins  to  point  upward  toward  the 
symphysis,  it  is  classified  as  the  third  degree.  (See 
Fig.  2898.)  In  the  second  and  third  degrees  of  retro- 
version, it  is  often  impossible  to  reach  the  fundus  with 
the  external  hand  by  the  ordinary  method  of  examin- 
ing. In  such  ca.ses  the  difficulty  may  be  overcome 
if  the  uterus  be  drawn  down  by  a  tenaculum,  until  the 
cervix  is  nearly  at  the  site  of  the  hymen.  If  the  index 
finger  be  inserted  into  the  rectum  while  the  uterus  is 
drawn  down  it  is  frequently  possible  to  palpate  the 
body  and  fundus  with  great  facility.  Kelly's  cor- 
rugated tenaculum  is  designed  especially  for  this 
purpose,  as  it  enables  the  examiner  firmly  to  hold  the 
tenaculum  with  the  external  fingers  of  the  lower  hand, 
while  the  counterpressure  is  made  as  usual  with  the 
upper  hand  on  the  abdomen  (see  Fig.  2900).  This 
method  enables  the  examiner  to  reach  the  fundus 
with  both  hands. 

In  all  cases  of  retrodisplacement  it  is  important  to 
determine  whether  the  uterus  is  adherent  or  not  as 
the  necessity  for  an  operation  may  be  dependent  upon 
that  condition.  If  the  uterus  is  easily  replaceable 
to  its  normal  position  it  is  reasonable  evidence  that 
it  is  not  bound  down  by  adhesions,  therefore  the  mo- 
bility of  the  uterus  must  be  studied.  The  employment 
of  the  knee-chest  position  is  here  of  great  value  as  a 
strong  vacuum  is  produced  in  the  pelvis  by  reason  of 
the  intestines  gravitating  toward  the  diaphragm,  and 
if  the  perineum  is  retracted  with  a  speculum  the 
vagina  will  distend  with  air  and  the  uterus  if  moveable 
will  assume  its  normal  relation  as  the  fundus  will 
become  dependent.  This  maneuver  also  gives  the 
best  exposure  for  an  inspection  of  the  vaginal  walls 
and  cervix.     (See  Fig.  2901.) 

Retroflexion  of  the  uterus  can  be  differentiated  from 
retroversion  by  the  presence  of  a  distinct  sulcus  or 
angle  being  felt  at  the  junction  of  the  cervix  with  the 
body.  When  a  sulcus  cannot  be  felt,  and  the  fundus 
is  out  of  reach  of  the  finger  in  the  posterior  vaginal 
.  fornix,  it  is  to  be  inferred  that  the  uterus  is  not  retro- 
flexed.  The  afore-mentioned  method  of  drawing 
down  the  uterus  will  permit  this  point  to  be  accurately 
determined,  unless  adhesions  prevent,  in  which  case 
the  diagnosis  must  be  left  until  it  can  be  settled  by 
the  uterine  sound  or  probe. 

It  is  wise  always  to  confirm  a  diagnosis  of  flexion  by 
the  sound,  as  a  subperitoneal  fibroid  on  either  the 
anterior  or  the  posterior  uterine  wall  will  frequently 
be  a  cause  of  deception. 


Fig.  2901. — Knee-chest  Position. 

Lateral  displacement  of  the  uterus  to  the  right  or 
left  of  the  median  line  should  be  carefully  noted.  A 
uterus  in  such  a  position  has  either  been  drawn  over 
to  one  side  by  the  contraction  of  adhesions,  or  it  is 
pushed  over  by  the  presence  of  a  cyst  or  growth  filling 
the  opposite  side  of  the  pelvis. 

NormaUy  the  pelvic  organs,  with  the  exception  of 
the  ovaries,  are  not  sensitive  to  ordinary  palpation. 
Deep  pressure  upon  these  organs  will  cause  a  nauseat- 
ing pain,  accompanied  with  faintness,  similar  to  that 
produced  by  pressure  upon  the  testicles.     Tenderness 

845 


Gynecological  Examinations 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


of  the  uterus  will  generally  indicate  disease  of  that 
organ,  as  endometritis  or  metritis,  although  there  is  a 
certain  class  of  patients  whose  organs,  even  when  not 
appreciably  diseased,  manifest  an  abnormal  degree  of 
hyperesthesia.  Pelvic  sensitiveness  is  one  of  the 
prominent  symptoms  ef  an  hysterical  patient. 

One  of  the  most  important  items  of  information  to 
be  derived  from  the  examination  is  the  consistency  of 
the  uterus  and  the  surrounding  structures,  as  deter- 
mined by  the  sense  of  touch.  Each  structure  has  its 
own  standard,  and  the  examiner  must  first  become 
thoroughly  familiar  with  the  normal  consistency  be- 
fore he  can  appreciate  deviations  which  indicate 
pathological  changes.  The  soft,  friable  condition  of 
a  carcinomatous  cervix,  the  boggy  impression  con- 
veyed by  a  subinvoluted  or  edematous  uterus,  the 
hard  plaster-of-Paris-like  feel  of  the  vaginal  vault  in 
pelvic  peritonitis,  the  fluctuating  sensation  of  a  fluid 
tumor  or  abscess,  are  but  a  few  of  the  conditions  which 
must  depend  upon  a  comparison  with  the  normal  for 
their  diagnosis. 

After  the  examination  of  the  uterus  has  been  com- 
pleted, the  attention  should  next  be  directed  to  the 
ligaments  which  aid  in  its  support.  These  ligaments 
are  prone  to  inflammatory  thickening,  which  maj'  give 
rise  to  pain,  and  which  frequently  interferes  with  the 
normal  mobility  of  the  organs. 

The  anterior  posterior,  and  lateral  fornices  of  the 
vagina  are  to  be  palpated  to  ascertain  the  condition  of 
the  uterovesical,  uterosacral,  and  broad  ligaments. 
Normally  the  vaginal  vault  is  elastic  to  the  touch,  and 
should  induration  and  thickening  of  the  ligaments  be 
present,  these  conditions  can  usually  be  made  out  by 
palpation. 

The  vaginal  fornices  must  be  carefully  explored  by 
bimanual  touch,  for  the  presence  of  cysts,  growths, 
prolapsed  ovaries,  collections  of  fluid,  etc.,  which  may 
occupy  the  cul-de-sac  of  Douglas  or  the  uterovesical 
space. 

By  comparing  one  lateral  fornix  with  the  other,  as 
regards  the  ease  with  which  the  examining  fingers  may 
be  moved  in  different  directions,  and  also  by  compar- 
ing the  two  sides  as  regards  the  degree  of  pain  elicited 
by  pressure,  one  may  obtain  considerable  information 
in  regard  to  the  pathological  conditions  that  may  be 
present. 

It  is  not  possible  in  a  limited  article  like  the  present 
one  to  do  more  than  hint  at  the  diagnosis  of  the  many 
complicated  conditions  which  will  be  found  In  examina- 
tions of  the  vaginal  fornices.  It  is  hardly  necessary  to 
say  that  years  of  experience  may  be  required  before  it 
is  possible  for  one  to  acquire  the  iaclus  eruditus  neces- 
sary to  ascertain,  by  digital  exploration,  the  patholog- 
ical conditions  that  are  present  in  the  pelvic  cavity  In 
any  given  case.  The  most  expert  gynecologists  not 
infrequently  see,  on  opening  the  abdomen,  that  their 
diagnosis  was  at  fault.  A  thorough  appreciation  of 
the  normal  condition  of  the  parts  will  enable  the  novice 
more  readily  to  recognize  pathological  deviations,  and 
especially  is  this  true  of  the  uterine  appendages.  It  is 
a  frequent  occurrence,  in  the  writer's  experience,  to 
come  across  men,  in  active  general  practice,  who  state 
that  the  palpation  of  the  uterine  appendages  is  a 
closed  book  to  them.  Diagnosis  of  diseases  of  these 
Important  organs  Is  entirely  beyond  their  reach  for  the 
reason  that  they  cannot  feel  the  adnexa,  although  they 
repeatedly  examine  cases  in  their  practice.  They  can 
often  make  a  diagnosis  as  to  the  position  of  the  uterus, 
the  condition  of  the  cervix,  or  the  pelvic  floor,  but  the 
condition  of  the  ovary  and  tube  is  Uke  the  "will-o'-the- 
wisp";  It  easily  evades  the  simpler  methods  of 
examination. 

In  examining  the  ovaries  and  tubes,  the  novice 
will  frequently  attribute  his  failures  to  the  shortness  of 
his  phalanges,  and  he  will  endeavor  by  pure  phvsical 
force  to  gain  further  entrance  into  the  pelvis,  with  the 
result  that  he  causes  needless  pain  to  the  suff'ering 
patient.     As  she  is  frightened  by  fears  of  worse  pain 
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to  come,  she  sets  to  the  utmost  her  abdominal  and 
pelvic-floor  muscles,  in  order  to  resist  the  rude  invasion 
with  which  she  is  threatened,  and  thereby  makes  it 
impossible  for  the  examiner  to  get  within  reach  of  the 
adnexa  with  his  examining  fingers.  The  novice  usu- 
ally has  no  definite  plan  of  procedure  in  his  mind,  and 
his  one  idea  as  to  the  position  of  the  ovary  is,  that  It 
lies  on  one  side  of  the  uterus  at  or  near  the  plane  of  the 
fundus,  just  as  he  has  seen  it  pictured  so  often  in  his 
text-books. 

In  order  to  command  success,  there  are  three  im- 
portant factors  in  the  problem  that  the  examiner  must 
thoroughly  understand. 

The  first  of  these  factors  with  which  we  must  reckon 
is  the  abdominal  muscles.  These  abdominal  muscles 
form  the  armor  which  protect  the  abdominal  viscera 
from  injury,  and  when  they  are  in  a  state  of  rigidity — ■ 
as  occurs  almost  instinctively,  although  they  are 
under  the  control  of  the  will,  whenever  the  contents 
of  the  abdomen  are  in  danger  of  trauma — they  offer 
such  a  strong  barrier  that  it  is  impossible  for  the  exam- 
iner to  palpate  the  underlying  organs  through  them. 

Unless  the  patient's  musculature  has  become  so 
attenuated  by  poor  physical  condition  and  consequent 
emaciation,  as  often  results  from  too  frequent  child- 
bearing  or  some  wasting  disease,  one  might  as  well 
attempt  to  palpate  the  pelvic  structures  through  a 
wooden  board  as  through  the  rigid  recti.  Overcoming 
this  obstruction  to  success,  then,  is  dependent  on 
either  cooperation  on  the  part  of  the  patient,  or 
anesthesia. 

The  second  factor  in  the  problem  is  to  appreciate 
that  the  ovary  and  tube  are  movable.  They  have  a 
considerable  range  of  mobility,  extending  from  behind 
the  uterus  in  the  median  line  of  the  body  to  the  lateral 
wall  of  the  pelvis.  This  can  well  be  brought  to  the 
examiner's  mind  when  he  remembers  how  he  has  ob- 
served the  surgeon  bring  up  the  appendage  out  of  the 
true  pelvis  upon  the  abdomen  of  the  patient  through 
the  abdominal  incision. 

The  third  factor  is  that  these  organs  are  extremely 
slippery  bodies,  as  will  be  appreciated  by  the  novice 
when  he  attempts  to  deliver  an  ovary  through  the 
abdominal  incision.  It  is  about  like  picking  up  an  eel 
out  of  a  basket  of  eels,  and  untU  he  learns  the  trick  of 
straddling  the  broad  ligament  with  his  fingers,  and 
then  hooking  up  the  ovary  with  them,  he  will  not 
succeed. 

In  conducting  a  bimanual  examination,  certain 
essential  preliminaries  must  be  observed.  They  are 
that  all  constricting  clothing  about  the  abdomen  and 
waist  line  must  bo  loosened  or  removed,  and  that  the 
bladder  must  be  emptied  immediately  before  the 
patient  is  placed  upon  the  table.  This  latter  essential 
is  the  one  that  is  most  frequently  overlooked  by  the 
general  practitioner,  and  yet  how  can  we  possibly 
expect  to  palpate  the  adnexa  or  judge  of  the  position 
of  the  uterus  with  a  bag  containing  half  a  pint  or  more 
of  fiuid  interposed  between  the  examining  fingers. 

It  is  essential,  to  start  with,  to  have  the  fact  firmly 
impressed  on  our  minds  that  more  can  be  accomplished 
by  gentleness  of  manipulation  and  tact  than  by  phys- 
ical force,  thus  obtaining  the  cooperation  of  the  pa- 
tient and  eliminating  the  resistance  of  the  abdominal 
muscles.  When  it  is  necessary  to  use  deep  pressure, 
it  must  be  done  slowly  and  gradually — so  as  not  to 
alarm  the  patient — and  by  the  exercise  of  strategy  in 
distracting  the  patient's  mind  from  the  examination 
by  asking  questions — especially  questions  that  wUl 
cause  her  to  think  before  answering,  as,  for  instance, 
the  exact  date  of  such  and  such  an  occurrence;  also 
by  getting  her  to  take  deep  inspirations  with  the 
mouth  open.  We  seize  the  moment  when  the  abdomi- 
nal muscles  are  relaxed  to  gain  the  desired  access  into 
the  pelvis  with  the  external  hand. 

The  examiner  should  accustom  himself  to  use  the 
fingers  of  either  hand  in  the  vagina,  as  it  is  easier  to 
reach  the  left  appendage  with  the  left  hand,  and  the 
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right  one  with  the  right  hand.  But,  as  a  rule,  one  gets 
accustomed  to  using  the  same  liand  for  the  vaginal 
work  all  the  time.  The  majority  of  gynecologists 
prefer  to  use  the  left  hand  in  the  vagina  and  the  right 
hand  on  the  abdomen,  especially  when  they  are 
right-handed. 

The  first  step  necessary  to  the  palpation  of  the 
adnexa  is  to  locate  the  fundus  of  the  uterus,  as  with  the 
fundus  as  a  guide  the  location  of  the  appendages  is 
made  easier.  This  is  done  after  the  manner  previ- 
ously described  and  shown  in  Fig.  2899.  Having  lo- 
cated the  cervbi  and  the  fundus  of  the  uterus,  the  next 
step  is  to  remember  that  the  tube  and  ovarj-,  unless 
bound  down  by  adhesions,  are  movable  and  slippery, 
therefore  the  examiner  must  endeavor  to  catch  these 
organs,  and  as  they  may  lie  or  be  pushed  into  any 
part  of  the  space  between  the  middle  line  of  the  body 
and  the  lateral  pelvic  wall,  he  must  systematically 
search  each  half  of  the  pelvis.  To  accomplish  this, 
the  vaginal  fingers  are  next  slipped  to  one  side  of  the 
cervix  into  the  lateral  fornix,  and  deep  penetration  is 
made  in  a  direction  upward  and  backward,  at  a  point 
midway  between  the  cervix  and  the  pelvic  wall. 
These  fingers  remain  somewhat  stationary,  while  the 
four  fingers  of  the  external  hand,  curved  in  the  shape 
of  a  scoop,  rake  the  area  from  the  fundus  to  the  vag- 
inal fingers.  This  maneuver  will  cause  the  slippery 
ovary  to  glide  away  from  the  uterus  outward  toward 
the  lateral  pelvic  wall.  This  procedure  is  then  re- 
peated, as  shown  in  Fig.  2902.  Commencing  each 
time  a  little  nearer  to  the  side  wall  of  the  pelvis,  thus 
driving  the  ovary  still  further  outward  until  finally, 
when  it  reaches  the  "end  of  its  rope"  as  it  were,  it  is 
caught  between  the  examining  fingers.  It  may  freq- 
uently be  necessary  to  go  over  the  ground  repeatedly 


Fig.  2902. — Raking  the  Area  from  the  Mid  Line  to  the 
Side  Wall  of  the  Pelvis. 


before  the  ovary  can  be  caught,  and  the  position  of 
the  vaginal  fingers  is  to  be  varied  from  time  to  time, 
anteroposteriorly  and  laterally,  so  as  to  cover  new 
planes. 

As  soon  as  the  ovary  and  tube  are  imprisoned  be- 
tween the  scoop  formed  by  the  external  hand  above 
and  the  fingers  in  the  vagina  below  (Fig.  2903)  their 
shape,  size,  sensibility,  and  consistency  can  be  made 
out  as  they  slip  out  between  the  opposite  finger  tips. 
The  normal  ovary  feels  about  the  size  of  a  walnut, 
and  firm  pressure  gives  to  the  patient  the  same  sicken- 
ing sensation  and  pain  as  pressure  of  the  testicle.    After 


the  ovary  has  slipped  through  the  fingers,  the  finger 
tips  are  still  kept  together  and  drawn  upwards  when 
the  normal  tube  will  be  felt  in  the  same  way.  Extend- 
ing from  the  horn  of  the  uterus  the  tube  feels  like  a 
cord  about  the  diameter  of  a  slate  pencil,  and  it  is  not 
painful  to  moderate  pressure. 

The  opposite  side  of  the  pelvis  is  to  be  explored  in 
a  similiar  manner  for  the  other  appendage. 

In  cases  in  which  this  method  does  not  succeed,  the 
examiner  should  resort  to  rectoabdominal  palpation. 


Fig.  2903. — Palpating    the    Adne.ia    by    the    Bimanual    Method 
Catching  the  appendage  between  the  tips  of  the  opposing  fingers 

In  this  method  the  index-finger  is  introduced  into  the 
rectum  instead  of  into  the  vagina,  and  the  palpation 
is  made  with  the  opposing  hand,  as  in  the  bimanual 
examination  just  described. 

When  the  uterus  is  retroverted  or  retroflexed,  recto- 
abdominal  palpation  is  usually  preferable,  and  is  a 
great  gain,  especially  if  the  uterus  is  drawn  down  to 
the  vaginal  outlet  by  a  tenaculum  or  volsellum,  which 
permits  the  fundus  to  be  reached  posteriorly,  and 
Ijrings  the  adnexa  within  the  radius  of  the  examining 
finger  (see  Fig.  2900).  In  commencing  the  practice 
of  bimanual  palpation  it  is  wise  to  select  a  patient 
who  has  borne  children,  who  is  thin,  and  who  has 
relaxed  abdominal  walls.  In  women  who  are  fat,  and 
who  have  rigid  abdominal  muscles,  even  the  expert 
must,  in  many  cases,  necessarily  resort  to  complete 
anesthesia  before  he  can  make  a  positive  diagnosis. 
The  beginner  must  not  feel  discouraged  if  he  fails 
satisfactorily  to  feel  the  adnexa  in  his  first  attempts, 
but  by  exercising  patience  and  persistence,  avoiding 
haste,  paying  careful  attention  to  all  the  minor  detaUs, 
and  having  a  definite  plan  of  procedure  in  his  mind, 
he  will  surely  attain  ultimate  success. 

The  differential  diagnosis  of  the  various  pathological 
conditions  that  may  be  found  about  the  uterus  is  such 
an  extensive  subject  that  it  can  only  be  touched  upon 
here.  In  general,  fluid  accumulations  or  cystic 
growths  that  can  be  felt  through  the  vaginal  vault 
are  diagnosed  by  the  sense  of  fluctuation  and  elasticity. 

If  a  mass  is  diffuse,  boggy,  ill-defined,  immovable, 
and  tender,  one  would  suspect  an  inflammatory  exu- 
date. If  a  mass  gives  evidence  of  fluctuation,  of 
increased  heat,  and  of  being  very  painful  when  pressed 
upon,  while  the  patient  at  the  same  time  gives  a 
history  of  exposure  to  infection,  of  fever,  and  possibly 
of  chills,  the  presence  of  an  abscess  would  be  indicated. 
In  inflammatory  affections  of  the  tubes  and  ovaries, 
these  organs  frequently  are  displaced  into  the  cul-de-sac 
and  fixed  by  adhesions.     Generally  a  hydro-  or  pyo- 
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salpinx  is  of  a  sausage  shape,  and  can  be  traced  to  the 
uterine  cornua. 

Whenever  the  bimanual  examination  discovers  the 
presence  of  a  large  growth,  or  it  is  self-evident  that  the 
patient  has  an  enlargement  of  the  abdomen,  abdominal 
palpation  must  be  practised.  Special  works  vvUl  have 
to  be  consulted  for  the  details  of  the  technique  neces- 
sary. Gentleness  of  touch  is  here  as  essential  to  success 
as  in  the  vaginal  examination.  The  novice  wUl  do  well 
to  avoid  giving  a  positive  opinion  as  to  the  nature  of  an 
abdominal  enlargement.  Pregnancy,  ascites,  fat,  gas, 
fecal  accumulations,  a  distended  bladder,  are  but  a 
few  of  the  conditions  that  must  be  differentiated  from 
tumors. 


etc.,  should  be  at  hand,  and  also  an  abundance  of 
absorbent  cotton.  The  absorbent  cotton  should  be 
made  into  cotton  baUs,  as  they  are  convenient  and 
greatly  facilitate  the  cleansing  of  the  vulva,  vagina,  etc. 

The  Speculum. — Of  the  many  varieties  of  specula  " 
that  have  been  devised,  there  is  none  better  than  the 
original  Sims  instrument,  a  description  of  which  can 
scarcely  be  necessary.  But  owing  to  the  necessity  of 
having  a  nurse  or  assistant  to  hold  it  and  the  time  and 
trouble  necessary  to  change  the  position  of  the  patient 
from  the  dorsal  to  the  Sims  posture,  this  speculum  is 
not  generally  used.  The  bivalve  instrument  suffices 
for  an  inspection  of  the  cervix  and  vaginal  vault  and 
for  simple  treatments,  but  if  a  more   thorough  and 


Fia.  2904. — Correct  Posture   of  Patient  and  Nurse  in  the  Sims  Position. 


When  the  presence  of  a  growth  is  certain,  not  only 
its  character,  but  also  its  relations  to  the  pelvic  organs 
must  be  carefully  studied.  The  presence  of  adhesions 
is  judged  by  the  amount  of  fixation  that  exists.  It  is  a 
good  plan  to  examine  all  abdominal  enlargements  in 
various  postures.  Percussion  is  of  value  in  mapping 
out  the  relations  of  the  intestines. 

It  should  be  born  in  mind  that  in  acute  inflamma- 
tory affections  of  the  pelvic  contents,  appendicitis  and 
ectopic  gestation  should  be  carefully  differentiated. 
At  the  present  time,  a  g.ynecological  examination  can 
scarcely  be  considered  complete  without  an  investiga- 
tion of  the  mobility  of  the  kidneys,  stomach,  and  colon, 
likewise  the  habitual  posture  of  the  patient  on  stand- 
ing, as  displacements  of  pelvic  organs  are  frequently 
but  a  part  of  a  condition  of  general  enteroptosis,  and 
sacral  backache  may  belong  to  the  domain  of  the 
orthopedist. 

Examination  with  Instruments. — After  the  bimanual 
examination  has  been  completed,  the  instrumental 
examination  is  in  order. 

The  instruments  necessary  are  few,  and  comprise  a 
Sims  speculum,  a  bivalve  speculum,  a  depressor,  dress- 
ing forceps,  single  tenaculum,  double  tenaculum  or 
bullet  forceps,  probe,  sound,  and  a  small  flexible  spoon 
curette.  A  small  sterilizer  for  boiling  the  instruments 
is  a  positive  necessity  for  the  protection  of  the  patient 
from  contamination.  Immersing  the  instruments  in 
a  carbolic  or  other  solution  between  examinations  is 
not  a  safe  method  and  cannot  be  condemned  too 
strongly.     Suitable    basins    for    cleansing    solutions, 
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nearer  view  of  the  cervix  and  vaginal  walls  is  neces- 
sary for  the  purpose  of  investigating  the  cavity  of  the 
uterus  or  of  obtaining  a  specimen  of  a  suspicious 
tissue  for  laboratory  examination,  the  Sims  instru- 
ment should  be  employed  because  by  no  other  method 
can  such  a  satisfactory  examination  of  the  vagina  and 
the  cervix  be  made. 

The  Sims  speculum  alone  does  only  a  small  part 
of  the  exposing  of  the  vagina.  It  is  in  the  Sims 
posture  that  the  great  virtue  of  this  method  lies.  In 
the  correct  Sims  position,  the  pelvis  is  tUted  over  at  an 
angle  of  forty-five  degrees,  so  that  the  intestines,  etc., 
gravitate  out  of  the  pelvic  brim,  as  if  out  of  a  basin. 
This  produces  a  vacuum  in  the  pelvis,  and  when  the 
speculum  retracts  the  perineum  and  opens  the  labia, 
the  air  rushes  in  and  balloons  the  vagina,  so  that  its 
folds  are  obliterated,  permitting  an  unobstructed 
view  of  the  vaginal  vault  and  the  cervix.  In  this 
position  the  uterus,  unless  fixed,  can  be  drawn  down 
nearly  to  the  orifice  of  the  vagina,  so  that  treatment 
or  examination  is  greatly  facilitated. 

The  bivalve  speculum  gives  but  a  limited  view  of  the 
cervix,  and  affords  only  a  small  amount  of  space  in 
which  instrumental  manipulations  can  be  carried  out. 
Furthermore,  if  the  uterus  is  in  the  normal  or  in  an 
anteverted  position  it  is  sometimes  extremely  difficult, 
through  this  pattern  of  speculum,  to  pass  a  sound  or 
to  make  intrauterine  applications. 

A  good  example  of  a  bivalve  speculum  is  that  of 
Graves  (Fig.  2905).  It  has  the  advantage  of  being 
adjustable  at  the  vaginal  orifice,  and  it  can  be  con- 
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verted  into  a  Sims  speculum.  In  selecting  a  bivalve 
speculum,  care  should  be  taken  to  see  that  the  anterior 
blade  is  from  a  half  an  inch  to  an  inch  shorter  than  the 
posterior  blade. 

Thejfirst  requisite  to  a  successful  examination  with 
the  Sims  speculum  is  a  proper  Sims  posture.     The 


Fig.  2905. — Graves  Bivalve  Vaginal  Speculum. 

nurse,  or  the  physician,  will  direct  the  patient  to  sit 
up  on  the  table  and  then  to  lie  on  her  left  side  with 
the  left  arm  flexed  behind  her  back.  Both  knees 
are  then  to  be  drawn  up  in  the  direction  of  the  chin, 
the  uppermost  knee  lying  above  the  under  one.  In 
this  position  the  sole  of  the  right  foot  will  lie  above 
the  left  ankle.  The  left  hand  of 
the  nurse  should  then  be  passed 
under  the  lower  buttock  until  the 
crest  of  the  ilium  can  be  grasped. 
Traction  should  then  be  made  on 
the  crest  of  the  ilium  until  the 
lower  buttock  shall  have  been 
drawn  to  the  edge  of  the  table, 
while  at  the  same  time  the  right 
hand  pushes  the  upper  buttock  in 
the  opposite  direction.  This 
maneuver  will  tilt  the  pelvis  so 
that  the  brim  will  lie  at  an  angle 
of  about  forty-five  degrees  with 
the  table.  To  prove  that  the 
pelvis  is  properly  tilted,  all  that  is 
necessary  is  to  hold  a  straight  rod 
at  right  angles  to  the  table  and 
against  the  lower  buttock,  when 
it  will  be  seen  that  the  upper  but- 
tock is  four  or  five  inches  beyond 
its  neighbor.  If  the  clothing  has 
been  previously  loosened  about  the 
lower  abdomen  and  waist,  the 
intestines  will  gravitate  out  of  the 
pelvis.  The  legs  and  feet  should 
lie  on  an  e.xtension  leaf  at  the 
right-hand  corner  of  the  table. 
Finally,  the  patient  is  covered 
with  a  sheet  so  that  only  the  vulva 
is  exposed  (see  Fig.  2904). 

The  physician  sits  at  the  foot 
of  the  table,  and  at  his  right  hand 
there  should  be  a  stand  upon  which  the  instruments, 
basins,  etc.,  are  arranged  within  convenient  reach. 
The  nurse  stands  on  the  physician's  left,  facing  him 
and  close  to  the  side  of  the  table.  With  her  left 
hand  the  nurse  raises  the  upper  buttock  and  labium, 
keeping    her    fingers    separated    and    extended,    and 
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taking  care  not  to  use  the  tips  at  all,  but  to  roll  up 
the  buttock  with  the  palmar  surfaces  of  the  fingers 
only.  If  the  points  of  the  fingers  are  used  like 
a  claw,  it  is  decidedly  unpleasant  to  the  patient. 
The  physician  draws  down  the  lower  buttock  and 
labium  with  his  left  hand  in  a  precisely  similar  manner, 
while  he  grasps  one  end  of  the  speculum  with  his  right 
hand,  being  careful  to  have  the  index-finger  project 
beyond  the  bill  of  the  speculum  for  an  inch  or  more 
(see  Fig.  2906) .  The  speculum  and  finger  should  have 
previously  been  well  lubricated.  The  idea  of  the 
projecting  finger  is,  that  it  is  to  enter  the  vagina  in 
advance  of  the  speculum  as  a  pUot,  so  as  to  guide  the 
tip  of  the  instrument  behind  the  cervix. 

The  direction  of  the  vagina  must  be  borne  in  mind. 
As  the  patient  lies  in  this  position,  the  vagina  will  run 
in  a  direction  toward  the  center  of  the  sacrum.  As  the 
finger  enters  the  vagina,  the  speculum  follows  after,  en- 
tering laterally;  that  is,  the  flat  of  the  blade  corre- 
sponds to  the  direction  of  the  cleft  between  the  labia. 
As  soon  as  the  index-finger  feels  the  cervLx,  the  spec- 
ulum can  be  easUy  guided  behind  it  into  the  posterior 
vaginal  fornLx.  The  speculum  is  then  rotated  to  its 
final  position  so  that  it  will  retract  the  perineum.  The 
external  end  of  the  instrument  is  given  to  the  nurse, 
who  should  grasp  it  firml)',  the  fingers  surrounding  the 
external  blade  while  the  thumb  lies  in  the  groove. 

The  nurse's  duties  are  to  hold  the  speculum  exactly 
as  it  is  given  her,  and  to  keep  the  upper  buttock  re- 
tracted. She  can  best  do  this  with  comfort  to  herself 
and  satisfaction  to  the  examiner,  if  she  stands  straight 
up,  facing  slightly  away  from  the  physician,  so  that 
the  arm  holding  the  speculum  is  wrapped  about  her 
body.  Her  arm  is  thus  steadied,  and  there  is  no 
occasion  for  any  strain  on  the  muscles  of  the  hand  or 
forearm  (see  Fig.  2904).  If  she  is  directed  to  increase 
the  traction  on  the  instrument,  she  simply  rotates  her 
whole  body  and  does  not  bring  into  play  the  muscles  of 


Fig.  2906. — Introducing  Sims'  Speculum. 

her  arm.  By  this  method  a  nurse  can  hold  a  speculum 
for  a  long  period  without  becoming  tired,  and  it  is  far 
more  satisfactory  than  stooping  over  the  patient, 
grasping  the  speculum  by  the  shank,  and  keeping  up 
all  the  tension  with  the  arm  muscles  which  soon  tire 
and  cause  unsteadiness. 
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The  Depressor. — As  the  perineum  is  retracted  and 
the  vaginal  walls  are  exposed  to  view,  the  cervix  will 
usually  be  hidden  behind  the  anterior  wall  of  the  va- 
gina, which  bulges  somewhat  in  front  of  it.  We  should 
therefore  next  use  an  instrument  called  a  depressor,  to 
depress  the  anterior  vaginal  wall.  The  depressor  is 
practically  a  spatula  or  spoon  (see  Fig.  2907),  which 
should  be  held  between  the  thumb  and  fingers  of  the 
left  hand  and  gently  used  to  push  aside  the  bulging 
anterior  wall  so  that  the  cervix  may  be  brought  into 
view.     Care  should  be  taken  while  using  this  instru- 


friable  cervix,  causing  at  times  a  bothersome  hemor- 
rhage. All  of  these  disadvantages  can  be  avoided  by 
using  a  double  tenaculum  such  as  Skene's  (see  Fig. 
2910),  or  the  ordinary  bullet  forceps  will  answer. 
With  the  double  tenaculum  two  punctures  only  are 
made  in  the  anterior  lip  of  the  cervix,  instead  of  half 
a  dozen.  The  instrument  is  clamped  on  b)-^  means  of 
the  catch,  so  that  no  hand  is  required  to  hold  it.  It 
will  of  itself  act  as  a  depressor  to  keep  back  the  bulging 
anterior  wall.  So  long  as  it  remains  fastened  to  the 
cervix,  the  uterus  will  be  under  perfect  control.     A 


Fig.  29:)7. — Hunter's  Depressor. 


ment  that  the  wrist  of  the  hand  is  dropped  below  the 
line  of  vision. 

The  Dressing  Forceps. — As  soon  as  the  cervix  is 
brought  into  view  a  dressing  forceps,  holding  a  cotton 
ball,  is  used  to  cleanse  the  cervix  and  vagina  of  any 
secretion  that  may  be  present.  Of  the  different  forms 
of  dressing  forceps  there  is  a  sufficient  variety  to  suit 
the  taste  of  the  examiner.  One  having  a  curve  is  of 
advantage  as  it  enables  the  right  hand  to  keep  out  of 
the  line  of  vision.  Bozeman's  forceps  is  a  good  illus- 
tration of  this  instrument  (see  Fig.  2908). 

By  the  inspection  of  the  cervix  and  the  vagina,  we 
are  enabled  to  verify  the  diagnosis  made  by  vaginal 


retroverted  uterus  may  be  replaced  with  great  ease 
with  this  instrument.  This  is  accomplished  by  draw- 
ing on  the  cervix  and  making  it  describe  a  circle  back- 
ward into  the  posterior  fornix.  Great  care  should  be 
used  in  drawing  down  the  cervix,  as  this  is  a  procedure 
that  may  do  much  harm  and  cause  considerable  pain, 
if  adhesions  or  inflammatory  conditions  exist.  The 
bimanual  examination  should  have  previously  dis- 
closed any  condition  of  immobility  of  the  organ,  or  any 
lack  of  elasticity  of  the  ligaments.  Unless  the  uterus 
can  be  drawn  down  easily  without  force,  the  procedure 
should  not  be  attempted. 

The  Probe  and  the  Sound. — After  the  cervix  and  its 


Fig.  290S. — Bozeman's  Uterine  Dressing  Forceps. 


touch.  The  condition  of  the  vaginal  mucous  mem- 
brane, the  presence  of  fistula?  or  of  cicatrices,  the 
extent  of  cervical  lacerations,  hyperplasia  of  the  cervix, 
and  erosions  are  all  brought  into  view. 

The  Tenaculum. — The  next  step  is  to  seize  the  cervix 
by  the  anterior  lip,  so  that  it  may  be  drawn  down  for 
closer  inspection  and  also  for  the  purpose  of  steadying 
the  organ  while  a  sound  or  other  instrument  is  being 
passed  into  the  uterus.  The  single-hook  tenaculum, 
as  shown  in  Fig.  2909,  is  the  style  of  instrument  usually 
employed.  It  should  be  hooked  into  the  cervix 
through  the  os. 


surroundings  have  been  inspected,  the  next  procedure 
will  be  to  examine  the  cavity  of  the  uterus  by  means  of 
the  probe  or  the  sound. 

The  probe  is  a  verj'  flexible  piece  of  copper  or  silver 
wire,  with  an  olive-shaped  tip,  and  is  designed  to  bend 
on  meeting  the  slightest  obstruction.  It  is  therefore  a 
safe  instrument  with  which  to  make  an  exploration  of 
the  uterine  cavity  (see  Fig.  2911). 

The  sound  is  of  a  larger  diameter,  and  is  much  stiffer 
than  the  probe,  but  is  capable  of  being  bent  into  any 
shape  that  may  be  required.  Simpson's  sound  is  the 
instrument  usually  employed  (see  Fig.  2912).     It  has 


Fig.  2909. — Tenaculum. 


For  the  purposes  of  examination  and  of  making 
intrauterine  applications,  the  double  tenaculum  has 
many  advantages  over  the  single  instrument. 

No  matter  how  expert  the  examiner  may  be,  he 
cannot  help  making  a  number  of  punctures  with  the 
single  instrument  during  the  course  of  his  examination 
and  treatment.  The  instrument  cannot  be  left  on  the 
cervix,  but  must  be  held  bj'  one  hand,  so  that  if  both 
hands  are  needed  during  the  preparation  of  an  appli- 
cator, etc.,  the  instrument  must  be  removed  and  then 
afterward  reapplied.     It  frequently  tears  through  a 
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a  bulbous  tip  and  at  a  point  two  and  a  half  inches 
from  the  end  there  is  an  enlargement  which  denotes 
the  normal  length  of  the  uterine  canal.  The  shaft  is 
marked  in  inches  for  purposes  of  measurement. 

The  sound  is  an  instrument  capable  of  inflicting 
much  damage,  and  requires  great  care  in  its  use. 
Great  harm  may  be  done  by  enii)loying  it  recklessly 
and  unskilfully.  The  novice  had  better  by  far  use  the 
probe  only  for  his  investigations  until  he  has  acquired 
a  sufficient  knowledge  of  the  technique,  and  some  skill 
in  his  manipulations. 


REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Oynerologloal  ExamlnatioDs 


The  probe  will  reveal  nearly  as  much  as  the  sound, 
and  there  is  no  especial  advantage,  in  the  majority  of 
instances,  in  emplo_ving  the  more  dangerous  instrument. 

The  first  precaution  to  be  taken  before  invading  the 
uterine  cavity  with  any  instrument  is  to  ascertain 
the  date  of  the  last  menstruation.  If  this  precaution 
is  omitted  the  physician  will  frcciuently  find  that  he 


case  a  gentle  twisting  motion  or  withdrawal  will 
enable  the  sound  to  pass  the  obstacle.  The  probe 
will  pass  a  constriction  at  the  internal  os,  while  the 
sound  may  be  arrested.  Sometimes,  in  anteflexion, 
the  constriction  may  be  spasmodic  in  character;  if 
such  is  the  case,  the  stricture  will  relax  if  the  sound  is 
held  firmly  against  it  for  a  few  moments.     When  the 


Fig.  2910. — Skene's  Tenaculum,  with  Catch. 


has  unintentionally  interrupted  a  commencing  preg- 
nancy, sometimes  to  the  delight  of  his  patient,  who 
may  have  such  an  object  in  view  in  requesting  an 
examination  for  other  trouble.  The  technique  of  using 
the  sound  is  jiracticallj'  the  same  as  th.at  for  intro- 
ducing the  probe. 

The  in.strument  should  never  be  introduced  without 


instrument  reaches  the  fundus,  the  forefinger  is  slid 
along  the  shaft  until  it  comes  in  contact  with  the 
cervix.  The  probe  or  sound  is  then  withdrawn  and 
the  depth  of  the  uterine  canal  can  readily  be  noted. 

The  sound  should  not  be  used  to  determine  the 
mobility  of  the  uterus.  It  is  such  a  powerful  lever 
that  the  uterine  mucosa  will  be  unnecessarily  injured 


Fig.  2911. — Uterine  Probe. 


having  the  cervix  clearly  in  view,  so  that  it  may  be 
passed  directly  into  the  canal  of  the  cervix  without 
coming  in  contact  with  the  surrounding  parts.  The 
method  of  introducing  the  instrument  by  sense  of 
touch  should  be  condemned  just  as  strongly  as  the 
old  method  of  catheterizing  a  patient,  when  it  was 
considered  desirable  for  the  physician  to  be  able  to 
introduce  a  catheter  into  the  bladder  under  a  sheet. 


even  if  worse  damage  is  not  done.  The  degree  of 
mobility  of  the  uterus  can  be  determined  better  and 
more  safely  by  the  bimanual  examination.  In  the 
healthy  uterus  "the  sound,  if  skilfully  passed,  should  not 
cause  either  pain  or  hemorrhage.  The  occurrence  of 
one  or  both  of  these  symptoms  denotes  a  diseased 
condition  of  the  endometrium.  The  patency  of  the 
external  and  internal  os,  irregularities  on  the  uterine 
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Fig.  2912. — R.  Simpson's  .Sound. 


The  cervix  should  first  be  painted  with  tincture  of 
iodine  and  the  instrument  that  is  to  enter  the  uterus 
should  be  sterilized  as  if  for  an  operation.  BoUing  is 
the  safest  plan,  but  when  the  conveniences  are  not  at 
hand,  the  instrument  can  be  immersed  in  ninety-five 
per-cent.  carbolic  acid  for  a  few  moments,  and  then 
in  alcohol  to  neutralize  the  acid.  The  bimanual 
examination   will   have  given   the  ph3-sician  a  fairly 


mucosa,  and  the  presence  of  growths  in  the  canal  are 
ascertained  by  means  of  the  sound.  The  sense  of 
touch,  as  communicated  through  the  sound,  is  here 
brought  into  play,  and  this  necessitates  that  the  instru- 
ment must  be  held  very  lightly  between  the  thumb 
and  fingers  in  order  to  appreciate  any  delicate  variation. 
The  use  of  the  sound  as  a  repositor  is  to  be  con- 
demned.    .\ny  evidence  of  acute  inflammation  of  the 


Fig.  2913.— Skene's  Curette. 


accurate  idea  as  to  the  shape  of  the  uterus,  and  he 
should  shape  his  probe  or  sound  accordingly.  The 
instrument  is  to  be  held  lightly  between  the  thumb 
and  forefinger  and  the  cervix  steadied  by  the  tenacu- 
lum. The  tip  is  then  pa.ssed  into  the  external  os  and 
allowed  to  find  its  way  along  the  canal.  It  will 
frequently  become  obstructed  at  the  internal  os  by  a 
shoulder  or  pocket  in  the  mucous  membrane,  in  which 


uterus  or  its  appendages  prohibits  any   intrauterine 
manipulations. 

The  Curette. — The  curette  is  a  valuable  instrument 
for  diagnostic  purposes.  The  curette  for  this  purpose 
should  be  small,  so  as  to  pass  the  internal  os  without 
difficulty.  It  should  be  dull  and  very  flexible,  so  that 
no  damage  can  be  done  with  it.  The  spoon-shaped 
curette,  as  shown  in  Fig.  2913,  is  especially  adapted 
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for  diagnosis,  although  a  dull  wire  curette  may  be  used. 
The  spoon  curette  enables  one  to  scrape  off  shreds  of 
tissue  and  epithelium  from  the  endometrium,  which 
should  be  examined  under  water  to  disclose  their  gross 
appearance,  while  they  are  to  be  submitted  to  micro- 
scopic examination  for  more  accurate  diagnosis.  All 
that  has  been  said  in  regard  to  employing  the  sound 
applies  equally  to  the  curette.  The  instrument  must 
be  properly  sterilized  and  given  the  shape  of  the  canal 
which  has  been  accurately  ascertained  by  means  of 
the  sound  or  probe.  It  is  to  be  used  with  all  gentle- 
ness. The  curette  is  not  to  be  used  in  the  office  to 
curette  the  uterus  as  for  an  operation  it  should  serve 
simply  as  a  means  of  procuring  a  small  amount  of  tissue 
or  d<5bris  from  the  uterine  canal  for  diagnosis  only. 

Dilatation  of  the  Cervix. — This  is  a  procedure  which 
is  sometimes  necessary  in  order  to  admit  the  passage 
of  the  examiner's  finger  into  the  uterine  canal  for 
purposes  of  diagnosis.  As  it  is  of  such  a  nature  as  to 
require  an  anesthetic  for  its  proper  performance,  as 
well  as  the  usual  preparations  for  a  surgical  operation, 
its  description  does  not  belong  in  this  article. 

Examination  of  the  Urethra  and  Bladder. — See  the 
articles  on  Urethra,  Female,  and  Bladder,  Diseases  of  the. 

The  Microscope. — The  aid  of  the  microscope  for 
differential  diagnosis  is  of  especial  value  in  gyneco- 
logical examinations.  The  recognition  of  the  gonococ- 
cus  by  the  microscope  is  of  prime  importance  in  in- 
vestigating the  character  of  vaginal  or  other  discharges. 
In  fact  it  is  impossible  to  be  sure  of  the  character  of  a 
discharge  without  its  aid.  As  the  important  position 
that  the  gonococcus  holds  as  an  etiological  factor  in 
diseases  of  women  becomes  better  known,  the  neces- 
sity for  the  use  of  the  microscope  by  the  gynecologist 
appears  in  a  clearer  light.  Commencing  epithelioma 
and  carcinoma  are  to  be  detected  with  positiveness 
only  by  submitting  uterine  scrapings  or  small  pieces 
of  cervical  tissue  to  microscopical  examination,  and 
they  may  be  removed  with  ease  during  the  examination 
under  local  anesthesia  with  the  patient  in  the  Sims 
posture.  George  Gray  Ward,  Jr. 


Haemadipsa. — A  genus  of  land  leeches.  These 
animals  live  under  leaves  or  rubbish  in  oriental  coun- 
tries and  rush  forth  when  their  prey  approaches. 
They  bite  gently  but  usually  make  a  deep  wound,  the 
scar  of  which  often  takes  months  to  disappear. 
They  fill  themselves  in  about  thirtv  minutes,  and  then 
drop  off.     See  Hirudinea.  '  A.  S.  P. 


Haemadipsinae. — A  family  of  gnathobdellid  leeches 
which  live  on  land.  The  principal  genus  is  Hainad- 
ipsa.     See  Hirudinea.  A.  S.  P. 


H«mamoeba. — A  synonym  for  the  genus  Leuco- 
c»/(o^oora,  try  panosome-like  flagellates  parasitic  in  birds . 
Also  a  synonym  for  Plasmodium,  a  genus  of  protozoans 
that  causes  fevers  in  man  and  other  warm-blooded 
animals.     See  Protozoa.  A.  S.  P. 


Haemaphysalis. — A  genus  of  ticks  w-hich  contains 
H.  leachi,  the  South  African  dog  tick.  This  arachnid 
spreads  Babesia  canis,  the  cause  of  bilary  fever  in  dogs. 
See  Protozoa.  '        A.  S.  P. 


Haematobia. — A  genus  of  biting  flies  allied  to 
tsetse-flies.  Two  species  are  known  in  Europe  and 
one  in  Java.     See  Insects,  Parasitic.  A.  S.  P. 

Haematococcus. — A  synonym  for  the  genus  Babesio 
flagellate  protozoans.  These  are  Hcrpetumonida- 
which  live  as  parasites.  B.  higemina  is  the  cause  of 
Texas  fever  in  cattle.     See  Protozoa.  A.  S.  P. 


Haematopinus. — A  genus  of  lice.  Two  species 
occur  on  man  and  several  on  monkeys,  dogs,  horses 
and  other  animals.  Some  carry  protozoan  diseases. 
See  Insects,  Parasitic.  A.  S.  P. 


Haematopota. — A  genus  of  flies,  Tabanidoe,  many 
.species  of  which  are  blood  suckers.  See  Insects, 
Parasitic.  A.  S.  P. 


Haementaria. — A  genus  of  leeches.  The  bite  of 
//.  officinalis,  found  in  Mexico,  is  said  to  cause  drow- 
siness, buzzing  in  the  ears,  and  a  painful  rash.  See 
Hirudinea.  A.  S.  P. 


Hsemoflagellata. — A  group  of  somewhat  diverse 
flagellate  protozoans  which  usually  appear  alternately 
in  the  blood  of  a  vertebrate  and  the  digestive  tract  of 
a  blood-sucking  invertebrate  host.  Trypanosoma,  Try- 
panoplasma,  Crithridia,  Leptomonas,  Leishmania,  and 
Prowazekia  are  the  most  important  genera.  See 
Protozoa.  A.  S.  P. 


Haemogregarinidia. — An  order  of  Telosporida  in 
which  either  the  gametocytes  or  the  schizonts,  or  both, 
are  present  in  red  or  white  cells  in  the  peripheral  blood 
of  vertebrates,  and  in  which  schizogony  takes  place 
either  in  the  cells  of  the  peripheral  blood,  or  in  those  of 
some  other  organ,  while  sporogony  occurs  in  the  body 
of  some  blood-sucking  invertebrate,  such  as  a  leech,  a 
tick,  a  mite,  or  an  insect.  This  order  contains  a 
single  genus,  Hcemogregarina,  which  includes  many 
species  occurring  in  fishes,  amphibians,  reptiles  and 
mammals.     See  Protozoa.  A.  S.  Pearse. 


HaBmoproteidaB. — A  family  of  parasitic  Masti- 
gophora  which  contains  a  single  genus,  Hcemoproteus, 
with  several  species  parasitic  in  birds  and  reptiles. 
See  Protozoa.  A.  S.  P. 


Haemoprotozoa. — Binucleata.  An  old  term  used 
bv  Sanibon  to  include  certain  parasitic  flagellates. 
See  Protozoa.  A.  S.  P. 


Htemosporida. — An  order  including  protozoans 
that  are  parasites  in  blood  corpuscles,  red  or  white,  of 
vertebrates  where  schizogony  takes  place.  Spor- 
ogony occurs  in  the  digestive  tract  of  an  invertebrate. 
Important  representatives  are  Hcemab(Ea,  Halteridium, 
Leucocylozoon,  Hccmogregarines  and  Piroplasma.  See 
Protozoa.  A.  S.  P. 


Hagedorn,  Werner. — Born  at  Westhausen,  Ger- 
many, July  2,  1831.  He  studied  medicine  in  Berlin 
under  Johannes  Mueller  and  B.  von  Langenbeck, 
and  received  his  doctor's  degree  in  1854,  the  title  of 
his  graduating  thesis  being:  "De  forcipe  Schoel- 
leriana  obstetrica."  He  was  for  many  years  the 
Director  of  the  Surgical  Department  of  the  Magde- 
burg Hospital,  and  was  honored  with  the  title  of 
"Geheimer  Sanitatsrath."  He  died  at  Magdeburg 
June  20,  1894. 

Hagedorn  contributed  a  number  of  brief  treatises 
to  von  Langenbeck's  Archiv  and  to  the  Verhandlungen 
der  Deutschen  Gesellschaft  fiir  Chirurgie.  To 
American  surgeons  he  is  best  known  as  the  inventor 
of  "Hagedorn's  needle."  A.  H.   B. 


Hahnemann,    Samuel   Christian    Friedrich.— 

Born   at    Meissen,   Saxony,   April   10,    1755.     He   re- 


852 


REFERENCE   HANDBOOK   OF   THE    MEDICAL   SCIENCES 


Hall,  Marshall 


ceived  the  degree  of  Doctor  of  Medicine  from  the 
University  of  Erlangen  in  1779.  After  practising 
his  profession  in  various  places  he  finally,  in  1789, 
settled  in  Leipzig.  In  1790  he  translated  W.  CuUen's 
"Materia  Medica"  into  German,  and  he  was 
struck,  during  the  progress  of  this  work,  with  the  fact 
"that  the  symptoms  produced  by  quinine  on  the 
healthy  body  were  similar  to  those  of  the  disordered 
states  it  was  used  to  cure.  He  had  previously  felt 
dissatisfied  with  the  state  of  the  science  of  medicine, 
and  this  observation  led  him  to  assert  the  truth  of  the 
'law  of  similars,'  similia  sii»ilibus  curantur  or  curentxix 
— i.e.  diseases  are  cured  (or  should  be  treated)  bj- 
those   drugs   which    produce    symptoms    similar   to 
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Fig.  2914. — Samuel  Christian  Friedrich  Hahnemann. 

them  in  the  healthy.  He  promulgated  his  new  prin- 
ciple in  a  paper  published  in  1796  in  C.  W.  Huf eland's 
Journal,  and  four  years  later,  convinced  that  drugs  in 
much  smaller  doses  than  were  generally  employed 
effectually  exerted  their  curative  powers,  he  ad- 
vanced his  doctrine  of  their  potentization  or  dynam- 
ization.  In  1810  he  published  his  chief  work, 
'Organon  der  rationeUen  Heilkunde,  containing  an 
exposition  of  his  system,  which  he  called  homeopathy; 
and  in  the  following  years  appeared  the  six  volumes 
of  his  'Reine  ArzneLmittellehre,'  which  detaUed  the 
symptoms  produced  bj-  'proving'  a  large  number  of 
drugs, — i.e.  by  systematically  administering  them  to 
healthy  subjects."  (Encyclopaedia  Britannica.)  In 
1821  he  was  forced,  bj'  the  hostility  which  his  new 
doctrines  had  provoked  among  various  established 
interests,  particularly  those  of  the  apothecaries,  to 
leave  Leipzig.  Upon  the  invitation  of  the  Grand 
Duke  of  Anhalt-Coethen,  he  went  to  live  at  Coethen; 
and,  after  remaining  there  fourteen  years,  he  re- 
moved to  Paris,  where  he  practised  with  great  suc- 
sces  until  his  death  on  July  2,  18-13. 

For  further  information  consult  Albrecht  (Hahne- 
mann's Leben  und  Werken,  Leipzig,  1875)  and  Brad- 
ford (Hahnemann's  Life  and  Letters,  Philadelphia, 
1895).  A.  H.  B. 

Hair,  Anatomy  of. — See  Skin  and  its  Appendages. 

Hales,  Stephen. — An  English  clergyman,  born  at 
Bekesbourne,  England,  September  7,  1677.  He  re- 
ceived the  degree  of  Master  of  Arts  from  Cambridge 
University  in  1703,  and  that  of  Bachelor  of  Divinity  in 
1711.  After  taking  Holy  Orders  he  studied  anatomy 
and  chemistry  with  his  friend,  WiUiam  Stukely,  an 
English  antiquary  who  practised  medicine  for  a  short 
time.  In  1717  he  was  elected  Fellow  of  the  Roj'al 
Societ}'^,  which  awarded  him  the  Copley  medal  in 
1739.  On  the  death  of  Sir  Hans  Sloane,  in  1753, 
Hales  was  chosen  foreign  associate  of  the  French  Acad- 
emy of  Sciences.  He  died  at  Teddington,  Januarv 
4,  1761. 


The  fame  of  Hales  as  an  experimental  phj-siologist 
rests  largely  upon  the  fact  that  he  was  "the  first 
to  measure  the  blood  pressure  and  devised  the  first 
manometer,  after  which  that  of  PoiseuUle  appears  to 
have  been  patterned.  The  accounts  of  his  experiments 
are  given  in  his  two  volumes  of  "Statical  Essays." 
The  first  of  these  "Vegetable  Statics,"  published 
in  1727,  contains  a  description  of  the  method  em- 
ployed by  him  to  determine  the  force  of  the  movement 
of  sap  in  vegetable  stems  and  pictures  of  the  curved 
mercurial  gauge  devised  for  use  on  a  piezometer. 
The  second  volume,  "Hemostatics,  or  an  Account  of 
some  Hydraulic  and  Hydrostatical  Experiments  made 
on  the  Blood  and  Blood-vessels  of  Animals,"  etc., 
1733,  contains  a  description  of  his  experiments  made 
to  determine  the  intraarterial  blood  pressure.  He  also 
attempted  to  estimate  the  number  of  capillary  vessels 
in  the  body  by  means  of  calculations  based  upon  the 
relative  diameters  of  the  aorta  and  a  capillary  and  the 
amount  of  blood  expelled  at  each  ventricular  systole. 
Later  experiments  have  thrown  doubt  on  the  accuracy 
of  his  estimate,  but  that  the  calculation  was  made  at 
all  shows  the  scientific  curiosity  that  occupied  his 
mind  in  the  intervals  of  his  clerical  labors.  He  is  also 
credited  with  the  invention  of  a  forceps  for  the  ex- 
traction of  vesical  calculi.  T.  L.  S. 


Hall,  Marshall. — Born  at  Basford,  England, 
Feb.  18,  1790.  He  studied  medicine  at  the  Uni- 
versity of  Edinburgh,  and  received  his  doctor's  de- 
gree from  that  institution  in  1912.  During  the  fol- 
lowing two  years  he  served  as  Resident  House  Physi- 
cian at  the  Royal  Infirmary,  Edinburgh.  In  1814 
he  visited  the  medical  schools  of  Paris,  BerUn,  and 
Goettingen.  In  1817  he  settled  in  Nottingham  as  a 
general  practitioner,  and  in  1825  he  was  chosen 
Physician    to    the    Nottingham    General    Hospital. 


Fig.  2915.— MarahaU  HaU. 

In  1826  he  removed  to  London,  and  between  that  date 
and  the  year  1837  he  published  a  number  of  impor- 
tant treatises  on  medical  topics.  His  "ready  method" 
for  resuscitation  in  drowning  and  other  forms  of  sus- 
pended respiration — generally  known  in  this  country 
as  Marshall  Hall's  method  of  artificial  respiration — 
has  been  the  means  of  saving  innumerable  lives.  He 
died  at  Brighton,  August  11,  1857. 

Of  Marshall  Hall's  published  writings  the  follow- 
ing deser\'e  to  receive  special  mention;  "Obsen-a- 
tions  on  Blood-Letting,  founded  on  Researches  on  the 
Morbid  and  Curative  Effects  of  Loss  of  Blood," 
1830;  "Experimental  Essa3'  on  the  Circulation  of  the 
Blood  in  the  Capillary  Vessels."  1831;  "On  the  Re- 
flex Function  of  the  Medulla  Oblongata  and  the 
Medulla  Spinalis,"  1832;  and  "On  the  True  Spinal 
Marrow,  and  the  Excito-motor  System  of  Nerves," 
1837.  A.  H.  B. 
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von  Haller,  Albrecht. — Born  in  Berne,  Switzer- 
land, October  16,  1708.  In  1723  he  visited  the  Uni- 
versity of  Tubingen  for  the  purpose  of  studying  medi- 
cine, and  he  there  received  his  first  instruction  in  an- 
atomy and  general  medicine  from  Camerarius  and 
George  Duvernois,  who  were  among  the  celebrated 
teachers  of  that  day.  About  this  time  he  went  off  on 
a  pleasure  party  with  some  of  his  fellow  students  and 
they  all  became  intoxicated.  This  occurrence  made 
such  a  deep  impression  on  his  mind  that  he  vowed 
he  would  never  again  touch  wine;  and  he  kept  this 
vow  during  the  remainder  of  his  life.  In  l725  he 
visited  the  University  of  Lej^den,  in  Holland.  Boer- 
haave,  who  gave  instruction  in  medicine  and  botany, 
and  Albinus,  who  had  already,  notwithstanding  his 
youth,  begun  to  teach  anatomy  by  direct  demonstra- 
tions, extended  a  most  friendly  welcome  to  Haller, 
His  strong  leaning  toward  the  study  of  anatomy  and 
his  eagerness  for  work  were  more  particularly  stimu- 
lated, however,  by  the  splendid  anatomical  collec- 
tion of  Ruysch*  and  by  the  sight  of  this  anatomist 
himself  (aged  ninety  years)  still  hard  at  work  on  his 
anatomical  specimens.  When  he  was  only  eighteen 
years  old,  he  received  the  degree  of  Doctor  of  Medi- 
cine, from  this  University,  and  during  the  next  few 
months  visited  England  and  France,  making  the 
personal  acquaintance  of  such  men  as  Hans  Sloane, 
Douglas,  and  Cheselden  in  England,  and  GeoflFroy,  Le 
Dran,  and  Winslow  in  Paris.  Upon  his  return  to  Berne, 
in  1729,  he  began  the  practice  of  medicine.  In  1734 
the  Republic  of  Berne  built  a  large  amphitheatre 
suitable  for  anatomical  demonstrations  and  appointed 
Haller  Professor  of  Anatomy.  In  1735  he  also  re- 
ceived the  appointment  of  chief  of  the  Public  Library. 
In  1736  he  was  called  to  the  University  of  Goettingen, 
to  fill  the  Chair  of  Anatomy,  Botany,  and  Surgery. 
In  1742  he  published  two  large  volumes  filled  with 
beautiful  plates  of  Swiss  botanical  specimens. 

In  1747  he  published  his  "Primae  linese  physi- 
ologiae,"  and  then,  ten  years  later,  his  great  work  on 
Physiology — the  work  which  was  to  make  his  name 
immortal.  He  also  wrote  poetry  of  no  mean  order  of 
merit.     He  died  on  July  22,  1755. 

The  variety  of  Haller's  natural  gifts  and  fhe  re- 
markable excellence  of  his  completed  works  are  still 
a  source  of  wonder  to  all  who  read  the  history  of  his 
life.  A  mere  list  of  his  pulilished  works  would  fill 
several  pages  of  this  Handbook.  The  following,  how- 
ever, deserve  to  receive  special  mention,  as  they 
possess  very  great  merit.  Their  titles  are  as  follows: 
"Hermanni  Boerhaave,  pra'lectiones  Academicae  in 
proprias  institutiones  rei  medics  "  (vol.  i.,  Goettingen, 
1739;  vol.  ii,,  1740;  vol.  iii.,  1741;  vol.  iv.,  1743; 
vols.  V.  and  vi.,  1744);  "Elementa  Physiologise  cor- 
poris humani,"  8  vols.,  1757-1766;  "  Bibliotheca 
anatomica,"  2  vols.,  1774-1777;  "Bibliotheca  chirur- 
gica,  qua  scripta  ad  artcm  chirurgicam  facientia  a 
rerum  initiis  recensentur,"  2  vols.,  1774-1775,  and 
"Bibliotheca  medicinoe  practical,  qua  scripta  ad 
partem  medicinse  practical  facientia  a  rerum  initiis 
ad  annum  1775  recensentur,"  vols,  iv.,    1776-1788. 

A.  H.  B. 


Hamamelis. — Witchhazel.  This  plant,  Hamamelis 
virginiana  Lime  (Fam.  H amamelidacece) ,  yields  two 
official  drugs,  namely  HAMAitELrois  Folia,  the  dried 
leaves,  collected  in  autumn,  and  H.  Cortex,  the  dried 
bark  and  twigs.  The  witchhazel  plant,  also  called 
Snapping  hazel,  Spotted  alder  and  Winter  bloom, 
is  a  tall,  slender,  straggling  shrub  growing  commonly, 
in  moist  woods,  over  a  large  part  of  the  United  States. 
Its  flowers  are  small,  in  little,  sessile,  axillary  clusters, 
and  appear  late  in  the  autumn.  They  persist  through 
most  of  the  winter,  the  fruit  from  them  ripening  in  the 
following  summer.     Calyx  four-parted;  corolla  of  four 

*  This  was  his  second  collection;  the  first  one  having  been  sold 
to  the  Czar  of  Russia  for  30,000  florins. 


long,  narrow,  strap  shaped,  yellow  petals;  stamens, 
eight,  short;  pistil,  one  with  two  styles;  and  a  two- 
celled,  two-ovuled  ovary. 

The  leaves  are  stoutly  and  very  shortly  petioled, 
the  blade  seven  to  fifteen  centimeters  (3  to  6  in.) 
long  and  nearly  as  broad  or  occasionally  even  broader, 
highly  inequilateral,  oval,  with  a  very  oblique,  slightly 
cordate  base,  and  usually  a  very  t,hort  obtusish  point 
at  the  summit,  the  margin  coarsely  sinuate;  thickish, 
duU  green  and  with  obscure  venation  above,  paler  or 
brownish-green,  with  a  satiny  luster  and  very  promi- 
nent prmcipal  veins  underneath,  nearly  smooth,  the 
few  hairs  of  the  lower  surface  having  much  thickened 
walls  and  a  very  small  lumen;  odor  rather  faint,  char- 
acteristic; taste  astringent,  slightly  aromatic,  bitter. 

The  definition  of  the  bark  is  faulty  in  that  it  does  not 
restrict  the  size  of  the  twigs  and  thereby  the  amount  of 
inert  wood.  The  bark  occurs  in  irregularly  quilled  or 
bent  pieces,  one  to  two  millimeters  thick;  outer  surface 
grayish-brown,  with  numerous  lenticels,  or  reddish- 
brown,  with  short  transverse  ridges  or  scars,  or  some- 
what scaly  in  older  bark;  the  thin,  corky  layer  easily 
removed  from  the  pale  cinnamon-colored  middle  bark; 
inner  surface  pale  cinnamon-colored,  or  sometimes 
yellowish,  smooth,  or  finely  striate;  fracture  of  young 
bark  short,  of  old  bark  tough  in  the  bast  layer;  odor 
faint;  taste  astringent,  somewhat  bitter  and  pungent. 
Twigs  flexible  and  tough,  of  irregular  length,  not  more 
than  six  millimeters  in  diameter,  branching,  or  bearing 
nodes  at  intervals  of  two  to  five  centimeters;  exter- 
nally varying  from  yellowish-brown  to  deep  purplish- 
brown,  lightly  longitudinally  wrinkled,  and  having 
scattered  small  circular  whitish  or  pale  lenticels ;  bark 
occupying  about  one-fifth  of  the  radius;  wood  greenish- 
white,  lightly  radiate,  and  exhibiting  one  to  three 
annual  rings;  pith  centric,  small. 

A  number  of  analyses  of  this  drug  have  been  made 
without  discovering  anything  to  explain  its  reputed 
virtues.  It  is  not  poisonous  in  any  quantity.  There 
is  some  tannin,  and  a  small  amount  of  essential  oil. 


Fia.  2916.— Witchhazel;  Flowering  Branch.      (BaiUon.) 

It  is  an  old  remedy  of  the  Indians,  and  is  said  to  have 
been  introduced  to  our  notice  by  them ;  but  its  present 
popularity  as  a  wash  for  bruises  and  wounds  in  house- 
hold-practice is  of  verj'  modern  growth. 

For  twenty  years  or  so  it  has  been,  in  this  country, 
the  most  widely  used  domestic  vulnerary,  taking  the 
place  in  the  popular  estimation  of  arnica,  which  had 
held  sway  for  a  generation  before.  It  is  usually  em- 
ployed in  the  form  of  a  distillate,  made  by  distilling 
a  very  weak  mixture  of  alcohol  and  water  (six-per-cent. 
alcohol).  It  has  an  odor  and  faint  taste  derived  from 
the  drug,  but  not  enough  oil  or  extract  to  be  estimated 
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ia  any  other  way.  The  odor  is  pleasant  and  sugges- 
tive of  liniment,  and  the  preparation  is  on  the  whole 
a  fair  evaporating  lotion.  A  fluid  extract  (Extractiun 
Hamamelidis Fluidum)  is  oflScial,  and  contains,  besides 
the  fragrant  principles,  considerable  tannin,  which  the 


Fig.   2917. — Witchhazel;  Flowers.      (Baillon.) 

distUIed  preparation  of  course  does  not.  It  may  be 
diluted  for  washes,  vaginal  douches,  etc.  Witchhazel 
at  present  is  rarely  given  internally. 

The  bark  is  similarly  employed,  and  much  of  the 
distillate  is  said  to  be  prepared  from  it.  It  is  regarded 
by  many  as  being  superior  to  the  leaves. 

Henry  H.  Rcsby. 


Hamartoma. — From  the  true  tumors  (blastomas) 
there  must  be  carefullv  separated  the  tumor-like 
malformations  or  disturbances  of  development  that 
show  no  autonomous  excess  of  growth.  Such  errors 
of  development  may  be  divided  into  five  classes : 
(1)  Defects  in  tissue-combination  (hamartia);  (2) 
Separation  or  misplacement  of  anlage  (chorista): 
(3)  Non-use  or  non-development  of  anlage  that  later 
develop;  (4)  Abnormal  persistence  of  embryonic 
tissue  and  organs;  (5)  The  pathologic  filling-up 
or  obUteration  of  embryonic  clefts.  The  hyper- 
plasia of  the  tissues  resulting  from  such  disturbances 
of  development  may  give  rise  to  formations  that  ex- 
ternally resemble  neoplasms.  These  are  classed  by 
-Albrecht  and  Borst  as  hamartoma  and  chorisloma. 
Should  these  growths  form  the  basis  for  true  autono- 
mous neoplastic  growth  the  resulting  tumors  can  be 
classed  as  hamartohlastoma  and  choristoblastoma  re- 
spectively. Nearly  every  variety  of  neoplasm  has 
corresponding  hamartomas  or  choristomas  from  which 
it  must  be  differentiated,  and  such  a  differential  diag- 
nosis is  sometimes  very  difficult.  The  broadest 
pathological  experience  is  here  needed;  probably  in 
no  other  field  of  practical  diagnostic  pathology  are 
so  many  errors  of  diagnosis  made  as  in  the  differential 
diagnosis  of  the  hamartomas  and  choristomas  from 
the  true  blastomas.  Among  the  most  common 
hamartomas  are  the  so-called  fibroma  of  the  medullary 
pyramids  of  the  kidney,  certain  fibroadenomas  of 
the  breast,  neurofibroma,  myxoma  of  nerve-trunks, 
various  forms  of  heterotopous  lipoma,  chondroma, 
and  osteoma,  the  hemangiomatous  and  lymphangiom- 
atous  naevi,  elephantiasis,  macroglossia,  various 
adenomyomas,  cirsoid  neuroma,  pseudoneuroma, 
various  forms  of  neuroglioma  ganglionare  and  glio- 
matoses,  papillomas  of  the  skin,  intestinal  polyps, 
and  various  adenomas  of  liver,  kidney,  and  mamma. 
Examples  of  choristoma  are  misplaced  adrenal  tissue 
in  testis,  ovary,  liver,  pancreas,  or  elsewhere,  dermoid, 
epidermoid,  entodermal,  and  mesodermal  cj'sts, 
various  forms  of  chondroma,  osteoma,  lipoma, 
mj'xoma,  and  fibroma.  A.  S.   Warthix. 


Hamilton,  Frank  Hastings. — Born  in  Wil- 
mington, Vermont,  September  10,  1S13.  He  re- 
ceived the  degree  of  M.  D.  from  the  University  of 
Pennsylvania  in  1835.  After  practising  for  a  few 
years  in  Auburn,  N.  Y.,  he  removed,  in  1844,  to 
Buffalo.  In  1847  he  was  associated  with  Drs.  James 
P.  White  and  Austin  Flint  in  organizing  the  Buffalo 
Medical  College.     In   1862  he  settled  in   New  York 


City,  and  for  a  number  of  years  (up  to  1875)  he  held 
the  Chair  of  Surgery  in  the  Bellevue  Hospital  Medical 
College.  His  death  occurred  in  that  citv  on  August 
11,  1886. 

Dr.  Hamilton  made  several  important  contribu- 
tions to  medical  literature.  Those  which  deserve 
special  mention  are  the  foUowing:  "Fractures  and 
Dislocations";  a  "Treatise  on  Military  Surgery"; 
and  a  "General  Treatise  on  Surgerj-."        A.  H.  B. 


Hamularia. — A  subgenus  of  the  round-worm 
genus  Filaria.  H.  equi  is  common  in  horses  and  asses; 
it  has  been  found  in  human  beings  several  times.  See 
Xematoda.  A.  S.  P. 


Hand. — CresoUius  calls  the  hand  "the  minister  of 
reason  and  wisdom."  As  the  active  servant  of  the 
brain,  adjusted  for  the  most  delicate  and  varied  uses, 
it  has  always  been  held  in  peculiar  honor.  Thecoat- 
of-arms  of  the  surgeons'  guild  of  the  Middle  Ages 
was  a  hand,  with  outspread  fingers  and  an  eye  in  their 
midst,  typifying  thus  the  noble  art  of  chirurgie,  which 
name  was  itself  derived  from  x"'p,  the  hand,  and 
eptop,  work.  Respect  for  this  important  member 
has  even  been  carried  so  far  that  it  has  been  supposed 
to  contain  a  force  within  itself  capable  not  only  of 
intelligent  action,  but  of  transmission  beyond  the 
body.  When  we  regard  the  high  degree  of  muscular 
coordination  which  it  possesses  we  readily  see  whence 
originates  the  first  of  these  popular  fancies,  for  the 
hand  of  the  skilled  musician,  artist,  or  handicrafts- 
man is  a  very  different  organ  from  that  of  the  un- 
trained and  inexpert  novice.  The  very  word  "handy" 
expresses  this  idea. 

As  to  the  second  notion,  it  appears  to  be  founded 
upon  the  extraordinary  degree  of  tactile  sensibility 
which  the  hand  possesses.  The  laying  on  of  hands 
has  been  a  favorite  method  of  healing  from  the  very 
earliest  historical  period,  and  is  stiU  prevalent,  not 
only  where  the  royal  touch  is  believed  to  be  a  sovereign 
remed\-  for  "king's  evil,"  but  also  among  the  so-caDed 
healing  mediums. 

The  mesmeric  passes  were  believed  to  be  efficacious 
onl}-  when  performed  with  the  ends  of  the  fingers,  in 
order  that  the  "force"  might  be  drawn  off  into  the 
patient's  body.  Von  Reichenbach's  patients  saw 
flames  of  "od"  force  issuing  from  the  ends  of  the 
fingers;  many  worthy  people  have  no  doubt  that  a 
nervous  headache  can  be  cured  b.v  some  transfer  of 
this  force  by  means  of  passes  over  the  brow  of  the 
sufferer;  and  we  have  lately  had  a  revival  of  the  old 
astrological  theory  of  an  "astral  fluid"  which  is  more 
transmissible  from  those  with  pointed  fingers. 
Obscure  nervous  sensations  felt  in  the  fingers  and  along 
the  nerve  tracts  are  believed  to  be  caused  by  this 
force  or  fluid.  Owing  probably  to  this  superstitious 
reverence,  we  find  that  the  phvsicians  of  the  Middle 
Ages  used  the  detached  hand  of  a  corpse  for  the 
scattering  of  tumors  and  the  reduction  of  swellings. 

The  use  of  this  strange  remedy  stfll  survives.  The 
author  has  recently  found  several  authentic  cases  of 
such  application.  In  one  it  was  used  for  the  cure  of  a 
white  swelling,  and  in  another  for  a  protracted  inter- 
mittent fever,  a  female  homeopathic  phj-sician  vouch- 
ing for  its  efficacy.  She  explained  this  to  the  wTiter 
by  stating  that  the  "morbid  processes  going  on  in  the 
dead  hand  attracted  the  disease  and  removed  it" 
(!,l.  Sometimes  the  virtue  of  the  deceased  is  believed 
to  have  a  marked  influence.  This  was  shown  in  the 
case  of  a  well-known  Catholic  priest  who  died  some 
years  ago  in  Washington,  and  in  that  of  a  Carme- 
lite nun  in  Baltimore.  ^lany  applications  of  the 
dead  hand  were  made  in  both  cases  for  the  cure  of 
the  sick  and  afflicted,  showing  that  the  old  belief  is 
still  active. 

Another  superstition  which  had  a  prominent  place 
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in  the  black  art  of  the  Middle  Ages  was  that  of  the 
"hand  of  glory."  This  was  a  dead  right  hand  of  a 
murderer  prepared  with  appropriate  conjurations,  in 
which  was  placed  a  magic  candle  made  of  murderer's 
fat  and  the  hair  of  the  dead.  This  was  believed  to 
prevent  sleepers  from  awakening  and  to  open  locks  and 
bars.  As  late  as  1831,  such  a  hand  was  left  by  thieves 
in  a  house  in  Loughcrew,  Ireland.  Thieves  in  Mexico 
use  for  a  similar  purpose  the  left  hand  and  arm  of  a 
woman  dying  in  her  first  chOdbed,  and  in  1875  a 
Mobile  negro  carried  around  with  him  the  hand  of  his 
murdered  victim  to  insure  himself  against  detection. 
Sir  Charles  BeU,  the  author  of  the  celebrated 
"Bridgewater  Treatise  on  the  Hand,"'  says:  "We 
ought  to  define  the  hand  as  belonging  exclusively  to 
man,  corresponding  in  sensibility  and  motion  with 
that  intelligence  which  converts  the  being  who  is 
weakest  in  natural  defence,  to  a  ruler  over  animate 
and  inanimate  nature."  However  flattering  to  our 
pride  this  statement  of  the  great  physiologist  may  be, 


Hand. 

Man 11.82 

GoriU.'i 14.5-1 


Foot.  Hand.     Foot. 

16.96      I      Chimpanzee  .  .  .    18.00     21.00 
20.69      ,      Orang 20.8.3     25.00 

This  superior  length  is  due  mainly  to  the  metacarpal 
bones  and  phalanges. 

With  regard  to  the  primitive  origin  of  limbs  two 
distinct  views  have  been  advanced  by  anatomists. 
According  to  the  first  the  proximal  part  of  the  limb, 
which  we  are  accustomed  to  call  the  shoulder  or  pelvic 
girdle  (scapula  and  clavicle  for  the  arm,  innominate 
bone  for  the  leg),  arises  from  visceral  arches  of  the 
vertebrae,  and  radial  bars  of  cartilage  are  set  upon 
these  for  the  support  of  the  fins.  The  pelvic  girdle  is 
thought  to  have  become  shifted  backward  in  a  marked 
degree.  A  complete  homology,  therefore,  is  believed 
to  exist  between  the  thoracic  and  the  pelvic  limbs. 

The  opposing  view,  which  has  recently  been  rapidly 
gaining  ground,  is  that  the  shoulder  and  pelvic 
girdles  are  formed  from  coalesced  vertebral  elements. 
It  is  held  that  the  most  primitive  form  of  limb  is 


Fig.  2918. — Skeletons  of  the  Thoracic  Limb  of  Lower  Vertebrates,  showing  the  Gradual  Development  of  the  Hand. 


modern  investigation  has  shown  that  it  is  not  anatom- 
ically correct,  as  there  is  nothing  in  the  structure  of 
the  human  hand  that  distinguishes  it,  except  in  degree, 
from  that  of  anthropoid  apes.  Even  Huxley's  state- 
ment, that  the  apes  do  not  possess  an  extensor  of  the 
metacarpal  bone  of  the  thumb,  is  open  to  question. 
Comparative  anatomy  shows  us  in  fact  that  a  general 
t}rpical  form  for  the  thoracic  limb  and  hand  per- 
vades the  entire  vertebrate  series.  This  is  especially 
marked  in  the  mammalia,  and  in  many  cases  the 
student  of  human  anatomy  has  no  difficulty  in  deter- 
mining at  once  the  different  bones  of  the  forefeet  of  an 
animal  which  he  has  never  before  seen.  In  one  case 
within  the  author's  experience,  a  professor  of  obstetrics 
who  was  not  an  anatomist,  was  obliged  to  examine  a 
class  in  anatomy,  and  procured  from  the  cabinet  the 
skeleton  of  a  bear's  forepaw,  which  he  passed  around 
as  belonging  to  the  human  skeleton.  As  the  functions 
of  the  member  vary,  the  different  parts  become 
reduced  or  increased  either  in  size  or  in  number,  but  a 
general  plan  pervades  the  whole,  and  the  fin  of  a  fish, 
the  wing  of  a  bird  or  a  bat,  the  paw  of  an  animal,  are 
all  constructed  on  a  single  tj-pe. 

While  the  differences  between  the  human  hand  and 
that  of  the  higher  apes  are  not  essential,  being  only 
those  of  degree,  yet  the  relative  proportions  of  the 
dififerent  parts  distinguish  it  markedly.  The  following 
table  from  Humphry  shows  the  size  of  the  hand  and 
the  foot  relative  to  the  stature  taken  as  100: 
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simply  a  lateral  skin  fold  extending  along  the  whole 
body,  and  that  into  this  certain  cartilaginous  processes 
or  rays  (actinophores  of  R.vder,  pterygophores  of 
Parker)  extend.  Each  of  these  may  bear  several 
others  extending  radially  through  the  fin.  When 
necessary  for  more  special  forms  of  locomotion,  the 
actinophores  become  united  into  solid  bars  constitut- 
ing the  shoulder  and  pelvic  girdles,  and  the  other 
skeletal  elements  are  distally  situated  rays.  Fig.  2439 
shows  various  forms  of  fins  found  in  primitive  fishes; 
and  it  will  be  seen  that  there  is  a  certain  general 
resemblance  to  a  hand  with  a  large  number  of  digits. 
According  to  this  view  there  is  no  absolute  homology 
between  the  thoracic  and  pelvic  limbs,  but  only  a 
homodynamy.  Between  fishes  with  fins  and  amphibia 
with  feet  there  is  a  gap  which  has  not  yet  been  filled 
up  by  the  discovery  of  intermediate  forms,  but  it 
appears  probable  that  the  limb  in  its  reduced  state  is 
the  result  of  adaptation  to  walking  instead  of 
swimming. 

In  swimming  it  is  necessary  only  to  propel  the  body 
forward,  in  walking  it  must  be  also  supported  and 
raised;  hence  the  necessity  of  the  strong  proximal 
bones  and  the  bending  at  the  shoulder,  elbow,  and 
wrist,  and  at  the  hip,  knee,  and  ankle. 

Fig.  2918,  IV.,  shows  how  closely  the  plan  of  the 
hand  and  arm  of  an  amphibian  corresponds  with  that 
of  man.  From  this  point  up  through  mammals  there 
are  many  modifications,  produced   by  the  peculiar 
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functions  which  the  limbs  are  called  upon  to  perform. 
When  of  use  for  prehension,  digging,  etc.,  the  five- 
fingered  type  remains,  and  it  is  in  fact  the  most 
persistent  of  all;  but  occasionally  the  occurrence  of 
extra  digits  in  the  human  species  reminds  us  of  a 
far-off  ancestry,  in  whom  the  rays  were  more  numerous. 
When  the  anterior  limbs  are  used  more  for  locomotion 
the.v  become  variously  modified  by  stress  and  impact, 
and  lose  unnecessary  digits.  The  reduction  always 
takes  place  laterallj-.  First  the  thumb  becomes 
rudimentary  or  dLsapjjears,  then  the  little  finger,  next 


dicated  by  notches  along  the  edge  of  the  distal  bud 
from  which  converging  grooves  run,  indicating  the 
future  interdigital  spaces  (Fig.  2920,  C).  The  first 
groove  that  appears  is  that  between  the  thumb  and 
the  forefinger.  The  terminal  phalanges  soon  become 
free,  but  the  remaining  portions  of  the  fingers  are 
united  until  the  third  month.  If  development  is 
arrested  here,  we  have  the  fingers  remaining  with  a 
web  between  them,  as  in  the  amphibian  paddle  and  in 
some  quadrupeds.  The  thumbs  become  free  first. 
The  varied  structures  of  connective'tissue,  cartilage. 


i    3 

Fig.  2919. — Skeleton  of  Hand  or  Forefoot  of  Six  Mammals.     I..  Man;  II.,  dog;  III.,  pig;  IV.,  ox;  V.,  tapir;  VI..  horse. 
T,  Radius:  u,  ulna;  o,  navicular;  b,  lunate;  c,  triangular;  d,  greater  multangular;  e,  lesser  multangular;  /,  capitate;  g,  hamate  p,  pisiform: 
1,  thumb;  2,  index-finger;  3,  middle  finger;  4,  ring  finger;  5,  little  finger.      (Gegenbaur.) 


the  second  finger,  then  the  fourth,  and  soon.  The 
discussion  of  the  various  causes  for  this  is  of  extreme 
interest,  but  would  exceed  the  proper  limits  of  this 
article.  The  principal  typical  forms  are  shown  in  Fig. 
2919 

Embryological  evidence  as  to  the  development  of 
the  hand  agrees,  as  far  as  it  can  at  present  be  under- 
stood, with  the  facts  observed  in  the  animal  series. 


Fig.  2920. — Outlines  of  the  Anterior  Extremities  of  Human 
Embryos  at  Different  Ages,  (.\llen  Thompson,  after  His.)  A, 
At  four  weeks;  B,  at  five  weeks;  C,  at  seven  weeks;  D,  at  nine  or 
ten  weeks. 

The  first  rudiment  appears  as  a  thickening  and 
crescentic  protuberance  (see  Fig.  2920,  A),  which 
grows  laterally  from  the  body  wall.  Further  out- 
growth may  be  arrested  at  this  point,  and  in  that  case 
we  have  a  chDd  born  with  a  hand  springing  directly 
from  the  shoulder,  a  species  of  monstrosity  reminding 
one  of  the  flipper  of  a  seal,  and  hence  caUed  phoco- 
melus.  Normally,  however,  other  segments  are 
developed  between  the  first  bud  and  the  body  wall 
(Fig.  2920,  B),  and  in  these  the  bones  of  the  arm 
develop.     The  formation  of   the  fingers  is  first  in- 


bone,  muscles,  nerves,  and  vessels  aU  develop  gradually 
within  this  rudimentary  bud,  as  they  do  in  other  parts 
of  the  body,  by  a  differentiation  of  mesoblastic  cells. 

Some  interesting  problems  are  connected  with  the 
time  and  order  of  ossification  of  the  various  parts. 
The  typical  plan  of  the  hand  is  shown  in  Fig.  2918,  IV. 
In  the  wrist  there  are  originally  nine  bones,  which  are 
arranged  in  two  rows;  those  of  the  first  are  named 
systematically,  the  intermedium  (between  ulna  and 
radius)  ulnare,  radiale,  and  correspond  to  the  navicular, 
lunate,  and  triangular  bones  of  man.  There  is  then  a 
centrale  (sometimes  two,  as  shown  in  the  figure)  found 
in  many  apes  and  rodents,  represented  in  the  second 
month  of  fetal  life  by  a  small  independent  cartilage; 
and  then,  in  a  second  row,  carpales  1,  2,  3,  4., 
and  5,  each  bearing  a  metacarpal  bone.  The  first 
three  of  these  correspond  to  the  greater  and  lesser 
multangular  and  the  capitate  bones,  the  fourth  and 
fifth  uniting  to  form  the  hamate.  The  pisiform 
bone  is  generally  held  not  to  be  an  essential  carpal 
element,  but  a  sesamoid  developed  in  the  tendon  of 
the  extensor  carpi  ulnaris.  A  radial  sesamoid  occurs 
in  some  apes,  and  is  occasionally  found  in  man. 

At  birth  all  the  carpal  bones  are  cartilaginous. 
Ossification  begins  in  the  capitate  (first  year),  then 
follow  the  hamate,  triangular,  lunate,  navicular, 
lesser  multangular  and  greater  multangular  in  about 
that  order,  and  at  intervals  of  from  nine  months  to  a 
year,  so  that  the  carpus  proper  is  complete  during  the 
eighth  year.  The  pisiform  is  somewhat  later,  not 
ossifying  unto  from  the  tenth  to  the  twelfth  year. 

The  metacarpals  follow  the  rule  of  long  bones  and 
ossify  much  earlier,  commencing  in  the  shaft  at  about 
the  ninth  week  of  fetal  life,  an  epiphj-sis  remaining 
cartilaginous.  In  the  metacarpal  bone  of  the  thumb 
this  epiphysis  is  at  the  proximal  end,  but  in  the  others 
it  is  distal.  The  epiphysis  begins  to  ossify  about  the 
third  }-ear.  The  phalanges  ossify  in  a  similar  manner, 
but  the  epiphyses  in  them  are  always  at  the  proximal 
end.     The    agreement    In    ossification    between    the 
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first  metacarpal  and  the  phalanges  has  given  rise  to 
much  speculation.  It  has  been  supposed  to  indicate 
that  the  missing  bone  of  the  thumb  is  not  a  phalanx, 
but  a  true  metacarpal.  Sappey^  believes  the  metacar- 
pal epiphysis  to  be  the  metacarpal  proper,  the  re- 
maining part  being  a  phalanx,  which  would  make  the 
thumb  agree  with  the  other  digits  as  to  the  number  of 
segments,  as  is  the  case  with  some  other  mammals, 
the  sloth,  for  example.  The  metacarpal  bone  proper 
has,  he  supposes,  atrophied  so  as  to  aUow  the  thumb  to 
be  set  farther  back  and  obtain  more  perfect  opposa- 
bility.  It  appears  doubtful  whether  we  ought  to 
accept  this  interpretation,  as  a  proximal  epiphysis 
occasionally  appears  in  the  second  metacarpal,  and 
some  animals  have  both  proximal  and  distal.  It  is 
suggested  that  too  much  weight  should  not  be  given 
by  osteologists  to  epiphyseal  ossifications,  as  it  appears 
probable  that  their  presence  or  absence  depends  very 
much  upon  the  activities  of  the  animal  in  producing 
strains  upon  the  skeletal  elements. 

The  hand  is  regarded  as  divided  topographically 
into  three  regions:  the  wrist,  middle  hand,  and  fingers 

corresponding   to   the  skeletal  divisions  of   carpus, 

metacarpus,  and  phalanges. 

Region  of  the  Wrist. — Externally  this  region  is 
not  very  precisely  defined.  Its  upper  limits  are 
generally  regarded  as  marked  in  front  by  the  upper 
transverse  crease  which  runs  across  the  forearm, 
always  quite  well  marked  even  in  extreme  extension. 
Its  lower  limits  are, marked  by  another  furrow,  which 
curves  around  the  base  of  the  thumb.  Behind,  the 
marks  of  limitation  are  by  no  means  as  clear.  Upon 
strongly  extending  the  hand  (dorsal  flexion)  there 
appear  three  or  more  furrows  which  correspond  in  a 
general  way  to  the  joints  of  the  wrist,  viz.,  the  radio- 
carpal, mediocarpal,  and  carpometacarpal.  Although 
described  as  such  by  Malgaigne,  they  are  not  prac- 
tically good  guides  to  the  joints  in  question. 


,  flex,  carpi  nidialis.        ^ 


V.  t.  m.  flex.  Poll,  long 


V.  t.  mm.  flex- 

orum  proprioruii 


/  B.pubtend.flcx 

carpi  ulnarig. 

•  Volar  carpal  ligt- 

t.  Jigitales 


Fig.  2921.— Synovial  Sheaths  of  the  Palmar  Surface  of  the  Hand. 

The  muscles  of  the  arm  as  they  reach  the  wrist  all 
become  reduced  to  comparatively  "small  tendons,  which 
pass  over  this  region  to  a  distal  insertion,  the  flexors 
lying  on  the  volar  surface,  and  the  extensors  on  the 
dorsal  and  radial.  The  wrist  is,  therefore,  the  nar- 
rowest part  of  the  limb,  and  this  afl'ords  an  increased 
facility  of  motion  to  the  hand  as  a  whole.  The  bonv 
parts  are  so  arranged  as  to  form  an  arch  with  the 
concavity  forward,  filled  with  the  descending  flexor 
tendons  and  the  great  vessels  and  nerves.  Under 
the  skin  of  the  volar  surface,  which  is  smooth  and  with- 
out hairs,  can  easily  be  felt  the  prominent  points  of  this 
arch,  viz.,  on  the  radial  side  the  tubercle  of  the  na- 
vicular, on  the  ulnar  the  pisiform.  These  vary  in 
prominence  in  dUTerent  individuals.  It  is  not  uncom- 
mon for  uninstructed  persons  to  suppose  that  they 
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have  "a  bone  out,"  and  unscrupulous  quacks  take 
advantage  of  this  notion  to  work  supposed  cures. 

Upon  flexing  the  hand  a  tendon  starts  up.  ThLs  be- 
longs to  the  palmaris  longus,  and  in  a  lean  wrist  it 
can  be  plainly  seen  to  spread  out  and  become  continu- 
ous with  the  palmar  fascia.  On  the  radial  side  of  the 
palmaris  tendon,  and  close  to  it,  can  be  easily  felt  the 
tendon  of  the  flexor  carpi  radialis.  Behind  and 
between  these  two  lies  the  median  nerve.     When  the 


V.t.  extens.  carpi 
ulnaris 

Dorsal  carpal 


V.t.  ext.  min.  dig 


V.t.  ext.  com- 
munis et  indicii 


V.t.  ext.  longi  poUicia, 
:  V.t.  est-  carpi  radial- 


/  V.t.  abd.  long.  et. 
,    ext.  brev.  pollicis. 


FiQ.  2922. — Synovial  Sheaths  of  the  Dorsal  Surface  of  the  Hand. 

superficial  volar  artery  is  large,  it  may  be  seen  to 
pulsate  where  it  lies  alongside  of  the  tubercle  of  the 
navicular.  The  radial  artery  usually  does  not  appear 
here,  having  already  passed  laterally  under  the  extensor 
tendons  of  the  thumb  to  reach  the  dorsum  of  the  hand. 
The  point  where  the  pulse  is  usually  felt  is  not,  strictly 
speaking,  within  the  anatomical  region  of  the  wrist, 
but  upon  the  lower  end  of  the  radius.  It  is  ad- 
mirably adapted  for  the  purpose,  as  the  artery  here 
lies  upon  a  bony  bed,  may  be  easUy  compressed,  and 
is  about  to  make  a  sudden  and  abrupt  curve.  Hence 
a  careful  palpation  shows  at  once  the  amount  of 
tension  of  the  arterial  wall.  By  extending  the  wrist, 
the  artery  may  be  slightly  stretched  and  the  struc- 
tures above  it  rendered  tense,  so  that  it  may  be  stUl 
more  easily  felt.  Occasionally  the  superficial  volar  is 
given  off  higher  than  usual,  and  makes  a  secondary 
pulsation,  the  "pulsus  duplex"  of  old  authors  (not 
the  pulsus  dicrotus).  I  this  case  it  is  easy  to  control 
it  by  pressing  it  againstnhe  navicular.  On  the  ulnar 
side,  the  flexor  carpi  ulnaris  tendon  shows  promi- 
nently in  flexion  of  the  wrist,  as  it  passes  down  to  its 
insertion  on  the  pisiform  bone,  and  radially  from  this 
the  pulsation  of  the  ulnar  artery  may  be  felt.  The 
tendons  of  the  flexors  of  the  fingers  lie  deeper. 

The  skin  upon  the  volar  surface  of  the  wrist  is  firmly 
bound  to  the  deeper  structures  bj-  a  very  thin  layer 
of  subcutaneous  tissue,  and  it  is  therefore  difficult 
to  make  a  flap  from  it  in  amputating  the  forearm. 
Flexion  has  produced  a  number  of  transverse  mark- 
ings. These  are  the  rasceia  of  the  chiromants,  a  word 
derived  from  the  Arabic,  signifying  wrist.  There  are 
usually  three  of  these,  and  they  are  not  only  prominent 
in  all  states  of  the  hand,  but  are  found  in  fetal  life. 
An  attempt  has  therefore  been  made  to  give  them 
significance  as  characteristic  signs,  but  when  we  reflect 
that  the  hand  of  the  fetus  is  also  movable  and 
actively  used,  and  that  its  condition  is  one  of  pro- 
nounced flexion  of  all  the  joints,  it  is  not  surprising, 
in  view  of  the  peculiar  relations  of  the  skin  and  sub- 
dermal  tissue,  that  these  as  well  as  the  lines  of  the 
palm  should  be  formed. 

Across  the  volar^surface  of  the  wrist  passes  a  thick 
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band  of  fascia,  called  the  volar  carpal  ligament.  This 
being  attached  to  the  bony  prominences  on  either 
side,  confines  the  tendons  in  the  deep  carpal  furrow  or 
canal.  The  continual  friction  of  the  tendons  along 
this  furrow  has  caused  extensive  synovial  sacs  or 
sheaths  to  be  formed.  Occasionally  but  a  single  one 
occurs,  enclosing  all  the  tendons.  The  usual  arrange- 
ment is,  however,  for  two  sheaths  (Fig.  2921),  one 
(vagina  tendinum  musculorum  flexorum  communium) 
surrounding  the  tendons  of  both  superficial  and  deep 
flexors,  the  other  (vagina  tendinis  musculi  flexoris 
poinds  longi)  surrounding  the  tendon  of  the  flexor 
longus  pollicis.  The  former  sheath  is  almost  alwa3's 
continuous  with  the  sheath  of  the  little  finger,  and 
amputation  of  that  digit  is  therefore  more  apt  to  be 
followed  by  extensive  suppuration  than  that  of  the 
index,  middle,  or  ring  fingers.  These  extensive  syno- 
vial sacs  are  very  troublesome  when  inflamed,  as  they 
may  lead  to  extensive  suppuration  of  the  forearm,  and, 
indeed,  death  has  been  known  to  follow.  An  amputa- 
tion of  the  hand  is  much  less  serious. 

Upon  the  dorsal  surface  of  the  wrist  the  skin  is  much 
more  movable,  somewhat  hairy,  and  without  promi- 
nent furrows.  Under  it  may  be  seen  two  prominent, 
bony  eminences — first,  the  round  head  of  the  uhia, 
second,  the  more  obscure,  pointed  styloid  process  of  the 
radius.  From  tliLs  latter,  running  toward  the  thumb, 
the  tendon  of  the  long  abductor  of  the  thumb  appears 
on  extension,  and  a  short  distance  from  it  the  short 
extensor.  The  triangular  space  between  these  has 
been  called  la  labatiere  anatomique,  or  anatomist's  snuff- 
box, because  it  was  formerly  the  custom,  when  snuff- 
taking  was  fashionable,  to  carry  snuff  to  the  nose  in 
this  little  hollow  (Hyrtl).  By  pressing  firmly  on  this 
space,  the  beating  of  the  radial  artery  may  be  felt 
as  it  passes  under  the  tendons  to  reach  the  first 
metacarpal  interspace,  where  it  passes  into  the  palm. 
It  here  rests  on  the  navicular  and  greater  multangular 
bones.  Over  the  back  of  the  wrist  and  hancl  the 
tendons  which  come  down  from  above,  and  are  at  first 
closely  pressed  together,  begin  to  spread  out  to  go  to 
their  respective  insertions.  These  tendons  are,  from 
within  outward,  those  of  the  extensor  carpi  ulnaris, 
extensor  digiti  quinti  proprius,  extensor  digitorum 
communis,  extensor  indicis  proprius,  and  the  extensors 
of  the  thumb.  These  tendons  are  confined  by  a  dorsal 
carpal  ligament,  and  are  furnished  with  synovial 
sheaths,  as  shown  in  Fig.  2922.  The  affection 
popularly  known  as  weeping  sinew  (ganglion)  is 
rather  common  in  connection  with  these  sheaths. 

The  smaD  bones  of  the  skeleton  of  the  wrist  are  un- 
doubtedly of  considerable  value  in  breaking  and  dis- 
persing the  shocks  transmitted  from  the  lower  hand. 
The  general  plan  of  its  construction  has  been  already 
alluded  to.  We  may  consider  the  radius  as  bearing, 
first,  the  navicular  (radiale),  which  in  turn  bears  the 
greater  and  lesser  multangular  (carpales  I.  and  II.), 
the  supporters  of  the  first  and  second  metacarpals; 
second,  the  lunate  (intermedium),  which  bears  the 
capitate  (carpale  III.)  and  the  third  metacarpal.  The 
ulna  does  not  directly  join  with  the  wrist,  its  carpal  bone, 
the  triangular  (ulnare),  being  separated  from  it  by 
the  articular  disc.  This  bears  the  hamate  (carpales  IV. 
and  V.  united)  and  the  fourth  and  fifth  metacarpals. 
The  joints  and  ligaments  of  the  wrist  will  be 
treated  in  a  separate  article. 

Region  of  the  Middle  Hand. — The  muscles  which 
belong  to  the  hand  proper  are  arranged  m  two  groups, 
one  upon  the  radial  side,  making  an  elevation  called 
the  thenar  eminence;  another  on  the  ulnar  side,  called 
by  correspondence  the  hypothenar  eminence.  The 
upper  part,  where  these  two  join,  is  called  the  ball  of 
the  hand,  or  by  French  anatomists  le  talon  de  la  main. 
The  central  portion  between  the  eminences  is  the  hol- 
low of  the  hand,  and  it  can  be  contracted  and  deep- 
ened by  the  action  of  the  muscles  on  either  side. 
Because  of  this,  it  was  called  by  the  old  anatomists 


poculum  Diogenis,  or  Diogenes'  cup,  in  allu  ion  to  the 
story  that  the  cynic  philosopher,  on  seeing  a  shepherd 
drink  from  his  hand,  vowed  to  use  this,  henceforth  as 
the  simplest  possible  utensil,  instead  of  the  rude 
wooden  cup  which  he  had  heretofore  deemed  the 
acme  of  simplicity.  Around  this  hollow  are  set  the 
so-called  "mounts"  of  chiromancy,  governed,  as 
is  asserted,  by  the  seven  planets.  The  thenar  eminence 
is  styled  the  mount  of  Venus,  and  we  may  see  a  sur- 
vival of  the  old  notion  in  the  fact  that  among  the 
vulgar  a  titillation  of  this  surface  s  believed  to  excite 
amatory  passion.*  It  is  possible  that  there  may  be 
an  anatomical  basis  for  this  belief.  An  inspection  of 
Fig.  2930  will  show  that  the  region  in  question  lies 
in  the  boundary  between  the  distribution  of  the  ulnar 
and  the  median  nerves,  and  is  somewhat  less  fully 
supplied  than  are  other  parts  of  the  hand.  It  is, 
therefore,  like  other  regions  with  the  same  character 
of  nerve  distribution,  susceptible  to  that  obscure 
form  of  nervous  excitement  called  "tickling,"  which 
is  known  to  cause  a  variety  of  reflex  acts.  We  are  as 
yet  hardly  sufficiently  versed  in  the  laws  of  trans- 
mission of  impulses  to  decide  absolutely  that  this  may 
not  have  a  reflex  effect  connected  with  the  genital  ap- 
paratus, especiaUy  if  aided  by  an  association  of  ideas. 

The  lower  part  of  the  hypothenar  eminence  is  called 
by  palmisters  the  mount  of  the  Moon,  its  upper  the 
mount  of  Mars.  At  the  root  of  the  four  fingers  are 
the  other  mounts,  which  anatomical  peculiarities  are 
caused  by  the  insertion  into  the  roots  of  the  fingers  of 
the  strong  palmar  fascia,  by  slips  between  which  the 
tissues  bulge.  The  mount  of  Jupiter  belongs  to  the 
index,',Saturn  to  the  mediums,  the  Sun  to  the  ring  finger, 
and  Mercury  to  the  little  finger.  That  this  absurd 
farrago  is  not  entirely  obsolete  the  author  has  had 
ample  evidence,  as  several  intelligent  people  have 
assured  him  that  they  believe  that  these  eminences 
have  power  to  attract  the  seven  different  qualities  of 
"astral  fluid,"  and  the  doctrine  has  been  fully  set 
forth  in  more  than  one  serious  treatise  within  the 
last  ten  years. ', ',  ^  ^  ',  *.  Indeed,  it  would  seem 
as  if  the  advances  of  science  in  the  present 
century,  instead  of  extinguishing  ignorant  pretension, 
had  caused  pseudo-sciences  to  spring  up  by  the  score. 
Dazzled  and  bewOdered  by  the  evidences  seen  on  every 
hand  of  the  power  of  science,  those  untrained  in  the 
exact  methods  of  scientific  research  are  unable  to  dis- 
tinguish between  the  true  and  the  false,  and  a  vast 
field  is  left  open  for  charlatans  and  visionaries.  The 
old  astrologists  believed  not  only  that  the  hand  w-as 
governed  by  the  influence  of  the  stars,  but  that  certain 
signs  were  fixed  upon  it  before  birth,  and  became  a 
basis  from  which  to  interpret  the  individual's  charac- 
ter and  constitution.  Since  this  character  and  con- 
stitution have  their  limitations,  signs  for  these  also 
were  found  in  the  hand;  and  they  further  assumed 
that  future  events,  such  as  sickness,  death,  and  other 
matters  of  fortune  or  misfortune,  could  be  foretold. 
There  were  many  who  went  inu'^h  farther  than  thL-! 
into  all  the  excesses  of  charlatanry. 

The  hand,  being  the  servant  of  the  mind,  is  modified 
and  changed  according  to  the  use  to  which  it  is  put; 
hence,  say  the  palmisters,  this  organ  is  the  appropriate 
index  of  character,  and  the  lines  of  the  hand,  caused  by 
the  nervous  influences  actuating  different  muscles,  and 
the  tension  and  stress  exerted  on  the  skin,  must  be,  if 
truly  interpreted,  a  most  significant  guide.  A  little 
reflection  will  show  that  the  modern  disciples  of 
palmistry  have  fallen  into  the  same  error  as  have  the 
physiognomists  and  phrenologists,  in  that  they  expect 
to  "obtain  exact  and  detailed  particulars  by  examining 
physical  characters  which  are  highly  generalized,  being 
the  result  of  a  great  number  of  separate  physiological 
processes  and  acts. 

Certain   general  notions  as  to  bodily  constitution, 

•  lago  says  of  Dcsdemona:  "  Didst  thou  not  see  her  paddle  with 
the  palm  of  his  hand?  Lechery  by  this  hand,  an  index  and  obscure 
prologue  to  the  history  of  lust  and  foul  thoughts." 
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use,  and  adaptabOity  can  undoubtedly  be  made  out 
upon  the  inspection  of  the  hand;  but  there  appears 
to  be  no  warrant  for  any  exact  detaUs.  The  principal 
lines  are  shown  upon  Fig.  2923. 

It  will  be  seen  that  they  form,  rudely,  the  letter  M. 
The  one  running  around  the  baU  of  the  thumb  and 
marking  off  the  thenar  eminence  was  known  to  the  old 
chiromants  as  the  linea  vitalis,  or  line  of  life.  Meas- 
urements along  this,  made  by  describing  arcs  of  circles 
from  the  several  mounts,  were  believed  to  represent 
different  periods  of  life,  and  any  break  in  the  line  at 


Fia.  2923. — Surface  Markings  on  the  Palm  of  the  Hand.  The 
thick  black  lines  represent  the  chief  creases  on  the  skin.  (Altered 
from  Treves.) 

the  points  where  these  crossed  was  said  to  indicate 
sickness  or  death  at  that  period.  This,  gravely  set 
forth  in  all  recent  works  on  palmistry,  also  appears  in 
books  of  the  sixteenth  century,  and  probably  farther 
back.'  This  fold,  with  another  which  occasionally 
occurs  running  from  the  wrist  toward  the  finger, 
centrally  through  the  palm,  and  called  the  saturnine 
line,  or  linea  fortunce,  indicates  to  an  anatomist  only 
the  action  of  the  adductor  pollicis  in  drawing  the  thumb 
over,  and  is  deep  or  almost  entirely  absent  as  the 
thumb  has  great  or  little  flexion.  The  statement 
is  made  by  Langer,"  that  the  saturnine  line  is  not 
found  in  any  but  those  of  pure  Caucasian  race.  As 
it  is  well  marked  in  the  chimpanzee,  this  seemed  open 
to  doubt,  and  the  author  has  examined  the  hands  of 
several  negroes  to  ascertain  if  the  statement  had  any 
foundation.  In  aU  those  examined  it  showed  with 
great  clearness,  even  better  than  in  whites. 

From  the  radial  border  of  the  hand,  near  the  upper 
end  of  the  linea  vitalis,  arises  the  linea  cephalica,  or 
head  line,  which  passes  obliquely  across  the  palm, 
disappearing  near  the  ulnar  edge.  The  value  of  this 
line  to  a  surgeon  i.'  considerable,  as,  where  it  crosses 
the  fourth  metacarpal  bone,  it  marks  the  superficial 
palmar  arch  (see  Fig.  292.3). 

The  arch  may  in  some  individuals  be  seen  to  pulsate 
strongly  at  this  point.     The  commencement  of  the  line 
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indicates  the  metacarpo-phalangeal  joint  of  the  index 
finger.  It  appears  to  be  caused  by  the  flexion  of  the 
four  fingers,  and  corresponds  rather  closely  to  the 
origin  of  the   lumbricales  from  the  flexor  tendons. 

Another  line,  not  so  extensive,  is  the  linea  mensalis, 
or  heart  line,  which  extends  across  under  the  mounts 
at  the  bases  of  the  third,  fourth,  and  fifth  fingers.  It 
is  a  little  behind  the  metacarpo-phalangeal  joints,  and 
expresses  flexion  there  of  the  three  outer  fingers,  which 
usually  act  together.  The  name  mensalis  was  given 
it  because  the  names  of  the  mounts  were  also  names  of 
months. 

Besides  the  lines  described,  a  number  of  others  are 
mentioned  by  the  chu-omants,  and  in  some  hands  there 
is  a  complete  network.  The.se  might  be  of  value  for 
the  purpose  of  proving  personal  identity  in  medico- 
legal cases.  The  occupation  of  the  individual  may 
occasion  marks,  callosities,  and  discolorations  of  the 
skin,  alterations  of  the  naUs  and  hairs,  formation  of 
special  bursse,  and  even  changes  in  the  articulations, 
muscles,  and  bones,  which  are  of  importance  in  deter- 
mining identity.  The  limits  of  this  article  will  not 
permit  of  a  full  treatment  of  this  subject,  which  has 
been  very  carefuUy  examined  by  Vernois."  The  shape 
of  the  hand  may  be  permanently  altered  by  the  use  of 
tools.  The  epidermis  of  the  horny  hand  of  a  laborer 
may  be  so  thick  as  to  prevent  the  eruption  of  an  ab- 
scess. The  subcutaneous  connective  tissue  of  the 
palm  is  composed  of  short  and  thickly  set  fibrous 
bands,  which  firmly  unite  the  skin  with  the  deep 
fascia,  forming  partition  walls  of  little  chambers  which 
contain  fat.  When  the  tissue  is  cut  through,  these 
little  adipose  masses,  released  from  their  confinement, 
extend  beyond  the  edges  of  the  wound.  This  arrange- 
ment secures  a  considerable  degree  of  elasticity  and 
protection.  Abscesses  do  not  usually  point  under 
thicker  parts  of  the  subcutaneous  tissue,  but  seek  the 
ball  of  the  thumb  and  the  hypothenar  eminence. 

The  deep  fascia  is  a  strong  and  firm  sheet,  triangular 
in  shape,  the  palmaris  longus,  its  tensor,  being  inserted 
at  the  point  of  the  triangle.  Indeed,  so  continuously 
are  the  two  united,  that  we  may  properlj'  consider  the 
fascia  to  be  an  expansion  of  the  tendon.     It  occurs, 


Fio.  2924. — Horizontal  Section  of  the  Hand  through  the  Middle 
of  the  Thenar  and  Hypothenar  Eminences.  (TiUaux.)  o, 
Metacarpal  bone;  b,  first  dorsal  interosseus;  c,  palmaris  brevis;  d, 
abductor  quintidigiti;  e,  flexor  brevis  quinti  dig.:/,  opponens  quinti 
dig.;  0,  flexor  poll,  brevis;  h,  abductor  poll.;  i,  opponens  poll.; 
j,  adductor  poll.;  k,  flexor  poll.  long. /,  dorsal  interossei;  m,  palmar 
interossei;  n,  flexor  subUmis;  o,  flexor  profundus;  p,  superfic. 
volse;  q,  median  nerve,  and  (on  medial  side')  ulnar  artery  and  nerve; 
r,  deep  palmar  arch;  1,  palmar  fascia;  2,  lateral  septum;  3,  medial 
septum;  4,  deep  fascia  of  palm. 

however,  when  the  muscle  is  wanting.  Opposite  the 
fingers  it  splits  into  four  processes,  which  are  inserted 
by  these  slips  at  the  bases  of  the  fingers  and  into  the 
sheath  of  the  flexor  tendons  and  the  first  finger-joint. 
Through  these  slips,  the  palmaris  acts  therefore  as  a 
flexor  of  the  fingers.  A  chronic  shortening  of  this 
sheet  is  known  as  Dupu.vtren's  contraction,  and  is 
always   accompanied    by    a   permanent   bending    of 
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lingers.  The  little  finger  and  ring  finger  are  most 
affected;  the  thumb  never,  as  it  receives  only  a  very 
insignificant  slip  of  the  palmar  fascia. 

A  band  of  fascial  fibers  stretches  across  the  roots  of 
the  fingers,  and  is  known  as  the  superficial  transverse 
ligament.  A  thin  fascia  also  separates  the  interosse- 
ous muscles  from  the  rest  of  the  palm.  The  meta- 
carpal bones  of  aU  the  fingers  except  the  thumb  are 
bound  together  at  their  distal  ends  by  a  strong  strip 
called  the  t  ransverse  metacarpal  ligament,  an  d  processes 
extend  between  this  and  the  palmar  fascia,  making 
thus  distinct  chambers  through  which  the  flexor 
tendons  pass  as  they  go  down  to  the  fingers.  It  is 
through  this  passage  that  suppuration  extends  from 
the  fingers  into  the  palm. 

Another  series  of  orifices  at  the  sides  of  the  fingers 
permits  the  coUateral  vessels  and  nerves  and  the 
tendons  of  the  lumbricales  to  reach  the  fingers. 

The  structures  beneath  the  palmar  fascia  are  con- 
tained in  three  compartments,  which  are  separated  by 
intermuscular  septa;  one  (see  Fig.  2924),  radial, 
separates  the  muscles  of  the  thenar  eminence  and 
becomes  continuous  below  with  the  sheath  of  the 
adductor  poUicis,  passing  with  it  to  be  inserted  into 
the  third  metacarpal;  the  other,  ulnar,  is  attached  to 
the  volar  border  of  the  fifth  metacarpal,  separating 
off  the  muscles  of  the  hypothenar  eminence.     The 


middle  compartment  is  the  most  important,  as  it 
contains,  besides  the  flexor  tendons  and  their  accessory 
muscles,  the  vessels  and  nerves  of  the  palm.  The 
following  table  gives  the  principal  facts  regarding  the 
muscles  of  the  palm,  as  stated  by  the  best  authorities. 

It  should  be  noted  that  between  the  two  heads  of  the 
flexor  pollicis  brevis  the  tendon  of  the  long  flexor  of  the 
thumb  passes,  lying  in  the  groove  of  the  greater 
multangular  bone.  The  deep  head  of  this  muscle 
(supplied  by  the  ulnar  nerve),  as  usually  described, 
should  rather  be  called  a  portion  of  the  adductor 
pollicis,  with  which  it  is  somewhat  closely  allied.  The 
palmaris  brevis,  by  its  contraction,  probably  assists 
to  protect  the  ulnar  artery  and  nerve,  which  pass 
directly  under  it.  When  the  fist  is  firmly  clenched, 
this  muscle  assists  in  tightening  the  palmar  aponeu- 
rosis, and  is  situation  is  marked  by  a  little  hollow  on 
the  ulnar  side  of  the  hand.  It  is  not  usually  capable 
of  independent  action,  but  the  author  has  found  some 
persons  who  had  the  pow-er  to  move  it  at  will,  thus 
wTinkling  the  skin.  It  appears  to  be  a  muscle  derived 
from  the  panniculus  carnosus,  like  the  small  muscles 
yf  the  face. 

The  lumbricales  are  so  called  because  of  their  round, 
worm-like  appearance.  The  old  anatomists,  because 
of  their  use  in  flexing  and  extending  the  fingers,  called 
them  fiducinales,  or  fiddler's  muscles. 


Origin 

Insertion 

Innervation 

Action 

Thekar  Muscles 

Abductor  pollicis  brevis. 

Tubercle    of    na\'icular, 

Base     first    phalanx    of 

Median 

Abducts    and    rotates    thumb    and    extends 

ridge    of    greater  mul- 

thumb. 

second  phalanx. 

tangular,         transverse 

carpal  ligament. 

Opponens  pollicis 

Ridge   of    greater    mul- 

Metacarpale    I.     along  i  Median 

Brings  first  metacarpal  forward  and  rotates  it 

tangular  and  transverse 

whole  length.                    1 

inward. 

carpal  ligament. 

Flexes  and  rotates  first  phalanx  of  thumb. 

Flexor  pollicis  bre\-is. . .  . 

Ridge    of  greater    mul- 

Base   first    phalanx    of   Outer     head 

tangular  and  transverse 

thumb,  with  sesamoids,      median.  In- 

carpal ligament. 

ner        head 

Adductor  pollicis 

ulnar. 

Oblique  head 

Volar  surface  of  greater 

Ulnar     side     base     firsti   Ulnar Adducts  thumb. 

and  lesser  multangular 

phalanx  of  thumb. 

and      capitate      bones, 

bases    of    metacarpalia 

II.  Ill  and  IV.  neigh- 

boring   ligaments    and 

sheath    of   Flexor  carpi 

radialis. 

Transverse  head 

Volar      surface      meta- 

Same 

carpale  III. 

Hypothenar  Muscles. 

Abductor  quiati  digiti.. 

Pisiform      and      tendon 

Base  first  phalanx  digit    Ulnar 

Draws  little  finger  away  from  others. 

flexor  carpi  ulnaris. 

v.,  with  sUp  to  extensor: 

tendon.                               ;                           | 

Opponens  quinti  digiti. . 

Hook    of    hamate    bone 

Ulnar    border    metacar-i  Ulnar' |  Draws  Utile  finger  forward,  narrows    hand, 

and    transverse     carpal 

pale  V.                               ! 

and  deepens  hollow. 

ligament. 

.    1 

Flexor       brevis       digiti 

Hook    of   hamate    bone 

Base  first  phalanx  digiti  i  Ulnar 

Keeps  phalanx  firmly  down  in  grasping. 

quinti 

and    transverse    carpal 
ligament. 

V. 

Palmaris  brevis 

Palmar  fascia  and  trans- 
verse carpal  ligament. 

Skin  of  ulnar  border  of 
palm. 

Ulnar 

Draws  up  integument  on  inner  side. 

Median  Muscles. 

Lumbricales 

Radial   sides   of   tendon 
of  flexor  digitorum  pro- 

Radial  sides  of  tendons   First  two  by 
of   extensor   communis      median,  last 

Extensors  of  last  two  phalanges,  flexors  of 

first  phalanges  when  these  are  semiflexed  by 

fundus. 

digitorum      and      first     two           by 

the  dorsal  interossei.     The  first  and  second 

phalanges.                              ulnar. 

are  abductors  and  rotators,  the  third  and 
fourth  adductors  and  rotators. 

Volar  interossei 

Volar  surface   of   meta- 

Bases  of  first  phalanges    Ulnar 

Extensors  of  last  two  phalanges,  adductors 

carpaUa    I.,     II..     IV.. 

digit.  I..  II.,  IV.,  and  V. 

and  rotators,  flexors  of  first  phalanges.     The 

and  V. 

first  is  often  described  as  the  deep  head  of  the 

Adjacent  aides  of  meta- 

Base  of   first   phalanges 

Flexor  pollicis  b^e^'i3. 

carpals,   more  particu- 

digit.    II..    III.,      and, 

Dorsal  interossei 

larly  upon  those  of  the 

IV.,    and    to    extensori  Ulnar 

Flexors  and  abductors  of  first  phalanges,  and 

finger    where   insertion 

tendon. 

in  slight  degree  rotators.     The  third  extends 

occurs. 

last  two  phalanges.  The  first  is  sometimes 
called  the  Abductor  indicis. 
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Fig.  2925. — Bones  of  Two  Fingers,  ^\-ith  the  Insertions  of  the  Tendons.  (R. 
Quain.)  In  .4,  the  tendons  of  the  flexor  muscles  are  bound  to  the  bones  by  the 
fibrous  sheath.  In  B.  the  sheath  has  been  removed,  as  well  as  the  vincula  acces- 
soria;  1,  metacarpal  bone;  2,  tendon  of  the  flexor  sublimis;  3,  tendon  of  the  flexor 
profundus;  *,  perforation  of  the  sublimis  by  the  profundus  tendon;  4,  tendon  of 
the  extensor  digitonim  communis;  5,  lumbricalis  muscle;  6,  one  of  the  interosseous 
muscles. 

Duchenne^- noticed  that  in  persons  who  were  suffer- 
ing from  lead  paralysis,  and  had  therefore  no  control 
over  the  extensor  muscles  supplied   from  the  radial 


Fig.  2926. — Superficial  Muscles  and  Tendons  on  the  Back  of  the 
Wrist  and  Hand.  (After  Bourgery).  The  dorsal  carpal  liga- 
ment is  represented.  1,  Abductor  longus  polUcis;  1',  its  insertioii; 
2,  extensor  brevis  poUicis;  2',  its  insertion;  3,  tendon  of  extensor 
longus  poUicis;  4,  extensor  digitorum  communis;  4',  tendon  of  the 
middle  finger  recei\'ing  the  insertion  of  the  second  and  third  dorsal 
interosseous  muscles;  4",  division  of  the  tendon  into  three  portions, 
of  which  the  median  is  inserted  into  the  second  phalanx,  the  two 
lateral  passing  on  to  be  inserted  at  4'"  into  the  terminal  phalanx; 
5,  extensor  digiti  quinti;  5',  its  junction  with  the  slip  of  the  common 
extensor;  6,  placed  on  the  lower  end  of  the  ulna,  points  to  the 
extensor  carpi  ulnaris;  6',  insertion  of  this  muscle  into  the  base  of 
the  fifth  metacarpal  bone;  7.  part  of  the  flexor  carpi  ulnaris;  S, 
placed  on  the  os  capitatum,  points  to  the  insertion  of  the  extensor 
breWs  carpi  radialis;  8',  placed  on  the  base  of  the  second  metacarpal 
bone,  points  to  the  insertion  of  the  extensor  longus  carpi  radialis; 
9,  tendon  of  extensor  indicis;  10,  small  part  of  the  adductor  poUicis, 
and  inner  head  of  the  flexor  brevis  pollicis;  11,  first  dorsal  inter- 
osseous or  abductor  indicis;  in  the  other  three  interosseous  spaces 
are  seen  in  succession,  from  the  radial  side  inward,  the  insertion  of 
the  second  palmar,  second  dorsal,  third  dorsal,  third  palmar, 
fourth  dorsal,  and  fourth  palmar  interosseous  muscles;  12.  abductor 
digiti  quinti. 
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nerve,  there  was  still  some  power  of  ex- 
tension in  the  second  and  third  phalanges. 
The  statement  made  in  the  table  as  to 
the  action  of  the  lumbricales  is  that  of 
Adam,''  founded  upon  observations  made 
on  the  cadaver,  and  with  electrical  exci- 
tation with  special  instruments. 

Fig.  2925  shows  the  manner  of  inser- 
tion of  the  lumbricales,  as  well  as  that  of 
the  interossei  and  the  flexor  tendons. 

Besides  the  muscles  mentioned  in  the 
table,  the  tendons  shown  In  Fig.  2925  lie 
in  the  hollow  of  the  hand.  As  they  ap- 
proach the  fingers,  the  tendons  of  the 
superficial  flexor  lie  immediately  upon 
those  of  the  deep,  and  in  fact  embrace 
them  in  a  groove  upon  their  under  sur- 
face, this  groove  deepening  until  it  at  last 
becomes  a  slit  through  which  the  tendons 
of  the  deep  flexor  pass.  It  is  therefore 
impossible  to  cut  the  tendons  of  the 
superficial  flexor  without  at  the  same  time  cutting 
tliose  of  the  deep  flexor. 

The  back  of  the  hand  is  convex,  and  shows  plainly 
the  metacarpal  bones.  When  laid  upon  a  flat  surface, 
it  is  comparatively  flat,  but  when  the  flexor  tendons 
act  they  pull  the  bones  together  in  such  a  way  as  to 
increase  the  convexity.  The  adaptability  of  this  for 
the  purpose  of  firmly  seizing  objects  may  be  seen  by 
reference  to  Fig.  2928.  When  the  fingers  are  extended 
and  spread  apart,  the  extensor  tendons  shown  in 
Fig.  2926  are  well  displayed. 

Shallow  furrows  appear  between  the  tendons,  and 
at  the  lower  part  of  the  dorsum  the  heads  of  the  meta- 
carpal bones  become  prominent.  At  the  base  of  the 
fingers  the  skin  becomes  thinned  out  into  an  inter- 
digital  web  semilunar  in  shape.  The  web  between 
the  thumb  and  the  index  finger  is  thicker  and  more 
marked  than  elsewhere,  because  it  contains  in  front 
the  adductor  of  the  thumb  where  it  becomes  free  from 
the  first  dorsal  interosseous  muscle,  which  covers  it 
in  the  upper  part  of  the  interspace.  As  the  skin  and 
fascia  on  the  dorsal  surface  of  the  web  are  thinner 
than  on  the  palmar,  abscesses  of  the  palm  which  reach 
the  base  of  the  fingers  usually  discharge  behind. 

The  skin  of  the  dorsum  is  in  many  respects  the  oppo- 
site of  that  of  the  palm,  being  thin,  easily  movable, 
hairy,  especially  toward  the  ulnar  side,  and  but 
slightly  sensitive.  Edema  is  much  more  quickly 
shown  here,  the  subcutaneous  tissue  being  loose. 
\umerous  veins  course 
through  it  and  some  idea 
can  be  obtained  of  the 
tonicity  of  the  vascular 
walls  by  noting  their  visi- 
bility through  the  .skin. 
They  vary  much,  however, 
in  different  individuals. 

The  deep  fascia  forms  the 
sheaths  of  the  tendons  as 
they  pass  down.  .  These 
tendons  are  arranged  in  two 
sets,  which  may  be  said  to 
represent  a  superficial  and 
a  deep  extensor  similar  to 

the  arrangement  of  the  flexors.  To  the  superficial  ex- 
tensor belong  the  tendons  of  the  extensor  communis  and 
the  extensor  digiti  quinti,  which  pass  down  under  the 
ligament  almost  vertically,  diverging  to  their  respective 
insertions  after  reaching  the  dorsum.  The  tendons  of 
the  communis,  which  go  to  the  last  three  fingers,  are 
united  by  oblique  bands.  This  restricts  the  motion 
of  the  ring  finger  to  a  considerable  degree,  and  it 
cannot  be  fully  extended  when  the  third  or  fifth  digit 
is  held  firmly  flexed.  Subcutaneous  section  of  these 
bands  is  sometimes  resorted  to  for  the  purpose  of 
giving  pianists  more  independent  movement  of  the 
ring  finger.     To  the  deep  extensor  set  belong  those 


Great    multan- 
t^ular  bone. 

.  .  .Capsule. 


First  metacarpal. 


2927. — Carpometacarpal 
Joint  of  the  Thumb. 
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muscles  which,  arising  lower  down  upon  tlic  forearm, 
run  somewhat  obliquely  across  the  others  to  be  in- 
serted into  the  index  finger  and  the  thumb.  These 
are  the  three  extensors  of  the  thumb  and  the  extensor 
indicis.  Many  varieties  occur  which  confirm  this 
view.  In  apes  the  extensor  indicis  also  supplies  the 
middle  finger,  and  sometimes  the  ring  finger  as  well. 
The  extensor  longus  pollicis  also  sends  a  tendon  to  the 
index,  and  sometimes  to  the  medius.  Similar  varia- 
tions occur|in  man.  Koster"  found  the  tendon  of  the 
indicis  and  the  long  exten.'ior  of  the  thumb  united  by  a 
cross  band  like  those  which  appear  on  the  tendons  of 
the  common  extensor. 

The  bones  of  the  middle  hand  are  the  five  meta- 
carpals, each  concave  toward  the  palm,  and  having  a 
somewhat  prismatic  shaft  with  two  enlarged  extremi- 
ties. Closely  applied  at  the  bases  they  diverge  along 
the  shaft  so  that  they  never  touch  there,  while  again 
at  the  lower  end  they  can  be  brought  together. 
There  is  thus  left  room  for  the  interossei  muscles. 
The  first  metacarpal  is  an  exception,  as,  in  order  to 
preserve  the  independence  and  opposability  of  the 
thumb,  the  base  is  set  over  and  in  front  of  the  line  of 
the  others,  and  its  distal  end  is  not  confined  bv  liga- 
ments. Since  it  is  shaped  more  like  a  phalanx  than 
like  the  othei-s,  anatomists  have  not  failed  to  add  this 
to  other  evidence  which  has  been  adduced  to  prove 
that  the  thumb  has  no  true  metacarpal.  The  joint  by 
which  it  articulates  with  the  great  multangular  bone  is 
a  saddle-joint,  the  movement  being  free  in  two  planes, 
viz.,  that  of  flexion  and  extension,  and  that  of  adduction 
and  abduction.  It  is  not,  however,  limited  to  these, 
as  circumduction  can  take  place  ciuite  easUy.  There  is 
no  rotation.  The  capsule  is  thick  and  strong,  and 
dislocation  is  very  rare. 

The  situation  of  the  joint  is  easily  made  out  by  run- 
ning the  finger  upward  along  the  shaft  of  the  bone 
unto  it  reaches  the  process  at  the  base,  immediately 
above  which  is  the  articulation.  The  process  is  made 
more  prominent  by  strongly  flexing  and  adducting 
the  thumb,  and  the  interarticular  line  can  then  be 
easily  made  out  in  most  individuals.  The  other 
metacarpals  are  united  to  the  wrist  bones  and  to  each 
other  by  articulations  which  are  fixed  by  means  of 
interosseous  ligaments,  which  make  their  disarticula- 
tion very  difficult.  The  fifth  joint  has  the  most  move- 
ment. 

The  rounded  distal  ends  of  the  metacarpals  are  of 
importance  in  forming  an  arch  which  strengthens  the 
hand.  For  this  reason  they  should,  when  possible, 
be  preserved  in  amputating  the  fingers.  The  articular 
surfaces  here  are  directed  in  such  a  manner  as  to  have 
the  planes  of  movement  converge  toward  the  middle 
of  the  hand.  This  greatly  increases  the  power  of 
grasp  of  the  phalanges,  as  the  tighter  the  fingers  close 
the  more  strenuous  becomes  the  lateral  pressure. 
The  convergence  of  the  flexor  tendons  assists  this. 
The  extensor  tendons  pass  over  the  most  prominent 
part  of  the  metacarpal  heads  behind.  The  third 
metacarpal,  though  not  the  longest,  has  its  head  more 
prominent,  and  is  usually  the  one  which  receives 
injury  from  striking  heavy  blows. 

The  Fingers. — The  anatomical  names  of  the  five 
digits  or  fingers  are  the  poUex  or  thumb,  index, 
medius  or  middle  finger,  annularis  or  ring  finger,  and 
auricularis  or  little  finger,  the  latter  presumably  so 
called  because  of  its  use  in  cleaning  the  ear.  They 
are  of  notably  different  length,  but  somewhat  nicely 
adjusted  to  the  functions  of  grasping,  as  will  be  seen 
on  holding  a  ball  in  the  hand,  as  shown  in  Fig.  2928 
The  middle  finger  is  the  longest  and  has,  therefore,  the 
longest  circumferense  to  span,  and  the  others  are  so 
adjusted,  as  to  length,  that  they  come  very  nearly  to 
the  same  level  at  their  tips.  For  this  reason  all  tools 
which  are  to  be  grasped  by  the  hand  should  have  a 
swelling  in  the  handle  opposite  the  middle,  so  as  to 
insure  a  good  grip. 


Fig.  2928.— The  Length  of 
the  Fingers  as  Adapted  in 
Grasping.      (Humphry.) 


The  usual  arrangement  as  to  length  of  the  fingers  is 
that  in  the  extended  hand  the  thumb  does  not  quite 
reach  the  second  phalanx  of  the  index,  the  medius  is 
longer  than  the  annularis  by  half  a  nail,  and  the  auricu- 
laris reaches  only  to  the  last  phalanx.  There  is 
considerable  variation  in  the  length  of  the  index.  In 
about  two-thirds  of  the  cases  (Mantegazza")  the  index 
is  shorter  than  the  annularis,  reaching  only  to  the  root 
of  the  nail  of  the  medius.  In  others  the  two  fingers 
are  nearly  of  the  same  length,  and  rarely  the  index 
exceeds  the  annularis  in  length.  Ecker'*  considers 
the  shortness  of  the  index 
to  be  a  characteristic  of 
apes,  and  thinks  that  when 
relatively  longer  it  is  an 
attribute  of  a  liigher  form  of 
hand.  He  find"*  it  longer  in 
women,  who  show  in  this, 
as  in  many  anatomical  fea- 
tures, signs  of  a  purer  mor- 
phological form.  Carus* 
does  not  mention  the  length 
of  the  fingers,  but  figures 
what  he  calls,  after  d' Arpen- 
tigny,^  the  idealistic  hand 
(.seelische  Hand,  main  p.sy- 
chique),  which  shows  a  long 
index.  It  is  noticed  by 
Hyrtl'"  that  the  apparent 
length  of  the  ring  and  index 
fingers  may  be  influenced 
by  the  posture  of  the  hand. 
If  the  hand  is  laid  flat,  so  that  the  axis  of  the  medius 
corresponds  with  that  of  the  entire  arm,  the  index 
usually  appears  a  little  shorter  than  the  ring,  but 
abduct  the  hand,  and  the  ring  finger  will  appear  a 
whole  nail's  length  longer.  Griming"  has  recently 
given  the  results  of  two  hundred  observations  very 
carefully  taken.  He  finds  that  the  ring  finger  is 
usually  the  longer,  yet  the  reverse  is  not  uncommon, 
and  more  frequent  in  females.  In  the  foot  the  second 
toe  is  usually  the  longest,  but  a  greater  length  of  the 
big  toe  is  not  rare,  also  more  frequent  in  females. 
This  lends  some  support  to  the  theory  that  the  foot 
has  no  digit  homologous  with  the  thumb. 

The  general  relation  of  the  middle  finger  to  the  rest 
of  the  hand  is  expressed  by  Langer'"  as  follows :  If  a 
measurement  be  taken  from  the  capitate  bone  to  the 
end  of  the  finger,  the  various  parts,  as  measured  from 
the  angles  at  the  joints  made  by  flexion,  will  be  in  the 
proportion  of  8:5:3:2,  that  is  to  say,  the  middle 
hand  is  as  long  as  the  two  succeeding  portions,  and 
the  ba.-^al  phalanx  is  as  long  as  the  middle  and  ungual 
together.  The  length  of  the  entire  hand  has  been 
used  by  artists  as  a  canon  of  proportion  for  the  whole 
body,  being  set  at  one-ninth  of  the  whole  height. 
The  Egyptian  canon  seems  to  have  been  based  upon 
the  length  of  the  index,  which  was  reckoned  as  one- 
nineteenth  of  the  height.  Many  measures  used  as 
rough  estimates  are  taken  from  the  hand:  the  length 
of  the  middle  finger  from  knuckle  to  point  is  reckoned 
as  one-eighth  of  a  yard,  and  from  the  tip  of  the  thumb 
nail  to  the  second  joint  as  about  half  of  that,  and  is 
called  one  naU.  The  breadth  of  the  hand  is  used  as  a 
measure  for  horses,  and  is  reckoned  at  four  inches. 
The  breadth  of  the  thumb  is  the  pouce  or  inch  of  the 
old  French  measures.  Of  course  all  these  are  liable 
to  vary  because  of  individual  peculiarity. '^ 

It  should  be  noted  that  the  proportions  of  the  hand 
to  the  entire  height  are  attained  very  early,  at  least 
by  the  fifth  year  (Quetelet'°).  The  member  appears 
to  have  the  same  early  physical  development  that  the 
brain  has,  and  the  hand  of  the  new-born  child  is 
structurally  that  of  the  adult,  differing  only  in  size. 

The  thumb  has  from  very  early  times  held  the  place 
of  honor  among  the  digits,  as  the  loss  of  it  deprived  the 
hand  of  much  of  its  power.  It  is  especially  by  the  su- 
periority of  the  thumb  that  man's  hand  is  distinguished 
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from  that  of  the  higher  apes.  There  are  no  less  than 
eight  muscles  attached  to  it,  and  this  gives  a  freedom 
and  variety  of  motion  which  is  not  possessed  by  any 
other  digit.  To  cut  off  the  thumb  was  an  old  method 
of  disabling  an  enemy,  by  preventing  hun  from  prop- 
erly using  his  weapons,  and  soldiers  sometimes  re- 
sorted to  this  mutilation  to  exempt  themselves  from 


Flo.  2929. — Distribution  of  Nerves  to  the  Palm  of  the  Hand. 
(Tillaux.)  M,  Median  nerve:  U,  ulnar  nerve;  a,  J,  a,  a,  a,  a> 
collateral  branches  of  the  median  nerve;  b,  dorsal  branch  of  the 
ulnar  nerve;  c,  muscular  branches;  d,  superficial  branch;  €,  deep 
branch;  /,  anastomotic  branch. 

military  duty — as  tho^e  of  our  own  time  have  been 
known  to  amputate  the  terminal  phalanx  of  the  in- 
dex to  unfit  themselves  for  pulling  the  trigger  of  a  gun. 
It  is  from  this  custom  that  the  word  poltroon  is  said 
to  have  arisen,  being  a  corruption  of  pollice  truncus. 
The  palmisters  exalt  the  thumb  far  above  the  other 
digits.  D'Arpentigny  says:  "I'Animal  superieur  est 
dans  la  main,  I'homme  eat  dans  le  potice." 

The  Esquimaux  tradition  is  that  woman  was  origin- 
ally formed  from  the  thumb  of  man.  The  thumb  was 
used  by  the  spectators  of  Roman  gladiatorial  combats 
to  indicate  whether  the  conquered  party  should  die  or 
live.  In  La  Vendee  a  large  thumb  indicates  a  pre- 
dilection for  the  black  art,  and  to  bite  the  thumb  is  a 
grave  insult  in  Scotland  and  Italy.* 

The  unusual  strength  of  the  muscles  which  are  at- 
tached to  the  thumb,  making  it  an  efficient  portion  of 
a  pair  of  forceps  when  applied  to  the  other  fingers, 
leads  also  to  its  being  affected  bj'  convulsive  action. 
In  almost  all  cases  of  this  kind  the  thumb  is  firmly 
clenched  and  drawn  into  the  palm  (see  Fig.  2450). 
This  may  be  of  service  as  a  medicolegal  sign,  as  it  is 
almost  always  found  in  those  who  have  died  a  violent 

•  Vide Eomeo  and  Juliet,  Act  I.,  sc.  2.  "I  will  bite  my  thumb  at 
them  which  is  a  disgrace  if  they  bear  it." 
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death,  and  consequently  suffered  spasmodic  contrac- 
tion of  the  muscles  during  the  last  agony. 

The  index  or  pointing  finger  has  been  called  the 
gynecologist's  eye.  It  is  somewhat  more  sensitive  to 
tactile  impression  than  the  others,  and,  being  supplied 
with  special  muscles,  it  is  particularly  serviceable  as 
the  antagonist  of  the  thumb.  It  is  always  best  to 
preserve  this  finger  and  the  thumb,  if  possible,  in 
injuries  to  the  hand,  as  by  themselves  they  make 
quite  a  serviceable  organ. 

The  ring  finger,  or  annularis,  is  so  called  from  the 
fact  that  it  has  been  customary,  since  the  time  of  the 
Romans,  to  carry  rings  upon  it.  This  has  been  said  to 
originate  in  the  fact  that  they  supposed  it  to  be 
especially  connected  with  the  heart,  either  because 
it  is  supplied  bj'  two  nerves  (see  Fig.  2929),  or  more 
probably  because  the  vena  salvatella  (the  largest  dorsal 
metacarpal  vein)  runs  prominently  from  it  up  the  arm. 
Owing  to  the  connection  of  the  tendons  this  finger 
is  somewhat  protected  by  those  beside  it,  and  conse- 
quently is  less  liable  then  the  others  to  injury,  and 
this  affords  ample  reason  why  it,  as  well  as  the  left 
hand,  should  be  chosen  to  wear  the  ring.  The  old 
anatomists  called  it  the  digitus  medicus,  because  they 
were  accustomed  to  mix  medicines  with  it. 

Upon  the  volar  face  of  the  fingers  are  seen  certain 
transverse  furrows,  well  marked.  These  are  impor- 
tant guides  to  the  joints  and  should  be  well  noted  (see 
Fig.  2923).  They  are  not  correctly  given  in  any  of 
the  books  on  palmistry  which  the  author  has  con- 
sulted, which  shows  that  in  point  of  accuracy  their 
"science"  leaves  something  to  be  desired.  The  folds 
nearest  the  palm  are  single  for  the  index  and  little 
fingers,  double  for  the  others.  They  do  not  correspond 
exactly  to  the  metacarpo-phalangeal  joints,  but  are 
three-fourths  of  an  inch  below.  The  middle  folds 
are  double  and  exactly  opposite  the  joints,  the  lower 
folds  are  all  single  and  a  trifle  above  the  joints.  Upon 
the  thumb  there  are  also  three  folds,  the  upper  and 
lower  folds  correspond  to  the  joints  very  nearly,  the 
middle  one  having  no  topographical  significance. 
The  skin  on  the  fingers  is  remarkably  rich  in  papillae; 
the  number  of  these  containing  nerves  increases 
as  we  proceed  toward  the  finger  tips.  These  papUlse, 
both  on  the  fingers  and  palm,  are  arranged  in  lines 
forming  characteristic  curvilinear  ridges.  Upon  the 
eminences  formed  by  the  pulps  of  the  fingers  and  the 
eminences  of  the  palm  these  are  arranged  in  elliptical 
or  spiral  patterns,  and  these  are  used  in  the  military 
and  police  services  of  America  and  France  as  a 
means  of  identifying  individuals.  Faulds'-  mentions 
that  by  means  of  finger  marks  upon  a  greasy  glass  it 
was  ascertained  who,  among  a  number  of  servants, 
had  been  drinking  some  rectified  spirit;  and  another 
case  in  which  a  criminal  was  detected  by  an  impression 
of  sooty  finger  marks  on  a  white  wall.  He  considers 
that  tlie  Mongolian  races  have  a  special  and  char- 
acteristic pattern.  The  city  authorities  of  San 
Francisco  recently  considered  the  propriety  of  register- 
ing aU  the  Chinese  who  arrived  at  the  port  by  taking 
an  impres.sion  of  the  thumb.  It  is  said  that  the  legal 
expression  "my  hand  and  seal, "  arose  from  the  custom 
of  sealing  papers  with  the  thumb. 

Beneath  the  skin  the  subcutaneous  tissue  is  like  that 
of  the  palm — a  series  of  little  cushions  of  fat.  On  the 
last  phalanx  this  is  called  the  pulp  of  the  finger.  Still 
deeper  is  found  the  canal  for  the  flexor  tendons.  The 
fibers  of  this  sheath  are  less  thick  opposite  the  joints, 
so  as  not  to  impede  flexion.  They  are  continuous 
above  with  the  palmar  fascia.  The  canal  contains  in 
the  thumb  only  the  tendon  of  the  long  flexor,  in  the 
other  fingers  the  tendons  of  the  superficial  and  deep 
flexors.  They  are  united  to  the  sheath  by  small 
bands  termed"  vincula.  Opposite  the  first  phalanx  the 
flexor  sublimis  splits  and  the  two  halves  fold  around 
the  deep  flexor,  again  uniting  behind  it  by  their 
margins.  They  then  separate  and  are  inserted  into 
the  second  phalanx  (see   Fig.   2925,   B).     The  deep 
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flexor  is  inserted  into  the  terminal  piialanges.     Some 
persons  have  power  to  use  it  independently. 

On  the  dorsal  surface  of  the  fingers  the  skin  forms 
elliptical  folds  at  the  articulations  of  the  first  and 
second  phalanges,  and  simply  a  few  transverse  folds 
at  the  articulations  of  the  second  and  third.  Under 
the  skin  the  extensor  tendons  form  a  broad  aponeu- 


FiG.  2930.— The  Convulsive  Hand.     (Warner.") 

rotic  sheet  into  which  the  expanded  tendons  of  the 
lumbricales  and  interossei  are  inserted.  This  sheet 
terminates  with  the  insertion  of  the  extensor  into  the 
last  phalanx. 

The  nails  which  terminate  the  digits  are,  as  is  well 
known,  reaOy  epidermal  elements.  They  are  found  in 
the  embryo  at  about  the  third  month  of  pregnancy. 
Their  growth  is  always  from  the  root,  and  the  rate  at 
which  they  grow  can  frequently  be  noted  by  the  spots 
which  occur  upon  them,  and  thus  a  general  notion 
may  be  obtained  of  the  vigor  of  the  processes  of 
nutrition. 

The  joints  of  the  fingers  have  a  general  resemblance 
to  each  other,  the  metacarpo-phalangeal  being  merely 
a  little  broader.  The  ends  of  the  phalanges  broaden 
out  somewhat  at  their  extremities,  and  when  the  body 
becomes  emaciated,  as  in  a  wasting  disease,  these  ends 


Fig.  2931. — The  Hand  in  Fright.     (Warner.) 

become  very  prominent,  and  the  disorder  known  as 
clubbed  fingers  results.  At  the  metacarpo-phalangeal 
joint  of  the  thumb  there  are  two  sesamoid  bones, 
which  are  believed  to  be  one  of  the  causes  of  the  diffi- 
culty of  reducing  a  dislocation  at  that  articulation. 
Similar  structures,  usually  cartilaginous,  however, 
are  found  on  the  palmar  surfaces  of  each  of  the  pha- 
langeal joints.  In  negroes,  or  in  those  laborers  who 
use  the  hands  much  for  heavy  work,  they  may  all  be 
ossified,  as  they  are  in  the  forefoot  of  a  bear.  The 
articulations  are  all  imperfect  hinge  joints,  having 
lateral  ligaments  and  a  thickening  of  the  capsule  on  the 
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palmar  surface.  It  should  be  remembered  that  the 
articular  line  is  always  found  beyond  the  angle  formed 
by  the  flexion  of  the  phalanges. 

The  nerved  of  the  hand  are  three  in  number.  Their 
distribution  to  the  palmar  surface  is  shown  in  Fig. 
2929,  and  the  muscles  they  supply  are  mentioned  in 
the  table  on  page  861. 

To  those  mentioned  there  should  be  added  those 
w  hich  come  down  from  above.  Of  these  the  flexors  are 
supplied  by  the  median  and  ulnar,  the  extensors  by  the 
radial.  The  ulnar  supplies  the  flexor  carpi  ulnaris 
and  the  principal  part  of  the  deep  flexor,  leaving  to 
the  median  that  portion  w-hich  goes  to  the  index  finger, 
which  might,  therefore,  properly  be  classed  as  a 
.<;eparate  muscle. 


The  Feeble  Hand.      (Warner.) 


After  section  of  the  median  nerve  a  considerable 
movement  is  left  to  the  fingers,  pronation  being 
effected  by  the  shoulder  muscles  acting  on  the  arm, 
flexion  of  the  wrist  by  the  flexor  carpi  ulnaris,  the  first 
phalanges  flexed  by  the  interossei,  the  others  by  the 
deep  flexor.  The  thumb  suffers  most,  and  we  may, 
accordingly,  say  that  the  median  nerve  especially 
presides  over  the  movements  of  that  digit. 

In  the  same  way  as  motility  is  not  entirely  lost,  so 
also  is  sensibility  retained  to  some  extent.  The 
anesthesia  does  not  correspond  with  the  distribution 
of  the  nerve.  The  reason  for  this  is  believed  to  be 
found  in  the  collateral  branches  which  run  from  the 
ulnar  to  anastomose  with  the  median.  There  is  no 
doubt  that  the  anesthesia  after  section  continues  to 
grow  less,  and  it  has  been  suggested  that  when  certain 
parts  are  disabled,  other  nerves  may  send  out  fila- 
ments from  the  fine  plexus  into  which  the  nerves 
break  up  before  going  to  supply  the  papillae,  In  order  to 
supply  the  need. 

The  correlative  action  of  the  muscles  and  nerves  has 
a  very  marked  result  upon  what  may  be  called  the 
physiognomy  of  the  hand.  Warner-'  has  carefuUy 
studied  this  subject,  and  describes,  among  others,  the 
following  types,  which  relate  to  the  expression  of  the 
emotions:  The  convulsive  hand  (Fig.  2930),  in  which 
the  thumb  is  forcibly  and  violently  adducted,  the 
fingers  are  pressed  closely  together  and  semi-flexed  on 
the  thumb,  the  hand  assuming  a  conical  shape.  The 
opposite  of  this  is  the  hand  in  fright  (Fig.  2931),  the 
phalanges  and  the  wrist  being  extended.  The  whole 
attitude  is  that  of  repelling  an  abhorrent  object.  In 
pure  horror,  not  accompanied  by  fear,  the  hands  are 
thrown  widely  back,  the  arms  uplifted,  the  fingers 
open.  A  passenger  upon  a  train  told  me  her  first 
intimation  of  a  fatal  accident  was  seeing  a  person 
assume  this  attitude  as  the  train  shot  past.  The  con- 
vulsive w-ringing  of  the  hands  is  an  expression  of  quite 
an  opposite  order,  indicating  intense  and  continued 
painful  emotion,   and  instead   of  the   hand-washing 
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motion  performed  by  tragic  actors,  is,  when  genuine,  a 
passing  of  one  lianddown  tlie  other,  with  a  convulsive 
twist  at  the  ends  of  the  fingers. 

The  feeble  hand  (Fig.  2932)  is  indicated  by  a  drop- 
ping of  the  thumb  and  a  bending  of  the  phalanges. 

The  tonic  hand  in  rest  (Fig.  2933)  is  like  this  but 
differs  in  the  degree  of  the  action.  The  nervous  hand 
(Fig.  2934)  has  the  wrist  slightly  bent,  and  the  meta- 
carpophalangeal joints  hyperextended,  and  the  first 
and  third  internodes  slightly  flexed. 


Fig.  2933 — The  Tonic  Hand.      (Warner.) 

The  energetic  hand  (Fig.  2935)  is  the  opposite  of 
this,  the  wrist  being  extended  and  the  small  joints  in 
flexion.        ' 

The  vessels  of  the  hand  have  recently  been  the  sub- 
ject of  careful  study  by  Bourceret,=*  and  he  has  arrived 
at  some  conclusions  which  seem  important  and  new. 
By  a  very  ingenious  process,  and  using  a  series  of 
injections,  he  has  been  able  not  only  to  fill  the  entire 
arterial  and  capillary  system,  but  the  venous  system  as 
well,  injecting  from  the  heart  outward,  notwithstand- 
ing the  valves. 

The  arrangement  of  the  arteries  has  already  been 
alluded  to.  The  radial  and  ulnar  form,  as  shown  in 
Fig.  2923,  two  arterial  arcades  known  as  the  super- 
ficial and  deep  palmar  arches,  the  first  of  them  being 
made  by  the  radial  and  the  deep  volar  branch  of  the 
ulnar.  To  these  may  be  added  a  third  arch  over  the 
back  of  the  wrist,  formed  by  collateral  branches  of  the 
two  trunks.  From  these  arches  pass  branches  which 
supply  the  fingers,  being  of  considerable  size  through- 
out tiielr  length,  even  to  the  last  phalanges,  and  not 


Flo.  2934. — The  Nervous  Hand.      (Warner.) 

accompanied  bj'  vena;  comites.  The  object  of  this 
excessive  vascular  supply  is  not  only  the  nutrition  of 
the  fingers,  but  also  to  maintain  the  bodily  warmth 
there.  They  communicate  by  two  sets  of  capillaries, 
one  small  and  intended  for  nutrition  only,  the  other 
large  and  intended  for  increasing  the  heat.  These 
capillaries  are  arranged  in  very  complicated  tortuos- 
ities, like  little  balls  of  tangled  thread.  They  open 
immediately  into  the  veins,  which  are  also  remarkable 
for  their  flexuosities. 

Any  consideration  of  the  hand  would  be  incom- 
plete without  some  remark  concerning  the  separate 
use  of  the  two  hands.     Right-handedness,  or  rather 
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right-sidedness,  for  the  matter  is  not  by  any  means 
confined  to  the  hand,  is  the  rule  among  all  races  of 
men,  and  some  traces  of  it  may  be  seen  in  the  animal 
creation.  The  elephant,  for  example,  is  said  to  u.se  the 
right  tusk  more  than  the  left,  and  this  is  accordingly 
called  the  servant  tusk."  Left-handedness  is  the 
exception,  occurring  in  about  nine  per  cent,  of  individ- 
uals. Many  attempts  have  been  made  to  explain  this, 
and  Franklin's-"  plea  for  the  left  hand,  and  Charles 
Reade's  essay^'  upon  the  injury  mankind  inflicts  upon 
itself  by  the  continuous  use  of  the  right,  are  well- 
known  curiosities  of  literature.  It  apjjears,  however, 
that  there  is  reason  to  suppose  that  we  have,  in 
dextral  preference,  merely  a  further  differentiation 
like  that  which  has  resulted  in  the  development  of  the 
feet  and  hands  from  four  originally  similar  organs. 
The  left  hemisphere  of  the  brain  appears  to  be  assum- 
ing control  of  the  more  complicated  motor  functions 
performed  by  the  right  side  of  the  body,  while  the  right 
hemisphere  attends  more  especially  to  the  nutritive 
functions  through  the  sympathetic  system.  It  is 
noted  that  the  senses  of  temperature  and  of  weight 
are  usually  more  acute  in  the  left  hand.  Perhaps  this 
is  in  some  degree  due  to  its  less  fretiuent  use.  Grant- 
ing this,  we  have  to  search  for  the  origination  of  the 
tendency.  Hyrtl'"  supposes  it  to  arise  from  the  fact 
that  the  innominate  artery  carries  more  blood  to  the 
right  side.  Dwight  and  others",^",'"  think  it  depends 
upon  the  situation  of  the  left  carotid  at  the  top  of  the 
arch,  surmising  that  it  receives  a  swifter  current  of 
blood,  which  goes  to  the  left  brain,  controlling  the  left 
side.  Blumenbach  supposed  that  it  was  due  to  a  devia- 
tion of  the  innominate  artery  to  the  left.      Breschet 


Fig.  2935. — The  EnergetiolHand .     (Warner.) 

thought  that  there  was  an  innate  tendency  to  a  pre- 
dominance of  nutrition  on  the  right  side  in  fetal  life. 
The  right  side  of  the  spine  develops  first  and  so  throws 
the  heart  to  the  left.  Comte"  suggests  that  it  is  due 
to  the  fact  that  the  fetus  in  utero  lies  usually  on  the 
left  side,  owing  to  the  obliquity  of  the  pelvis,  and  that 
this  occasions  a  precocity  of  development  of  the  right 
side.  The  percentage  of  left-handed  persons  is  about 
that  of  presentations  where  the  fetus  lies  on  its  right 
side. 

An  ingenious  explanation  is  offered  by  Buchanan, '- 
who  holds  that  the  center  of  gravity  lies  on  the  right 
side  owing  to  the  weight  of  the  liver,  and  that  this 
causes  a  greater  development  of  the  muscles  there.  It 
is  possible  that  several  of  these  causes  may  have  had 
an  effect  upon  the  matter.  An  efficient  cause  may  be 
found  in  the  situation  of  the  heart  upon  the  left  side. 
A  savage  soon  learns  that  his  enemy  is  vulnerable 
there,  and  takes  pains  to  protect  himself  by  with- 
drawing the  left  side  and  using  the  weapon  with  the 
right.  The  constant  persistence  of  this  use  of  the 
right  arm  as  the  weapon-bearing  member  has  probably 
resulted  in  organic  dextral  preference,  and  left- 
handedness  may  be  considered  an  atavism. 
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Hands  and  Fingers,  Diseases  and  Deformities 
of  the. — The  hand,  from  its  exposed  situation  from  tlie 
preat  diversity  of  uses  to  which  it  is  put,  and  from  its 
great  distance  from  the  circulatory  and  nerve  centers, 
together  with  the  exposed  nature  of  its  communication 
with  them,  presents  for  study  a  great  variety  of  lesions. 
The  first  factor  is  responsible  for  many  mechanical 
injuries,  and  for  injuries  by  heat  and  cold,  the  second 
for  many  mechanical  injuries  and  infections.  The 
third  factor  causes  the  hand  to  suffer  not  only  from 
injuries  and  diseases  of  its  o'mi,  but  also  from  those  of 
any  portion  of  the  vessels  and  nerves  between  it  and 
the  heart,  spinal  cord,  or  brain. 

The  hand  is  the  weapon  of  offense  and  defense, 
voluntarily  and  involuntarily.  If  a  blow  be  aimed  at 
the  head  or  body,  the  hand  and  arm  are  interposed, 
and  suffer.  If  we  slip  and  fall  on  an  icy  pavement, 
the  hand  is  interposed,  and  we  suffer,  not  a  fracture 
of  the  coccyx  or  ischium,  but  a  fracture  of  the  radius 
or  carpal  navicular. 

Upon  the  precision,  quickness,  and  dexterity  of  the 


hands  in  offense  and  defense  depended  the  very  ex- 
istence of  our  savage  ancestors.  To  this  day  the  vast 
majority  of  human  beings  depend  upon  their  hands  for 
their  daily  bread.  The  hands  not  only  reflect  the  wear 
and  tear  of  occupations,  but  are  greatly  exposed  to 
infections  and  injuries.  As  we  rise  in  the  scale  of 
comfort  and  luxury,  the  hands  become  of  less  use,  un- 
til among  the  very  wealthy  they  are  employed  for 
little  else  than  conveying  the  food  to  the  mouth,  and 
for  jjurposes  of  entertainment.  Among  this  class  in- 
fections and  injuries  are  rare. 

The  affections  of  the  hand  and  fingers  include  those 
that  are  peculiar  to  or  affect  this  region  exclusively ; 
those  that  may  occur  elsewhere,  but  show  a  predilec- 
tion for,  or  exhibit  special  features  or  modifications 
in,  this  locality;  those  conditions  affecting  the  hands 
equallv  and  indifferently  with  other  parts  of  the  body ; 
and  the  manife.stations,  exhibited  by  the  hand,  of 
general  disease.  The  conditions  of  most  pertinence  to 
the  present  subject  are  those  more  or  less  peculiar  to 
the  hand  or  those  which  exhibit  special  features  in  this 
localitv. 

It  is  not  easy  to  formulate  a  completely  satisfactory 
and  logical  classification  of  all  the  affections  of  the  hand 
and  fingers  on  any  uniform  basis.  There  are  several 
grounds  on  which  classification  may  be  based,  but  no 
one  of  them  alone  in  the  present  state  of  our  knowledge 
is  sufficient  to  afford  a  practical  and  adequate  classi- 
fication. 

Congenital  and  Developmental  Anomalies. — 
The  class  of  developmental  anomalies  in  general  should 
include  all  aberrations  or  faults  of  development  mani- 
festing themselves  at  any  time  during  the  period  of 
development,  inchiding  not  only  conditions  arising  in 
the  prenatal  period  (as  polydactylism),  but  also  those 
that  make  their  appearance  in  childhood  and  up  to  the 
time  of  maturity  and  complete  physical  development 
(as  certain  fornis  of  hammer  finger).  In  this  section 
it  is  proposed  to  consider  only  certam  congenital 
abnormalities  of  the  hand  which  develop  during 
the  intrauterine  period  of  existence. 

The  anomalies  of  development  under  consideration 
embrace  the  following   conditions: 

1.  Conditions  in  which  there  is  a  deficient  degree  of 
development,  either  (a)  a  deficiency  in  the  number  of 
the  structural  parts  affected,  or  {b)  a  deficiency  in 
their  size.  The  congenital  numerical  deficiencies 
pertaining  to  the  hand  are:  acheiria,  in  wliich  the  hand 
is  lacking  altogether;  ectrodactylis7n,  in  which  one  or 
more  fingers  are  missing;  and  hypophalangism,  in 
which  the  number  of  phalanges  in  a  digit  is  below  the 
normal.  The  congenital  deficiencies  in  size  of  the 
hand  and  fingers  will  be  considered  in  connection 
with  microcheiria  and  microdactylism. 

2.  Conditions  in  which  there  is  an  excessive  de- 
velopment; either  (a)  an  excess  in  the  number  of 
structural  parts,  polycheiria,  polydactylis?}}.,  and  poly- 
phalangism, or  supernumerary  hand,  fingers,  and  pha- 
langes respectively;  or  (6)  a  congenital  excess  in  size, 
or  hypertrophy,  which  will  be  considered  in  comiec- 
tion  with  cheiromegaly  and  dactylomegaly. 

3.  Conditions  of  perverted  development  (quali- 
tative or  morphological  rather  than  quantitative) ; 
as  syndactylism,  the  union  of  fingers;  cleft  hand;  con- 
genital constrictions;  deflections  of  the  hand  and  fin- 
gers (club  hand,  etc.);  congenital  dislocations;  con- 
genital neoplasms;  and  various  unclassifiable  deform- 
ities and  conditions. 

In  many  cases  anomalies  of  the  types  mentioned 
exist  separate  and  distinct;  in  many  other  cases  anom- 
alous conditions  of  different  types  are  associated  and 
coexist  in  the  same  member,  as  where  a  supernumer- 
ary finger  is  of  rudimentary  structure,  or  a  club-hand 
is  ectrodactylous. 

Subjects  exhibiting  congenital  anomalies  of  the 
region  under  consideration,  especially  numerical  de- 
ficiencies,   often  exhibit  other   developmental   faults 
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or  abnormities  in  other  parts  of  the  body,  as  harelip 
or  cleft  palate,  thus  testifying  to  the  existence  of  a 
deep-seated  and  general  developmental  vice.  Such 
anomalies  of  the  hand  are  especially  associated  with 
corresponding  anomalies  of  the  foot.  In  many  cases 
hereditary  transmission  of  the  deformity  is  marked. 

The  causes  of  these  congenital  anomalies  are  ob- 
scure. They  arise  largely  from  deep-seated  and  innate 
tendencies  to  aberrant  development,  often  hereditary. 


hand  gave  birth  to  children  exhibiting  the  same  de- 
formity. It  is  very  doubtful  if  maternal  impression 
really  plays  any  part  in  the  production  of  such  deform- 
ities. Some  alleged  instances  are  coincidences;  others 
are  afterthoughts,  a  past  incident  being  recalled  after 
the  birth  of  an  affected  child.  Considering  the  diffi- 
culty that  is  found  in  demonstrating  the  hereditary 
transmission  of  acquired  characters,  it  is  obvious  that 
to  prove  that  a  developing  fetus   can  be  influenced 


FlQ.  2936. — Ectrodactylism.     o,  Congenital   absence    of    middle  finger  (Fort);  6,  absence  of  middle  and  ring  fingers  (Clutton); 
c,  absence  of  index,  middle,  and  ring  fingers — "pince  de  homard"  (.^nnandale) ;  d,  absence  of  four  digits  (.\nnandale.) 


The  aberrant  tendency  is  sometimes  very  definite 
and  fixed,  precisely  the  same  abnormity  appearing  in 
different  generations.  Some  cases  may  perhaps  be 
due  to  abnormalities  of  the  early  environment  of  the 
developing  embryo. 

Another  class  of  causes  that  produce  congenital  de- 
formities of  the  hand  is  to  be  found  in  intrauterine 
trauma,  or  other  prenatal  pathological  processes. 
Thus,  intrauterine  amputation  may  cause  loss  of  the 
entire  hand  or  parts  of  it;  prenatal  ulcerations  may 
be  followed  by  abnormal  union  or  adhesions  of  parts, 
as'in  some  cases  of  syndactylism;  deformities  may  per- 
haps arise  from  cicatrization  or  from  adhesions  to 
other  parts  of  the  fetus  or  afterbirth,  or  in  other  ways. 


a  b 

Via.  2937 — Hypophalangism  (Annandale)  a.  Absence  of  distal 
phalanges  of  three  fingers,  b,  absence  of  al  the  phalanges  of  all 
the  fingers. 

Deformities  caused  by  such  prenatal  morbid  conditions 
are,  of  course,  not  real  developmental  aberrations;  but 
as  the  results  produced  in  the  two  ways  are  rarely 
distinguishable  they  may  be  considered  together. 

Maternal  impressions  during  pregnancy  are  some- 
times adduced  in  explanation  of  congenital  anomalies 
of  the  hand  (as  elsewhere) ;  as  in  the  alleged  case  of  an 
officer's  wife,  who  after  her  hu.sband  lost  his  right 
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by  maternal   impressions  is  a  matter   of  far   greater 
difficulty. 

The  use  of  the  x-rays  now  affords  means  of  investi- 
gating and  diagnosing  the  precise  condition  of  the 
bony  parts  in  these  deformities  that  were  lacking  to 
the  early  observers. 

Acheiria,  or  total  congenital  absence  of  the  entire 
hand,  occurs  very  rarely.  It  might  arise  either  as  a 
developmental  abnormity  or  from  intrauterine  am- 
putation. It  would  naturally  occur  in  connection 
with  a  greater  or  lesser  deficiency  in  development  of  the 
upper  extremity,  as  when  the  limb  is  entirely  wanting 
(ectromelia)  or  is  partly  wanting  (hemimelia).  When 
the  upper  extremity  is  only  partly  developed,  it  is 
more  usual  for  a  rudimentary  hand,  or  one  or  more 
fingers,  rudimentary  or  well  developed,  to  be  present 
on  the  stump  than  for  all  trace  of  a  hand  to  be  absent. 
Typical  acheiria  ma.y,  however,  occur,  as  in  a  case  re- 
ported by  James  Finlayson.' 

Phocomelus  is  the  rare  condition  in  which  the  hand 
(or  foot)  is  attached  directly  to  the  trunk,  like  the 
flipper  of  a  seal,  the  upper  (or  lower)  extremity  being 
absent  or  extremely  abbreviated. 

Ectrodactylism  consists  in  the  congenital  absence  of 
one  or  more  fingers  (or  toes),  resulting  from  either  de- 
fective development  or  intrauterine  amputation.  It 
is  one  of  the  less  common  forms  of  congenital  abnorm- 
ity of  the  hand,  occurring  considerably  less  frequently 
than  polydactylism  or  syndactylism.  In  the  cases 
that  do  occur  both  hands  are  usually  affected  simul- 
taneously ;  less  commonly  either  hand  may  be  affected 
alone.  Other  deformities  of  the  hand  or  upper  ex- 
tremity, or  of  the  foot  or  other  parts  of  the  body,  are 
apt  to  coexist  with  ectrodactyly.  The  finger  involved 
may  alone  be  wanting,  the  corresponding  metacarpal 
bone  being  present;  or  the  metacarpal  bone  may  also 
be  lacking;  even  the  corresponding  portion  of  the  car- 
pal bones  is  sometimes  wanting.  Owing  to  the 
association  of  other  deformities  and  abnormal  condi- 
tions the  fingers  present  may  be  useful  and  functional, 
or  not.  The  influence  of  heredity  in  reported  cases  is 
well  marked.  Some  cases  of  apparent  ectrodactylism 
ma}'  arise  from  intimate  union  of  two  digits. 

Any  of  the  fingers,  and  from  one  to  four  in  number, 
may  be  lacking.  The  particular  fingers  that  may  be 
involved,  and  the  extent  to  which  the  metacarpus  and 
carpus  may  be  affected,  give  rise  to  an  indefinite 
number   of   possible   combinations   that   may   occur. 
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There  are  two  or  three  particular  conditions  that  occur 
with  such  comparative  frequency,  however,  that  they 
may  be  specially  mentioned. 

In  a  considerable  proportion  of  cases  the  thumb 
alone  is  missing.  This  occurs  especially  in  association 
with  congenital  absence  or  deficiencj-  of  the  radius. 
Non-development  or  partial  development  of  the  radius 
is  in  nearly  all  cases  accompanied  by  absence  of  the 
thumb,  its  metacarpus,  and  one  or  more  of  the  corre- 
sponding carpal  bones  (Figs.  2946,  2947,  2948) .  In  the 
case  of  absence  of  radius  illustrated  in  Fig.  2948,  there 
is  a  rudimentary  thumb  present,  but  articulated  to 
the  head  of  the  metacarpal  bone  of  the  index  finger. 


Fig.  293S. — Double  Hand.     (Clutton.) 

It  is  rare  for  any  of  the  digits  other  than  the  thumb 
to  be  lacking  alone,  i.e.  it  is  more  common  for  two  or 
three  fingers  to  be  absent  than  one  of  them  only. 

One  of  the  common  forms  of  ectrodactylism  consists 
in  the  absence  of  the  index,  middle,  and  ring  fingers. 
This  leaves  the  thumb  and  little  finger  often  opposed 
to  each  other,  somewhat  like  the  jaws  of  pincers;  the 
term  "pince  de  homard"  (lobster  claw)  has  been 
applied  to  this  particular  condition  (Fig.  2936, c). 

Little  can  be  done  in  the  way  of  treatment  to  im- 
prove ectrodactylism,  unless  by  amputation  or  other 
operation  an  unsightly  deformity  may  be  removed  or 
some  impediment  to  function  obviated. 

Hypophalangism  is  the  congenital  absence  of  one  or 
more  phalanges  and  the  corresponding  soft  parts  from 
a  digit.  It  is  an  abnormity  of  somewhat  similar 
character  to  ectrodactylism,  but  the  deficiency  is  less 
in  degree.  In  hj-pophalangism  either  one,  two,  or  all 
three  phalanges  may  be  lacking,  the  finger  in  the  cases 
in  which  all  three,  phalanges  are  missing  (Fig.  29.37,6) 
being  represented  simply  by  a  rudixnentary  nodule  of 
soft  tissue  perhaps  surmounted  by  a  nail.  When  all 
traces  of  the  hard  and  soft  tissues  of  the  finger  are 
lacking,  the  condition  becomes  one  of  ectrodactylism. 
H^-pophalangism  is  a  very  rare  deformity,  and  may 
occur  in  association  with  polydactylism  or  ectrodac- 
tylism, supernumerary  fingers  being  often  only  parti- 
ally developed.  The  condition  is  one  form  of  brachy- 
dactylism  or  short  finger. 

Congenital  anonychia  or  absence  of  the  nails  will  be 
spoken  of  in  connection  with  the  affections  of  the  nails. 

Polycheiria,  or  supernumerary  hand  (double  hand, 
dicheiria,  also  called,  not  very  aptly,  bifurcated,  or 
bifid,  hand).  The  development  of  a  .superniunerary 
hand,  in  addition  to  the  normal  hand,  is  a  conceivable 
condition,  but  is  exceedingly  rare.  A  very  few  cases 
are  on  record  which  may  be  classified  as  double  hand, 
though  such  cases  merge  into  polydactyhc  conditions. 
In  these  cases  the  double  hands  each  possessed  from 
eight  to  twelve  fingers  in  all;  the  two  hands,  which 


were  not  normally  developed,  were  either  united  more 
or  less  along  the  adjacent  sides,  or  the  two  parts  were 
separated  by  a  bifurcation  extending  to  the  carpus. 
Each  hand  had  its  own  set  of  muscles  and  tendons,  so 
that  the  tw'o  parts  could  close  over  and  grasp  each 
other;  this  feature  is  a  distinguishing  characteristic 
between  double  hand  and  simple  polydactylism.  The 
only  treatment  called  for  is  the  removal  of  useless  or 
unsightly  digits  to  improve  the  appearance  or  function 
of  the  member. 

Polydactylism,  or  supernumerary  finger  (or  toe),  is 
the  presence  on  the  hand  or  foot  of  more  than  the 
normal  number  of  digits.  The  supernumerary  fingers 
vary  in  the  degree  of  their  development  from  those  that 
are  rudimentary  to  those  that  are  quite  perfect  and 
well  developed.  This  is  one  of  the  commoner  of  the 
developmental  anomalies  of  the  hand.  More  often 
there  is  only  one  supernumerary  finger,  but  a  greater 
number  may  be  present.  One  case  is  recorded  in 
which  the  subject  possessed  thirteen  fingers  on  each 
hand  and  twelve  toes  on  each  foot;  another  case  had 
twelve  fingers  on  each  hand;  several  cases  of  ten  fingers 
on  the  hand  have  been  observed  and  from  that  number 
down  the  cases  become  more  numerous.  It  is  more 
usual  for  both  hands  to  be  affected  together  than  for 
one  hand  to  be  involved  alone,  and  the  feet  are  apt  to 
exhibit  a  corresponding  abnormality. 

Syndactylism  is  sometimes  associated  w'ith  poly- 
dactylism. Hereditary  transmission  has  been  ob- 
served in  numerous  cases.  The  cause  of  the  anomaly 
evidently  rests  in  an  innate  aberrant  developmental 
tendency. 

All  the  parts  that  enter  into  the  structure  of  normal 
fingers  may  also  be  present  to  a  greater  or  less  degree 
in  supernumerary  digits,  bones,  joints,  tendinous  and 
muscular  attacliments,  nails,  etc.  The  perfectly  de- 
veloped supernumerary  fingers  are  as  complete  and 
mobile  and  useful  in  all  respects  as  the  ordinary  fin- 
gers; from  this  perfectness  the  degree  of  development 
ranges  down  to  rudimentary  structures  which  are 
distinguishable  from  congenital  tumors  only  by  the 
presence  of  bony  or  cartUaginous  tissue  or  a  rudimen- 
tary nail.  The  muscular  connection  and  the  mova- 
bility  and  functional  value  also  range  from  a  good  de- 
gree of  usefulness  down  to  immovable  and  useless 
digits. 

There  is  an  indefinite  variety  in  the  possible  forms 
and  comljinations  in  which  the  deformity  may  be 
manifested.  Thomas  Annandale's  classification,  which 
seems  as  satisfactory  as  any  proposed,  is  as  follows : 

1.  Cases  in  which  the  supernumerary  digit  is  a  rudi- 
mentary and  deficient  structure  attached  to  the  hand 
or  another  digit  bv  soft  tissues  or  a  narrow  pedicle  and 
without  any  articulation  (Fig.  29:39, n).  The  most 
rudimentary  of  this  class  of  supernumerary  finger  may 
practically  amount  simply  to  a  tumor,  the  digital 
nature  of  which  is  shown  only  by  the  presence  of 
bony  tissue  in  its  interior  or  a  rudimentary  nail. 
Supernumerary  digits  of  this  kind  are  usually  situated 
on  the  ulnar  side  of  the  hand  or  little  finger,  but  they 
occasionally  occur  on  the  radial  side  or  any  other  por- 
tion of  the  hand.  These  digits  usually  have  very  little 
mobility  or  functional  action. 

2.  Cases  in  which  the  supernumerary  digit,  more  or 
less  well  developed  and  free  in  its  distal  portion,  is 
given  off  from  and  articulates  with  the  side  or  head  of  a 
metacarpal  or  phalangeal  bone  belonging  to  a  normal 
digit,  or  common  to  the  two  digits  (Fig.  2939,6).  Some 
of  these  cases  appear  as  if  a  finger  were  bifurcated,  the 
two  divisions  being  nearly  equal  and  symmetrical: 
in  other  oases  one  of  the  digits  from  its  less  develop- 
ment or  asymmetrical  position  is  evidently  supernum- 
erary. Often  the  extra  digit  is  not  very  movable  or 
useful,  but  sometimes  it  has  good  fxmctional  power. 

The  supernumerary  digit  may  articulate  with  (a) 
the  side  of  the  metacarpal  or  phalangeal  bone  common 
to  it  and  the  normal  finger,  in  which  case  it  has  its  own 
articular    and    synovial    structure    entirely    distinct 
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from  the  corresponding  articulation  of  the  normal 
finger;  or  it  may  articulate  with  (6)  the  head  of  the 
common  metacarpal  bone  or  phalanx.  In  the  latter 
case  there  may  be  two  separate  articulations,  with 
separate  joint  cavities,  or  there  may  be  only  one 
synovial  cavity  common  to  the  articulations  of  the 
two  digits.  Sometimes  the  metacarpal  or  phalangeal 
bone  to  which  the  two  digits  are  attached  bifurcates 
and  has  a  separate  articulation  on  each  of  the  two 
heads.  It  is  important  to  bear  in  mind  the  nature  of 
the  articulation  in  amputating  in  these  cases. 


Fia.  29.39. — Polydaetylism.     (.\nnandale.) 

The  thumb  is  not  micommonlv  the  seat  of  this  form 
of  polydaetylism,  being  either  bifurcated  (Fig.  2939,  6) 
or  giving  off  a  superiuunerary  thumb  from  its  side. 

3.  Cases  in  which  the  supernumerarv  finger  i,';  a 
practically  perfect  and  fully  developed  digit,  complete 
in  itself  in  all  its  parts,  and  distinct  from  the  other 
fingers,  having  its  own  phalanges,  metacarpal  bone, 
and  attachment  to  the  carpus  (Fig.  2939,  c).  Such 
fingers  are  usually  as  useful  and  good  as  the  normal 
fingers.  Some  cases  of  double  hand  mav  be  partly 
regarded  as  instances  of  this  form  of  polvdactylism. 
Supernumerary  fingers  in  rare  instances  are  associated 
with  a  corresponding  excess  of  development  in  the 
forearm,  as  with  a  supernumerary  radius. 

4.  Cases  in  which  the  supernumerarv  digit  is  inti- 
niately  united  along  its  whole  length  to  the  normal 
digit — that  is,  a  combination  of  syndactylism  with 
polydaetylism.  The  supernumerary  digit  mav  be 
more  or  less  well  developed,  liaving  separate  meta- 
carpal and  phalangeal  bones  of  its  own,  or  possessing 
only  phalanges  which  are  articulated  to  the  metacarpal 
bone  or  a  phalangeal  bone  common  to  it  and  the  nor- 
mal digit.  Such  a  double  finger  is  broad  and  is  apt 
to  possess  two  nails.  The  thumb  is  said  to  be  oftenest 
affected  in  this  manner. 
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The  treatment  of  polydaetylism  consists  in  amputa- 
tion of  the  supernumerary  digits  for  the  purpose  of  im- 
proving the  appearance  of  the  hand  or  removing  use- 
less structures  that  may  be  an  actual  impediment  to 
the  function  of  the  hand  or  unpair  its  proper  develop- 
ment. As  a  supernumerary  digit  tends  to  retard  and 
impair  the  development  of  the  normal  finger  to  which 
it  may  be  attached,  amputation  should  be  performed  as 
early  in  life  as  is  practicable  and  convenient.  In  some 
instances  there  had  been  observed  a  tendency  for  new 
rudimentary  digits  to  grow  out  from  the  stumps  of 
amputated  supernumerary  fingers. 

In  considering  and  practising  amputation,  however, 
careful  attention  must  be  paid  to  the  danger  and  con- 
sequences of  injuring  a  joint  of  one  of  the  normal 
fingers  and  thus  causing  an  ankylosed  and  stiffened 
digit  that  may  be  worse  than  the  original  polydactylic 
condition.  When  the  supernumerary  finger  is  con- 
nected by  soft  tissues  only,  or  has  its  own  distinct  and 
separate  articulation  and  joint  cavity,  the  operation 
is  simple  and  devoid  of  evil  consequences  if  properly 
carried  out  so  as  not  to  interfere  with  other  joints. 
But  in  those  cases  in  which  the  extra  digit  has  an  articu- 
lation in  common  with  the  normal  digit  or  articulates 


Fig.  2940. — Polyphalangism,    the    Thumb    Possessing    a    Super- 
numery  Phalanx,     (.\nnandale.) 

with  the  common  carpal  joint,  it  must  be  remembered 
that  the  process  of  disarticulation  will  necessarily 
cause  an  opening  to  be  made  into  the  joint  of  the 
finger  that  is  to  be  left,  thereby  rending  it  extremely 
liable  to  ankylosis.  In  such  cases  it  may  be  prefer- 
able to  amputate  by  cutting  through  the  base  of  the 
bone  near  the  joint,  but  without  opening  the  joint  it- 
self. This  will  necessitate  leaving  a  small  portion  of 
the  proximal  end  of  the  supernumerary  digit,  but  any 
slight  deformity  thus  occasioned  may  be  preferable 
to  the  impairment  of  function  that  wUl  be  caused  by  a 
stiffened  finger.  In  such  cases  the  use  of  the  .r-rays 
prior  to  operation  may  afford  valuable  information  as 
to  the  precise  relations  of  the  articulations. 

Polyphalangism  (or  "hyperphalangism")  is  the  very 
rare  condition  in  which  a  digit  possesses  a  supernumer- 
ary phalanx,  or  more  than  the  normal  number  of 
])halanges  (Fig.  2940).  In  the  cases  that  occur  the 
thumb  is  the  digit  oftenest  affected,  though  cases 
involving  the  index  and  middle  fingers  have  been  ob- 
served. In  a  very  few  instances  in  which  a  supernu- 
merary phalanx  was  present,  the  phalanges  generally 
were  so  shortened  that  the  condition  of  brachydactyly 
or  short  finger  was  manifested. 

Syndactylism  consists  in  the  union,  fusion,  or  growth 
of  adjacent  digits  to  each  other  by  their  contiguous 
sides.  It  usually  arises  as  a  true  developmental 
anomaly  from  an  innate  aberrant  tendency  of  growth; 
or  it  may  exceptionally  be  acquired,  either  in  the  intra- 
uterine period  or  at  any  time  during  life,  from  the  ad- 
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hesion  or  growth  together  of  ulcerated  digital  surfaces 
or  from  cicatricial  contractions.  The  site  of  union 
may  extend  the  entire  length  of  the  fingers;  or  it  may 
involve  only  the  proximal  portion  of  the  fingers,  to  a 
varying  extent,  leaving  the  distal  portions  free  and 
separate;  or,  rarely  (probably  from  the  union  of  ulcer- 
ated surfaces),  the  distal  portions  of  the  fingers  may  be 
united  and  the  proximal  portions  separate.  The 
union  may  consist  of  a  thin  fold  or  web  of  skin 
stretching  across,  between,  and  connecting  the  two 
fingers,  the  true  "webbed  fingers";  or  the  connection 
may  be  more  intimate,  involving  more  or  less  of  the 
subcutaneous  and  internal  tissues  of  the  fingers, 
ranging  up  to  cases  in  which  even  the  bones  are  united. 
Cases  have  been  observed  in  which  the  distal  phalan- 


FiG.  2941. — .Syndactylism,  a.  The  dotted  linea  represent 
amputated  supernumery  fingers  (Clarke):  6,  union  of  distal  por- 
tions of  fingers  (Annandale.  after  Otto) :  c,  fusion  of  distal 
phalanges  (Annandale,  after  Otto) . 

geal  bones  were  fused  together,  while  the  proximal 
phalanges  were  separate  (Fig.  2941,  c).  Two  fingers 
alone  may  be  united,  or  three,  or  four,  may  be  con- 
nected; rarely  all  the  digits  are  bound  together  in 
an  unshapely  deformed  mass.  The  index  and  middle 
fingers  are  not  uncommonly  united. 

Syndactylism  is  not  a  very  uncommon  condition, 
and  is  one  of  the  most  frequently  observed  develop- 
mental anomalies  of  the  hand.  In  the  true  congen- 
ital or  developmental  form  of  syndactylism,  hereditary 
transmission  is  often  observed,  and  both  the  hands 
are  frequently  involved,  though  the  fingers  affected 
may  be  different  on  the  two  sides.  The  hands 
and  feet  are  often  involved  simultaneouslv.     In  ac- 


quired syndactylism  heredity  is  of  course  not  observ- 
able, and  only  one  hand  would  ordinarily  be  affected. 
Treatment. — The  only  treatment  of  this  condition  is 
operative.  The  best  age  for  operating  is  usually 
stated  as  from  four  to  six  years,  when  the  fingers  are  of 
sufficient  size  for  easy  management  and  control,  and 


FlQ.  2942. — Didot's    Operation     for     Syndactylism,    Dorsal    and 
Palmar  Views,   Showing  Primary  Incisions. 

before  growth  is  materially  interfered  with  by  the 
deformity.  In  most  cases  it  is  easy  enough  to  effect 
a  separation  between  the  digits,  but  to  prevent  the 
raw  surfaces  from  growing  together  or  to  obviate  a 
recurrence  of  the  deformity  from  cicatrical  contraction, 
is  often  a  matter  of  some  difficulty  and  requires  special 
plastic  surgical  measures.  It  is  necessary  to  pay 
special  attention  to  the  denuded  surface  in  the  inter- 
digital  angle. 

When  the  web  is  broad  and  thin,  successful  and 
permanent  separation  of  the  united  digits  maj^  be 
obtainable  by  the  simple  method  of  cutting  the  web  in 
two  longitudinally  down  its  middle  line,  and  suturing 
the  edges  of  the  incised  skin  together  over  each  finger. 
The  edges  of  the  wound  in  the  interdigital  angle  should 
especially  be  brought  together  and  sutured.  The 
fingers  should,  as  in  all  operations  for  syndactylism,  be 
dressed  separately,  so  as  to  keep  the  wounded  surfaces 
apart  until  healing  is  complete.  Recurrence  may, 
however,  follow  this  procedure. 

In  some  cases,  especially  when  the  union  is  very 
close,  as  the  preliminary  step 
in  treatment,  an  opening  may 
be  made  through  the  tissues 
connecting  the  digits  at  the 
proximal  end  of  the  contem- 
plated separation.  In  this 
opening  a  glass  or  metal  tube, 
wire,  or  a  bundle  of  silkworm 
gut  is  kept  until  the  sides  of 
the  hole  heal  over  and  become 
completely  lined  with  epithe- 
lium. When  this  is  well  ac- 
complished the  fingers  are  cut 
apart  for  the  remainder  of  the 
distance,  and  the  edges  of  the 
wounds  are  approximated  and 
sutured  in  the  best  manner 
practicable.  The  preliminary 
establishment  of  a  healed  sur- 
face at  the  interdigital  angle 
or  commissure  prevents  the 
recurrence  of  union  from  that 
point. 

Didot's  plastic  operation  (Figs.  2942  and  2943) 
appears  to  be  the  most  frequently  employed  for 
syndactylism,  especially  for  cases  with  a  long  and  thick 
web.  By  this  method  longitudinal  incisions  are  first 
made  through  the  skin  along  the  middorsal  line  of  one 
finger  and  the  median  palmar  line  of  the  other  finger 
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(Fig.  2942).  Beginning  at  tliese  incisions  rectan- 
gular flaps  are  then  dissected  oflf,  and  tlie  tissues 
uniting  the  two  fingers  are  cut  through  so  that  one  of 
the  digits  has  a  flap  adhering  to  its  dorsal  surface  and 
the  other  a  flap  adhering  to  its  palmar  surface.  Each 
flap  is  then  brought  around  the  finger  to  which  it  is 
attached  and  its  margin  sutured  neatly  to  the  edge 
of  the  skin  so  as  to  cover  the  surface  denuded  by  dis- 


Fia.  2944.- 


-Norton's  Operation  for  SyDdactylism. 
ford  and  Lovett.) 


(From  Brad- 


secting  off  the  flaps.  The  method  of  forming  the  flaps 
and  of  suturing  them  in  their  new  positions  is  graphic- 
ally illustrated  in  Fig.  2943.  This  procedure  keeps 
the  healing  surfaces  well  separated,  and  thus  obviates 
readherence.  It  is  probable  that  flaps  should  also 
be  drawn  together  and  sutured  in  some  such  manner 
as  is  employed  in  Norton's  operation  in  order  to  close 
and  cover  the  raw  surface  in  the  tnterdigital  angle. 
From  the  stretching  of  the  flaps  sometimes  necessi- 


FiG.  2945. — Zeller's  Operation  for  Syndactylism,   Showing  Lines 
of  Incision  and  Outlines  of  Flaps.     (Treves.) 

tated  there  may  at  times  be  some  tendency  to  slough- 
ing of  the  tissues;  but  in  general  the  results  of  Didot's 
operation  are  very  satisfactory  and  successful. 

Norton's  operation  (Fig.  2944),  which  is  recom- 
mended for  cases  in  which  there  is  a  short  but  ample 
web,  consists  in  tlie  formation  of  horseshoe-shaped 
flaps,  dorsal  and  palmar,  which  are  stretched  and  su- 
tured together  so  as  to  cover  the  interdigital  angle. 
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The  web  is  divided  lengthwise,  and  the  divided  edges 
are  brought  together  along  each  finger. 

Zeller's  operation  (Fig.  2945),  which  is  recom- 
mended for  cases  similar  to  those  for  which  Norton's 
is  employed,  consists  in  the  formation  of  a  triangular 
dorsal  flap,  which  after  section  of  the  web  is  brought 
into  the  interdigital  angle  and  sutured  in  place. 
Agnew's  operation  is  similar  to  Zeller's. 

Fowler's  operation-  is  recommended  for  obstinate 
and  intractable  cases.  In  this  procedure  a  prelimi- 
nary longitudinal  opening  or  slit  is  made  through  the 
web  between  the  proximal  ends  of  the  proximal 
phalanges,  at  the  site  of  the  future  interdigital  angle. 
From  the  dorsum  of  the  hand  two  long  narrow  flaps 
are  then  cut,  one  on  each  side  of  this  opening,  with 
their  attached  bases  near  the  slit.  The  flaps  are  then 
twisted  around  a  quarter  of  a  circle  and  drawn  through 
the  slit  so  that  the  skin  surfaces  of  the  flap  are  opposed 
to  each  other  and  their  denuded  surfaces  are  brought 
in  contact  with  the  raw  surfaces  of  the  slit,  with  which 
they  are  designed  to  become  united.  The  flaps  should 
be  long  enough  to  project  through  the  palmar  aspect 
of  the  slit  about  a  centimeter,  and  they  do  not  re- 
quire to  be  sutured  in  place.  The  areas  left  by  the 
removal  of  the  flaps  on  the  back  of  the  hand  can  be 
closed  by  sutures.  When  the  wounds  heal,  there 
will  be  a  permanent  opening  through  the  web,  lined 
with  skin.  The  remainder  of  the  web  is  then  divided, 
and  the  healed  commissure  will  prevent  recurrence 
of  the  malunion. 

Cleft  Hand. — The  contrary  condition  to  syndactyl- 
ism, the  union  of  parts  normally  separate,  is  cleft 
hand,  or  a  separation  of  parts  normally  united.  Cleft 
hand  consists  in  the  separation  of,  or  division  between, 
adjacent  fingers  extending  farther  toward  the  carpus 
than  normal,  that  is,  into  the  metacarpal  region.  It 
is  a  very  rare  condition,  and  is  almost  invariably 
associated  with  other  developmental  anomalies.  In 
nearly  every  case  it  is  associated  with  ectrodactylism, 
especially  with  lack  of  the  middle  finger  (see  Fig.  2936) ; 
other  anomalies,  as  syndactylism,  may  also  be 
present.  In  a  case  reported  by  Charles  N.  Dowd' 
the  number  of  fingers  was  normal,  but  there  was  syn- 
dactylic  union  of  the  metacarpal  bones  of  the  ring  and 
little  fingers;  the  unsightly  appearance  in  this  case  was 
relieved  by  a  plastic  operation.  This  condition  should 
not  be  confounded  with  dicheiria,  to  which  the  term 
"bifid  hand"  is  often  rather  inappropriately  applied. 

Congenital  Constrictions. — Congenital  annular 
constrictions  of  the  fingers,  as  well  as  of  other  portions 
of  the  extremities,  have  been  observed,  but  are  very 
rare.  They  are  apparently  produced  by  tight  turns 
of  the  umbilical  cord  or  of  amniotic  bands  around  the 
members,  constricting  the  tissues;  they  are  hence  pro- 
duced in  the  same  manner  as  are  intrauterine  amputa- 
tions but  with  the  constriction  not  carried  to  a  suffi- 
cient degree  .to  cause  complete  amputation. 

Club  Hand. — This  term  in  its  most  general  sense 
could  be  applied  to  all  deflections  of  the  hand  at  the 
wrist  joint,  congenital  or  acquired,  but  as  ordinarily 
used  it  is  chiefly  employed  to  designate  only  the  con- 
genital forms  of  the  deformity. 

The  cases  of  congenital  club  hand,  which  is  a  rare 
condition,  may  be  divided  into  some  three  classes,  as 
follows : 

1.  The  first  class  comprises  those  cases  depending 
on  contractions  and  altered  anatomical  conditions  of 
the  carpal  structures  in  a  manner  entirely  analogous 
to  congenital  club  foot.  This  form  of  congenital  club 
hand  is  exceedingly  rare,  as  the  hand  is  very  little 
subject  to  the  developmental  anomalies  and  intrauter- 
ine conditions  that  give  rise  to  talipes. 

2.  Of  the  rare  cases  of  congenital  club  hand  that  do 
occur,  the  largest  proportion  consists  of  anomalies 
associated  with  developmental  deficiency  or  absence 
of  the  radius.     This  and  the  following  class  of  deformi- 
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ties  are  caused  by  conditions  quite  different  from  those 
that  give  rise  to  ordinary  talipes ;  the  term  club  hand  is, 
however,  generally  extended  to  the  cases  associated 


Fia.  2946. 


-Congenital  Club  Hand,  with  Absence  of  Radius  and 
Thumb.     (Hoffa.) 


with  defective  development  of  the  bones  of  the  fore- 
arm. In  this  form  of  club  hand  the  radius  is  either 
totally  absent  or  only  partially  developed,  the  distal 
extremity   being   deficient   in   the   latter   case.     The 


Fig.  2947.- 


-Congenital  Club   Hand,    with  Deficiency  of  Radius 
Dorsal  View. 


hand  is  articulated  on  the  lateral  aspect  of  the  ulna  in 
the  position  of  manus  vara  (Figs^  2946,  2947)  at  a  con- 
siderable and  even  a  right  angle  to  its  normal  situa- 
tion.    The  thumb  and  corresponding  carpal  bones  are 


Fig.  2948.- 


-Club  Hand,  with  Deficient  Development  of  the  Radius 
and  Rudimentary  Thumb.     (Clutton.) 


usually  lacking,  though  exceptionally  present,  as  in 
Fig.  2948,  in  a  rudimentary  condition  and  transposed 
situation. 


3.  Much  more  rarely  than  the  radius,  the  ulna  is 
absent  or  defective,  giving  rise  to  an  abnormal  posi- 
tion and  ectrodactylic  condition  of  the,  hand  corre- 
sponding to  the  radial  deformity. 

The  treatment  of  congenital  club  hand,  if  under- 
taken sufficiently  early  in  life  while  the  joint  structures 
are  pliable  and  "adaptable,  consists  of  gradual  correc- 
tion of  the  deformed  position  with  maintenance  of  the 
hand  in  the  improved  position  until  permanent  re- 
sults are  attained.  Violent  and  abrupt  measures  are 
not  generally  desirable,  but  the  correction  should  be 


Fig.  2949. — Club   Hand,   with  Congenital  Absence  of   Radius 
and   Thumb.     (Clutton.) 

accomplished  by  gradual  steps,  apparatus,  splints,  or 
plaster-of-Paris  dressings  being  employed  in  the  inter- 
vals to  maintain  and  render  permanent  each  step 
gained.  Results  of  any  form  of  treatment  are  not 
very  satisfactory. 

In  older  patients  the  joint  is  apt  to  become  so  fixed 
that  attempts  at  correction  of  the  deformity  may  re- 
sult in  impairing  the  usefulness  of  a  hand,  which, 
though  deformed  and  unsightly,  still  has  good  func- 
tional power  and  is  a  useful  member.  Treatment  in 
such  cases  should  be  very  conservative,  and  utility 
should  not  be  sacrificed  for  the  sake  of  appearance. 


Fic 


29.50. — Congenital   Radial   Deflection  of   Distal   Phalanx    of 
Thumb.     (Gross.) 


Deflections  of  the  Fingers. — Lateral  deflectiovs 
may  be  congenital  and  developmental,  or  acquired. 
The  acquired  forms  arise  chiefly  from  cicatricial  con- 
tractions, joint  changes  (especially  chronic  arthritis), 
dislocations,  injuries,  ankylosis  in  malposition,  senile 
changes,  or  in  association  with  hypertrophied  fingers. 
Of  these  a  general  deviation  of  the  four  ulnar  fingers 
toward  the  ulnar  side  is  a  common  and  characteristic 
condition  in  certain  senile  and  rheumatoid  cases. 

A  small  number  of  cases  has  been  reported  in  which 
the  distal  phalanx  of  the  thumb  has  been  congenitally 
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bent  laterally,  either  to  the  ulnar  or  to  the  radial  side, 
at  a  sharp  angle.  Some  of  these  cases  were  hereditary, 
others  were  associated  with  other  defonnities,  as  club 
foot;  the  cause  of  this  abnormity  is  hence  develop- 
mental. The  treatment,  if  undertaken  sufficiently 
early,  should  consist  in  gradual  correction  of  the  de- 
formity and  fixation  by  splints  until  permanent  im- 
provement is  obtained.  Removal  of  a  wedge-shaped 
piece  of  bone  from  the  phalanx  has  proved  successful  in 
one  case;  while  division  of  the  lateral  ligament  and  ex- 
section  of  a  portion  of  the  head  of  the  phalanx  did  not 
give  satisfactory  results  in  another  instance. 

There  is  another  well-marked  class  of  lateral  de- 
flections of  the  phalanges,  affecting  chiefly  the  little 
fingers,  which  occurs  occasionally,  often  associated  to 
a  certain  degree  with  hammer  finger.  Exceptionally 
the  deflection  may  be  toward  the  ulnar  side,  or  the 
middle  phalanx  may  be  the  one  bent,  or  the  ring  finger, 
or  some  finger  other  than  the  little  finger,  may  be 
affected;  but  usually  this  abnormity  manifests  itself 
as  a  radial  deflection  of  the  terminal  phalanx  of  the 
little  finger  (phalanx  vara).  The  deviation  is  not 
generallj-  more  than  about  twenty-five  or  thirt}^  de- 
grees, and  both  little  fingers  are  usually  affected  to- 
gether. This  lateral  phalanx  deflection  is  not  infre- 
quentlj-  exhibited  by  little  fingers  that  are  also  af- 
fected with  the  condition  t«rmed  hammer  finger. 
Radial  deflection  of  the  distal  phalanx  of  the  little 
finger  is  said  to  be  common  in  Idiots  of  the  so-called 
Mongol  type.  The  condition  is  of  developmental 
origin  caused  by  irregular  development  of  the  phalan- 
geal articulation.  The  abnormity  is  somewhat  un- 
sightly, but  is  not  troublesome  in  any  other  way. 
The  only  advisable  treatment  is  the  use  of  splints  for 
a  time  to  straighten  the  finger. 

B.icKWABD  Deflections  (digitus  superextensus) . — 
Superextensions  of  the  fingers  or  phalanges  are  among 
the  less  common  of  the  deflections  of  the  fingers ;  they 
are  mostly  acquired,  and  are  due  to  various  conditions. 

The  terminal  [ihalanx  of  the  thumb  in  many  persons 
is  capable  of  extension  backward  from  the  straight 
line  to  a  marked  degree,  flexion  not  being  interfered 
with;  this  is  a  normal  developmental  condition.  The 
terminal  phalanges  of  the  other  fingers  are  occasion- 
ally markedly  extensible  backward,  and  in  such  cases 
power  of  flexion  is  sometimes  somewhat  impaired. 

Cicatricial  contractions  following  dorsal  ulcers, 
contractions  of  the  dorsal  digital  fascia,  joint  lesions 
like  chronic  arthritis,  adhesions  of  extensor  tendons, 
section  of  flexor  tendons,  spasms  of  extensor  muscles, 
paralysis  of  flexor  muscles,  are  the  other  principal 
causes  of  superextended  fingers  or  phalanges.  In  a 
considerable  proportion  of  cases  of  hammer  finger 
there  is  a  superextended  condition  of  the  proximal 
phalanges  of  the  affected  fingers;  and  superextension 
of  the  distal  phalanges  in  hammer  fingers  has  been 
observed.  In  dactylomegaly  there  is  not  infrequently 
phalangeal  superextension. 

The  treatment  of  digital  and  phalangeal  superex- 
tensions must  be  guided  by  general  principles  and 
the  conditions  present.  Some  cases  will  hardh-  re- 
quire treatment,  others  are  susceptible  of  improve- 
ment. Gradual  or  forcible  correction  of  the  deformity 
with  fixation  by  splints,  division  of  contracting 
tendons  or  fibrous  bands,  or  lengthening  or  shortening 
of  tendons  by  plastic  procedures  may  result  in  lessen- 
ing the  deformity  and  impairment  of  function. 

MicRocHErRiA  AND  MicROD.\cTYLisM. — An  abnor- 
mally small  size  of  hand  or  fingers  may  be  due  to  re- 
tarded, deficient,  or  arrested  development,  or  to  atro- 
phy or  retrogression  after  full  development  has  been 
once  attained.  Both  congenital  and  acquired  cases  are 
distinguishable. 

Brachydactyly,  or  short  finger,  is  a  form  of  microdac- 
tyly in  which  the  deficiency  in  size  affects  especially 
the  length  of  the  finger. 
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In  dwarfs  and  in  conditions  like  achondroplasia,  the 
hand  and  fingers  are  small  but  not  diminished  in 
size  in  proportion  to  the  rest  of  the  body  or  of  the  up- 
per extremity;  such  cases  are  hardly  to  be  classed  as 
real  microcheiria  or  microdactyly,  in  which  the  small 
size  is  relative  as  well  as  absolute. 

Brachydactyly  is  caused  by  congenital  absence  of 
phalanges  (hj^pophalangism)  or  by  abnormal  shortness 
of  the  phalanges  or  metacarpal  bones.  Cases  have 
been  observed  in  which  a  supernumerary  phalanx  even 
was  present,  but  with  sufficient  abbreviation  of  the 
phalanges  to  constitute  a  condition  of  brachydactyly. 
Brachydact_vly  and  other  forms  of  congenital  micro- 
dactyly are  rare.  Deficient  size  of  the  thumb,  ap- 
parently developmental,  occurs  in  a  certain  proportion 
of  the  cases  of  ossifying  myositis;  in  this  disease  a  cor- 
responding anomaly  of  the  great  toes  occurs  much 
more  frequently.  Fingers  associated  with  develop- 
mental abnormities,  such  as  supernumerary  or  syn- 
dactylic  digits,  are  apt  to  be  retarded  or  stunted  in 
development  unless  the  impediment  is  early  removed. 
Injuries  or  diseases  affecting  digits  during  the  period 
of  development,  in  infancy  or  childhood,  may  arrest 
or  retard  their  growth  so  that  they  may  not  attain  full 
development.  Loss  of  tissue  or  destruction  of  bone 
from  injuries,  inflammation  (tuberculosis,  etc.),  ulcera- 
tion, and  the  like,  wDl  if  not  replaced  result  in  diminu- 
tion of  size.  After  full  growth  is  attained  atrophy  and 
decrease  in  size  may  result  from  injuries,  local  disease, 
trophic  influences  from  nervous  lesions,  etc. 

M.4CR0CHEIRIA  AND  Machodacttlism. — The  follow- 
ing are  some  of  the  other  terms  applied  to  hypertrophy 
of  the  hands  or  fingers:  cheiromegaly,  dactylomegaly, 
megalodactylism,  or  macrodactylism. 

Congenital  and  Idiopathic  Hypertrophy. — The  fingers, 
hand,  and  more  or  less  of  the  upper  extremity  are 
sometimes  the  seat  of  a  peculiar  hypertrophy, 
which,  though  rare,  presents  a  well-marked  clinical 
type.  This  hypertrophy  is  of  the  same  general  nature 
as  the  condition  called  "congenital  hypertrophy" 
which  affects  various  other  parts  of  the  body,  though 
the  fingers  are  a  favorite  seat.  Sometimes  other  parts 
of  the  body  are  affected  along  with  the  hand,  as  in  the 
unilateral  hypertrophy  where  the  upper  and  lower 
extremities  on  the  same  side  are  enlarged. 

When  the  upper  extremity  is  involved  it  is  far  com- 
moner for  a  portion  only  of  the  fingers  or  of  the  hand 
to  be  hypertrophied;  very  rarely  the  entire  extremity 
may  be  enlarged.  Sometimes  even  when  there  is  a 
general  enlargement  of  the  limb,  some  of  the  fingers  are 
relatively  much  more  enlarged  than  the  others. 

The  hypertrophy  is  often,  though  not  always,  mani- 
fest at  birth,  the  affected  fingers  being  then  appreci- 
ably and  materially  larger  than  the  others.  P\irther 
enlargement  proceeds  progressively,  or  may  take 
place  rapidly  at  some  time  during  the  period  of  devel- 
opment. Cases  of  a  high  degree  of  hypertrophy  and 
deformity  are  exhibited  in  young  children,  though  tlie 
enlargement  may  develop  even  in  adults.  The  cause 
of  the  hypertrophy  is  apparently  some  idiopathic 
developmental  derangement,  the  precise  nature  of 
which  is  unknown.  The  condition  is  sometimes  called 
congenital  elephantiasis,  and  has  been  thought  by 
some  to  be  a  form  of  elephantiasis.  Some  of  the  cases 
reported,  indeed,  may  have  been  real  instances  of 
elephantiasis.  But  if  the  term  elephantiasis  be  limited 
to  hypertrophies  produced  by  occlusion  of  the  lymph 
vessels,  especially  by  the  filaria,  there  is  probably  a 
genuine  difference  between  the  two  conditions.  He- 
reditary transmission  of  congenital  dactylomegaly  has 
not  been  especially  noted. 

The  hypertrophy  often  does  not  involve  all  the 
tissues  uniformly,  but  affects  especially  the  bony,  fatty, 
and  vascular  tissues.  The  bones  are  hypertrophied, 
and  sometimes  there  are  joint  lesions.  The  adipose 
tissues  are  often  relatively  increased,  even  to  the  pro- 
duction  of   lipomatous  tumors.     Areas   of  excessive 
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development  of  vascular  structures  are  frequently  ex- 
hibited, in  the  form  of  angiomata,  angiectases,  vas- 
cular nevi,  varicose  veins,  lyniphangiomata,  etc.  The 
arteries  are  said  not  to  be  enlarged  so  much  as  the  veins 
and  capillaries.  Muscular  strength  is  sometimes  in- 
creased, often  not,  but  the  usefulness  of  the  member  is 
often  impaired.  The  skin  is  usually  not  greatly  al- 
tered. Syndactylism  is  sometimes  present.  Fre- 
c|uently  some  of  the  hj^ertrophied  phalanges  or  fingers 
are  deflected  lateraUy  or  backward,  from  articular 
changes.  The  metacarpal  portions  of  the  affected 
fingers  may,  or  may  not,  partake  of  the  h>-pertrophy. 

The  enlargement  is  both  in  length  and,  markedly,  in 
thickness.  \'arious  gradations  of  hypertrophy  may 
occur,  from  slight  enlargement  up  to  great  deformity 
and  disabUity.  In  typical  cases  the  overgro'W'th  is  fre- 
quently gigantic,  so  that  the  member  may  be  highly 
deformed,  unsightly,  and  useless.  Increase  of  the 
middle  finger,  for  instance,  to  a  length  of  thirteen, 
fourteen,  or  sixteen  centimeters  (six  and  one-half 
inches),  and  to  a  circumference  at  its  base  of  thirty- 
t-n-o  centimeters  (thirteen  inches),  has  been  noted  in 
more  than  one  case.  In  one  instance  the  hand 
weighed  twelve  pounds. 

This  hypertrophy  is  in  the  great  majority"  of  cases 
unilateral.  In  the  unilateral  cases  the  right  and  left 
hands  are  involved  with  about  equal  frequency,  with 
perhaps  a  slight  difference  in  favor  of  the  right.  In 
the  bilateral  cases  different  fingers  may  be  affected  on 
the  two  hands.  The  middle  and  index  fingers  are 
much  the  most  frequently  involved,  the  middle  more 
often  than  the  index  finger.  The  thumb  is  affected 
in  a  considerable  proportion  of  the  cases,  the  ring  and 
little  fingers  infrequently.  The  three  radial  digits  are 
therefore  much  the  most  liable  to  the  disease.  It  is 
more  usual  for  two  or  more  adjacent  fingers  to  be  hy- 
pertrophied  together  than  for  one  finger  to  be  affected 
alone,  though  any  of  the  digits  may  be  enlarged  alone. 
The  commonest  combinations  are  for  the  thumb,  index, 
and  middle  fingers,  or  for  the  index  and  middle  fingers 
to  be  affected  together,  next  for  the  middle  finger  to  be 
hj-pertrophied  alone;  the  other  fingers  and  combina- 
tions are  less  frequently  involved. 

Treatment  of  congenital  dactylomegaly :  When  fully 
developed  amputation  may  be  requisite  to  improve  the 
appearance  and  usefulness  of  the  hand,  or  to  prevent 
the  extension  of  the  hypertrophic  process  to  the  re- 
maining portion  of  the  hand  or  limb. 

An  elephantiasiform  hj^Dertrophy  sometimes  follows 
healing  of  lupus  vulgaris  on  the  hand,  from  chronic 
edema  produced  by  occlusion  and  obliteration  of 
l\nnph-  and  blood-vessels,  with  tendency  to  recurrent 
dermatitis,  cellulitis  and  l>Tnphangitis. 

HypertrophicPulmonaryOsieoarthropathy.*,  ^, '. — This 
is  a  rare  condition  in  which  the  hands  and  feet,  with 
the  distal  portions  of  the  forearms  and  legs,  imdergo 
hj-pertrophy  in  association  with  chronic  pulmonary, 
pleural,  or  bronchial  disease,  such  as  phthisis,  tuber- 
culosis, empyema,  pneumonia,  syphilitic  and  nialig- 
nant  thoracic  disease,  chronic  bronchitis,  etc.,  mostly 
conditions  in  which  the  arterialization  of  the  blood  is 
impaired.  Adults  and  males  are  affected  most  fre- 
quently, though  children  and  females  are  not  exempt. 
Usually  the  hj-pertrophic  condition  develops  insidi- 
ously but  in  exceptional  instances  it  has  a  sudden 
onset  and  rapid  development,  becoming  well  defined 
in  the  course  of  six  or  twelve  weeks. 

The  h\-pertrophic  condition  consists  in  a  general 
and  symmetrical  enlargement  of  the  hands  and  feet 
and  the  distal  extremities  of  the  forearms  and  legs, 
other  parts  of  the  body  being  scarcely  affected. 
In  the  upper  extremity,  the  lower  ends  of  the  radius 
and  ulna,  the  carpal,  metacarpal,  and  phalangeal 
bones  may  all  be  involved.  The  terminal  phalanges 
are  u.sualiy  markedly  enlarged,  giving  the  digits  a 
club-shaped  or  drumstick  appearance.  According  to 
recent  TSTiters  most  of  this  enlargement  takes  place 
in  the  soft  parts  of  the  fingers.     The  nails  are  much 


increased  in  size  and  very  convex,  both  transversely 
and  longitudinally,  and  arch  over  the  ends  of  the 
fingers. 

Pain,  sometimes  severe,  is  present  in  the  hands  in 
most  cases,  at  least  at  some  period  in  the  course  of 
the  disease. 

.Among  the  features  by  which  this  condition  can  be 
differentially  distinguished  from  acromegaly  may  be 
mentioned  the  association  with  pulmonary  disease, 
the  absence  of  any  enlargement  of  the  bones  of  the 
head,  such  as  occurs  in  acromegaly,  and  the  bulbous 
enlargement  of  the  terminal  phalanges  and  the  shape 
of  the  nail,  which  are  not  manifested  in  acromegaly. 

The  condition  probably  has  some  relationship, 
and  is  even  perhaps  identical,  with  clubbed  or  Hippo- 
cratic  fingers. 

There  is  no  definite  treatment. 

Hippocratic  or  Clubbed  Fingers. — The  term  clubbed 
finger  is  employed  to  designate  conditions  in  which 
the  terminal  phalanges  or  ends  of  the  digits  are  en- 


FlG.  2951. — Hippocratic  Fingers.     (Meillet  and  Richer.) 

larged  and  bulbous,  that  is,  larger  than  the  remainder 
of  the  fingers,  giving  them  a  club  or  drumstick  shape. 
The  fingers  in  h^-pertrophic  pulmonary  osteoarthro- 
pathy and  sometimes  in  m>'sedema  exhibit  this 
condition.  No  sharp  dividing  line  exists  between 
clubbed  fingers  and  pulmonary  osteoarthropathy. 
The  term  clubbed  fingers  is  commonly  used,  and  the 
term  Hippocratic  fingers  is  specifically  used  to  des- 
ignate a  bulbous  enlargement  of  the  ends  of  the 
fingers,  with  a  longitudina  curvature  of  the  nail, 
that  is  occasionally  present  in  chronic  conditions  in 
which  the  circulation  is  weakened,  especially  in 
pulmonary  tuberculosis  and  heart  diseases.  The 
condition  can  be  treated  only  by  attention  to  the 
general  disturbance  which  causes  it. 

Neoplasms. — Aside  from  warts,  this  region  is  not 
particularly  prone  to  the  development  of  neoplasms. 

The  congenital  tumors  of  the  hand  and  fingers 
compose  a  group  of  cases  in  which  the  tumor  is  present 
at  birth.  Neoplasms  of  this  class  that  have  been 
observed  are  rudimentary  supernumerary  fingers, 
dermoid  tumors  and  cysts,  fibromata,  lipomata, 
chondromata,  and  angiomata.  Such  congenital 
tumors  are  not  common. 

As  already  stated,  supernumerary  fingers  are  often 
of  so  rudiinentary  a  structure  that  their  digital 
nature  is  shown  "only  by  the  presence  of  a  small 
amount  of  osseous  or  cartilaginous  tissue  or  a  nail; 
such  structures  practically  amount  to  tumors.  These 
are  usually  attached  by  "a  soft  pedicle  and  are  most 
commonlv  situated  on  "the  ulnar  margin  of  the  hand 
or  little  finger.  If  we  conceive  such  structures  to 
be  still  more  rudimentary,  lacking  all  traces  of 
bony  or  cartilaginous  tissue  or  nail,  we  will  have 
left  "simplv  tumors  composed  of  fibrous  tissue  covered 
with  skin",  and  having  no  distinct  digital  character- 
istics. Congenital  tumors  of  this  nature  have  been 
observed,  often  pedunculated  and  on  the  ulnar  side 
of  the  hand,  and  in  some  cases  are  doubtless  super- 
numerarv  digits  of  extremely  rudimentary  character. 

irar(s— the  familiar  verruca  vulgaris — are  very 
common  on  the  hands  and  fingers,  which  are  their 
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favorite  seats.  They  are  especially  common  in 
childhood,  occurring  singly  or  in  numbers.  They 
consist  of  hypertrophied  and  elongated  papilljB  of 
the  corium  surmounted  by  thickened  and  horny 
epidermis.  Among  the  methods  of  treatnient  niay  be 
mentioned  cutting  out  the  growth  with  knife  or 
scissors  and  applying  caustics — as  silver  nitrate, 
potassium  hydrate,  or  chromic  acid,  solid  or  in  solu- 
tion— to  the  denuded  surface. 

Chondromala  are  the  commonest  (aside  from  warts) 
of  the  benign  neoplasms  of  the  hand  and  fingers. 
Sometimes  they  are  congenital,  sometimes  result 
from  trauma,  usually  arise  without  assignable  cause. 
They  occasionally  develop  in  the  soft  tissues,  but 
usually  arise  froni  the  interior  or  the  surface  of  the 
bones,"  the  periosteum,  or  the  joints.  They  may  be 
firm  or  soft,  may  break  down  and  ulcerate,  and  may 
ossify.  They  niay  be  single  or  multiple,  may  in- 
volve one  or  several  fingers,  one  hand  or  both  hands. 
Often  they  attain  a  large  size  and  occasion  great 
deformity  and  disability,  so  that  amputation  may  be 
required. 

The  treatment  of  neoplasms  of  the  hand  and 
fingers  must  be  guided  by  general  principles  and  the 
circumstances  of  the  case.  Removal  or  excision  of 
the  tumor  or  amputation  if  deformity  is  extreme  are 
the  ordinarj'  procedures.  The  malignant  tumors  re- 
quire complete  removal  or  amputation. 

Injuries. — Wounds  of  all  kinds — incised,  lacerated, 
contused,  punctured,  gunshot — are  of  common 
occurrence.  Not  infrequently  portions  of  fingers  or 
entire  digits  are  cut  or  torn  completely  off.  The 
treatment  is  that  of  wounds  in  general,  the  chief 
objects  aimed  at  being  hemostasis,  asepsis,  coaptation. 
Aseptic  wounds  heal  well  and  rapidly  in  this  situation, 
but  if  infection  occurs  healing  may  be  very  slow; 
asepsis  is  therefore  highly  important,  especially  after 
bites  of  animals.  Tendons  and  nerves,  if  severed 
should  be  carefully  sutured  to  avoid  subsequent 
impairment  of  function.  The  hand  should  be 
immobilized  while  healing. 

When  portions  of  the  fingers  are  entirely  cut  off  or 
hang  by  a  small  neck  or  shred  of  tissue,  there  is  some 
hope  of  obtaining  complete  reunion  of  the  severed 
portion.  The  parts  should  be  well  cleaned  and 
sutured  nicely  together.  Well-authenticated  cases 
are  on  record  in  which  a  part  of  a  finger  completely 
cut  off  has  perfectly  reunited  to  the  stimip  when 
sutured  back  in  place,  so  that  an  attempt  should  at 
least  be  made  to  save  the  finger  in  all  such  cases.  A 
case  has  been  reported  in  which  the  hand  was  almost 
severed  from  the  forearm  at  the  wrist,  all  the  blood- 
vessels and  muscles  and  most  of  the  bones  being 
divided,  leaving  only  the  ulna  and  a  small  portion  of 
skin  intact;  even  in  this  case  good  union  was  obtained 
with  ree.stablishment  of  the  circulation  and  function  of 
the  hand.  Such  cases  illustrate  the  advisability  of  con- 
servative treatment  of  wounds  of  the  hand,  arid  of  the 
attempt  to  save  as  much  of  the  member  as  possible. 

Contusions  and  crush  injuries  of  the  hand  and 
fingers  are  very  common,  and  exhibit  all  gradations 
from  slight  bruises  to  cases  in  which  the  hand  is 
crushed  and  lacerated  into  a  shapeless  mass,  as  in 
machinery  injuries.  The'  treatment  is  to  be  guided 
by  the  circumstances,  but  it  should  be  as  conservative 
as  possible,  and  it  should  be  remembered  that  this 
region  possesses  great  reparative  power  if  uninfected. 
Complete  destruction  of  the  ends  of  the  fingers  by 
crush  injuries,  the  nail  and  all  the  soft  tissues  to  the 
bone  being  destroyed,  may  be  followed  by  regenera- 
tion so  nearly  complete  that  scarcely  any  trace  of  the 
injury  wDl  be  perceptible.  Unlike  the  lower  ex- 
tremity, lost  parts  of  the  hand  or  upper  extremity 
cannot  be  satisfactorily  replaced  by  mechanical 
apparatus,  so  that  in  injuries  every  attempt  should 
be  made  to  save  as  much  as  possible  of  this  useful 
and   unreplaceable   member.     Parts    should    not   be 
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amputated  unless  or  until  it  is  evident  that  repair  is 
impossible. 

Foreign  bodies,  like  bullets  or  splinters  lodged  in  the 
member,  bites  and  stings  of  insects,  and  other  poisoned 
wounds,  etc.,  should  receive  the  cu.stomary  treatment, 
infection  being  especially  guarded  against.  Needles 
or  pieces  of  needles  should  be  located  by  the  Roentgen 
rays  taking  two  plates  at  different  angles.  As  a 
rule  the  incision  should  be  made  at  right  angles  to  the 
needle,  but  zeal  to  find  the  foreign  body  must  not 
carry  the  operator  too  far  in  his  dissection.  It  were 
better  to  sew  up  the  wound  and  to  leave  the  extrac- 
tion to  a  later  time,  when  the  needle  has  reached  a 
more  accessible  situation.  Sprains  and  dislocations 
will  be  considered  in  connection  with  the  affections  of 
the  joints. 

Fractures  of  the  phalanges  and  of  the  metacarpals 
are  fairly  frequent,  and,  strange  to  say,  are  often 
extremely  difficult  to  diagnose  without  the  Roentgen 
rays.  The  former  are  usually  treated  best  by 
extension  on  a  splint.  For  the  treatment  of  the 
latter  much  ingenuity  often  is  reciinred  to  avoid 
the  "dropped"  knuckle  which  causes  so  ugly  a 
deformity.  As  a  rule,  bandaging  the  hand  with  the 
fingers  flexed  over  a  small  ball  or  roller  bandage  will 
give  the  best  results,  if  care  be  taken  to  push  the 
fractured  bone  well  backward  dorsally. 

The  hand  is  often  badly  deformed  and  often  ren- 
dered almost  useless  as  the  result  of  a  poorly  treated 
Colles'  fracture,  or  a  fracture  of  the  carpal  bones. 
The  deformity  following  an  imreduced  Colles' 
fracture  can  be  distinguished  only  l)y  the  Roentgen 
rays  from  that  following  an  old  fractured  na\'icular 
with  unreduced  luxation  of  the  semilunar  bone. 

Burns  and  scalds  of  the  hand  are  very  common, 
causing  superficial  dermatitis,  ulceration,  or  more 
or  less  necrosis.  If  the  destruction  of  tissue  is 
extensive  they  are  exceedingly  apt  to  be  followed  by 
deforming  and  disabling  cicatrical  contractions. 

Frost  Bite. — From  their  small  size,  ex-posed  situation, 
and  distance  from  the  circulatory  centers,  the  fingers 
are  often  frozen,  exceeded  in  their  liability  to  this 
accident  only  by  the  ears  and  toes.  Frost  bite  is  apt 
to  cause  complete  necrosis  of  the  tissues  involved, 
though  the  gangrene  may  be  slow,  even  weeks,  in 
attaining  its  full  development.  The  frozen  parts 
should  at  first  be  thawed  out  very  slowly,  as  by  the 
use  of  cold  water,  in  order  to  avoid  inflammatory 
reaction.  The  subsequent  treatment  is  that  of  the 
necrosis  which  may  supervene,  removal  of  the 
sloughs  by  caustics,  or  excision,  asepsis,  and  protec- 
tion of  the  resulting  ulcer;  and  if  the  gangrene  is 
extenisive  enough  and  when  the  limits  of  the  necrotic 
process  are  demarked,  amputation,  preserving  as  much 
viable  tissue  as  possible. 

Inflamjiatory  Conditions. — These,  which  are 
caused,  principally  by  the  pyogenic  staphylococci 
and  streptococci,  occur  in  a  variety  of  forms,  as 
infected  w-ounds,  cellulitis,  and  abscess.  In  the 
initial  stages  of  these  conditions  the  morbid  process 
may  be  purely  inflammatory,  suppuration  setting  in 
later.  In  some  mild  cases  the  morbid  process  does 
not  pass  beyond  the  stage  of  simple  inflammation, 
and  is  arrested  before  suppuration  occurs. 

The  simplest  form  of  pyogenic  infection  is  that  ex- 
hibited by  infected  icounds,  in  which  the  tissues 
adjacent  to  the  injury  are  inflamed  or  .svippurating. 
In  more  severe  cases  the  infection  extends  to  tissues 
more  distant  from  the  woimd 

Erysipeloid  '•  *  is  the  name  given  to  an  affection  of 
the  skin,  of  the  hands,  fairly  frequent  in  those  who 
handle  stale  meats,  fish,  etc.  Hence  it  is  seen  especially 
in  butchers  and  fish-dealers.  It  resembles  erysipelas, 
but  is  without  its  constitutional  symptoms.  It 
consists  of  a  dull  reddish,  elevated  area  which  tends 
to  spread  over  the  skin,  clearing  up  in  one  locality 
as  it  spreads  to  another.     Swelling,  itching  and  burn- 
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ing  may  or  may  not  be  prominent.  The  affection 
is  said  to  be  due  to  a  microorganism,  and  is  self- 
limited.  A  satisfactory  form  of  treatment  is  by 
ichthyol  applications. 

Exudath'e  Cellulitis  is  an  infectious  condition  that 
often  involves  tlie  upper  extremity.  The  infecting 
organism  gains  exntrance  at  a  wound  about  the 
fingers  or  hands,  often  insignificant  and  unnoticed. 
The  earliest  symptom,  often  overlooked,  is  a  faint 
red  and  inflamed  streak,  perhaps  a  little  tender,  ex- 
tending from  the  point  of  infection  up  the  arm;  this 
is  caused  by  an  inflammation  of  the  subcutaneous 
Ij-mphatic  channels,  up  which  the  infection  rapidly 
extends.  Next  a  large  accumulation  of  serous  fluid 
occurs  in  the  subcutaneous  tissues,  causing  a  great 
distention  and  swelling  of  the  fingers,  hand,  forearm, 
and  more  or  less  of  the  entire  upper  extremity. 
This  lasts  for  several  days  before  it  subsides,  and  is 
accompanied  by  fever  and  much  pain  (from  the 
tension).  Sometimes  the  case  proceeds  to  a  general 
phlegmonous  cellulitis,  often  resolution  takes  place 
without  suppuration.  The  treatment  consists  in 
disinfection  of  the  original  focus  of  infection  if  it  is 
discoverable;  immersion  of  the  swollen  parts  in  cold 
or  hot  water  for  hours  and  even  days  to  mitigate  and 
arrest  the  process;  multiple  incisions  through  the 
skin  if  necessary  to  relieve  tension  and  pain  and  allow 
escape  of  fluid;  application  of  moist  antiseptic  and 
sedative  applications;  tight  bandaging  to  keep  the 
swelling  down,  etc. 

Suppurative  Cellulitis  (phlegmonous  erysipelas, 
abscess,  etc.)  is  a  suppurative  inflammation  of  the 
connective  tissues  beneath  the  skin.  It  ma.v  be 
diffuse  or  circumscribed.  It  may  involve  an  exten- 
sive area,  with  considerable  danger  to  life,  or  it  may 
be  localized  and  confined  to  a  small  region  (abscess). 
The  portal  of  infection  may  be  obvious,  or  the  origin 
may  be  quite  obscure.  The  process  begins  with  a 
simple  inflammation,  gradually  proceeding  to  sujipu- 
ration;  or  in  mild  and  abortive  cases  the  trouble  ma}' 
at  no  time  proceed  as  far  as  definite  suppuration. 
The  treatment,  in  general,  is  that  of  such  conditions 
generally;  in  the  early  stages  attempts  to  abort  the 
process  and  avert  suppuration  by  cold  or  heat. 
As  soon  as  suppuration  fairly  sets  in,  free  incision  and 
open  treatment  of  the  abscess  should  be  practised. 
Suppurative  processes  in  the  hand  and  fingers  are 
apt  to  run  a  very  slow  and  protracted  course  before 
final  recovery. 

No  part  of  the  hand  is  exempt  from  suppurative 
inflammations  or  abscesses,  but  certain  regions  are  so 
subject  to  these  infections  and  exhibit  such  special 
features  that  a  few  special  forms  of  the  inflammatory 
process  are  plainly  distinguishable  and  require  special 
attention,  namely,  paronychia,  whitlow,  palmar 
abscess. 

Boils  and  carbuncles  may  occur  in  this  situation, 
but  the  hand  is  not  a  favorite  seat  of  these  lesions. 

Paronychia. — The  ordinary  acute  paronychia,  popu- 
larly termed  "run-around"  or  "ring-around,"  is  an 
inflammation,  sometimes  running  on  to  suppuration, 
of  the  tissues  at  the  sides  and  root  of  the  nails.  It 
is  produced  by  the  various  pyogenic  bacteria,  which 
gain  access  at  the  root  of  the  nail;  there  is  also  a 
syphilitic  form  of  paronychia  which  is  more  chronic. 
The  inflammation  involves  the  cutaneous  and 
subcutaneous  tissues  of  the  circumungual  region, 
affecting  only  one  finger,  as  a  rule,  at  a  tune.  At 
first  the  ordinary  phenomena  of  inflammation  are 
manifested — redness,  pain,  tumefaction.  The  pain 
and  tenderness  are  not  usually  severe,  but  are  suffi- 
cient to  cause  considerable  annoyance  and  irritation. 
Many  cases  do  not  go  beyond  simple  inflammation, 
but  others  proceed  to  suppuration,  and  in  severe 
cases  the  nails  may  be  cast  off,  and  ulceration  may 
ensue.  While  usually  acute  and  of  short  duration, 
the  course  of  paronychia  may  sometimes  be  subacute 
and    prolonged.     The   inflammation  is  wont    to    be 


more  .severe  and  more  prolonged  in  these  of  generally 
lowered  constitutional  condition  or  with  specific 
taint.     Paronychia  is  a  common  affection. 

In  the  early  stages,  with  the  view  of  checking 
further  progress  of  the  inflammation  and  to  relieve 
pain,  applications  of  heat,  cold,  or  wet  dre.ssings 
may  be  employed.  When  pus  formation  is  estab- 
lished free  incision  should  be  practised  and  the  lesion 
treated  like  ordinary  abscesses.  The  trouble  usuallj' 
yields  readily  to  treatment.  In  cases  of  debility  or 
specific  taint  constitutional  treatment  may  facilitate 
healing. 

Whitlojv,  Felon,  or  Panaritium  (panaris).  Is  a 
localized  suppurative  inflammation  of  the  tissues  of 
the  palmar  portions  of  the  digits.  Abscess  may 
affect  the  dorsal  tissues,  but  is  much  more  frequent 
in  the  palmar  regions  of  the  fingers,  where  it  presents 
special  features.  As  regards  pain,  duration  of  disa- 
bility, and  loss  of  tissue,  whitlow  is  a  condition  of 
no  little  gravity,  ^'ery  often  there  is  no  perceptible 
wound  by  which  the  infecting  bacteria  gained  entrance. 
Sometunes  the  condition  arises  after  a  slight  bruise, 
blister,  or  other  trauma  unaccompanied  by  any 
solution  of  continuity  of  the  surface  skin,  a  slight 
contusion  of  the  tissues  probably  producing  a  local 
lowering  of  vitality  and  lessening  of  resistance  that 
determine  the  development  of  infection  at  the  point. 
A  lowered  constitutional  condition  may  sometimes 
be  a  predisposing  cause.  Destructive  processes  in 
the  fingers,  often  called  whitlows,  are  generated 
by  trophic  influences  in  certain  nervous  affections, 
notably  syringomyelia,  but  these  have  rather  a 
necrotic  character  than  the  infectious  nature  of  true 
whitlows.  Any  of  the  phalanges  of  the  fingers  may  be 
affected,  more  frequently  and  often  more  seriously 
the  distal  phalanx.  Only  one  finger  is  ordinarOy 
involved  at  a  time,  and  whitlow  is  a  quite  common 
affection.  S 

Three  groups  of  tissues  may  be  involved  in  the 
inflammation — the  skin  and  subcutaneous  tissues,  the 
periosteum  and  bone,  and  the  tendons  and  their 
sheaths.  The  inflammatory  process  may  originate 
in  any  of  these  tissues,  but  usually  extends  from  one 
group  to  another.  The  course  of  the  disease  varies 
according  to  which  phalanx  is  affected. 

The  distal  phalanges  are  somewhat  more  frequently 
affected  than  the  middle  or  proximal  ones.  If  the 
inflammation  begins  in  the  superficial  tissues  the  skin 
shows  the  signs  of  inflammation — redness,  swelling, 
pain.  If  the  infective  process  starts  deeper,  the  skin 
will  not  itself  be  red  or  inflamed,  but  the  subcu- 
taneous tissues  will  be  edematous  from  the  inflam- 
matory exudate,  and  the  finger  at  this  point  will  be 
tense  and  swollen  and  the  seat  of  severe  throbbing 
pain.  In  the  distal  phalanges  there  are  no  tendons 
and  sheaths  to  enter  into  the  case,  but  the  subcu- 
taneous fibrous  tissues  are  intimately  united  with  the 
periosteum,  and  inflammation  of  the  subcutaneous 
tissues  is  almost  certain  to  extend  to  the  periosteum 
and  bone,  especially  if  thorough  incision  is  not  early 
practised.  This  involvement  of  the  bone  in  the 
inflammatory  process  is  what  renders  whitlow  in  the 
distal  phalanx  a  rather  serious  condition.  At  first 
the  morbid  process  is  purely  of  inflammatory  nature, 
but  very  early  suppuration  develops.  Osteomyelitis 
sets  in,  and  the  phalangeal  bone  becomes  carious. . 
The  course  of  the  trouble  is  exceedingly  slow  and 
protracted,  and  weeks  often  elapse  before  healing  is 
complete. 

The  fingers  possess  quite  slight  resistance  and 
reactive  powers  against  deep-seated  suppurative 
processes,  perhaps  from  the  relative  circulatory 
weakness  of  these  distal  members.  Pain  is  marked, 
often  excruciating.  The  tissues  at  the  height  of  the 
process  are  boggy  and  infiltrated  with  serous  and 
purulent  fluid,  and  the  inflammation  tends  to  extend 
proximally.  Owing  to  the  frequent  deep  situation 
and  confinement  of  the  infected  area,  the  inflamma- 
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tion  is  apt  to  extend  deep  and  far,  causing  great 
destruction  of  important  structures  before  it  will 
make  an  opening  spontaneously  through  the  skin. 
Granulation  is  slow  to  develop,  but  when  well  estab- 
lished the  sinus  is  in  a  healing  condition  and  on  the 
wav  to  obliteration. 

Whitlows  involving  the  middle  or  proximal  phalanges 
are  rather  less  common  and  generally  less  serious  and 
protracted  than  in  the  distal  phalanx.  In  these 
situations  the  tendinous  structures  are  interposed 
between  the  subcutaneous  tissues  and  the  periosteum 
and  bone,  and  to  a  large  extent  protect  the  latter 
from  involvement .  The  escape  of  the  bony  structures 
from  inflammation  considerably  mitigates  the  severity 
of  the  case.  The  morbid  process  readily  extends 
along  the  tendons  and  tendon  sheaths,  and  from 
destruction  of  their  tissue  or  the  formation  of  ad- 
hesions mav  cause  considerable  permanent  disability 
and  impairment  of  function.  Aside  from  the  special 
conditions  offered  by  the  presence  of  the  tendons  and 
the  partial  protection  of  the  bone,  the  clinical  features 
of  whitlow  in  the  two  proximal  phalanges  are  much 
the  same  as  in  the  terminal  phalanges.  The  infection 
may  extend  greatly  in  the  tendon  sheaths  if  an  open- 
ing is  not  made  in  time  through  the  overh'ing  tissues. 
There  is  special  liability-  to  extension  of  inflammation 
along  the  tendon  sheaths  of  the  thumb  and  little 
finger  into  the  palm.  Pain  is  severe  and  healing  is 
slow. 

In  treatment  of  whitlows,  at  their  verv  inception  an 
attempt  may  be  made  to  abort  the  inflammation  b>' 
the  application  of  heat  or  cold.  Such  measures  will 
not  often  be  successful,  and  if  the  infective  process 
continues  to  advance,  radical  treatment-  should  Ije 
early  adopted.  Deep  and  thorough  incision  into  the 
inflamed  tissues  is  then  necessary.  Mere  incision 
through  the  skin  is  not  sufficient  unless  the  trouble  is 
all  superficial;  the  opening  must  be  carried  down  into 
the  focus  of  infection.  To  secure  thorough  opening, 
therefore,  in  the  distal  phalanx  the  incision  should  be 
carried  down  to  the  bone;  in  the  other  phalanges  inci- 
sion to  the  tendinous  structures  will  usually  be 
sufficient.  Free  exposure  of  the  aff'ected  region 
relieves  tension  and  pain  and  provides  a  sort  of  safety 
vent,  tending  to  prevent  the  further  deep  extension  of 
suppuration.  All  fragments  of  necrotic  bone  should 
be  removed,  and  curetting  ma^-  be  necessary.  If  the 
inflammation  has  entered  the  tendon  sheath,  the 
sheath  should  be  laid  open  as  far  as  the  inflammation 
extends.  Drainage  should  be  provided  for,  and  the 
incision  not  allowed  to  close  prematurely.  Packing 
with  gauze  affords  drainage  and  stimulates  healing. 
Anodynes  to  relieve  pain  will  often  be  required,  and 
in  debilitated  patients  general  tonic  treatment  is 
indicated.  Healing  must  be  expected  to  be  very  slow, 
and  some  permanent  deformity  or  impairment  of  the 
motor  powers  often  follows. 

Palmar  Abscess." — Abscesses  in  the  palm  of  the  hand 
often  involve  the  sheath  of  the  flexor  tendons  in  this 
situation,  either  primarily,  or  by  extension  from  the 
digital  tendon  sheaths  or  from  the  subcutaneous 
tissues  and  fascias  of  the  palm.  The  anatomical 
arrangement  of  the  sheaths  of  the  flexor  tendons  in  the 
digits  and  palm  is  an  important  factor  in  palmar 
abscess.  In  the  palm  is  a  large  synovial  sheath 
common  to  the  flexor  tendons;  this  is  usually  contiiui- 
ous  with  the  sheath  of  the  tendons  belonging  to  the 
thumb  and  little  finger;  but  the  flexor  tendon  sheaths 
of  the  index,  middle,  and  ring  fingers  are  as  a  rule 
closed  at  their  proximal  ends  and  are  not  connected 
with  the  large  common  sheath  in  the  palm.  Conse- 
quently inflammation  of  the  tendinous  structures  of 
the  thuml)  and  little  finger  can  easily  extend  into  the 
large  palmar  tendon  sheath,  and  vice  versa,  while  in 
the  other  three  digits  inflammatory  processes  do  not 
so  readily  extend  from  digits  to  palm.  In  whitlows 
of  the  thumb  and  little  finger  special  care  should 
therefore   be   taken   to   prevent   extension   into   the 
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palm.  The  inflammatory  process  may  extend  widely, 
especially  if  not  adequately  treated,  involving  more  or 
less  of  the  tissues  of  the  entire  hand,  even  to  necrosis  of 
the  metacarpal  or  carpal  bones.  Palmar  abscess  is 
manifested  by  swelling,  severe  pain,  heat,  constitu- 
tional disturbance,  fever,  etc.  It  is  quite  a  serious 
condition,  and  may  result  in  more  or  less  stiff'ening  of 
the  fingers,  permanent  injury  of  the  tendons,  and 
impairment  of  the  motor  functions  of  the  hand;  even 
death  may  occur  from  exhaustion,  general  sepsis,  or 
hemorrhages. 

The  main  feature  of  treatment  of  palmar  abscess 
consists  in  early  and  free  incision,  so  as  widely  to 
expose  the  inflamed  parts.  Care  should  be  taken  to 
open  the  main  suppurating  foci,  and  not  to  stop  with 
opening  into  small  secondary  sinuses  or  superficial 
edematous  areas.  Valuable  information  may  be 
obtained  as  to  the  location  of  the  process  by  the  points 
of  greatest  sensitiveness.  Radical  incision  relieves 
tension  and  pain  and  localizes  the  process  so  as  to 
prevent  further  extension.  Infected  tendon  sheaths 
must  be  freely  laid  open  as  far  as  tlie  inflanimation 
extends.  Longitudinal  incisions  in  the  palm,  along 
the  middle  line  of  the  metacarpal  bones,  can  be 
freely  made  beyond  the  level  of  the  wel)  of  the  thumb 
without  interference  with  the  digital  vessels  or 
palmar  arches.  Swelling  on  the  back  of  the  hand  is 
often  extreme,  but  incisions  there  are  usually  of  little 
use.  Aside  from  the  special  points  mentioned  and 
the  greater  area  involved,  the  clinical  features  and 
treatment  of  palmar  abscess  and  of  whitlow  are  much 
the  same.  Few  surgical  affections  require  for  their 
treatment  greater  skill  than  hand  infections,  and  few 
receive  proper  treatment  so  rarely. 

Tuberculosis. — The  bones  and  joints  of  the  wrist 
and  hand  are  affected  with  tuberculosis  fairly  fre- 
c|uently.  The  reader  is  referred  to  the  article  on 
Arthritis  for  a  description  of  the  lesions. 

The  chief  clinical  forms  in  which  tuberculosis  of  the 
skin  appears  in  the  hand  are  lupus  vulgaris  and  tuber- 
culosis verrucosa. 

Lupus  vulgaris  affects  the  face  most  frequently,  but 
in  a  considerable  proportion  of  cases  attacks  the 
extremities,  including  the  hand  and  fingers.  The 
dorsum  of  the  hand  is  the  locality  chiefly  affected, 
the  disease  only  very  rarely  beginning  in  the  palm. 
The  disease  occurs  or  begins  chiefly  in  childhood.  It 
runs  a  very  slow  and  chronic  course,  though  at  times 
it  makes  rapid  progress.  Clinically  the  affection 
arises  from  soft,  brownish-red,  painless  nodules 
which  develop  in  the  corium  singly  or  in  coalescent 
aggregations  and  cause  a  slight  projection  above 
the  cutaneous  surface.  The  nodules  may  run  their 
course  as  such,  and  undergo  involution  and  absorp- 
tion, leaving  a  superficial  desquamating  area  and  a 
sunken  cicatrix;  or  they  are  very  apt  to  break  down 
and  form  shallow  ulcers;  or  the  affected  tissues  may 
proliferate  in  exuberant  fungoid  granulations.  After 
pursuing  an  exceedingly  protracted  course  for  months 
or  years,  the  ulcers  may  heal  and  great  cicatrical 
contraction  or  elephantiasiform  enlargement  may 
result. 

Tuberculosis  verrucosa  is  a  form  of  cutaneous 
tuberculosis  differing  in  some  of  its  clinical  features 
from  lupus  vulgaris.  It  arises  chiefly  from  direct 
external  inoculation  of  the  skin  with  the  tubercle 
bacilli,  and  hence  occurs  mostly  in  adults  whose 
occupation  exposes  them  to  the  handling  of  infected 
tissues  or  other  material.  The  hands  and  fingers, 
especially  their  dorsal  surfaces,  are  therefore  the 
commonest  seats  of  tuberculosis  verrucosa,  though 
other  parts  of  the  body,  as  the  ell)ows  and  knees, 
arc  also  subject  to  it.  The  essential  lesion  of  tubercu- 
losis verrucosa  begins  as  a  papule  in  the  corium,  which 
becomes  pustular,  then  breaks  down  and  forms  a 
small  ulcer,  upon  which  papillary  growths  develop, 
and  after  some  time  becomes  covered  with-  a  horny 
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mass.  The  characteristic  feature  of  fully  developed 
verrucose  tuberculosis  is  the  tendency  to  horny  or 
warty  papillary  proliferation.  The  disease  extends 
slowly  from  a  center. 

The  simplest  form  of  the  trouble  is  the  vrrruca 
necrogenica,  also  called  "postmortem  wart"  and 
"anatomical  tubercle,"  which  is  a  small  nodule  found 
on  the  fingers  or  hand  of  persons  exposed  to  local 
inoculation,  as  physicians  or  nurses  engaged  in  clinical 
or  autopsy  work. 

Fully  developed  tuberculosis  verrucosa  is  similar 
in  nature,  hut  of  greater  extent.  In  this  condition 
there  are  slightly"  elevated  horny,  warty  patches  on 
the  skin,  varying  in  size  from  small  areas  to  large 
plaques  covering  the  entire  dorsum  of  the  hand  and 
even  extending  over  on  the  palm.  The  patches  are 
aggregations  of  warty  nodules  and  slowly  extend  at 
the  periphery.  They  have  an  erythematous  border, 
inside  which  is  a  zone  of  pustules;  the  center  of  the 
patch  is  occupied  by  an  aggregation  of  warty  tubercles 
covered  with  crusts  and  horny  material.  There 
may  be  erosions  and  fissures,  but  there  is  little  tend- 
ency to  ulceration.  The  center  may  undergo  resolu- 
tion, leaving  a  central  cicatrix  surrounded  by  a  disease 
ring.  The  course  of  the  disease  is  very  slow  and 
chronic,  sometimes  continuing  for  years.  Usuallj- 
the  general  condition  is  not  impaired,  and  the  lesion 
is  not  ordinarily  followed  by  serious  results;  general 
tuberculosis  may,  however,  originate  from  the  cutane- 
ous infection. 

In  both  lupus  vulgaris  and  verrucous  tuberculosis 
the  essential  lesion  is  tuVjercle  formation  in  the  corium, 
and  in  both  tubercle  bacilli  have  been  demonstrated. 

In  addition  to  these  two  tv^pes  of  cutaneous  tubercu- 
losis other  clinical  forms  of  tuberculous  dermatitis 
and  cellulitis  may  occur.  Chronic  paron^-chia  of 
tuberculous  origin  has  been  observed;  and  some  cases 
of  "malignant  paronychia,"  in  which  there  is  extensive 
ulceration  and  a  protracted  and  severe  local  condi- 
tion, are  supposed  to  be  of  tuberculous  nature.  An 
inflammatory  tuberculous  tumor,  not  of  warty  nature, 
has  been  known  to  follow  a  slight  wound  on  the  hand 
caused  by  the  thumb  nail,  in  the  case  of  a  phj'sician 
who  at  the  time  was  treating  two  cases  of  tuberculous 
laryngitis  (Schamberg). 

Tuberculous  dactylitis,  or  tuberculous  inflammation 
of  various  tissues  of  the  digits,  though  an  uncommon 
condition,  presents  some  distinctive  features.  Tuber- 
cle formation  begins  in  the  marrow  of  the  pha- 
langeal bones,  especiall.y  near  the  articular  ends; 
the  cortical  bone  becomes  gradually  involved, 
while  new  bone  is  simultaneously  formed  by  the 
periosteum.  In  this  manner  the  phalanx  assumes  a 
characteristic  fusiform  shape,  enlarged  at  its  middle. 
Tuberculous  dactylitis  is  quite  similar  in  its  clinical 
manifestations  to  sj'philitic  dactylitis,  and  has  often 
been  mistaken  for  the  latter.  The  history  (personal 
and  famUy),  the  effects  of  specific  treatment,  etc., 
must  be  taken  into  account  in  making  the  diagnosis. 
As  to  prognosis,  a  protracted  course  of  the  disease  is 
to  be  expected  but  recovery  often  results  and  may  be 
usually  expected  if  general  tuberculosis  does  not 
occur. 

Treatment. — In  children  the  treatment  of  tubercu- 
lous dactylitis  should  be  conservative.  Cleanliness, 
dry  dressings,  passive  hyperemia,  etc.,  will  usually 
be  found  the  most  satisfactory.  Ahrens'"  has 
practised  with  good  results  the  removal  of  the  diseased 
shaft,  and  its  replacement  with  a  cylinder  of  bone  from 
the  tibia.  In  adults,  the  disease  is  rare,  if  it  ever 
occurs.  Conceding  its  possible  occurrence,  amputa- 
tion is  recommended.  In  the  cutaneous  forms  of 
the  disease  vigorous  local  treatment  often  effects  a 
cure.  Curetting  is  verj-  useful  for  ulcerating  and 
granulating  surfaces  in  conjunction  with  caustics 
like  silver  nitrate,  arsenic,  and  salicylic-acid  prepara- 
tions. Nodular  and  warty  lesions  are  well  treated 
with  thermo-  or  galvanocautery  or  puncture.     Small 


areas  may  be  excised,  but  cicatricial  contraction  or 
recurrence  of  the  disease  in  the  scar  may  follow; 
skin  grafting  may  be  useful  treatment  for  ulcers 
following  excision.  Scarification  in  crossing  series 
of  close  parallel  lines  has  been  highly  recommended, 
but  requires  repeated  stances  and  a  long  time. 

Syphilis. — Like  other  parts  of  the  body,  the  hand 
and  fingers  are  subject  to  various  manifestations  of 
syphilis,  both  inherited  and  acquired  forms  of  the 
disease;  a  few  special  features  are  exhibited  in  this 
region.  The  chief  .syphilitic  lesions  encountered  on 
the  hand  are  the  chancre,  various  sj-phUides,  sj-phi- 
litic  paronychia,  syphilitic  onychia,  gummata"  and 
inflammatory  processes  in  the  deeper  tissues,  syphilitic 
dactylitis. 

The  fingers  and  hand  are  occasionally  the  seat  of 
the  initial  chancre,  the  primary  inoculation  taking 
place  at  this  point  not  infrequently  in  phj-sieians  from 
exposure  to  the  infection  in  the  course  of  clinical  work, 
or  in  others,  not  innocently,  from  libidinously  han- 
dling the  genitals.  The  inoculation  is  apt  to  take  place 
about  the  nails,  though  the  chancre  may  be  situated 
on  other  parts  of  the  hand,  and  may  resemble  paron- 
chyia  or  whitlow.  The  chancre  is  usually  red, 
thickened,  elevated,  indurated,  and  circumscribed, 
but  ordinarily  does  not  show  much  tendency  to 
ulceration.  Its  course  is  slow.  It  is  followed  by 
enlargement  of  the  epitrochlear  gland,  and  often  of 
the  axUlarv  glands. 

Most  of  the  varieties  of  syphilides — macular,  papu- 
lar, vesicular,  pustular,  tubercular — may  affect  the 
skin  of  the  hands.  The  palms  are  quite  favorite 
seats  for  the  development  of  many  syphilides, 
especially  the  papular  and  squamous  forms,  and 
exhibit  a  special  tendency  to  desquamation  of  the 
lesions.  The  dorsum  of  the  hands,  on  the  contrary, 
is  comparatively  exempt  from  most  forms  of  cutaneous 
syphilis;  the  ulcerating  tubercular  syphilide,  however, 
frequently  involves  the  back  of  the  hand.  The  moist 
syphilitic  papule  may  affect  the  interdigital  angles. 

Owing  to  the  more  or  less  continuous  irritation  to 
which  it  is  exposed,  the  palm  (with  the  sole)  exhibits  a 
special  form  of  syphilide,  the  palmar  (and  plantar) 
syphilide.  Hence  palmar  s3-philides  are  observed 
most  frequently  in  those  who  do  much  manual  labor. 
The  lesions  of  this  condition  consist  of  irregular 
patches,  only  slightly  elevated,  covered  with  scales, 
beneath  which  is  the  dull  red  infiltrated  corium. 
The  margins  of  the  patches  are  especially  scaly.  The 
patches  may  coalesce,  forming  serpiginous  areas,  and 
deep  fissures  into  the  corium  may  develop.  Some- 
times instead  of  desquamating  the  epidermis  becomes 
hard  and  horny.  Subjective  S3-mptoms  are  ordinarily 
absent.  The  lesions  may  occupy  only  a  small  area, 
or  may  extend  over  the  entire  palm,  only  rarely  pro- 
ceeding to  the  dorsal  surface  or  be^-ond  the  wrist. 
They  may  develop  early  or  late  in  the  course  of 
syphilis,  are  very  chronic  in  their  course,  exceedingly 
obstinate  and  resistant  to  treatment,  and  show  marked 
tendency  to  recurrence. 

Syphilitic  Paronychia,  or  involvement  of  the  tissues 
about  the  nails  (of  fingers  or  toes),  exhibits  three  chief 
types,  a  dry  or  corneous,  an  inflammatory,  and  an 
ulcerative  form. 

Dry  or  Corneous  Syphilitic  Paronychia,  the  common- 
est form,  is  characterized  by  a  horny  thickening  or 
proliferation  of  the  circumungual  epidermis,  with 
repeated  exfoliation.  It  begins  as  a  small,  hard, 
horny  mass  at  the  side  of  the  nail,  which  increases  in 
size,  and  may  extend  entirely  around  the  nail  or 
even  invade  the  entire  dorsum  of  the  last  phalanx. 
This  thickened  epidermis  cracks  and  exfoliates, 
leaving  the  surface  ragged  and  scaly.  The  lesion  is 
slightly  tender  and  of  a  yellowish  color.  The  corium 
is  more  or  less  infiltrated,  and  in  bad  cases  may  be 
thickened,  fissured,  excoriated,  and  painful.  The 
nails  are  only  slightly  affected.     The  process  is  ver)- 
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indolent  and  recurrent,  and  occurs  in  the  secondary 
stage  of  the  disease.  Several  fingers  are  usually  af- 
fected successively. 

Inflammatory  Syphililic  Paronychia  begins  as  a 
papule  or  nodule,  usually  at  the  side  of  the  nail, 
sometimes  over  the  matrix,  which  pursues  a  very  slow 
course  without  active  inflammation  or  tendency  to 
suppuration  or  ulceration,  and  disappears  by  absorp- 
tion. The  aflfected  area  is  hard,  dusky  red,  slightly 
tender.  Onychia  only  exceptionally  coexists.  It  is 
often  confined  to  a  single  digit.  It  occurs  in  the 
secondary  stage,  especially  in  those  out  of  health 
and  often  in  children  with  congenital  syphilis. 

Ulcerative  Syphilitic  Paronychia  is  a  severe  condition 
caused  by  a  gummatous  process,  with  necrosis,  in  the 
corium  and  subcutaneous  tissues.  It  is  a  secondary  or 
perhaps  rather  a  tertiary  phenomenon,  and  develops 
especially  in  severe  neglected  or  debilitated  cases 
of  syphilis.  It  is  often  confined  to  a  single  finger, 
and  is  very  chronic  in  its  course.  The  lesion  consists 
of  an  indolent  ulcer  with  undermined  edges  and  sur- 
rounded by  a  raised  dusky  or  red  border.  An 
abundant  thin  seropurulent  discharge  is  given  off. 
From  extension  of  ulceration  to  the  matrix  and  nail 
bed,  the  nail  becomes  discolored,  undermined,  and 
loosened,  and  may  be  cast  off.  In  severe  cases  the 
granulations  become  exuberant  and  fungous;  the 
cast-off  nail  is  perhaps  embedded  in  their  midst  as  an 
irritating  foreign  body;  the  tissues  about  the  ulcer 
swell  and  become  indurated;  the  entire  dorsal  surface 
of  the  phalanx  may  be  invaded;  and  the  digit  may 
become  clubbed.  If  the  nail  bed  and  matrix  are 
destroyed  no  new  nail  will  be  formed  when  the  vilcer 
cicatrizes. 
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Fig,  2952.— Syphililic  Onychia.      (Nichols.) 

In  the  treatment  of  syphilitic  paronychia,  mercurj- 
alone  or  with  the  iodides  is  indicated.  Frequently 
the  action  of  these  remedies  is  much  prompter  if  they 
be  preceded  by  one  or  two  doses  of  salvarsan.  The 
iodides  should  be  given  especially  freely  in  the 
ulcerative  form.  Local  treatment  should  be  followed 
according  to  the  indications.  The  affected  finger  tips 
should  be  protected  from  irritatoin  by  finger-stalls, 
etc.  In  the  ulcerative  paronychia  removal  of  the 
nail  will  often  be  desirable  to  prevent  its  acting  as  an 
irritant  foreign  bod}'. 

Syphilitic  Onychia  is  an  altered  condition  of  the 
nails  (of  both  fingers  and  toes)  caused  by  defective 
nutrition  and  not  of  inflammatory  nature.     It  occurs  | 
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in  the  secondary  stage  of  syphilis,  both  in  the  ac- 
quired and  in  the  congenital  forms,  and  sometimes 
appears  in  very  young  infants.  Several  nails  are 
usually  involved,  either  simultaneously  or  suc- 
cessively. It  is  only  exceptionally  associated  with 
paronychia.  All  the  forms  pursue  a  very  chronic 
painless  course;  ultimately  recovery  is  perfect,  and 
normal  nails  are  reproduced. 

Syphilitic  onychia  exhibits  a  number  of  different 
clinical  varieties,  as  follows: 

1.  In  the  commonest  form,  "onyxis  craquel^,"  in 
mild  cases  the  nail  becomes  dull  and  lusterless, 
yellowish,  brittle,  and  breaks  easily  on  its  edge;  a 
similar  condition  may  also  occur  in  other  chronic  or 
debilitated  conditions.  In  severe  cases  the  nail  in 
addition  becomes  marked  by  parallel  ridges,  and  the 
free  edge  thickens  and  cracks  and  breaks  easily, 
leaving  an  irregular  broken  margin.  This  condition 
is  sometimes  associated  with  dry  paronychia. 

2.  In  a  second  variety,  the  nail  gradually  and  in- 
sidiously separates  from  the  nail  bed,  beginning  dis- 
tally  and  extending  toward  the  root  of  the  nail.  The 
.separated  portion  is  discolored.  Usually  the  nail  is 
only  partially  detached,  but  occasionally  it  is  entirely 
cast  ofiF. 

3.  In  another  form  the  growth  of  the  nail  or  for- 
mation of  the  nail  substance  is  entirely  or  partially 
arrested.  The  boundary  between  the  old  nail  and 
the  new  portion  is  formed  by  an  irregular  transverse 
line,  which  advances  toward  the  end  of  the  nail. 
The  old  nail  becomes  discolored,  ridged,  loosened, 
and  finally  drops  off,  and  its  place  is  taken  by  epider- 
mis or  by  a  thin  and  imperfect  nail  structure. 

4.  There  is  also  a  hj-pertrophic  form,  in  which  the 
nail  becomes  greatly  thickened,  with  its  surface 
dry,  uneven,  cracked  and  split,  yellowish,  dirty, 
unsightly. 

Besides  these  varieties  other  forms  of  syphilitic 
onychia  sometimes  occur,  similar  in  their  general 
nature,  all  being  conditions  of  lowered  nutrition. 
The  treatment  consists  in  the  administration  of 
salvarsan  or  mercury  (rather  than  iodide),  with  tonics, 
etc.,  in  debilitated  conditions.  The  finger  tips 
should  be  protected  by  stalls,  etc.  The  prognosis  is 
good,  and  well-formed  nails  are  almost  always 
ultimately  produced. 

Syphilitic  Dactylitis  is  a  specific  involvement  of  the 
tissues  of  the  digits  presenting  distinctive  clinical 
features,  first  definitely  recognized  by  R.  W.  Taylor 
in  1S71.  It  is  one  of  the  tertiary  or  late  manifesta- 
tions of  syphilis,  and  occurs  both  in  acquired  and  in 
inherited  forms  of  the  disease,  and  hence  both  in  chil 
dren  and  in  adults.  The  fingers  are  oftener  attacked 
than  the  toes.  Any  of  the  fingers  ma.v  be  affected, 
but  the  middle  and  ring  fingers  are  said  to  be  oftenest 
involved.  One  finger  may  be  affected,  or  several, 
simultaneously  or  successively.  The  lesion  consists 
essentially  in  a  gummatous  infiltration  of  the  soft 
or  hard  tissues,  which  is  apt  to  undergo  necrosis  and 
ulceration,  together  in  some  cases  with  chronic  in- 
flammation and  secondary  pyogenic  infection.  Two 
varieties  of  the  disease  are  distinguished:  (1)  that  in 
which  the  subcutaneous  and  ligamentous  structures 
are  primarily  and  chiefly  affected,  and  (2)  that  in 
which  the  bone  or  periosteum  bears  the  brunt  of  the 
disease. 

1.  In  the  first  variety,  or  "sj-philitic  panaris,"  the 
subcutaneous  fibrous  tissues  about  the  joints  undergo 
gummatous  infiltration.  The  dorsal  surfaces  are 
rather  more  liable  to  this  form  than  the  palmar 
surfaces,  and  the  proximal  phalanges  are  especially 
affected.  The  parts  affected  increase  in  size  and  are 
tense  and  hard,  or  soft  and  semi-fluctuating.  The 
overlying  skin  is  purplish  or  violet  in  color.  The 
gumuiata  may  break  down,  but  do  not  tend  to 
suppurate.  The  course  of  the  affection  is  very 
chronic  and  nearly  painless,  and  it  is  sometimes  very 
resistant    to   treatment,  and   tends    to   recur.     This 
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condition  may  be  distinguished  from  gout,  acute 
rheumatic  arthritis,  or  whitlow  by  its  chronic  painless 
course;  from  chronic  arthritis  by  the  location  of  the 
initial  lesions  in  the  joints,  the  early  deflection  of  the 
phalanges,  and  the  non-discoloration  of  the  skin  in 
the  latter,  as  well  as  by  the  concomitant  symptoms 
and  history.  The  prognosis  is  good,  and  recovery 
with  a  useful  finger  may  be  ultimately  expected, 
unless  the  joints  are  seriously  damaged. 

2.  In  the  second  and  more  typical  form  of  syphilitic 
dactylitis  the  marrow  and  deep  layer  of  the  perios- 
teum are  primarily  involved.  As  the  result  of  the 
syphilitic  inflammation  the  bone  is  destroyed,  and 
sometimes  a  new  layer  of  bone  is  formed  at  the 
periphery  causing  an  enlargement  of  the  phalanx  or 
metacarpal. 

In  t>-pical  cases  there  is  marked  spherical  or 
fusiform  enlargement  of  the  affected  phalanx.  The 
soft  parts  are  stretched;  the  skin  is  purple,  violet, 
livid  or  red,  shiny  or  dull.  When  the  gummatous 
enlargement  is  advanced  the  new  tissue  breaks  down 
into  a  fluid  discharge  or  cheesy  mass;  ulceration 
takes  place;  secondary  infection  with  the  ordinary 
pyogenic  germs  may  occur,  and  suppurating  sinuses 
are  formed.  Extension  to  the  joints  may  follow. 
Pain  varies,  frequently  not  being  marked,  but 
sometimes  severe,  often  worse  at  night.  Usually 
only  one  phalanx  in  a  digit  is  affected,  sometimes 
more.  The  proximal  phalanx  is  the  one  most  often 
invaded;  not  infrequently  the  metacarpal  bone 
suffers.  The  coiirse  of  the  disease  is  chronic,  or  often 
subacute. 

After  recovery  the  new  tissue  may  entirely  disap- 
pear, or  permanent  changes  remain.  Decrease  in 
size,  with  alteration  in  length  or  thickness,  may  follow 
necrosis  and  destruction  of  bony  substance;  increased 
size  may  result  from  formative  osteitis.  Cicatricial 
contractions  may  supervene.  Joints  may  be  de- 
stroyed, or  false  joints  may  be  produced  (from  non- 
union after  necrosis  of  bone),  constituting  a  very 
disabling  flaU  joint.  Rarely  ankylosis  results.  The 
prognosis  on  the  whole  is  favorable;  involvement  of  a 
single  phalanx  without  extension  to  the  joint  is  apt 
to  recover  without  bad  consequences.  Loss  of 
substance,  the  formation  of  flail  joints,  ankylosis,  or 
cicatricial  contractions  may  impair  appearance  and 
usefulness,  and  often  to  a  great  degree. 

The  diagnosis  of  sj-philitic  dactylitis  from  tubercu- 
lous dactylitis  is  extremely  difficult,  often  im- 
possible. From  ordinary  whitlow  it  may  be  differen- 
tiated by  its  less  painful  and  more  chronic  course  and 
development,  and  the  history  of  the  case.  From 
cartilaginous  and  bony  tumors  it  may  be  distinguished 
by  its  less  sharp  localization,  the  tendency  to  necrosis, 
ulceration,  and  suppuration,  the  history,  and  the 
results  of  specific  treatment.  From  various  hyper- 
trophic conditions,  the  clinical  course  and  features 
and  the  inflammatory  and  ulcerating  phenomena  of 
syphilitic  dactylitis  will  enable  the  diagnosis  to  be 
made. 

In  the  treatment  of  syphilitic  dactylitis,  salvarsan, 
mercury  and  the  iodides  will  be  our  main  resorts. 
The  possibility  of  the  persistence  of  a  discharging 
sinus,  on  account  of  mechanical  conditions  in  the 
bone,  must  not  be  overlooked.  A  subperiosteal 
resection  of  a  damaged  shaft  may  be  necessary. 
Too  much  should  not  be  done  locally.  Gummata 
should  not  be  opened  or  removed,  and  amputation  is 
contraindicated;  but  if  suppuration  sets  in  it  should 
be  treated  on  ordinary  surgical  principles,  by  opening 
of  abscesses  and  sinuses,  removal  of  necrosed  bone, 
etc. 

Other  Infections  and  Parasites. — -Infection  of 
wounds  with  other  than  the  ordinary  pyogenic 
bacteria  is  liable,  from  its  exposure,  to  occur  in  the 
hand,  as  in  some  po.stmortem  wounds,  laboratory 
infections,  infection  with  the  gas  bacillus,   anthrax. 
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glanders,  rabies,  tetanus,  etc.  Some  of  these  in- 
fections are  very  malignant  and  grave,  though 
fortunately  uncommon.  The  morbid  condition  is 
manifested  either  locally  or  systemically,  or  in 
both  ways.  The  local  condition  consists  in  an 
inflammatory  process  in  the  tissues  adjacent  to  the 
wound,  with  clinical  features  varying  according  to  the 
infective  agent. 

The  systemic  manifestations  are  of  septicemic, 
metastatic,  or  toxemic  character,  and  constitute  the 
element  of  danger  in  these  cases.  In  some  conditions, 
as  in  rabies  and  tetanus,  substantially  the  entire 
clinical  picture  is  made  up  of  the  constitutional 
manifestations,  with  practically  no  morbid  condition 
at  the  point  of  original  entry  of  the  infection.  Tet- 
anus frequently  follows  wounds  inflicted  by  the 
blank  cartridges  of  toy  pistols.  > 

The  treatment  of  infected  wounds  of  the  hand  is  the 
same  as  that  of  these  wounds  generally — efforts  at 
local  destruction  of  the  infecting  parasites  and  their 
toxins,  and  cure  of  the  local  inflammatory  lesions,  with 
appropriate  measures  to  combat  the  general  mani- 
festations. All  wounds  made  by  blank  cartridges 
should  be  laid  open  thoroughly,  so  that  air  may  have 
access  to  them. 

Gonorrhea  may  affect  the  hand  in  the  form  of  gonor- 
rheal arthritis  of  the  wrist  joint;  also  occasionally  as  a 
gonorrheal  thecitis  or  other  inflammatory  affection. 

Leprosy  affects  the  hands  severel}',  especially  in  the 
anesthetic  variety.  In  tubercular  leprosy  the  noduar 
masses  may  develop  in  the  fingers  and  hand,  though 
this  member  does  not  usually  suffer  so  severely  in  this 
respect  as  other  parts  of  the  body;  the  nodules  about 
the  fingers  may  break  down  and  ulcerate.  In  anes- 
thetic leprosy  the  hand  is  wont  to  become  exceedingly 
deformed  and  mutilated,  from  disintegration  and 
necrosis  of  the  joints  and  bones,  ulceration  of  the 
skin  and  soft  tissues,  atrophy  of  the  tissues,  and 
deflections  and  contractions  of  the  digits.  The 
fingers  and  even  parts  of  the  hand  often  drop  off 
spontaneously.  The  parts  are  anesthetic,  and  the 
course  of  the  affection  is  very  slow  and  chronic. 
Claw-hand  sometimes  occurs  in  leprous  neuritis. 

Scabies  usually  makes  its  first  appearance  on  the 
hand,  whence  it  is  conveyed  to  other  parts  of  the 
body.  The  sides  of  the  fingers  and  the  interdigital 
angles  are  the  points  particularly  attacked.  The 
trichophyton  fungus  frequently  invades  the  back  of  the 
hand,  in  the  clinical  condition  known  as  tinea  circinata. 
At  least  three  cases  of  hydatid  or  cysticercus  cysts  in 
the  hand  are  on  record:  one  in  the  subcutaneous 
tissues  of  the  palmar  surface  of  a  proximal  phalanx, 
one  beneath  the  palmar  fascia  in  the  palm,  one 
originating  within  a  proximal  phalangeal  bone  and 
causing  distention  of  the  phalanx  to  the  size  of  an 
orange.     Elephantiasis  has  been  already  mentioned. 

Cicatricial  Contr.\ctions. — These  often  occur 
about  the  hands  and  fingers,  with  consequences 
ranging  up  to  extreme  deformity  and  disabUity,  and 
the  usefulness  of  the  hand  is  at  times  almost  com- 
pletely destroyed.  These  contractions  may  develop 
after  the  cicatrization  of  wounds  or  ulcers  of  any 
sort,  as  after  lupus  or  syphilitic  ulcers,  but  especially 
after  the  healing  of  ulcers  from  burns.  Protracted 
granulation  favors  the  development  of  deforming 
cicatrices.  The  deformities  produced  are  very  various, 
consisting  of  palmar,  dorsal,  or  lateral  deflections  of 
the  fingers,  acquired  syndactylism,  etc. 

The  successful  treatment  of  these  cases  is  quite 
difficult,  as  there  is  a  strong  tendency  to  recurrence 
after  ordinary  plastic  procedures.  As  a  prophylactic 
measure  may  be  mentioned  treatment  of  ulcers  likely 
to  be  followed  by  contracting  cicatrices  in  such 
manner  as  to  shorten  the  period  of  granulation  and 
healing,  as  by  attention  to  asepsis  or  bj-  skin-grafting. 
Still,  in  slow-healing  ulcers  like  those  from  burns, 
there    is    little    certaintj'    of    escaping    contraction. 
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Even  the  keeping  of  the  parts  in  a  corrected  or  over- 
corrected  position  by  splints  or  appliances  is  not  very 
successful. 

The  ordinary  plastic  operations  sometimes  succeed, 
but  often  do  not  secure  permanent  results.  Among 
such  procedures  may  be  mentioned  the  lifting  of  a 
V-shaped  flap,  exsection  of  the  cicatricial  tissue, 
straightening  of  the  parts,  and  final  suturing  of  the 
wound  in  a  Y-form.     The   Thiersch  and   Reverdm 


Fig.  295.3. — Cicatricial  Contraction  in  the  Hand.     (Gross.) 

modes  of  skin-grafting  for  filling  defects  after  dissectign 
out  the  vicious  tissue  are  not  very  successful. 

The  treatment  recommended  as  most  successful  in 
these  cases  is  a  radical  transplantation  of  a  skin  flap, 
one  end  of  which  is  left  with  its  original  attachment 
and  vascular  supply  intact  until  the  flap  is  firmly 
united  in  its  new  position.  The  contracting  scar 
tissues  are  divided  and  removed  as  much  as  possible, 
and  the   deformity  is  corrected.     Into  the  gap  thus 


Fig.  2954. — Cicatricial  Contraction  in  Hand.     (Erichsen.) 

left  a  flap  of  proper  size,  composed  of  the  entire 
thickness  of  the  skin,  is  brought  and  sutured.  One 
end  of  the  flap,  affording  the  best  vascular  supply, 
is  left  unseverd  from  its  original  attachment  until, 
after  two  to  four  weeks,  the  flap  is  well  united  in  its 
new  position.  This  flap  can  be  taken  in  any  convenient 
situation  from  the  thorax,  abdomen,  or  back,  and  the 
hand  and  arm  bandaged  in  place  until  union  is 
complete,  when  the  flap  is  entirely  detached  from  its 


Fig.  2955.- 


-Cicatricial  Contraction  with  Backward  Deflection  of 
Little  Finger.      (Erichsen.) 


original  situation.  In  some  cases  it  is  probable  that 
a  similar  flap  could  be  taken  from  the  dorsum  of  the 
hand  and  twisted  around  in  position  to  fill  a  defect. 
In  intractable  cases  of  great  deformity  amputation 
may  be  indicated,  though  it  should  be  remembered 
that  often  a  poor  finger  is  more  useful  than  no  finger  at 
aU. 

Effects  of  Occupation  on  the  Hand. — The  effects 
of  an  individual's  occupation  or  habitual  mode  of  life 
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and  environment  may  become  marked  by  reactive 
consequences,  structural  and  functional,  upon  various 
parts  of  the  body,  and  especially  upon  the  hand, 
since  this  member  is  so  actively  and  constantly  ex- 
posed and  employed.  The  effects  produced  on  the 
hand  by  occupation  are  not  only  of  some  clinical 
importance  but  are  also  of  anthropological  interest 
and  medicolegal  significance. 

Among  the  many  various  factors  which  produce 
eff'ects  on  the  hand  may  be  mentioned  friction  and 
pressure,  as  from  the  use  of  instruments  and  tools  or 
the  manipulation  of  machinery,  which  may  have 
hypertrophic,  irritative,  or  destructive  consequences; 
frequent  exposure  to  chemical  substances,  with  irritant, 
caustic,  emollient,  staining,  or  other  action;  exposure 
to  physical  agencies,  heat,  cold,  weather,  sun;  deposi- 
tion of  foreign  matter;  the  frequent  repetition  of 
slight  traumata,  "occupation  insults,"  ultimately 
producing  cimiulative  results  Any  of  the  tissues  and 
any  part  of  the  hand  may  be  the  seat  of  the  altera- 
tions produced  by  occupation,  and  the  changes  may 
be  either  organic,  with  definite  structural  alterations, 
or  functional  and  without  anatomical  changes. 
The  particular  changes  set  up  vary  in  tlieir  site  and 
nature  according  to  the  circumstances.  While  many 
vocations  do  not  produce  definite  eff'ects  on  the  hand, 
others  do  produce  distinctive  and  characteristic 
results. 

Only  a  brief  consideration  of  the  general  effects 
produced  in  the  various  tissues  can  be  attempted  here. 
For  full  and  detailed  information  on  the  subject 
reference  may  be  made  to  such  works  as  that  of 
Vernois,  already  cited. 

The  epidermis,  from  its  superficial  and  exposed 
position,  naturally  exhibits  marked  effects  from  use. 
From  continued  pressure  or  friction  it  becomes  very 
often  hypertrophied,  thickened,  and  hardened, 
especially  on  the  palm,  and  either  over  the  whole 
palmar  surface  or  in  circumscribed  and  distinctive 
localities  (callosities)  according  to  the  site  of  pressure, 
as  on  the  left  finger  tips  of  violinists.  A  man's  occu- 
pations often  may  be  told  from  the  callosities  on 
his  hands.  From  exposure  to  water  and  other  fluids, 
caustics,  alkalies,  acids,  and  simUar  strong  chemicals, 
the  epidermis  may  be  softened,  thinned,  atrophied,  or 
even  entirely  destroyed. 

The  temperature  of  the  hand  may  be  affected  by 
alterations  in  the  development  of  the  superficial 
vessels,  being  lowered  in  those  who  work  with  their 
hands  in  cold  water,  or  habitually  elevated  and  in- 
creased in  those  who  work  in  hot  places  (as  bakers). 

The  subcutaneous  tissues  may  be  thinned  or 
thickened  by  the  same  factors  that  produce  like  results 
on  the  culticle  and  cutis.  The  hands  of  those  engaged 
in  hard  manual  labor  often  exhibit  a  marked  general 
palmar  induration.  The  skin  and  underlying  tissues 
become  generally  thickened,  hard,  rigid,  and  inelastic, 
and  somewhat  contracted  so  that  the  fingers  are  lield 
slightly  flexed  and  their  full  extensibility  is  somewhat 
impaired.  From  the  action  of  irritants  subcutaneous 
edematous  accumulations  may  be  developed.  En- 
larged bursa-  may  appear  at  points  exposed  to  pressure, 
as  on  the  back  of  the  right  wrist  in  sawyers  (Vernois). 

The  veins  of  the  hand  may  become  dilated  from 
habitual  exposure  to  heat.  The  muscles  may  to  a 
certain  extent  become  hypertrophied,  atrophied,  or 
shortened,  according  to  their  use  or  disuse.  Special 
muscular  activity  and  mobility  and  manual  dexterity 
are  developed  in  some  occupations,  as  in  pianists  and 
many  others.  Habitual  holding  of  the  hand  in  certain 
positions,  as  with  drivers,  sometimes  results  in  more 
or  less  rigid  fixation  of  the  hand  or  fingers  in  a  flexed 
or  other  position — the  occupation  or  habit  contracture. 
Overuse  of  groups  of  muscles  sometimes  causes  them 
to  atrophy — occupation  muscular  atrophy.  The  nerves 
do  not  undergo  perceptible  anatomical  alterations, 
but  various  occupations  may  produce  serious  fimc- 
tional   nervotis  disorders  of  the  hand,   forming  the 
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important     clinical     class     known     as     ''occupation 
neuroses,"  typified  by  writers'  cramp. 

The  articulations  may  be  variously  affected  by 
occupation.  Sometimes  the  mobility  of  the  joint  is 
increased,  sometimes  it  is  diminished,  or  there  may  be 
complete  ankylosis.  The  finger  joints  may  be  en- 
larged, from  exposure  to  repeated  injury,  as  in  base- 
ball players.  (See  J.  N.  Hall.")  Partial  luxations 
may  occur,  and  deflections  of  the  phalanges  may  be 
produced  (as  a  backward  deviation  or  superex- 
tensibility  of  the  distal  phalanx  of  the  thmnb  in  jewel- 


FiG.  2936.- 


■Handa  of  a  Baseball  Player,  Showing  Characteristic 
Alterations.     (Nichols.) 


ers).  From  being  kept  in  habitual  special  positions, 
corresponding  changes  may  take  place  in  the  articular 
structures,  as  pressure  atrophies,  lengthening  or 
shortening  of  ligaments,  etc.  Even  the  bones  may 
undergo  changes,  as  a  spatuliform  flattening  of  the 
phalanges  from  pressure. 

As  an  example  of  occupation  deformities  may  be 
mentioned  the  effects  often  produced  in  the  hands  of 
baseball  players,  which  are  very  characteristic  (Fig. 
2956).  The  typical  changes  in  these  cases  consist  in 
an  enlargement  of  one  or  more  of  the  distal  phalangeal 
joints,  along  with  slight  lateral  or  palmar  deflection 
of  the  terminal  phalanges,  which  have  a  shortened 
appearance.  The  flexions  may  be  caused  by  the 
rupture  of  the  extensor  tendon  of  the  terminal 
phalanx.  In  such  case,  active  extension  is  impossiljle, 
but  passive  extension  is  unimpeded.  Sometimes  the 
affected  joints  are  partially  or  completely  ankylosed, 
though  not  always  so. 

No  general  rules  as  to  treatment  can  be  laid  down, 
as  the  lesions  and  factors  are  so  various  in  different 
cases.  Change  of  occupation  is  obviously  a  thera- 
peutic measure  of  general  applicability  in  these 
eases.  Occupation  dermatitis  and  occupation  neuroses 
will  be  referred  to  subsequently. . 

Affections  of  the  Nails. — The  lesions  of  these 
structures  may  be  divided  into  inflammatory  and 
necrotic  conditions  (paronychias),  changes  in  the 
substance  of  the  nails  (nutritive  or  trophic  changes), 
atrophy,  absence,  hypertrophy,  changes  in  form, 
changes  in  color,  and  parasitic  conditions. 

Inflammalory  and  Necrotic  Conditions — Paronychia. 
— The  nail  substance  from  its  histological  structure 
cannot  itself  be  the  seat  of  real  inflammation.  The 
tissues  contiguous  to  the  nail  and  from  which  it 
derives  its  growth  and  nutrition  (the  bed,  matrix, 
and  root  of  the  nail)  are,  however,  subject  to  special 
forms  of  inflammation,  and  to  such  conditions  the 


terms  onychia  (or  onychitis)  and  paronychia  are 
variously  given.  The  term  onychia  is  also  applied 
to  certain  purely  nutritive  and  trophic  lesions  of  the 
nails.  Other  affections  of  these  tissues  in  their  clinical 
features  re.semble  inflammatory  paronychias,  though 
primarily  rather  necrotic  in  character.  The  chief 
varieties  of  paronychia  are  the  traumatic,  infectious, 
malignant,  syphilitic,  tuberculous,  diabetic,  toxic,  and 
trophic  forms,  besides  those  forms  in  which  the 
cutaneous  tissues  adjacent  to  the  nails  are  affected 
with  various  skin  diseases,  especially  eczema  and 
psoriasis.  Of  these  forms  of  paronychia,  the 
common  acute  variety  due  to  infection  with 
pyogenic  bacteria  and  the  syphilitic  and 
tuberculous  varieties  have  been  already  con- 
sidered. 

Traumatic  Onychia  and  Paronychia  is  that 
caused  by  injuries,  especially  contusions.  In 
cases  of  great  violence  the  nail  may  be 
loosened  and  immediately  cast  off.  In  less 
severe  cases,  effusion  and  transformation  of 
blood  may  give  the  nail  a  black  color;  in  the 
course  of  time  the  nail  often  becomes  slowly 
and  gradually  loosened  from  its  bed,  in 
whole  or  in  part,  and  may  be  entirely  cast 
off.  If  infection  occurs  the  case  is  materially 
aggravated.  The  tendency  is  toward  repair 
and  recovery  with  ultimate  reproduction  of 
a  perfect  nail.  The  parts  should  be  kept 
protected,  dead  nail  should  be  removed,  and 
infection  guarded  against.  The  severe  pain 
which  often  follows  the  effusion  of  blood 
under  the  nail  can  be  cured  by  boring  a  hole 
through  tlie  nail  with  the  point  of  a  clean 
knife. 

Malignant  Paronychia  (or  malignant 
onychia)  is  an  indolent  inflammatory,  sup- 
purating, necrotic,  or  ulcerative  affection  of 
the  nail  matrix  and  bed,  originating  in  a 
slight  traumatism,  and  confined  usually  to  a  single 
nail.  It  affects  especially  persons  of  lowered  vitality 
and  in  unhealthy  condition.  It  begins  with  simple 
inflammation,  later  [proceeding  to  suppuration  and 
ulceration.  The  nail  becomes  thickened,  opaque, 
discolored,  loosened,  and  cast  off.  The  course  of  the 
disease  is  slow  and  indolent,  and  may  become  chronic; 
or  the  ulcer  may  slowly  heal,  and  an  imperfect  nail  be 
formed.  The  inflammation  frequently  extends  to  the 
subcutaneous  tissues  or  the  bone.  The  treatment 
consists  in  local  measures  to  stimulate  healing,  and 
in  vigorous  constitutional  and  tonic  treatment. 

Diabetic  Paronychia  is  the  form  of  diabetic  gangrene 
in  which  the  circumungual  tissues  are  the  seat  of 
the  necrotic  process  or  tendency,  shown  by  sluggish 
inflammation  or  ulceration.  The  treatment  is  that 
of  the  constitutional  disease. 

Toxic  Paronychia,  that  produced  by  the  action  of 
toxic  agents,  is  well  exemplified  by  the  characteristic 
local  lesions — ulcers  at  the  roots  of  the  nails — 
produced  by  arsenic  in  the  hands  of  those  who  work 
with  this  substance.  The  obvious  treatment  is 
discontinuance  of  the  cause. 

Trophic  Paronychia  is  the  necrotic  and  inflammatory 
process  about  the  nails  which  results  from  morbid 
nervous  action  in  various  neuroses  such  as  syringo- 
myelia or  Morvan's  disease,  "glossy  skin,"  Raynaud's 
disease,  leprosy.  The  process  is  primarily  degenera- 
tive and  necrotic,  but  the  lowered  vitality  of  the 
tissues  predisposes  to  sluggish  infection  and  in- 
flammation. The  destruction  of  tissue  may  be 
extensive,  involving  even  the  bone,  and  the  course  is 
apt  to  be  prolonged.  The  treatment  is  local  and  that 
of  the  cause. 

Nutritive  Alterations  of  the  Nails. — While  the  nail 
substance  proper  is  scarcely  liable  to  inflammation, 
it  is  subject  to  nutritive  and  trophic,  alteration, 
mostly  of  a  degenerative  character,  which  may  be 
produced  by  a  considerable  variety  of  causes. 
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The  term  onychia  is  applied  to  some  forms  of  these 
alterations.  The  changes  of  a  degenerative,  malnu- 
tritive,  or  trophic  character  which  the  nails  may  ex- 
hibit are  very  various,  such  as  loss  of  luster,  changes 
in  color  (white  spots,  etc.),  softening,  brittleness, 
friability,  fragility,  thinning,  thickening,  longitudinal 
or  transverse  furrows  and  ridges,  laminations, 
exfoliation,  splitting,  irregularity  of  surface  (eleva- 
tions and  depressions),  etc. 

These  trophic  alterations  may  be  grouped  into  three 
etiological  classes :  (o)  those  due  to  local  conditions  or 
causes,  as  paronychia,  dermatoses,  trauma;  (b)  those 
due  to  constitutional  diseases,  especially  those  with  a 
lowering  of  the  general  nutrition  or  vitalit\%  and  (c) 
those  due  to  morbid  trophic  influences  of  nervous 
origin. 

The  paronychias  do  not  all  cause  impairment  of  the 
netrition  of  the  nail,  but  in  some  cases,  as  in  malig- 
nant paronychia,  ulcerative  s^-philitic  paronychia,  and 
trophic  or  necrotic  paronychias,  the  nail  substance  is 
apt  to  suffer,  or  may  be  entirely  cast  off.  Skin  dis- 
eases affecting  the  nails  or  adjacent  cutaneous  tissues, 
especially  eczema  and  psoriasis,  may  cause  malnutri- 
tive  changes  in  the  nails.  Similar  effects  may  be 
produced  by  trauma,  contact  with  strong  chemicals, 
parasitic  affections  of  the  nails,  etc. 

Severe  constitutional  diseases  in  which  there  is  a 
great  drain  on  the  vital  powers  and  the  general 
nutrition  is  lowered,  such  as  acute  fevers,  s\-philis, 
scurvy,  diabetes,  gout,  cancer,  and  others,  also  senility, 
may  produce  trophic  changes  in  the  nails.  The 
syphilitic  onychias  have  been  already  described. 
After  acute  diseases  the  ungual  changes  appear  in 
the  period  of  convalescence.  Transverse  furrows  or 
white  bands,  representing  temporary  arrest  of  growth, 
sometimes  appear  after  tj'phoid  fever  and  other 
diseases.  In  relapsing  fever  two  or  three  such  trans- 
verse markings  sometimes  occur,  one  following  and 
corresponding  to  each  febrile  paroxysm.  Longitu- 
dinal ridges — "reedy  nail" — occur  in  gout,  senility, 
and  other  conditions. 

In  the  third  class  of  cases  nutritive  changes  in  the 
nails  are  produced  by  morbid,  trophic,  nervous  in- 
fluences arising  from  various  nervous  disorders,  as  in 
association  with  neuritis — multiple  neuritis,  gouty 
neuritis,  leprosy,  "glossy  skin" — or  with  central 
nervous  diseases. 

In  the  treatment  of  these  conditions  the  nails 
should  be  kept  trimmed  and  in  good  order,  pro- 
tected by  a  coating  of  wax,  and  guarded  against  in- 
jury. The  local  or  general  condition  giving  rise  to 
the  ungual  lesions  should  receive  the  appropriate 
treatment. 

Atrophy  of  the  Nail  can  scarcely  be  distinguished 
from  certain  forms  of  nutritive  alterations,  and  is 
similar  in  its  etiology  and  pathology  to  the  latter. 

Absence  of  the  Nails  {Anonychia)  may  be  congenital 
or  acquired.  Rarely  the  nails  are  entirely  absent 
from  birth,  either  without  an)'  other  developmental 
anomal.v  or  in  association  with  developmental 
defects  like  hypophalangism.  The  nail  may  be 
totally  and  permanently  abolished  by  traumata  or 
diseases  causing  complete  destruction  of  the  nail- 
forming  tissues. 

Hypertrophy  of  the  Nail  (Onychauxis)  may  consist 
in  an  increase  in  thickness,  or  in  a  lateral  expansion 
(ingrowing  nail).  Both  conditions  are  much  com- 
moner in  the  toes  than  in  the  fingers.  In  many  cases 
enlargement  of  the  nail  is  a  result  of  nutritive  abnor- 
mality, the  increased  nail  substance  being  discolored, 
friable,  brittle,  fragile,  etc.  Hj-pertrophy  of  the 
finger  nails  occurs  in  connection  with  congenital 
dactylomegaly,  traumata,  occupation  effects,  lack  of 
cleanness,  syphilis  (hypertrophic  syphilitic  onychia), 
fungous  grow-ths,  chronic  skin  troubles  in  the  vicinity 
like  eczema  and  psoriasis,  nutritive  and  neurotrophic 
influences.     The  treatment  is  that  of  the  cause. 

Changes  in  Form  of  the  Nails  may  result  from  trau- 
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mata,  occupation  effects,  nutritive  or  circulatory 
disturbances,  or  local  disease.  An  increased  trans- 
verse curvature  is  said  to  be  produced  by  syphilis, 
hemiplegia,  and  free  perspiration.  An  increased 
longitudinal  curvature  occurs  in  Hippocratic  fingers 
and  hj'pertrophic  pulmonary  osteoarthropathy. 
"Spoon  nail"  is  a  condition  in  which  the  nail  is  con- 
cave transversely,  with  everted  edges;  it  has  been 
observed  in  connection  with  wasting  diseases.  Changes 
in  relative  length  and  breadth  of  the  nails  maj'  also 
occur,  as  in  rickets,  in  which  the  nail  is  said  to  be 
relatively  shortened. 

Changes  in  Color  of  the  Nails  may  arise  from 
staining  by  extrinsic  substances  or  from  intrinsic 
pathological  processes. 

The  commonest  change  of  color  is  to  white,  in 
the  form  of  white  spots,  white  bands,  or  whiteness 
of  the  entire  nail.  White  spots  on  the  nail  ("flores 
unguium")  are  very  common  in  children,  usually 
occurring  without  perceptible  cause;  they  may  also 
be  produced  by  injuries,  trophic  alterations,  and 
constitutional  diseases.  Their  pathology  is  not 
well  understood.  They  are  attributed  to  the  presence 
of  air  in  the  nail  substance.  Transverse  white  bands 
sometimes  appear  after  febrile  attacks,  sometimes 
occur  in  persons  in  good  health,  sometimes  are 
congenital.  Complete  whitening  of  the  nail  occurs 
rarely,  as  after  severe  fevers  or  in  paralytics. 

Black  Discolorations  of  the  nails  are  common,  from 
extravasation  and  transformation  of  blood  pigment 
after  contusions.  SmaU  black  spots  rarely  appear  on 
the  nails  after  severe  illness. 

Parasitic  Affections  of  the  Nails. — The  nails  may  be 
invaded  by  various  parasites,  either  fungous  (ony- 
chomycosis) or  animal.  The  commonest  form  of 
onychomycosis  is  that  produced  by  the  trichophyton 
fungus;  this,  however,  is  infrequent,  and  usually 
secondary  to  or  associated  with  tinea  trichophytina 
elsewhere.  Rarely  the  nails  are  affected  by  favus. 
Nails  invaded  by  fungous  growth  are  thickened  soft, 
brittle,  lusterless,  grayish  or  yellowish-white,  and  in  a 
defective  nutritive  condition.  The  appearance  is 
similar  to  that  of  nails  suffering  malnutritive  or 
trophic  alterations,  so  that  the  diagnosis  is  with 
most  certainty  made  by  microscopical  examination. 

The  treatment  of  nails  infected  with  parasites 
consists  in  removal  of  the  nail  by  scraping  or  applica- 
tions of  caustic  alkali,  with  parasiticide  applications 
(creosote,  acetic  acid,  mercurv  bichloride,  sulphur, 
etc.). 

Affections  of  the  Skin. — The  skin  of  the  hand 
is  in  genera'  subject  to  disease  in  a  similar  manner 
to  the  rest  of  the  body;  but  special  or  peculiar  features 
are  exhibited  in  many  of  the  dermatoses  of  this 
locality,  caused  by  exposure  of  the  hand  to  atmos- 
pheric and  meteorological  conditions,  to  acute  or 
chronic  irritant  influences  of  mechanical  or  chemical 
nature,  and  other  factors. 

Some  dermatoses  affect  the  hands  indifferently  or 
similarly  or  along  with  other  parts  of  the  body, 
without  any  peculiar  features  or  special  susceptibility 
or  insusceptibility,  as  pemphigus,  dermatitis  her- 
petiformis, lichen  ruber,  ichthyosis,  impetigo  herpeti- 
formis, prurigo,  herpes  zoster,  molluscum  contagiosum, 
scleroderma,  mycosis  fungoides,  cornu  cutaneum,  and 
many  others.  To  some  dermatoses  the  hand  is  not 
at  ail  subject,  as  seborrhea,  tinea  versicolor;  or  less 
subject  than  other  localities,  as  corns,  psoriasis. 
To  some  dermatoses  the  hand  is  especially  prone,  and 
more  susceptible  than  are  many  other  parts  of  the 
bodv,  though  without  manifesting  any  specially 
distinctive  features,  as  erythema  multiforme,  herpes 
iris,  pellagra,  frambesia,  impetigo,  impetigo  con- 
tagiosa, callosity,  warts,  glossy  skin,  pompholyx, 
tinea  circinata,  scabies,  occupation  dermatoses. 
Some  skin  affections  may  exhibit  peculiar  features 
about  the  hand,  as  some  forms  of  eczema  and  syphil- 
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ides.  Some  dermatoses  are  peculiar  to  the  hand, 
or  to  the  hand  and  foot,  as  keratosis  palmaris,  affec- 
tions of  the  nails. 

In  many  instances  there  is  a  marked  difference  in 
the  liability  of  the  palmar  and  dorsal  surfaces  of  the 
hand  to  skin  disease.  Thus,  the  absence  of  hairs  and 
sebaceous  glands  in  the  palm  renders  this  area 
insusceptible  to  diseases  of  these  structures,  as  acne. 
The  dorsum  of  the  hand  is  more  prone  to  tuberculous 
dermatoses,  erythema  multiforme,  keratosis  senilis, 
tinea  circinata;  while  the  palm  is  more  subject  to  most 
syphilides. 

Eczema  in  its  different  varieties,  acute  and  chronic, 
often  occurs  upon  the  hands,  the  liability  of  which  to 
this  dermatosis  is  increased  by  the  exposure  of  these 
members  to  meteorological  influences  and  to  chemical 
irritants  (especially  alkalies).  The  chapping  of  hands 
is  a  form  of  eczema,  induced  by  exposure  to  irritating 
influences.  Onychias  may  result  from  eczema  of  the 
nails  or  their  vicinity.  On  the  palms  eczema  exhibits 
special  features.  Eczema  about  the  hands  is  apt  to 
be  protracted  and  chronic,  and  very  resistant  to 
treatment.  Psoriasis  may  occur  both  on  the  palms 
and  backs  of  the' hand,  but  is  less  common  in  this 
locality  than  in  other  situations.  Occurring  in  or 
about  the  naOs,  it  may  cause  an  onychia.  The 
backs  of  the  hands  are  among  the  commonest  seats  of 
erythema  multiforme  and  herpes  iris.  The  hands  are 
also  favorite  seats  of  impetigo  and  impetigo  contagiosa. 
The  hand  may  be  affected  with  dermatitis  herpeti- 
formis, pemphigus,  herpes  zoster,  lichen  ruber,  ichthyo- 
sis, and  many  other  skin  diseases  in  a  manner  similar 
to  or  along  with  other  parts  of  the  body.  Tinea 
circinata  is  common  on  the  back  of  the  hand.^f.  Favun 
is  much  more  rare  in  this  situation;  sometimes  the 
nails  become  involved  from  scratching  an  infected 
scalp.  The  hand  is  the  favorite  seat  of  scabies. 
.Ainhum  sometimes  occurs  here  and  causes  constriction 
and  amputation  of  the  fingers  and  even  of  the  fore- 
arm. Potnpholyx  (or  dysidrosis)  is  a  rare  vesicular 
affection,  running  on  to  masceration  and  exfoliation 
of  the  epidermis,  that  involves  chiefly  the  palms  and 
soles,  though  it  may  extend  to  or  occur  in  other 
localities.  Callosities  are  very  common  about  the 
palm,  resulting  from  habitual  pressure  or  friction; 
manual  labor  also  causes  a  general  hardening  of  the 
palmar  epidermis.  Corns  occasionally  occur  on  the 
hand.  Keratosis  pahnaris  is  a  rare  condition  in  which 
the  epithelium  of  the  palm  becomes  converted  into  a 
horny  plate.  Glossy  skin  is  a  trophic  affection  of  the 
skin,  due  to  nerve  lesions  or  injuries  generally,  affect- 
ing especially  the  fingers;  the  skin  undergoes  malnutri- 
tive  changes,  or  even  actual  necrosis,  with  onychia 
and  pain.  Scleroderma  is  a  rare  condition  of  sclerosis 
and  contraction  of  the  skin  by  which  the  hand  as  well 
as  other  parts  of  the  body  may  be  affected;  in  the 
hand  it  may  produce  great  deformitj'  and  disability, 
the  ■  fingers  being  partly  flexed,  rigid,  immovable, 
sometimes  twisted,  and  in  the  later  stages  with 
atrophic  changes.  Tuberculous  and  syphilitic  derma- 
toses, warts,  and  affections  of  the  nails  have  been 
already  considered. 

Dermatitis  of  various  kinds  is  common  on  the  hands, 
due  to  their  exposure  to  irritating  conditions.  Derma- 
titis traumatica  results  from  traumatic  irritation, 
dermatitis  calorica  from  exposure  to  the  rays  of  the 
sun  or  to  other  sources  of  heat  and  cold,  burns, 
frost  bites.  In  dermatitis  medicamentosa  lesions 
sometimes  appear  on  the  hands  (as  from  the  internal 
use  of  copaiba  and  chloral).  The  hands  are  very 
subject  to  dermatitis  venenata,  resulting  from  direct 
contact  (either  accidentally,  temporarily,  or  habitu- 
ally) with  irritating  or  toxic  substances,  as  in  rhus 
dermatitis. 

Allied  to  dermatitis  traumatica,  calorica,  and 
venenata  is  a  group  of  conditions  which  may  be 
collectively  designated  occupation  dermatoses,  or 
occupation   dermatitis,    to    which    the    hand    is    very- 


subject  from  repeated  and  habitual  exposure  to  a 
variety  of  pathogenic  influences  incident  to  the 
occupation  pursued.  The  changes  in  the  epidermis, 
corium,  and  subcutaneous  layer  produced-  by  occupa- 
tion traumatism  have  been  detailed  above.  In 
some  occupations  acute  dermatitis  may  be  set  up 
from  time  to  time.  Thus,  surgeons  are  sometimes 
subject  to  an  acute  inflammatory  condition  of  the 
skin  of  the  hands  and  forearms  from  hard  scrubbing 
and  prolonged  exposure  to  liquids  and  to  irritant 
chemicals  like  soft  soap,  mercuric  bichloride,  and 
oxalic  acid. 

For  detailed  information  as  to  the  clinical  features 
and  treatment  of  the  various  dermatoses  of  the  hand 
reference  should  be  made  to  works  on  dermatology. 

Affections  of  the  Joints. — Spontaneous  subluxa- 
tions of  the  wrist  or  finger  joints  may  occur  in  conse- 
quence of  deforming  or  destructive  joint  lesions,  as 
in  chronic  arthritis. 

There  is  a  special  class  of  cases  in  which  a  spon- 
taneous anterior  subluxation  of  the  wrist  gradually 
develops  in  adolescents  engaged  in  hard  manual 
labor.  In  this  condition  there  is  a  partial  forward 
di.slocation  of  the  carpus,  with  an  undue  prominence 
of  the  lower  ends  of  the  radius  and  ulna  posteriorly,  a 
diminished  range  of  extension,  an  increased  range  of 
flexion,  and  a  prominence  of  the  flexor  tendons. 
The  ligaments  are  lax  and  the  bones  soft.  Pain  is 
usually  present,  at  least  until  full  growth  is  attained. 
This  condition  develops  from  aljout  the  age  of 
fifteen  to  tw-enty-five  years,  in  persons  (especially 
females)  engaged  in  hard  manual  work  while  the  bones 
and  joint  structures  are  still  soft,  weak,  and  undevel- 
oped. The  superior  strength  and  excessive  action  of 
the  flexor  muscles  is  supposed  to  be  the  determining 
cause  of  the  anterior  displacement.  The  deformity 
is  difficult  to  overcome.  The  treatment  consists  in 
the  use  of  corrective  apparatus,  stimulation  of  the 
strength  and  nutrition  of  the  extensor  muscles  by 
massage,  electricity,  and  exercise,  the  u.se  of  spring 
apparatus  to  reinforce  and  aid  the  action  of  the 
extensors,  and  suspension  of  excessive  use  of  the 
flexors. 

A  peculiar  affection,  characterized  by  pain  over  the 
lower  end  of  the  external  aspect  of  the  radius,  may  be 
due  as  Goldthwait  suggests,  to  a  subluxation  of  the 
first  metacarpal.  It  seems  to  be  especially  frequent 
among  washerwomen.  Goldthwait  treats  it  by  a 
wristlet  to  hold  the  bone  in  place. 

A  backward  dislocation  of  the  terminal  phalanx 
occurs  especially  in  baseball  players  (described  by 
R.  Abbe),  in  which  the  end  of  the  middle  phalanx  is 
tightly  caught  between  the  flexor  tendons  and 
through  an  ojiening  in  the  anterior  ligament,  render- 
ing reduction  difficult  and  often  necessitating  incision 
upon  the  joint  in  order  to  correct  the  displacement. 

Punctured  wounds  of  the  metacarpophalangeal 
joints,  made  by  the  adversary's  tooth  in  fistic  en- 
counters are  often  followed  by  dangerous  sepsis. 
The  custom  of  practising  amputation  of  the  finger  at 
the  first  sign  of  infection  is  a  wise  one. 

Ankylosis  may  also  be  a  sequela  of  inflammatorj", 
infectious,  or  necrotic  conditions.  Congenital  anky- 
losis of  the  small  joints  of  the  hand  and  fingers  occurs 
rarely,  sometimes  being  a  hereditary  abnormity 
of  development.  In  a  considerable  proportion  of 
cases  of  ossifying  myositis  a  developmental  ankylosis 
of  the  carpometacarpal,  metacarpophalangeal,  or  inter- 
phalangeal  articulation  of  the  thumb  is  present. 

There  is  little  chance  of  completely  restoring  the 
mobility  of  an  ankylosed  finger  joint,  though  ar- 
threctomy  or  breaking  up  of  the  adhesions  and  bands 
may  be  attempted.  If  the  joint  is  ankylosed  at  an 
inconvenient  angle  an  im]jrovement  in  the  position 
can  at  least  be  obtained  by  operation. 

Arlhrogenous  Deflections  of  the  hand  or  fingers  may 
arise  from  a  variety  of  causes,  as  altered  configuration 
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of  the  joint  structures  (as  in  chronic  arthritis),  anky- 
losis in  malposition,  adhesions  and  contractions  of 
the  developmental  abnormities,  dislocations,  etc. 
The  clinical  features  and  treatment  of  these  condi- 
tions vary  with  the  cause.  Hammer  finger,  due  to 
shortness  of  the  lateral  ligaments,  is  an  arthrogenous 
deflection  that  will  be  considered  subsequently. 

Enlargement  of  the  joints  of  the  hand  is  very_  com- 
mon, and  while  (unless  associated  with  partial  or 
complete  ankvlosis)  it  usually  causes  little  or  no 
disability  or  impairment  of  fimction,  it  is  unsightly. 
It  arises"  from  very  diverse  causes.  Enlarged  joints 
are  very  frequently  produced  by  injuries  (see  Fig. 
2489),  and  sometimes  only  slight  injuries  are  sufficient 
to  cause  considerable  deformity  of  this  kind.  The 
finger  joints  are  often  enlarged  in  persons  engaged 
in  manual  labor.  (See  an  interesting  article  by  Ar- 
buthnot-Lane.'^)  Deposits  or  hyperplastic  proc- 
esses about  the  joints,  as  in  gout  and  chronic  arthritis 
are  a  common  cause  of  enlarged  jomts.  Another 
cause  is  found  in  neurotrophic  influences,  as  in 
Charcot's  arthropathy  of  locomotor  ataxia  and 
syringomyelia.  Systemic  conditions  may  also  be 
etiological  factors;  thus,  the  proximal  phalangeal 
joints  are  said  to  be  enlarged  in  cases  of  dilated 
stomach.  Enlarged  joints  of  the  hand  should  be 
treated  according  to  their  cause. 

Synovitis  and  Arthritis. — The  inflammatory  affec- 
tions of  the  joints  of  the  liand  are  chiefly  of  traumatic, 
infectious,  tuberculous,  syphilitic,  or  gonorrheal 
nature.  In  addition  to  these  are  the  rheumatoid 
arthroses,  chronic  arthritis,  gout,  characterized  by 
abnormal  trophic  processes  or  deposition  of  abnormal 
material. 

Gout. — Next  to  certain  joints  of  the  foot,  the  joints 
of  the  fingers  are  the  most  common  seats  of  gouty 
lesions.  These  consist  of  deposits  of  urates,  at  first 
in  the  articular  cartilages,  then  in  the  sj'novial  and 
fibrous  structures  of  the  joint,  then  in  the  tissues 
surrounding    the    joint.     These    deposits,    when   in 


Fig.  2957. — Gouty  Hand.     (Meillet  and  Richer.) 

sufficient  amount,  constitute  "tophi"  or  "chalk 
stones,"  and  produce  characteristic  nodular  enlarge- 
ments about  the  affected  finger  joints.  The  mobility 
of  the  joints  may  be  impaired.  At  times  the  toplii 
may  ulcerate  out,  or  may  cause  damage  to  the 
articulation  itself.  Urates  may  be  also  deposited  in 
the  cutaneous  or  subcutaneous  tissues  of  the  palm,  or 
in  the  tendinous  structures.  The  treatment  is  that  of 
gout  in  general. 

Chronic  Arthritis. — The  joints  of  the  wrist  and 
hand  are  vulnerable  to  the  same  infections  as  are  those 
of  the  rest  of  the  body;  and  the  reader  is  referred  to 
the  section  on  Arthritis  for  a  full  description  of  the 
subject.  Manifestations  of  both  the  proliferative 
and  degenerative  forms  (Type  I  and  Type  II)  are 
very  frequent  in  the  fingers.  In  a  general  way  the 
multiartricular,  progressive  division  of  Tj'pe  I 
aflFects  the  proximal  interphalangeal  and  the  meta- 
carpophalangeal joints,  and  causes  flexion  deformities. 
Type  II  manifests  itself  as  lateral  or  flexion  deformities 
in  the  terminal  interphalangeal  joints. — Heberden's 
nodes.     The  former  are  almost  certainly  due  to  some 
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infection  located  somewhere  else  in  the  body,  e.g. 
tonsil,  genito-urinary  apparatus,  and  are  best  treated 
by  the  removal  of  the  infection.  The  latter  are  not 
of  great  importance,  except  for  their  unsightly  ap- 
pearance. They  are,  in  fact,  viewed  by  some  as  an 
evidence  of  longevity." 

Ulnar  Deflection  of  the  Fingers  at  the  metacarpopha- 
langeal joints  is  common  in  elderly  persons,  as  if  it 
were  a  senile  change.  It  may  also  appear  in  earlier 
adult  life  as  a  consequence  of  acute  or  subacute  arthritis 
of  the  metacarpophalangeal  joints.  This  condition, 
although  but  a  slight  deformity,  presents  a  characteris- 
tic  appearance;   the  little,   ring,   middle,   and   index 


Fig.  2958. — Arthritis  Deformans.     (Meillet  and  Richer.) 

fingers  are  slightly  flexed,  and  bent  laterally  to  the 
ulnar  side  at  the  metacarpophalangeal  joints. 

Changes  in  Extensibility  of  Metacarpophalangeal 
Joint  of  the  Thumb  at  Different  Ages. — In  many  cases 
the  structures  making  up  the  metacarpophalangeal 
articulation  of  the  thumb  undergo  progressive  changes 
at  different  periods  of  life,  such  that  while  in  childhood 
the  proximal  phalanx  of  the  thumb  is  markedly  lax 
and  superextensible,  in  old  age  its  extensibility  may 
be  diminished  very  much  below  the  norm  of  the  adult 
period.  The  condition  of  this  joint  is  therefore  to  be 
considered  in  three  periods — in  childhood,  in  the 
adult,  and  in  old  age. 

1.  In  young  childhood  in  a  large  proportion  of 
individuals  the  ligaments  of  the  joint  in  question  are 
very  lax,  so  that  the  proximal  phalanx  can  be  super- 


FlG.   29.59. — Chronic  Multiarticular  Inflammation — -Type  I.  Radial 
Deflection  of  Finpers  and  Superextension  of  Middle  Phalanges. 

extended  or  bent  backward  at  a  marked  angle,  even 
to  a  right  angle  (see  Fig.  2960).  Usually  the  super- 
extension can  be  accomplished  by  the  free  and  un- 
assisted action  of  the  e.xtensor  muscles;  occasionally 
the  superextension  can  be  brought  about  only  by 
assistance  or  passive  action.  The  position  of  super- 
extension is  a  sort  of  subluxation  of  the  joint,  and  the 
plialanx  when  extended  goes  back  with  a  sudden  slip. 
The  condition  is  by  the  laity  often  called  "double- 
jointedness."  This  laxity  of  the  joint  is  very  common 
in  children  up  to  the  age  of  six  or  seven  years,  occurring 
to  a  greater  or  less  degree  in  nearly  a  half  of  white 
children.  After  that  age  the  superextensibility 
gradually  diminishes,  until  about  the  age  of  puberty, 
when  it  usually  has  entirely  disappeared.     ()ccasion- 
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ally,  however,  superextenslbility  of  the  thumb 
persists  to  maturity,  especially  in  persons  whose 
finger  joints  generally  are  unusually  lax,  and  in  those 
in  whom  this  laxity  is  developed  and  maintained  by 
such  occupations  as  piano  playing. 

The  superextenslbility  varies  in  extent  from  a 
slight  increase  to  an  extreme  degree  of  laxitj*.  Usu- 
ally both  thumbs  are  superextensible,  though  some- 
times one  thumb,  especially  the  left,  may  be  affected 
alone.  The  left  thumb  appears  to  be  rather  more 
subject  to  this  peculiarity  than  the  right,  as  shown  by 
its  being  often  superextensible  to  a  greater  degree 


Fig.  2960. — Hand  of  a  Boy  Six  Years  Old,  Showing  Voluntary 
Superextension  of  Thumb.     (Original.)  Nichols. 

than  the  right  when  both  thumbs  are  involved,  and 
by  its  being  most  subject  when  only  one  thumb  is 
affected.  The  two  sexes  are  about  equally  subject  to 
this  condition. 

Among  seventy-three  colored  children,  thirty- 
eight  girls  and  thirty-five  boys,  aged  from  two  to 
fifteen  years,  superextenslbility  of  the  proximal 
phalanx  of  the  thumb  was  noted  in  only  two  instances 
(girls,  aged  ten),  and  that  to  a  slight  degree  only. 
This  would  indicate  that  the  peculiarity  is  less  common 
in  the  negro  race. 


Fig.  2961. — Hand   of   a    Man   Aged   Thirty-three,    Showing   Full 
Normal  Adult  Extension  of  Thumb.     (Nichols.) 

2.  In  the  adult  period  the  first  phalanx  of  the  thumb 
when  fully  extended  normally  lies  in  line  with  the 
metacarpal  bone,  or  at  an  angle  slightly  short  of  this 
line  (Fig.  2961). 

3.  In  old  age  not  infrequently  the  proximal  phalanx 
of  the  thumb  is  very  much  decreased  in  extensibility, 
so  that  when  fully  extended  it  cannot  be  brought 
within  a  considerable  angle  (often  not  within  forty- 
five  degrees)  of  the  line  of  the  metacarpal  bone  ex- 
tended (Fig.  2962).  With  this,  the  distal  phalanx 
is  often  considerably  superextended  and  curved  back- 
ward. The  condition  occurs  alike  in  those  who  have 
or  have  not   been   subject  to  arthritis  and  in  those 


who   have   or   have   not   pursued   laborious   manual 
occupations. 

The  superextenslbility  of  the  thumb  in  childhood 
appears  to  be  due  to  laxity  of  the  ligamentous  struc- 
tures of  the  metacarpophalangeal  joint.  Its  subex- 
tensibility  in  old  age  appears  to  result  from  shortening 
of  the  ligaments  or  alterations  in  the  configuration  of 
the  hard  parts  of  the  joint,  produced  either  by  senile 
changes  or  perhaps  by  a  mild  and  di.stinctive  form  of 
arthritis  deformans. 


Fig.  2962.^Hari.l  ..t  a  MiiQ  Aged  Sixty-nine,  Showing  Full  Ex- 
tension (Much  Diminished)  of  Proximal  Phalanx  of  Thumb.  This 
subject  had  been  a  clerk  by  occupation,  doing  no  manual  labor, 
and  had  not  had  arthritis.      (Nichols.) 

Senile  Joint  Changes. — The  finger  joints  in  old  age 
often  exhibit  alterations.  The  finger  joints  often 
have  a  diminished  range  of  mobility.  They  some- 
times have  an  enlarged  appearance,  partly  from  real 
enlargement,  partly  from  atrophy  of  the  soft  tissues 
of  the  phalanges.  Ulnar  deflection  of  the  fingers  is 
frequently  seen,  wnthout  other  material  evidences  of 
rheumatoid  arthropathy.  Beitzke"  in  a  series  of 
consecutive  autopsies  found  regularly  degenerative 
changes  in  the  joint  of  subjects  over  forty  years  of  age. 

Affections  of  the  Tendons  .\nd  Tentdon  She.^ths. — 
Small  fibromatous  tumors  occasionally  develop  on  ten- 
dons, especially  on  those  of  the  flexor  muscles  of  the 
fingers,  palpable  as  subcutaneous  nodules  moving 
with  the  tendons  and  not  causing  material  trouble 
unless  they  interfere  with  the  action  of  the  tendon  or 
become  painful  from  pressure.  Some  forms  of  trigger 
finger  are  produced  by  the  impediment  to  motion 
caused  by  such  tendinous  nodules. 

Tenosynovitis. — One  of  the  favorite  seats  of  various 
forms  of  inflammation  of  the  tendon  sheaths  is  about 
the  wTist,  hand,  and  forearm.  Infectious  and  sup- 
purative inflammation  is  common  in  connection  with 
whitlows  and  palmar  abscess;  pain  is  intense,  early 
and  free  incision  is  necessary,  and  the  consequences 
may  be  serious.  Gonorrheal  tenos\-novitis  some- 
times occurs  about  the  hand,  and  syphilitic  involve- 
ment of  these  structures  may  occur. 

Acute  non-suppurative  tenosynovitis  may  occur  in 
the  hand  or  forearm,  from  occupation  irritation, 
contusions  or  other  traumatisms,  or  spontaneously 
from  undeterminable  causes.  The  symptoms  are 
pain,  swelling,  friction  and  crepitation,  effusion  of 
fluid. 

The  treatment  consists  chiefly  of  rest  and  immo- 
bilization. Tight  .stripping  with  adhesive  plaster 
forms  an  excellent  routine  treatment. 

Chronic  Tenosynontis  in  all  or  nearly  all  cases  is  of 
tuberculous  nature.     IMost  of  the  cases  occur  in  the 
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forearm  and  hand.  It  presents  a  number  of  forms— a 
simple  Beroiis  effusion  Into  the  thecal  sac,  an  effusion 
with  rice  grain  bodies,  or  an  exuberant  granulating 
form.  It  occurs  more  especially  in  women,  in  the 
deUcate  and  unhealthy,  and  in  those  with  a  family 
or  personal  tuberculous  taint;  manual  work,  like 
wringing  clothes,  sometimes  predisposes  to  it.  The 
onset  is  gradual  and  the  course  very  chronic.  Pain  is 
not  severe. 

In  the  forms  with  effusion  there  is  an  elongated 
swelling  along  the  course  of  the  tendon,  with  fluctua- 
tion. The  inflammation  may  be  confined  to  a 
limited  portion  of  the  tendon,  or  may  extend  the 
entire  length  of  the  sheath  and  to  other  sheaths. 

In  the  fungous  granulating  forms  the  tendon  and 
sheath  are  involved  in  an  exuberant  granulation 
process,  which  causes  irregular  distention  along  the 
sheaths,  with  a  peculiar  feeling,  but  no  fluctuation. 

The  site  of  tuberculous  tenosynovitis  is  especially 
on  the  dorsal  or  palmar  aspect  of  the  wrist,  though  it 
may  extend  along  the  anterior  or  posterior  surfaces  of 
the  digits.  At  the  wrist,  the  annular  ligaments 
passing  over  the  tendon  sheaths  may  cause  a  con- 
striction in  the  swelling  at  that  point,  forming  an 
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Fio.  2963. — Superextension  Resulting  from  Non-union  of  Flexor 
Tendons  of  Middle,  Ring,  and  Little  Fingers,  Severed  by  an  In- 
cised Wound  Twenty-six  Years  Previously.     (Nichols.) 

hour-glass  appearance,  sometimes  called  "compound 
ganglion."  Chronic  syphilitic  tenosynovitis  is  rare, 
but  probably  does  occur.  It  cannot  be  distinguished 
clinically  from  tuberculosis.  I  have  one  specimen 
which  was  dissected  out  with  a  diagnosis  of  tubercu- 
losis, but  whose  microscopical  examination  failed  to 
show  any  tubercles.  A  course  of  antisyphilitic 
treatment  is  advisable  when  any  doubt  exists  as  to  the 
diagnosis. 

Ganglion.'^ — A  ganglion  is  a  small,  tense,  obscurely 
fluctuating  cyst-like  structure,  usually  ovoid  in  shape, 
whose  contents  consist  of  a  clear,  viscid,  mucilaginous, 
mucoid  or  colloid  material.  The  wall  is  composed  of 
fibrous  tissue.  Certain  writers  have  described  the 
lining  of  the  capsule  as  endothelium,  but  this  is 
probably  an  error.  A  synovial  lining  is  not  present. 
The  ganglion  may  be  divided  off  into  several  com- 
partments by  septa,  complete  or  incomplete.  The 
wall  may  contain  other  "daughter"  ganglions. 
The  favorite  sites  are  the  radial  side  of  the  dorsal 
aspect  of  the  wrist,  among  the  extensor  tendons,  the 
palmar  aspect  of  the  fingers  beneath  the  flexor  ten- 
dons, and  the  radial  side  of  the  palmar  aspect  of 
the  wrist  beneath  the  radial  artery.  Ganglions  of 
the  dorsal,  the  most  frequent,  aspect  of  the  wrist 
are  usually  attached  to  the  capsular  liagment  or  to  a 
tendon  sheath  or  to  both,  but  the  cavity  of  the 
ganglion  does  not  communicate  with  that  of  the  joint 
or  tendon  sheath.  Any  apparent  communication  is 
almost  invariably  due  to  carelessness  of  dissection 
at  operation. 

The  pathogenesis  of  ganglion  has  attracted  much 
attention,  but  the  problem  remains  to  be  solved. 
Three  theories  have  been  advanced.  (1)  A  ganglion 
is  a  hernial  protrusion  from  a  joint  or  tendon  sheath. 
This  is  imlikely.  (2)  A  ganglion  is  an  adventitious 
bursa  whose  contents  have  undergone  a  colloid  or 
mucoid  change.  (3)  A  ganglion  is  the  resvilt  of  a 
cystic  degeneration  of  connective  tissues.  The  third 
hypothesis  is  by  far  the  most  probable. 
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The  essential  cause  is  unknown.  The  element  of 
strain  seems  to  be  a  strong  one — an  assumption 
based  on  the  frequency  of  ganglion  in  persons  who  use 
their  hands  vigorously,  such  as  piano  players. 

A  ganglion  may  appear  suddenly  or  it  may  be  slow  of 
formation.  Occasionally  it  is  somewhat  painful, 
but  more  often  not.  It  is  tense,  rather  hard,  and 
fluctuates  abscurely.  Asa  rule  it  is  slightly  movable. 
Its  strictly  circumscribed  nature  differentiates  it 
from  ordinary  inflammations  of  tendon  sheaths,  its 
situation  from  ordinary  cysts. 

Treatment. — A  sharp  blow  with  a  book  will  often 
scatter  the  contents  of  a  ganglion  on  the  wrist,  and 
firm  pressure  thereafter  by  adhesive  straps  should  be 
applied  for  some  time  with  the  idea  of  preventing  its 
recurrence.  The  procedure  may  be  repeated  if  the 
ganglion  return.  The  most  thorough  means  of  treat- 
ment is  careful  dissection  of  the  growth.  General 
anesthesia  is  advisable.  The  task  is  always  more 
formidable  than  it  seems.  The  ganglion  must  be 
followed  down  to  its  source,  even  when  the  dissection 
goes  down  to  the  underlying  joint  capsule. 

Injuries. — In  incised  wounds  about  the  wrist, 
hand,  and  fingers,  the  tendons  are  frequently  divided, 
partially  or  completely.  When  the  section  is  com- 
plete corresponding  impairment  of  function  results, 
and  if  the  tendon  is  not  reunited  permanent  damage 
will  ensue.  In  non-union  of  divided  tendons,  the 
action  of  the  muscles  involved  is  abolished,  while 
(mrestrained  action  of  the  opposing  muscles  causes  a 
habitual  or  excessive  deflection,  in  the  opposite 
direction,  of  the  bony  parts  supplied.  Thus,  section 
of  the  extensor  tendons  causes  flexion  and  inex- 
tensibility  of  the  phalanges,  while  division  of  the 
flexor  tendons  results  in  inflexibility,  extension,  or 
even  superextension  of  the  phalanges  (Fig.  2963). 

The  consequences,  as  to  the  usefulness  and  appear- 
ance of  the  hand,  of  non-union  of  severed  tendons 
are  so  serious  that  in  all  wounds  of  this  region  par- 
icular  care  should  be  taken  to  determine  if  any  tendons 
are  divided;  and  if  so,  the  ends  should  be  sutured 
together  with  catgut  and  the  parts  afterward  kept  at 
rest  untU  union  is  obtained.  If  the  case  be  not  seen 
until  some  time  after  the  injury,  the  proximal  end 
of  the  tendon  will  have  been  pulled  away  from  the 
distal,  and  an  operative  elongation  of  the  tendon  will 
be  necessary. 

Subcutaneous  rupture  of  the  extensor  tendons 
inserted  into  the  distal  phalanges  sometimes  occurs, 
giving  rise  to  the  condition  known  as  mallet  finger. 

Adhesions  of  digital  tendons  to  their  sheaths  or 
surroimding  tissues  are  not  micommon  from  tenosyn- 
ovitis, especially  from  whitlow  or  palmar  abscess,  or 
from  cicatricial  involvement  after  healing  of  wounds. 
Adherent  tendons  cause  a  corresponding  loss  of 
mobility  of  the  parts  supplied  by  them,  or  even  a 
greater  or  less  immobility  in  normal  or  abnormal 
positions — the  so-called  "tendinous  ankylosis."  In 
conditions  in  which  adhesions  of  the  tendons  threaten 
attempts  should  be  made  to  prevent  such  a  conse- 
quence. After  thecal  inflammations  and  wounds 
similar  exercise  of  the  fingers  may  prevent  adhesions. 
After  firm  adhesions  are  once  established  it  is 
difficult  or  impossible  to  free  the  tendons,  though  a 
faulty  position  of  a  finger  might  be  improved  by 
operative  measures. 

Mallet  or  Drop  Finger  is  a  condition  in  which  the 
essential  lesion  is  a  subcutaneous  rupture  of  the 
extensor  tendon  inserted  into  the  distal  phalanx  of  a 
finger.  It  is  caused  by  violence,  often  slight  and 
insignificant,  such  as  catching  the  finger  tip  in  the 
clothing,  or  a  slight  push  in  the  direction  of  flexion  on 
the  end  of  the  finger.  The  tendon  is  torn  at  or  near 
its  insertion  into  the  base  of  the  terminal  phalanx. 
The  rupture  may  be  complete;  or  it  may  be  partial, 
a  thinning  or  fraying  and  stretching  of  the  tendon. 
In  consequence  of  the  rupture  the  power  of  extension 
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(except  passively)  of  the  distal  phalanx  is  lost,  and 
from  unopposed  action  of  the  flexor  the  phalanx  drops 
limply  forward  and  stands  flexed  at  an  angle  (up  to  a 
right  angle)  with  the  finger. 

Immediatel}'  after  the  injury  there  may  be  some 
inflammatory  symptoms;  but  as  these  subside  the 
phalanx  is  left  helpless  and  inextensible  in  a  flexed 
position. 

The  condition  is  said  to  be  sometimes  curable  by 
keeping  the  phalanx  well  extended  by  splints  for  three 
or  four  weeks.  If  this  fails  operation  is  necessary. 
A  longitudinal  incision  is  made  over  the  back  of  the 
joint    and  the  ruptured  extensor  tendon  exposed;  the 


Fig.  2964. — Mallet  Finger.     (.\bbe.) 


severed  ends  of  the  tendon  are  then  to  be  sewed  to- 
gether, shortening  them  if  necessary;  or  the  proximal 
end  may  be  advanced  and  sutured  into  the  periosteum 
or  into  the  skin  near  the  root  of  the  nail.  After  the 
latter  procedure  the  nail  is  sometimes  temporarily 
lost. 

Affectiox.s  of  Connective-tisstie  Structures. — 
Aside  from  inflammatory  and  infectious  processes  in 
these  tissues,  the  fascial  and  ligamentous  structures  of 
the  hand  are  subject  to  certain  characteristic  affections, 
nameh',  Dupuytren's  contraction  of  the  palmar 
fascia,  contraction  of  digital  fascia,  hammer  finger, 
and  general  palmar  induration. 

Dupuytren's  Contraction. — This  not  uncommon  af- 
fection consists  in  an  hypertrophy  of  definite  tracts  of 
the  palmar  fascia  with  shortening  of  the  hyper- 
trophied  band  resulting  in  flexions  or  contractions 
of  the  phalanges  and  changes  in  the  configuration  of 
the  palm. 

While  not  previously  entirely  unknown,  the  true 
nature  of  this  condition  was  first  demonstrated  by 
G.  Dupuytren.''.  Numerous  studies  of  the  disease 
have  since  been  made  and  many  hundred  cases 
have  been  recorded.  Its  morbid  anatomy  and 
mechanism  have  been  settled  by  numerous  operations 
and  postmortem  dissections,  but  its  etiology  is  still 
obscure. 

The  primary  seat  of  this  affection  is  in  the  palmar 
fascia  or  aponeurosis,  a  knowledge  of  the  anatomy  of 
which  is  essential  to  an  adequate  understanding  of  the 
pathology  and  mechanism  of  Dupu.vtren's  contrac- 
tion. The  palmar  fascia  is  a  triangular  or  fan-shaped 
expansion  of  firm  fibrous  tissue  radiating  over  the 
metacarpus,  with  the  apex  of  the  triangle  situated  at 
the  depression  between  the  thenar  and  hypothenar 
eminences  (the  "interthenar  depression"),  where  the 
fascia  is  contihuous  with  the  annular  ligament  of  the 
wrist  and  the  tendon  of  the  palmaris  longus  muscle 
Opposite  the  metacarpophalangeal  articulations  there 
is  a  well-marked  transverse  fibrous  band,  the  ".super- 
ficial transverse  ligament  of  the  palm."  At  this 
point  many  of  the  longitudinal  fibers  in  the  fan-shaped 
palmar  fascia  terminate,  leaving  a  few  fibers  to  pass 
to  each  of  the  digits,  where  they  are  attached  to  the 
skin  and  fibrous  investments  of  the  phalanges.  At 
the  web  of  the  fingers  there  is  another  transverse 
fibrous  band,  the  "fibers  of  Gerdy,"  or  the  "superficial 
transverse  ligament  of  the  fingers."  The  palmar 
fascia  is  situated  immediately  beneath  the  skin  of  the 
palm  from  which  it  is  separated  only  by  thin  masses  of 
fatty  and  areolar  tissue.  The  fascia  is  intimately  con- 
nected with  the  skin  by  numerous  fibrous  bands — a 
point  to  be  borne  in  mind  in  connection  with  the 


mechanism  of  Dupuytren's  contraction.  Micro- 
scopically, the  fascia  consists  of  coarse  longitudinal 
and  transverse  bundles  of  dense  white  fibrous  tissue, 
which  in  places  are  connected  with  the  corium  by 
smaller  fibrous  bands  crossing  through  the  fatty 
layer  which  separates  the  fascia  from  the  cutis. 
Among  the  fibers  elongated  connective-tissue  cells  are 
numerous  and  minute  blood-vessels  penetrate  and 
accompany  the  fibrous  fasciculi  (see  Fig.  2965). 

Dupuytren's  contraction  consists  essentially  of  an 
hypertrophy  or  h_\-perplasia  of  limited  longitudinal 
portions  or  fasciculi  of  the  fascia  of  the  palm  and 
fingers  together  with,  usually,  contraction  or  shorten- 
ing of  the  hypertrophied  band  in  a  longitudinal 
direction.  This  condition  results  in  (1)  flexions  or 
contractions  of  the  phalanges  of  the  fingers  caused  by 
the  traction  of  the  shortened  bands;  and  (2)  indura- 
tion and  changes  in  the  surface  configuration  of  the 
palm,  caused  mostly  by  traction  on  the  small  fibers 
connecting  the  band  with  the  overlying  corium, 
or  by  the  thickened  and  elevated  tissues  beneath  lift- 
ing up  the  skin.  Whether  the  lesion  is  a  hypertrophy 
or  a  neoplasm  has  been  a  point  of  discussion.  The 
flexor  tendons,  which  lie  beneath  the  palmar  fascia, 
are  not  in  the  least  affected,  though  the  bending  of  the 
fingers  strongly  suggests  a  muscular  or  tendinous 
pull.  Prolonged  malposition  and  immobilization  of 
the  joint  in  some  cases  produce  changes  in  the 
affected  articulations;  involvement  of  the  tendon 
sheaths_has  also  been  reported. 


Fig.  296.5. — Transverse  Section  of  Normal  Skin  and  Subcutane- 
ous Tissues  and  Fascia  from  Right  Palm,  over  Metacarpophalangeal 
Joint  of  Ring  Finger,  from  Man  Aged  Seventy-eight  Years,  Show- 
ing Longitudinal  and  Transverse  Bands  of  Fascia  and  Fibers  Con- 
necting them  with  the  Cutis.     Magnified  10  diameters.     iNiehols.) 

A  few  microscopical  examinations  of  the  lesion 
have  been  made,  which  afford  some  information  as 
to  its  histology.  The  band  causing  the  contraction, 
plainly  visible  to  the  naked  eye,  is  a  prominent 
rounded  or  oval  longitudinal  band  of  dense  fibrous 
tissue,  two  to  five  millimeters  in  diameter,  belonging 
to  the  palmar  fascia  and  situated  in  the  subcutaneous 
tissue.  The  band  may  lie  in  contact  with  the  cutis 
vera  with  nothing  intervening,  though  the  tissues  of 
the  corium  and  the  band  are  usually  distinctly 
marked  off  from  each  other  without  merging;  or  the 
band  in  places  may  be  separated  from  the  corium 
by  an  interval  occupied  by  areolar  and  adipose 
tissue. 
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Microscopically  (Fig.  2966)  the  contracted  band 
is  seen  to  consist  of  a  dense  aggregation  of  longitudinal 
fasciculi  of  -n-hite  fibers,  among  which  are  elongated 
fusiform  connective-tissue  cells  and  sniall  vascular 
channels  in  greater  or  less  abundance.  The  tissue  is 
essentially  identical  with  that  of  the  normal  palmar 
fascia,  being  a  hypertrophic  or  hyperplastic  develop- 
ment of  the  latter.  The  skin  in  some  instances  is 
rather  tliickened  and  indurated,  but  aside  from  this 
all  the  other  elements  of  the  skin  and  adjacent  struc- 
tures are  unaffected. 


^j' 


Fig.  2966. — Transverse  .-^.h  ti,,ii  ,,f  Skin  and  Band  of  Contracted 
Fascia  Leading  to  Little  Finger,  Right  Palm.  Magnified  10 
diameters.     (Nichols.) 

In  the  early  and  developing  period  of  Dupuytren's 
contraction  the  cellular  and  vascular  elements  are 
exceedingly  abundant  among  the  fibrous  fasciculi  of 
the  contracted  band.  In  this  stage  there  may 
especially  be  observable  a  great  accumulation  of 
young  connective-tissue  cells,  small,  round,  or 
spindle  cells,  in  the  adventitia  of,  or  the  tissues 
immediately  surrounding,  the  small  blood-vessels, 
which  are  also  relatively  numerous.  Some  young 
fasciculi  are  composed  almost  entirely  of  connective- 
tissue  cells  or  fibroblasts.  As  the  condition  becomes 
of  longer  standing  and  in  a  stationary  stage  the  vessels 
and  coiuiective-tissue  cells  decrease  in  relative  abun- 
dance, and  in  old  and  long-established  cases  cells  and 
vessels  may  be  in  very  small  number  or  altogether 
absent,  leaving  the  fibrous  band  a  dense  sclerotic 
mass. 

The  condition  seems  to  begin,  then,  as  a  rather 
active  proliferation  of  connective-tissue  cells  about 
the  small  blood-vessels,  which  themselves  become 
somewhat  increased  in  number.  The  cells  thus 
proliferating  become  fibroblasts  and  develop  the 
fibrous  fasciculi  which  constitute  the  contracted 
band.  The  process  is  therefore  a  fibrosis  limited  to 
circumscribed  longitudinal  tracts  of  the  palmar 
fascia,  and  is  quite  identical  with  the  cirrhoses  of 
the  viscera  or  with  the  process  often  styled  chronic 
interstitial  inflammation.  It  is  practically  a  hyper- 
plasia or  hypertrophy  of  longitudinal  tracts  of  the 
palmar  fascia  together  with,  usually,  a  longitudinal 
contraction  of  the  affected  tissue,  the  thickening 
being  manifested  in  the  transverse  diameters. 

Cases  of  Dupuytren's  contraction  may  be  in 
general  divided  into  two  clinical  groups:"  1.  The 
ordinary  typical  cases  in  which  there  is  contraction 
of  one  or  more  fingers  together  with  the  characteristic 
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manifestations  in  the  palm  of  the  hand.  The  flexion 
of  the  fingers  varies  from  marked  deformity  and 
disability  to  only  slight  limitation  to  the  extensibility 
of  the  digit.  This  class,  therefore,  merges  gradually 
into  the  next  group  without  sharp  dividing  lines.  2. 
Cases  in  which  the  lesion  is  confined  to  the  palm 
with  hypertrophy  of  the  palmar  fascia  and  the 
characteristic  thickening,  induration,  and  altered 
conformation  of  the  surface  in  the  palm,  but  without 
contraction  of  the  fingers.  These  cases  are  usually 
slight,  yet  they  sometimes  amount  to  considerable 
deformity. 

The  cimical  picture  is  very  characteristic.  The 
hypertrophied  bands  occupy  certain  definite  positions. 
Running  froni  the  direction  of  the  interthenar  de- 
pression, they  cross  the  concavitj'  of  the  palm  longitu- 
dinallj',  in  taut  straight  lines,  as  a  bowstring  is 
stretched  across  the  concavity  of  the  bow.  The 
thickened  and  elevated  bands  form  prominent  ridges 
across  the  palm,  very  apparent  to  sight  and  feeling. 
The  bands  pass  in  direct  and  definite  lines  to  the 
fingers,  having  a  definite  locus  and  relation  with  the 
metacarpal  bones,  and  do  not  take  the  direction  of 
the  interspaces  between  the  digits.  In  the  fingers 
the  band  usually  follows  the  mid-palmar  line;  but 
occasionally,  especially  in  the  little  finger,  the  band 
crosses  the  proximal  phalanx  obliquely,  or  lies 
toward  one  side.  Ordinarily  the  bands  in  the  palm 
do  not  branch,  but  each  finger  has  its  band^distinct 


FlQ.  2967. — Dissection  of  Dupuytren's  Contraction  of  Middle 
and  Ring^Fingers,  from  a  Specimen  in  St.  Bartholomew's  Hospital 
Museum,  a,  Contracted  band  of  palmar  fascia;  b,  flexor  tendons; 
c,  sheath  of  flexor  tendons:  d,  insertion  of  contracted  bands  into 
base  of  middle  phalanx,     (.\dams.) 

from  the  others;  sometimes  a  band  going  to  one  finger 
divides  near  the  metacarpophalangeal  joint  and  sends 
a  branch  to  an  adjacent  finger. 

Besides  the  ridges  formed  by  the  elevated  and  thick- 
ened fascia  bands,  there  are  other  characteristic 
alterations  of  the  configuration  of  the  surface  of  the 
palm  (see  Fig.  2968).  Minute  punctate  depressions 
of  the  skin,  pointing  inward  and  often  ■n-ristward, 
are  common;  they  are  caused  by  traction  on  bands 
connected  with  the  ctitis.  Nodviles  like  callosities, 
formed  by  indurations  of  the  skin  and  fascia,  are  of 
frequent  occurrence.  The  metacarpophalangeal  ar- 
ticulations (especially  of  the  ring  finger)  are  favorite 
localities  for  these  indurations  and  inversions  of  the 
skin,    thougli    they    may    occur    anywhere    over   the 
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proximal  phalanges.  The  transverse  line  in  the  palm 
over  the  metacarpophalangeal  articulations  is  often 
much  deepened  by  the  flexion  of  the  fingers.  The 
traction  sometimes  produces  tension  or  stretching  of 
the  skin. 

The  mode  of  distal  termination  of  the  bands  varies 
somewhat.  Many  small  fibers  terminate  in  and  are 
connected  with  the  cutis,  causing  the  characteristic 
depressions  of  the  skin.  In  many  of  the  cases  in 
which  the  lesion  is  confined  to  the  palm  the  bands 
terminate  near  the  metacarpophalangeal  joints,  ex- 
pending their  force  on  the  skin  and  subcutaneous 
tissues  at  those  points  instead  of  drawing  on  the 
fingers.  Occasionally  a  thick  and  well-marked  band 
proceeds  some  distance  iip  a  finger,  yet  (not  being 
shortened)  without  producing  any  "flexion  of  the 
phalanges.  Many  bands  terminate  by  a  general 
blending  with  the  skin  or  subcutaneous  fibrous 
investments  of  the  finger,  usually  around  the  proximal 
phalanx;  many  others  have  a  more  or  less  distinct 
insertion,  especially  at  the  proximal  end  of  the  middle 
phalanx. 

The  contraction  of  the  fingers  is  caused  by  the 
traction  exerted  by  the  shortened  palmar  bauds,  and 
consists  in  a  limitation  of  the  extensibility  of  the 
finger;  within  the  limits  allowed  by  the  contracting 
band  flexion  and  extension  are  unimpeded,  but 
beyond  them  further  e.xtension  is  impossible.  The 
degree  of  contraction  varies  from  complete  flexion  of 
the  finger  into  and  against  the  palm  to  only  slight 
limitation  of  the  full  extensibility  of  the  finger.  The 
contracting  force  may  be  exerted  on  any  of  the  three 
phalanges,  though  almost  alwa\'s  on  the  proximal  or 
middle  and  only  very  infrequently  on  the  distal 
phalanx.  ^Mien  the  traction  is  exerted  on  the  proxi- 
mal phalanx,  mostly  by  a  general  pull  on  the  skin 
and  fibrous  investments,  the  finger  is  flexed  as  a 
whole  on  the  metacarpophalangeal  joint,  the  ex- 
tensibility of  the  middle  and  terminal  phalanges  being 
unaffected.  When  the  traction  is  on  the  middle 
phalanx,  this  is  flexed  on  the  proximal  phalanx;  and 
if,  as  commonly  occurs,  the  band  is  sufficiently  short- 
ened,   the   proximal   phalanx   is   also   flexed   on   the 


Fig.  2*MiS. — Dupuytren  s  Contraction  of  Palmar  Fascia,  Show- 
ing Marked  Changes  in  the  Palm,  with  Slight  Contraction  of  Ring 
and  Middle  Fingers.  (Notice  punctate  depression  of  skin  at  distal 
end  of  proximal  phalanx  of  middle  finger.)     (Nichols.) 

metacarpus,  although  the  band  may  not  be  con- 
nected with  this  phalanx.  The  distal  phalanges  are 
flexed  and  connected  with  the  contracted  band  in  only 
a  very  small  proportion  of  the  cases.  Fingers  ad- 
jacent to  one  strongly  contracted  are  frequenth" 
slightly  bent  from  traction  of  the  fibers  of  Gerdy  or 
the  web  of  the  fingers. 

Either  hand  may  be  affected  alone,  or  both  hands 
may  be  involved  together.  In  184  cases  collected  by 
W.  W.  Keen,  the  right  hand  was  involved  alone  in 
58,  the  left  hand  alone  in  23,  both  hands  in  103.  In 
49  cases  examined  by  the  writer  the  right  hand  was 
affected  in  12,  the  left  hand  in  15,  both  hands  in  22. 

Any  of  the  digits  may  be  involved,  but  the  thumb 
and  index  finger  are  rarely  affected.  The  ring  finger 
is  much  oftenest  contracted,  and  the  little  finger  in  a 


large  proportion  of  the  cases;  the  middle  finger  is 
frequently  involved,  but  not  so  often  as  the  ring  and 
little  fingers.  In  263  cases  (214  collected  by  Keen, 
49  observed  by  the  writer)  572  fingers  were  affected 
in  all,  as  follows:  12  thumbs,  24  forefingers,  93  middle 
fingers,  249  ring  fingers,  194  little  fingers. 

One  finger  may  be  affected  alone,  or  two  or  more 
fingers  on  the  same  hand  may  be  contracted  together. 
The  commonest  conditions  are  for  the  ring  finger  to  be 
contracted  alone,  little  finger  alone,  ring  and  little 
fingers,  middle  and  ring  fingers,  in  about  the  order 
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Fig.  2969. — Extreme  Dupuytren's  Contraction  of  Little  Finger. 
(Nichols.) 

stated.  When  two  or  more  fingers  on  a  hand  are 
contracted,  they  are  usually  adjacent,  though  not 
always. 

When  both  hands  are  affected,  the  contraction 
always  or  almost  always  begins  in  one  hand  before  the 
other.  Usually  the  two  hands  are  affected  to  unequal 
degrees.  Sometimes  there  is  very  little  difference  in 
the  extent  of  the  contraction  in  the  two  hands;  in 
numerous  other  cases  the  hands  are  very  unequally 
affected,  one  hand  showing  marked  finger  contractions 
while  the  other  may  exhibit  only  slight  stigmata  of  the 
disease  in  the  palm.  The  hand  first  affected  is  usually 
the  one  worse  affected.  The  lesions  are  not  exactly 
synunetrical  in  most  cases,  but  have  different  locations 
in  the- two  hands;  thus,  the  ring  finger  of  one  hand 
and  the  ring  and  little  fingers  of  the  other  may  be 
the  ones  involved,  or  the  ring  finger  of  one  ancf  the 
middle  finger  of  the  other,  and  so  on  for  a  large  nmnber 
of  possible  combinations ;  still,  in  some  cases  the  same 
digits  are  affected  on  the  two  hands.  In  the  great 
majority  of  the  bilateral  cases,  therefore,  the  two 
hands  differ  in  the  time  of  onset  of  the  disease,  the 
degree  of  the  contractions,  and  the  location  of  the 
lesions. 

Both  sexes  are  liable  to  the  disease,  but  women  are 
affected  much  less  frequently  than  men. 

The  influence  of  heredity  in  the  causation  of  the 
disease  is  marked,  a  hereditary  or  family  history  of 
the  occurrence  of  the  affection  being  obtainable  in 
about  a  fourth  or  a  fifth  of  the  cases. 

The  disease  develops  not  only  in  the  hands  of 
persons  engaged  in  manual  occupations,  but  also,  in 
large  numbers,  in  persons  not  engaged  in  manual 
labor,  and  even  in  persons  completely  idle. 

Dupuytren's  contraction  is  a  disease  of  the  adult  and 
senile  period  of  life,  the  favorite  age  of  onset  being 
from  fifty  to  seventy  years.  Cases  do,  however, 
develop  during  the  first  half  of  life,  and  it  is  said  that 
even  congenital  cases  occur.  It  is  possible  that 
many  of  the  cases  alleged  to  have  appeared  at  an 
early  age  were  in  reality  cases  of  hammer  finger,  a 
condition  that  has  only  recently  been  distinctly 
differentiated.  In  90  cases  collected  by  Keen  the 
ages  of  onset  were  as  follows:  after  forty  years,  47 
cases;  from  thirty  to  forty  years,  18  cases;  under  thirty 
cases  examined  by  Nichols  the  ages  of  onset  were  as 
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follows:  under  twenty  years,  1  case;  from  thirty  to 
forty  years,  7  cases;  from  forty  to  fifty  years,  6  cases; 
from  fifty  to  sixty  years,  16  cases;  from  sixty  to 
seventy  years,  12  cases;  over  seventy  years,  3  cases. 
The  latter  figures  indicate  that  the  disease  is  rare 
under  thirty  years  of  age. 

The  onse"t  and  development  of  Dupuj'tren  s  con- 
traction are  usually  gradual  and  insidious.  Rarely 
pain  or  other  symptoms  in  the  affected  area  may 
precede  the  appearance  of  the  contraction.  As  a 
rule  the  disease  has  a  definite  period  of  development, 
and  then  remains  stationary.  The  period  of  de- 
velopment of  the  contraction  usually  ranges  from  a 
few  months  to  three  or  four  years;  occasionally  the 
lesions  may  develop  within  a  few  weeks,  while  in 
other  cases  the  process  of  contraction  may  continue 
for  many  years.  Sometimes  there  is  a  certain 
amount  of  intermittency  in  the  development  of  the 
contractions;  the  lesions  develop  to  a  certain  degree, 
remain  unchanged  for  months  or  years,  and  then  have 
another  period  of  increase.  This  is  especially  mani- 
fest in  the  bilateral  cases,  in  which  after  full  de- 
velopment of  the  lesions  in  one  hand  a  quiescent 
period  of  perhaps  years  may  elapse,  when  the  other 
hand  becomes  affected. 

Subjective  symptoms,  pain,  tenderness,  or  abnormal 
sensations,  connected  with  and  located  in  the  seat  of 
the  contraction  occur  in  only  a  small  proportion  of  the 
cases.  In  some  instances  the  pain  is  worse  or  exists 
onl}'  during  the  early  period,  though  it  may  occur  at 
intervals  after  the  full  establishment  of  the  contrac- 
tion as  well  as  during  the  period  of  development. 
The  abnormal  sensations  are  often  an  occasional 
stinging  or  pricking  feeling  in  the  affected  region;  also 
a  sensation  of  numbness  or  itching,  dull  aching  pains, 
or  sharp  shooting  pains.  Tenderness  is  occasionally 
present,  especially  from  exposure  of  the  projecting 
surfaces  to  irritation;  a  feeling  of  tension  in  the  palm  is 
sometimes  noted. 

The  milder  degrees  of  the  disease  do  not  cause 
trouble  or  discomfort,  and  only  exceptionally  are  any 
of  the  cases  attended  with  pain.  The  severer  forms  of 
the  contraction  cause  material  deformity  and  dis- 
ability. Occupations  requiring  the  use  of  the  hand 
may  be  interfered  with.  The  condition  once  estab- 
lished is  permanent  unless  obviated  by  surgical 
measures. 

The  diagnosis  of  the  condition  from  other  affections 
of  the  hand  is  usually  easy.  The  bent  finger,  the 
ridge  in  the  palm  corresponding  to  the  contracted 
band,  the  rounded,  callus-like  indurations,  the  small 
wristw'ard  inversions  of  the  skin,  and  the  definite 
location  of  the  lesions  are  characteristic  features  which 
even  in  mild  cases  distinguish  the  affection.  Even 
faint  stigmata  of  the  disease  are  quite  distinguishable. 
Contractions  from  tendon  lesions  do  not  exhibit  the 
characteristic  surface  changes  of  fascia  contraction. 
In  cicatricial  contractions  there  is  the  history  of  in- 
jury, the  scar  tissue,  the  absence  of  the  typical 
features  of  Dupuytren's  disease.  Arthrogenous  de- 
formities are  recognizable  by  the  history,  the  anatom- 
ical features  present,  or  the  constitutional  condition; 
arthroses  may  coexist  with  Dupuytren's  disease,  how- 
ever, introducing  an  element  of  doubt  as  to  the  precise 
share  either  may  have  in  the  production  of  the  de- 
formity present.  In  contractions  limited  to  the 
digital  fascia,  surface  and  palmar  changes  are  absent. 
Hammer  finger  exhibits  no  palmar  or  cutaneous 
changes,  and  is  sufficiently  characteristic  to  be  readily 
distinguishable;  it  is  probable  that  some  of  the  cases 
diagnosticated  and  recorded  as  Dupuytren's  disease, 
especially  among  the  alleged  congenital  cases  and 
those  stated  to  have  developed  in  early  life,  were  in 
reality  instances  of  hammer  finger. 

The  etiology  of  Dupuytren's  contraction  has  not 
been  satisfactorily  determined,  and  very  diverse  theo- 
ries as  to  its  causation  have  been  advanced. 

One    prominent    theory,    held    among    others    by 
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Dupuytren,  is  that  the  disease  is  induced  by  slight 
local  traumatisms  or  by  continuous  use  and  irritation 
of  the  palm  incident  to  manual  labor.  In  probably 
a  majority  of  eases  there  is  a  complete  absence  of 
any  history  of  local  causes  to  which  the  lesions  are 
attributed.  The  assumption  that  in  all  cases 'a 
forgotten  trauma  must  have  occurred  is  not  logically 
justifiable.  Persons  not  engaged  in  manual  occupa- 
tions are  as  subject  to  Dupuytren's  disease,  indeed 
rather  more  so,  than  are  persons  who  habitually  do 
manual  work,  and  the  disease  may  develop  in  the 
hands  of  persons  entirely  idle.  The  nature  of  the 
occupation  is  not  altogether  a  safe  criterion,  since 
the  soft  hand  of  the  non-worker  is  more  easily  irritated 
by  occasional  unusual  use  or  strain. 

On  the  whole,  the  statistics  of  numbers  of  cases  are 
adverse  to  the  theory  of  the  local  traumatic  causa- 
tion of  the  disease.  There  are  other  considerations 
opposed  to  the  theory  of  traumatic  origin  and  in 
favor  of  the  contrary  view  of  the  idiopathic  origin  of 
the  affection.  The  left  hand  is  not  materially  less 
susceptible  than  the  more-used  right,  and  the  ulnar 
half  of  the  hand  is  much  more  frequently  involved 
than  the  radial  half,  which  bears  the  brunt  of  use  to 
an  equal  if  not  greater  degree.  The  favorite  age  of 
onset  is  after  middle  life,  years  after  the  period  of 
active  labor  begins.  The  marked  infiuence  of  he- 
redity, the  limitation  of  the  disease  to  definite  longi- 
tudinal tracts,  the  secondary  development  of  con- 
tractions in  the  other  hand  after  one  has  become 
affected,  are  unexplainable  on  the  local  traumatic 
theory. 

The  possibility  of  the  nervous  origin  of  the  disease 
is  worthy  of  consideration.  The  marked  predilection 
of  the  disease  for  the  ulnar  side  of  the  hand  shows  to 
some  degree  a  relation  with  the  distribution  of  the 
ulnar  nerve.  The  pricking  or  tingling  sensation 
specified  in  most  of  the  few  cases  complaining  of  pain 
is  quite  suggestive  of  the  paresthesia  of  nervous 
lesions.  The  involvement  of  both  hands,  one  being 
affected  subsequently  to  and  to  a  less  degree  than  the 
other,  may  point  to  the  operation  of  sympathetic 
(nervous)  action  in  reproducing  the  disease  on  the 
side  opposite  to  that  first  affected.  In  the  majority 
of  cases  of  Dupuytren's  contraction  there  is  no 
history  of  concomitant  nervous  disorder;  and  it 
would  perhaps  be  difficult  to  show  that  in  the  compara- 
tively few  cases  accompanied  by  nervous  disease  the 
coexistence  is  not  merely  incidental.  AAhile  a 
neuropathic  or  trophic  theory  of  the  pathology  of 
Dupuytren's  disease  is  supported  by  some  considera- 
tions, and  is  not  improbable,  it  cannot  be  regarded  as 
having  sufficient  basis  for  definite  acceptance. 

Dupuytren's  contraction  is  one  of  the  scleroses,  a 
hypertrophy  or  hyperplasia  of  connective-tissiie  ele- 
ments, and  is  hence  to  a  certain  extent  allied  to  the 
visceral  cirrhoses,  as  of  the  liver,  kidney,  and  lungs, 
arteriosclerosis,  and  the  spinal  scleroses.  Dupuy- 
tren's contraction,  however,  differs  from  the  visceral 
scleroses  in  being  sharply  circumscribed  while  the 
latter  are  diffuse  and  general.  Why  the  palm  should 
1)0  selected  to  suffer  in  this  manner  from  irritants 
circulating  in  the  blood,  and  especially  why  the 
hypertrophy  should  be  limited  to  specific  longitudinal 
fasciculi,  does  not  appear. 

Contractions  of  the  plantar  fascia  have  been 
reported  analogous  to  those  of  the  palm;  induration  or 
contraction  of  the  penis,  associated  with  Dupuytren's 
contraction,  has  also  been  observed.  Keloid,  fibro- 
mata, and  cicatrices  are  allied  in  some  respects  to 
fascial  contraction.  The  contraction  of  ligaments  in 
talipes  and  arthropathies,  and  of  cicatrices,  also 
presents  some  analogies,  especially  with  respect  to 
longitudinal  shortening. 

Trealmenl. — The  only  hope  of  relief  in  Dupuytren's 
contraction  re.'its  in  operative  intervention,  for  which 
a  variety  of  methods  have  been  practised. 

One  of  the  most  popular  and  efficient  procedures  is 
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that  of  subcutaneous  division  of  the  contracted 
fascial  band,  especially  advocated  by  William  Adams. 
A  small  straight  tenotome  is  introduced  between  the 
skin  and  the  band,  and  the  latter  cautiously  cut 
downward.  This  is  done  at  as  many  points  as  is 
necessary  to  free  the  finger  and  enable  it  to  be  straight- 
ened; as  many  as  twenty  or  twenty-five  punctures 
may  be  required.  The  sections  are  made  along  the 
entire  band,  from  its  proximal  to  its  digital  end,  as 
needed.  The  hand  is  then  dressed,  with  an  anterior 
splint,  with  the  fingers  extended.  The  results  of 
this  operation  have  been  very  satisfactory  in  the 
hands  of  numerous  operators.  Before  the  days  of 
antiseptic  surgery  it  was  doubtless  the  most  advisable 
procedure,  but  with  the  introduction  of  aseptic 
technique  many  of  the  former  objections  to  open 
operations  have  become  obsolete.  Even  at  the 
present  time  the  subcutaneous  method  is  preferred  by 
some  surgeons;  Adams  states  that  it  is  less  liable  to 
be  followed  by  recurrence  than  the  open  operation. 

Transverse  division  of  the  cord  at  one  or  more  places, 
sufficient  to  free  the  finger,  has  been  practised  by 
some  operators,  followed  immediately  or  after  some 
days  by  the  use  of  splints  Dupuytren  and  others 
have  made  open  transverse  incisions  through  both  skin 
and  band.  In  Goyrand's  method  the  fascial  band 
was  exposed  bj'  a  longitudinal  incision  through  the 
overlying  skin,  and  the  band  itself  then  divided 
transversely. 

Excision  of  the  fascia  band  in  many  cases  is  a 
rational  and  preferable  procedure,  though  at  times 
when  the  fascia  is  closely  connected  with  the  skin  it 
may  be  difficult  to  separate  it  well.  A  longitudinal 
incision  is  made  through  the  skin  over  the  cord,  and 
the  band  then  carefully  dissected  out,  after  which 
the  wound  is  sutured. 

Wherever  practicable — that  is,  when  the  con- 
tracted band  is  well  marked  and  easily  separable  from 
the  skin — it  is  probable  that  the  band  should  be 
dissected  out  carefully  through  a  longitudinal  incision. 
But  when  the  contracting  tissues  are  poorly  defined 
or  the  skin  is  extensively  involved,  multiple  transverse 
sections  of  the  band,  open  or  subcutaneous,  may  be 
indicated. 

The  postoperative  treatment  is  very  important, 
consisting  of  extension  by  splints  or  apparatus  for  a 
period  sufficiently  long  to  overcome  the  contraction 
or  the  tendency  to  recurrence.  Operators  have 
varied  as  to  the  time  allowed  to  elapse  after  operation 
before  mechanical  extension  is  begun,  some  applying 
splints  immediately,  others  not  for  several  days  after- 
ward. It  is  probable  that  no  greater  degree  of  exten- 
sion should  be  applied  immediately  after  operation 
than  can  be  employed  without  too  great  tension  being 
exerted  on  the  wound.  After  healing  takes  place, 
firm  extension  of  the  fingers  by  splints  or  apparatus 
can  be  maintained  for  a  few  weeks,  at  first  constantly, 
later  intermittently,  until  a  permanent  result  is 
obtained. 

The  final  results  of  operative  treatment  of  Dupuy- 
tren's  contraction  are  generally  satisfactory,  though 
sometimes  recurrence  takes  place. 

CoNTRACTiox  OF  DiGiT.iL  Fascia. — The  subcutane- 
ous  fascias  of  the  fingers  undergo  contraction  along 
with  those  of  the  palm  in  typical  cases  of  Dupuytren's 
disease;  and  in  some  cases  of  hammer  finger  secondary 
digital  fibrous  contractions  may  perhaps  be  present. 
But  aside  from  these,  cases  occasionally  occur  of 
fingers  bent  by  hypertrophied  and  shortened  bands  of 
the  digital  fascia  alone. 

In  diagnosis,  finger  deformities  due  to  digital  fascia 
contractions  would  have  to  be  differentiated  from 
those  due  to  ankylosis,  arthritic  conditions,  tendi- 
nous adhesions  or  shortening,  cicatrical  contractions, 
Diipuytren's  contraction,  hammer  finger  (shortened 
ligaments),  and  such  conditions.  The  cardinal 
feature  indicative  of  fascia  contraction  is  the  presence 


Fig.  2970. — Deformity 
Resulting  from  Contracted 
Subcutaneous  Digital  Fascia 
and  Other  Lesions. 
(Nichols.) 


of  a  subcutaneous  fibrous  band  evident  to  the  senses ; 
it  is  conceivable,  however  (though  perhaps  not 
possible),  that  cases  might  occur  in  which  a  shortened 
and  unusually  elevated  tendon  might  to  the  examin- 
ing finger  be  undistinguishable  from  a  fascial  band. 
Moreover,  cases  might  occur 
in  which  the  subcutaneous 
fibrous  tissues  might  be  suffi- 
ciently shortened  to  cause 
deformity  but  yet  not  be 
palpable  as  distinct  contract- 
ing bands;  such  cases  might 
present  difficulty  In  making 
a  definite  diagnosis. 

The  obvious  treatment  of 
this  condition  would  be  to 
divide  or  excise  the  contract- 
ing bands. 

HAivarER  Finger. — There 
is  a  well-marked  class  of  con- 
tractions or  anterior  deflec- 
tions of  the  fingers,  not  very 
uncommon,  manifested  es- 
pecially b}'  a  flexion  of  the 
little  finger  at  tlie  proximal 
interphalangeal  joint,  which 
is  of  distinctive  nature. 
The  affection  has  received 
very  little  attention  in  medi- 
cal writings.  It  was  de- 
scribed and  figured  in  1846 
by  R.  W.  Tamplin,  who  at- 
tributed it  to  contraction  of 
the  skin.  After  that  it  was 
occasionally  mentioned  by 
authors,       but     the     fullest 

studies  of  the  subject  are  those  of  William  Adams  and 
WUliam  Anderson,  both  originally  published  in  1891. 
The  condition  has  mostly  been  called  "congenital 
contraction  of  the  finger,"  but  Anderson  applied  the 
term  "hammer  finger"  to  it.  The  latter  is  the  prefer- 
able designation,  as  it  is  concise,  has  sufficient  meta- 
phorical significance,  expresses  the  analogy  of  the 
condition  to  hammer  toe,  and  is  non-committal  as  to 
the  pathology  of  the  affection  or  as  to  its  being  in  all 
cases  congenital. 

Two  varieties  of  the  affection  may  be  considered: 
the  developmental  or  congenital,  and  the  acquired. 

Developmental  Hammer  Finger. — Tliis  deformity  typ- 
ically consists  in  a  flexion  of  the  middle  phalanx  upon 
the  proximal  phalanx  of  the  little  finger  at  varying 
angles  up  to  a  right  angle — usually  at  an  angle  of_about 
135°.  Slight  limitations  to  full  extensibility  of  the 
middle  phalanx  of  the  little  finger  are  common,  but 
unless  the  flexion  amounts  to  about  twenty  degrees  or 
more  it  is  hardly  worth  while  to  regard  it  as  abnormal. 
Within  their  respective  limits  flexion  and  extension  of 
the  affected  phalanges  are  tmimpeded;  but  beyond 
them  further  extension  is  impossible  without  the  use 
of  unusual  force.  In  most  cases  the  proximal  phalanx 
is  unaffected;  but  according  to  Adams  it  is  some- 
times bent  backward  or  superextended  (the  middle 
phalanges  being  flexed),  as  is  commonly  the  case  with 
the  corresponding  phalanges  in  old  cases  of  hammer 
toe.  The  distal  phalanges  are  also  usually  unaf- 
fected: but  they  are  sometimes  flexed  instead  of  the 
middle  phalanges,  and  in  one  case  reported  by  Adams 
they  were  superextended,  the  middle  phalanges  being 
flexed.  Some  of  the  other  fingers  (especially  the  ring 
and  middle  fingers)  are  sometimes  similarly  affected  in 
conjunction  with  the  little  finger,  but  to  a  less  degree 
than  the  latter.  In  the  congenital  form  the  affection 
is  usually  bilateral,  the  hands  being  affected  together 
though  not  alwaj's  equally. 

The  skin  over  the  anterior  aspect  of  the  finger  is 
sometimes  shortened  or  forms  a  longitudinal  fold 
stretching  across  the  concavity  of  the  affected  inter- 
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phalangeal  joint,  increasing  the  anteroposterior 
diameter  of  the  proximal  phalanx.  According  to 
Adams,  there  are  often  present  subcutaneous  bands  of 
contracted  fascia,  centrally  or  laterally  located,  sorne- 
times  -n-ith  fibers  inserted  into  the  skin;  but  according 
to  other  authorities  fascia  contractions  are  absent. 
The  author  has  not  been  able  to  detect  contracted 
fascial  bands  in  any  of  the  developmental  cases  of 
hammer  finger  which  he  has  observed;  and  in  the  pure 
uncomijlicated  developmental  form  of  the  affection  it 
is  probable  that  fascia  contraction  plays  no  essential 
part.  In  some  cases  there  is  some  secondary  shorten- 
ing of  the  flexor  tendons  of  the  finger.  Often  the  distal 
end  of  the  first  phalanx  projects  slightly  at  the  angle 
of  the  articulation,  but  there  is  no  subluxation  of  the 
joint.  The  lateral  ligaments  of  the  joint  are  short- 
ened, and  there  may  be  other  developmental  or 
secondary  changes  in  the  joint.  The  contraction  is 
entirely  unassociated  with  injuries  or  arthritic  or 
paralytic  conditions.  The  contraction  is  not  the 
seat  of  any  pain  or  other  subjective  phenomena,  but 
in  its  extreme  forms  may  cause  considerable  de- 
formity, unsightliness,  and  inconvenience. 

The  affection  is  markedly  hereditary.  Numerous 
cases  have  been  observed  of  its  transmission  from 
parents  to  children  and  of  its  coexistence  in  brothers 
and  sisters.  It  is  frequently  associated  with  hammer 
toe,  either  in  the  same  individual  or  in  the  family. 
It  is  not  a  very  uncommon  condition,  but  is  not  often 
brought  to  the  notice  of  the  surgeon;  it  is  much  less 
common  than  hammer  toe.  It  is  said  to  affect  females 
more  frequently  than  males.  In  800  school  children 
Anderson  found  two  cases  among  bojs  and  five  cases 
among  girls.  Among  1,000  adult  men  Nichols  found 
about  five  cases  (one-half  per  cent.)  of  devlopmental 
hammer  finger. 

While  this  form  of  hammer  finger  may  or  may  not 
be  manifest  at  birth,  it  usually  makes  its  appearance 
very  early,  probably  in  the  first  two  or  three  years  of 
life.  Adults  affected  will  state  that  their  fingers  have 
been  bent,  as  far  back  as  they  can  remember.  Some- 
times the  contraction  makes  its  appearance  at  a  later 
age,  even  up  to  eighteen  or  twenty  years,  but  always 
before  maturity  is  reached.  It  is  therefore  a  disease 
of  the  developmental  period  of  life,  and  in  that  sense 
is  congenital.  The  contraction  slowly  and  continu- 
ously progresses  for  years,  until  the  maximum  is 
attained. 

The  essential  pathological  nature  of  hammer  finger 
is  only  partially  determined;  opportunities  for  opera- 
tion or  dissection  are  not  often  presented.  Several 
observers  have  regarded  the  flexed  condition  as  due 
to  shortening  or  contraction  of  the  skin  over  the 
proximal  phalanx;  but  this  change  in  the  skin,  when 
present,  is  undoubtedly  a  secondary  alteration  and 
not  the  primary  cause  of  the  flexion.  According  to 
Adams,  the  deformity  is  due,  partly  at  least,  to  short- 
ened subcutaneous  fascial  bands.  C.  B.  Lockwood, 
in  a  dissection  of  an  amputated  hammer  finger, 
found  a  thickening  and  shortening  of  the  fascia 
over  the  flexor  aspect  of  the  proximal  interphalangeal 
joint,  which  caused  the  flexion;  he  did  not  state  the 
condition  of  the  ligaments.  Other  observers,  how- 
ever, have  not  found  fascia  contractions  present,  and 
they  are  certainly  not  an  essential  feature  of  devel- 
opmental hammer  finger,  but  only  of  secondary,  oc- 
casional, and  exceptional  occurrence.  The  flexor 
muscles  or  tendons  are  not  regarded  as  being  the 
primary  cause  of  the  contraction,  though  they  may  be 
secondarily  shortened.  E.  M.  Little  cut  the  tendons 
in  one  case,  but  without  relaxing  the  finger;  on  the 
contrary,  Anderson  after  cutting  the  other  structures 
found  that  the  flexors  kept  up  the  contraction. 

The  primary  cause  of  hammer  finger  is  apparently 
an  abnormality,  frequently  hereditary,  in  the  devel- 
opment of  the  component  parts  of  the  affected  joint, 
resulting  in  a  disproportion  in  the  osseous,  cartilagi- 
nous, and  ligamentous  tissues;  the  developmental  ab- 
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normity  results  practically  in  a  shortness  of  the  lateral 
and  anterior  ligaments  of  the  phalangeal  joint,  which 
interferes  with  full  extension  of  the  finger.  The 
ligamentous  shortening  becomes  manifest  during  the 
period  of  development.  This  is  Anderson's  view  of 
the  etiology  of  hammer  finger,  though  he  does  not 
report  any  dissection.  In  a  dissection  made  by 
Nichols  the  contraction  was  found  due,  chiefly  at 
least,  to  much-shortened  lateral  liagments. 

In  long-established  cases,  in  addition  to  ligamentous 
shortening,  other  changes  are  present;  namely,  alter- 
ations in  the  articular  surfaces  and  shortening  of  the 
flexor  tendons,  fibrous  tissues,  and  the  skin  over  the 
proximal  phalanx.  These  alterations  are  doubtless 
secondary  changes,  caused  by  the  accommodation  of 
these  structures  to  the  prolonged  abnormal  position. 
These  secondary  changes  must  be  taken  into  account 
in  operative  procedures,  as  in  old  cases  division  of  the 
lateral  ligaments  alone  is  apt  not  to  be  sufficient  to 
correct  the  deformity  entireh',  as  in  a  case  operated  on 
b}'  Anderson  and  another  by  Nichols. 

Why  the  little  finger,  and  the  proximal  interpha- 
langeal joint  of  this  finger,  should  be  the  especial  seat 
of  this  abnormity,  is  a  point  that  is  not  clear.  The 
cause  of  superextension  of  the  proximal  phalanges  as 
reported  by  Adams  is  also  obscure.  Hammer  fin- 
ger is  allied  in  many  respects  to  hammer  toe.  It  is  a 
distinctive  condition,  sui  generis,  easily  recognizable, 
and  entirely  different  from  Dupuytren's  contraction 
of  the  palmar  fascia. 

Acquired  Hammer  Finger. — Nichols  observed  a  very 
few  cases  of  flexion  of  the  little  finger  at  the  prox- 
imal interphalangeal  joint  exhibiting  almost  pre- 
cisely the  same  external  appearances  that  develop- 
mental hammer  finger  presents,  but  which  developed 
in  adult  life;  that  is,  were  acquired  rather  than  con- 
genital. An  acquired  form  of  the  affection  is  recog- 
nized in  the  literature  only  by  Tamplin. 

In  the  absence  of  dissections  the  cause  and  anatomi- 
cal changes  of  these  acquired  hammer  fingers  are 
obscure.  They  are  not  due  to  ankylosis,  subluxations, 
or  other  joint  changes,  to  cicatricial  contractions,  to 
skin  changes,  nor  to  perceptible  fascia  bands.  Tendi- 
nous lesions  might  be  possible  causes.  The  de- 
fortnity  is  probably  due  to  shortening  of  some  of  the 
fibrous  structures  about  the  affected  joint;  whether 
the  ligaments  or  the  more  superficial  fibrous  and  fascial 
tissues,  or  both,  remains  to  be  determined.  If  the 
latter,  the  tissues  must  be  generally  shortened,  and 
not  thickened  into  bands  perceptiVjle  to  touch.  The 
association  with  Dupuytren's  disease  may  indicate 
the  action  of  a  common  cause  tending  to  produce 
shortening  of  fibrous  structures  in  different  situations. 
The  peculiar  susceptibility  of  one  particular  joint  is  an 
obscure  point. 

Accjuired  hammer  finger  bears  a  certain  relationship 
to  contractions  of  the  digital  fascia.  The  distin- 
guishing point  between  them  is  the  presence  of  evident 
subcutaneous  bands  in  the  latter.  The  significant 
fact  that  the  proximal  interphalangeal  joint  of  the 
little  finger  is  the  articulation  exclusively  or  chiefly 
affected  in  developmental  hammer  finger,  acquired 
hammer  finger,  and  digital  fascia  contractions  con- 
-stitutes  a  common  point  of  relationship  between 
these  three  affections,  and  indicates  the  existence  of 
unknown  specific  etiological  factors  that  render  this 
particular  joint  especially  liable  to  such  changes. 

The  diagnosis  of  developmental  and  acquired 
hammer  finger  should  ordinarily  present  no  difficulty. 
The  cases,  especially  congenital  cases,  are  quite 
characteristic  in  their  appearance,  seat,  and  history. 
Flexions  of  the  fingers  due  to  injuries,  arthritic  changes, 
paralytic  or  spastic  conditions,  cicatricial  contrac- 
tions, section  of  extensor  tendons,  are  usually  easily 
distinguishable  bj'  their  respective  characteristics. 
Contractions  of  digital  fascia  are  distinguished 
by  the  palpable  presence  of  fibrous  bands.  De- 
formities  produced   by   adhesions   of   flexor   tendons 
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or  by  fibrous  ankylosis  of  the  joints  might  be  difficult 
to  differentiate.  To  a  certain  degree  the  diagnosis, 
of  the  acquired  form  especially,  is  negative;  that  is, 
finger  contractions  of  this  type  whose  cause  is  obscure 
might  for  convenience  be  classed  as  hammer  finger. 
Deformities  due  to  Dupuytren's  contraction  are  rec- 
ognizable by  an  evident  relation  of  the  flexion  of  the 
finger  with  the  palmar  lesion;  this  relation  is  plainly 
demonstrable  in  Dupuytren's  disease;  although  the 
two  affections  are  entirely  distinct,  it  is  probable  that 
cases  of  hammer  finger  have  been  diagnosticated 
Dupuytren's  contraction,  especially  in  alleged  con- 
genital ca.ses  of  the  latter  affection. 

Treatment  of  Hammer  Finger. — The  minor  degrees 
of  hammer  finger  do  not  cause  sufficient  trouble  to 
require  treatment.  For  the  worse  forms  of  the 
contraction  treatment  may  be  sought  on  account  of 
the  inconvenience  or  awkwardness  of  the  bent  finger 
or  for  the  sake  of  appearance. 

In  young  and  mild  cases,  when  the  contraction  is 
not  too  rigid  and  unyielding,  passive  motion  and 
mechanical  extension  on  a  splint  or  special  apparatus 
will  often  yield  sntisfactory  results  in  the  correction  of 
existing  deformity  or  the  prevention  of  further  de- 
formity. To  be  effective  and  permanent  such  treat- 
ment must  be  kept  up  constantly  and  faithfully  for  a 
long  time.  The  splint  should  be  worn  day  and  night 
for  months,  and  then  at  night  or  at  intervals,  for  a 
long  time,  mitil  the  persistent  tendency  to  recontract 
is  overcome.  Special  forms  of  apparatus  have  been 
devised  for  maintaining  extension  of  the  fingers. 

In  adults  and  cases  of  long  standing,  when  the 
tissues  are  rigidly  contracted  and  secondary  altera- 
tions greatly  augment  the  difficulties  of  treatment,  the 
results  of  treatment  are  apt  to  be  unsatisfactory.  In 
such  cases  operative  treatment  is  the  only  procedure 
offering  any  hope  of  relief.  In  considering  the 
advisability  of  operative  interference  the  liability  of 
subsequent  ankylosis  from  entering  the  joint,  or  of 
impaired  mobility  from  interference  with  the  tendons, 
should  be  borne  in  mind.  Stiffening  after  operation 
on  hammer  toes  does  not  affect  the  usefulness  of  the 
member.  Stiffening  of  a  finger  in  an  extended  posi- 
tion, however,  is  a  material  inconvenience  and 
disadvantage  and  no  improvement  over  the  hammer 
condition.  The  finger  joints  are  very  apt  to  becom 
ankylosed^jy  only  slight  injuries,  and  the  risk  and 
disadvantages  of  such  a  result  or  of  imsightly  enlarge- 
ment of  the  joints  should  be  remembered  in  consider- 
ing operation.     Recontraction  is  apt  to  occur. 

Few  cases  of  hammer  finger  have  been  operated  on, 
so  that  data  as  to  results  or  the  best  technique  are 
scant}'.  The  object  aimed  at  is  to  divide  all  the  struc- 
tures causing  the  contraction.  The  shortened  lateral 
ligaments  should  be  cut,  either  through  an  open  wound 
or  subcutaneously.  In  inveterate  cases  a  division  of 
the  ligaments  alone  may  not  suffice  to  free  the  finger, 
owing  to  secondary  contraction  of  the  skin,  flexor 
tendons,  and  fibrous  tissues.  It  will  therefore  be 
necessary  to  divide  all  the  contracting  structures — 
skin,  fascia,  tendons — until  the  finger  can  be  straight- 
ened. Contracted  fibrous  bands  may  be  divided 
subcutaneously,  as  recommended  by  Adams.  After 
operation  extension  of  the  digit  by  splints  or  apparatus 
should  be  maintained  for  a  long  time  to  overcome  all 
remaining  deformity  and  to  prevent  recurrence. 
Passive  motion  of  the  joints  should  be  practised  early 
and  frequently  to  obviate  ankylosis.  Perfect  results 
are,  however,  difficult  to  obtain,  though  improvement 
naay  be  effected. 

Forcible  divulsion  was  employed  by  Little  in  one 
case.  Under  full  anesthesia  the  finger  was  forcibly 
straightened  and  the  contracting  tissues  were  rup- 
tured; this  was  followed  by  the  prolonged  use  of  a 
splint,  with  good  results  except  for  some  tendency  to 
recontraction.  In  treatment  of  this  kind  in  children 
care  should  be  taken  not  to  cause  separation  of  the 
epiphyses  of  the  phalanges. 


In  cases  of  extreme  deformity  and  unsightliness  am- 
putation has  been  proposed  and  actually  performed. 

General  Paumah  Inbttration. — Cases  are  frequent 
in  which  the  skin  and  subcutaneous  fibrous  tissues  of 
the  palmar  surface  of  the  hand  and  fingers  are  generally 
hardened,  indurated,  and  slightly  contracted,  so  that 
the  fingers  are  held  .slightly  flexed  or  .irched  on  their 
metacarpophalangeal  and  phalangeal  articulations, 
and  are  not  easily  capable  of  full  (Ntension.  This 
condition  is  common  in  hard  manual  v.orkers  as  the 
result  of  occupation  irritation.  It  is  also  occasionally 
exhibited  by  old  persons,  in  whom  the  skin  may  not 
be  abnormally  hardened,  but  in  whom  the  fingers  or 
some  of  them  (especially  on  the  ulnar  side)  are  some- 
what fiexed  by,  apparently,  a  slight  general  shortening 
of  the  palmar  fascias.  This  may  develop  as  a  senile 
change  without  antecedent  occupation  irritation. 

Trigger  Finger. — Also  called  spring  finger,  snap 
finger,  jerk  finger,  stuck  finger,  doigt  a ressort  (French), 
schnellender  Finger,  federnder  Finger  (German), 
digitus  recellens.  Trigger  finger  is  a  condition  in 
which  a  finger  during  flexion  or  extension,  or  both,  is 
suddenly  arrested  in  its  movement,  and  then  after  the 
exercise  of  extra  force  is  suddenly  released  and  com- 
pletes the  movement  of  flexion  or  extension  with  a 
sudden  jerk,  resembling  the  action  of  a  trigger  or  blade 
of  a  pocket  knife. 

This  affection  was  first  described  in  1850  by  A. 
Notta.  Since  then  about  130  or  1.50  cases  have  been 
recorded. 

The  characteristic  feature  of  the  disease  is  the  im- 
pediment to  motion,  the  abrupt  arrest  of  movement  of 
the  finger  and  its  .subsequent  trigger-like  release  and 
.sudden  completion  of  movement  (the  "ressort"). 
The  arrest  always  takes  place  at  a  certain  point  and 
angle,  and  may  occur  during  flexion  alone,  during 
extension  alone,  or  more  frequently  during  both.  Up 
to  the  point  of  arrest  flexion  and  extension  proceed 
normally,  but  at  that  point  the  motion  is  abruptly 
arrested  and  the  finger  seems  to  become  set  or  locked 
at  a  sharp  angle,  often  an  acute  or  right  angle.  Then 
by  an  extra  muscular  effort  the  finger  is  suddenly 
released  and  completes  its  movement  of  flexion  or  ex- 
tension with  a  sudden  sharp  jerk.  The  muscular 
exertion  required  to  free  the  finger  varies,  sometimes 
requiring  extreme  effort,  or  even  assistance  from  the 
other  hand;  one  patient  had  to  sit  on  the  finger  before 
the  movement  could  be  accomplished.  At  the  in- 
stant of  release  a  distinct  click  or  sound  can  often  be 
heard.  Flexion  is  usually  (though  not  always)  more 
easily  accomplished  than  extension,  owing  partly  to 
the  greater  strength  of  the  flexor  muscles. 

Pain,  variable  in  degree  and  location,  usually  oc- 
curs associated  with  the  condition,  though  exception- 
ally it  is  absent.  In  intensity  it  ranges  from  slight  to 
excruciating.  It  is  most  severe  at  the  time  of  the 
"ressort,"  but  in  some  cases  is  excited  by  any  move- 
ment of  the  finger.  Tenderness  on  pressure  may  also 
exist.  The  seat  of  maximum  pain  is  usually  in  the 
vicinity  of  the  metacarpophalangeal  articulation, 
but  it  may  extend  into,  or  be  felt  in,  other  parts  of  the 
finger,  the  hand,  or  even  the  forearm.  Occasionally 
there  is  crepitation  on  movement  of  the  flexor  ten- 
dons, and  various  paresthesiae  have  been  observed, 
e.specially  in  the  earlier  stages  of  the  affection. 

In  the  great  majority  of  cases  (upward  of  seventy- 
five  per  cent.)  a  nodule  can  be  plainly  felt  on  the 
flexor  tendon  of  the  finger  and  movable  with  it,  being 
manifestlj'  attached  to  the  tendons.  This  is  in  almost 
all  cases  situated  near  the  metacarpophalangeal 
articulation,  hnt  in  three  or  four  cases  such  a  nodule 
has  been  obser^•ed  over  the  proximal  or  distal  inter- 
phalangeal  joint.  In  a  very  few  cases  a  similar  nodule 
has  been  perceptible,  but  did  not  move  with  the 
tendon,  being  connected  with  the  tendon  sheath. 
The  nodosity  plays  an  unportant  part  in  the  mech- 
anism of  the  affection;  still,  in  numerous  cases  it  is 
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not  to  be  felt.  The  impediment  to  motion  is  some- 
times overcome  by  pressure  on  the  node;  also  by 
manipulation  of  the  distal  phalanx. 

The  affection  is  uncommon.  It  may  occur  at  any 
age,  from  three  months  (regarded  as  congenital), 
seventeen  months,  and  two  years,  up  to  ninety  years. 
It  is  much  the  most  frequent  in  the  adult  period,  how- 
ever, from  twenty  to  seventy  years  of  age.  It  occurs 
inlfemales  rather  more  frequenth'  than  in  males,  in 
the  proportion  of  about  three  to  two.  A  sunilar  trig- 
ger condition  has  been  observed  in  the  toes,  knees,  and 
other  joints,  and  also  in  animals;  and  one  or  two  cases 
have  been  reported  in  which  lateral  movements  of 
the  fingers  exhibited  the  .same  kind  of  impediment. 

Usually  one  finger  alone  is  involved,  but  more  than 
one  may"  be  affected,  either  at  the  same  time  or  in 
succession.  In  one  case  all  the  fingers  of  both  hands 
were  involved.  In  some  cases  the  abnormality  occurs 
symmetrically  on  both  hands.  Of  the  two  hands  the 
right  is  much  the  more  liable  to  the  affection  in  the 
proportion  of  two  to  one. 

The  middle  finger,  ring  finger,  and  thumb  are  the 
ones  much  the  most  subject  to  the  affection,  in  about 
the  order  named;  the  index  and  little  fingers  are  much 
less  frequently  affected.  In  the  left  hand,  the  thumb 
and  middle  finger  suffer  less  frequently  than  they  do 
in  the  right  hand. 

V.  Carlier,  who  collected  105  cases  of  trigger 
finger,  gives  the  following  statistics  as  to  the  number  of 
times  each  finger  was  affected: 


Middle  finger. 
Ring  finger.  - . 
Thumb. 
Little  finger 
Index  finger.  . 


Right  hand. 

Left  hand. 

Total. 

32 

9 

41 

20 

18 

38 

26 

7 

33 

6 

3 

9 

S 

1 

9 

92 

3S 

130 

The  joint  at  which  the  trigger  condition  is  chiefly 
manifested  is  the  interphalangeal  articulation  of  the 
thumb  and  proximal  interphalangeal  joint  of  the  other 
digits,  the  second  phalanx  in  the  position  of  arrested 
movement  being  flexed  on  the  proximal  phalanx. 
Sometimes,  however,  the  distal  interphalangeal  joint 
is  the  one  involved;  rarely  the  metacarpophalangeal 
articulation. 

The  factor  cited  as  causative  of  the  condition  in  the 
greatest  proportion  of  cases  is  occupation  irritation,  as 
in  seamstresses,  soldiers,  brushmakers,  etc.  This 
effect  of  occupation  irritation  is  held  to  explain  the 
greater  liability  of  the  right  hand  to  the  disease.  An- 
other explanation  of  the  effects  of  occupation  at- 
tributes the  trigger  condition  to  the  excessive  use  of 
single  fingers,  in  much  the  same  manner  as  WTiter's 
cramp  and  other  occupation  neuroses  are  produced. 

A  considerable  proportion  of  the  cases  originate  dis- 
tinctly from  trauma  of  the  affected  part,  the  injuries 
producing  the  particular  inflammatory  or  other  lesions 
necessary  to  set  up  the  trigger  condition. 

The  disease  usually  has  a  gradual  onset,  varj-ing  in 
symptoms  and  duration.  The  cases  produced  bj- 
traimia  develop  most  rapidly,  within  a  few  days  or  two 
or  three  weeks  after  the  injury.  Other  cases  develop 
more  slowly,  over  a  period  of  weeks  and  months  and 
even  of  years.  The  initial  symptoms  may  be  a  sUght 
inconvenience  or  awkwardness  in  movement  of  the  fin- 
ger; this  difficulty  gradually  increases  to  the  fully  de- 
veloped trigger  condition.  Vague  pains  appear  in  the 
affected  part,  increasing  in  intensity.  Sometimes  a 
rustling  or  grating  movement  of  the  flexor  tendon  is 
early  felt,  resembling  the  crepitation  of  tenosynovitis. 
In  other  cases  paresthesias  early  appear  in  the  region 
involved,  as  numbness,  "going  to  sleep,"  formication. 
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The  anatomical  cause  and  mechanism  of  trigger 
finger  have  given  rise  to  considerable  discussion,  and 
various  explanations  have  been  presented. 

Most  of  the  cases  are  undoubtedly  due  to  lesions  of 
the  flexor  tendons  or  their  sheaths,  especially  those  in 
which  the  nodule  is  perceptible.  This  nodule  is  in 
most  cases  attached  to  the  tendon,  near  the  metacar- 
pophalangeal joint;  it  is  of  inflammatory,  fibrous,  or 
neoplastic  (fibromatous,  osteomatous,  etc.)  origin.  As 
the  tendon  moves  the  nodule  is  caught  at  some  point, 
as  in  transverse  bands  of  the  fascia  or  in  constricted 
portions  of  the  tendon  sheath,  so  that  motion  is  sud- 
denly arrested;  by  further  effort  the  nodule  is  forced 
past  the  obstruction  and  the  movement  is  completed 
rapidly  by  the  excessive  muscular  tension. 

In  a  few  cases  it  has  been  demonstrated  that  the 
lesions  causing  the  trouble  were  situated  in  the  tendon 
sheath,  the  tendon  itself  being  normal.  These  lesions 
consist  either  of  an  annular  or  circumscribed  constric- 
tion of  the  sheath,  a  thickening  of  the  sheath,  or  a 
nodular  growth  in  it,  which  interfere  with  the  move- 
ments of  the  tendon  within.  Such  lesions  can  be  pro- 
duced by  inflammation,  neoplasms,  etc.  In  these 
cases  a  nodule  may  or  may  not  be  felt,  but  if  present 
it  does  not  move  with  the  tendon.  There  may  also  be 
lesions  of  both  the  sheath  and  the  tendon. 

Thickening  or  stiffening  of  the  synovial  sac  in  such  a 
manner  as  to  interfere  with  its  gliding  to-and-f ro  move- 
ment between  the  tendon  and  its  sheath  has  been  ad- 
vanced as  a  cause  of  trigger  finger,  and  may  possibly 
be  a  factor  sometimes. 

Some  authorities  have  considered  abnormal  condi- 
tions in  the  phalangeal  articulations  to  be  capable  of 
causing  trigger  finger.  The  particular  abnormalities 
that  have  been  mentioned  in  this  connection  are  (a) 
abnormal  configuration  of  the  joint,  (b)  short  lateral 
ligaments,  and  (c)  projections  at  the  side  of  the  joint. 
It  is  conceivable  how  a  certain  surface  configuration  of 
the  joint,  as  a  projecting  nodule  or  ridge  or  abrupt 
curvature,  could  produce  a  trigger-like  action.  Short- 
ened lateral  ligaments  would  obstruct  the  motion  of 
the  phalanx  at  a  given  angle.  The  possibility  of  such 
a  trigger  action  of  short  lateral  ligaments  Nichols  has 
demonstrated  in  a  dissection  of  a  hammer  finger. 

That  some  oases  of  trigger  finger  are  of  nervous 
origin  and  due  to  muscular  spasm  has  been  upheld  by 
a  few  writers,  especially  Carlier.  According  to  some 
views  trigger  finger  is  somewhat  allied  to  writer 's  cramp 
and  similar  occupation  neuroses,  arising  in  various 
occupations  requiring  excessive  use  of  particular 
fingers.  While  muscular  spasm  cannot  be  a  common 
cause  of  real  trigger  finger,  yet  the  affection  may  per- 
haps occasionally  be  of  spasmodic  nature. 

The  progno.sis  of  trigger  finger  is  generally  favorable. 
Spontaneous  recovery  sometimes  occurs,  and  the  affec- 
tion is  quite  amenable  to  treatment,  though  some- 
times no  miprovement  is  obtainable. 

Treatment  of  non-operative  kind  often  produces 
good  results,  especially  in  the  early  stages  of  the  affec- 
tion. One  of  the  most  essential  parts  of  the  treat- 
ment is  rest,  by  immobilization  of  the  part  on  a  splint. 
In  inveterate  cases  operation  is  necessary.  The  seat 
of  the  trouble  should  be  cut  down  upon;  the  nodule  on 
the  tendon  or  sheath  should  be  removed  and  the  sheath 
of  the  tendon  should  be  slit  open  at  any  constricted 
portion.  Simple  incision  of  the  tendon  sheath  in 
obscure  eases  may  result  in  cure. 

MuscrLAR  .\ffections. — The  lesions  of  the  muscles 
of  the  hand  chiefly  met  with  are  the  atrophies,  paral- 
yses, spasms,  etc.,  caused  by  nervous  lesions,  considered 
below.  Pruuary  diseases  of  the  muscles  are  rare  here 
as  elsewhere. 

Unopposed  action  of  a  set  of  muscles,  as  after 
section  of  the  tendons  or  paralysis  of  the  opposing 
group,  causes  corresponding  contractures. 

Occupation  muscular  atrophy  is  an  atrophy  gradually 
developed  in  groups  of  muscles  by  continual  use  or 
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overuse  incident  to  the  occupation  pursued.  It  has 
been  observed  in  the  hand  and  elsewhere  in  a  few  cases. 
It  affects  especially  the  thenar  muscles  in  lapidaries  and 
others,  and  also  the  hands  of  writers.  It  is  regarded 
as  more  of  myopathic  than  neuropathic  origin,  and  is 
quite  amenable  to  treatment  by  rest,  electricity,  tonics, 
etc. 

Volkmann's  paralysis,"  so-called  ischemic  myositis 
or  paralysis,  is  a  somewhat  obscure  condition,  whose 
exact  etiology  and  pathology  have  not  been  absolutely 
established.  Von  Volkmann,  who  first  described  the 
lesion,  considered  it  as  essentially  an  ischemic  myo- 
sitis, due  usuaUy  to  tight  bandaging  after  fractures, 
especially  fractures  of  the  forearm.  It  may  occur 
also,  though  rarely,  in  the  leg.  In  other  words,  it  was 
due  to  the  cutting  off  of  the  blood  supply  by  the  tight 
bandaging.  Several  arguments  can  be  brought  for- 
ward against  this;  first,  it  is  impossible  to  produce 
the  lesion  experimentally  by  tying  the  blood-vessels 
alone.  The  nerve  must  also  be  included.  Second, 
the  paralysis  has  been  observed  when  the  bandage  is 
loose.  Third,  the  lesion  occurs  most  frequently  in 
young  persons  whose  blood-vessels  have  good,  elastic 
walls. 

Possibly  the  injury  is  done,  not  by  the  bandage, 
but  by  the  fractured  bone  ends.  Various  writers 
have  emphasized  the  importance  of  injury  to  the 
nerves  by  the  fragments.  Certainly  in  the  ampu- 
tat€d  forearm  that  I  had  the  opportunity  to  dissect, 
the  appearance  of  the  hand  muscles  in  gross  and  mi- 
croscopically suggested  the  nerv-e  origin. 

The  onset  of  the  trouble  is  usually  fairh'  rapid. 
Pain  may  or  may  not  be  present.  The  hand  usuaUy 
swells  and  becomes  paralj-zed,  and  the  fingers  are 
flexed  or  semi-fle.xed.  The  -wrist  may  be  flexed  also. 
When  the  acute  symptoms  have  subsided,  the  rigid 
flexion  deformities  persist,  and  the  hand  and  forearm 
are  shrunken.  Active  and  passive  extension  are  both 
impossible. ' 

Treatment. — It  appears  from  the  diverse  results  of 
treatment  by  various  authors  that  the  lesion  is  not  an 
exact  pathological  entity,  and  that  probably  some 
cases  will  recover  with  or  without  treatment.  If  the 
bandage  used  be  too  tight  it  should  be  removed.  All 
measures  for  stimulating  the  circulation  should  be 
adopted.  In  view  of  the  conflicting  opinions  as  to  the 
causation,  the  procedure  of  cutting  down  on  the  seat  of 
the  fracture  and  repairing  damage  to  vessels  or  to 
nenes  seems  wise.  The  operation  has  been  done 
with  good  results. 

In  the  later  stages  various  measures  have  been 
recommended — apparatus,  removal  of  portions  of  the 
forearm  bones,  tendon  lengthening,  etc.  Most  of 
them  wiU  usuaUy  fail.  In  the  case  I  dissected,  the 
obstruction  to  extension  lay  in  the  intrinsic  muscles  of 
the  hand,  and  was  removed  by  division  of  bands  be- 
tween the  flexor  tendons  and  the  proximal  phalanges. 

Occupation  or  habit  contractures  sometimes  occur  in 
those  whose  occupation  requires  the  hand  to  be  held  or 
exercised  or  overused  in  prolonged  or  habitual  posi- 
tions, as  a  flexion  of  the  fingers  in  drivers,  etc.  Such 
cases  demand  change  of  occupation  and  appropriate 
local  treatment. 

Xervous  Affections. — The  hand  suffers  severely 
and  conspicuously  in  many  nervous  diseases,  and  so 
marked  and  characteristic  are  its  functional  and  struc- 
tural changes  that  its  condition  affords  data  valuable 
for  diagnosis  in  various  nervous  affections.  The 
primary  nerve  lesions  causing  the  changes  in  the  hand 
are  seated  in  the  ner\-e  centers  or  in  the  nerve  trunks 
of  the  upper  extremity ;  only  rarely  in  the  hand  itself, 
as  in  inflammation  or  injury  of  the  nerves  in  the  hand, 
or,  perhaps,  in  occupation  neuroses. 

Paralysis  of  anj'  or  aU  of  the  groups  of  muscles  per- 
taining to  the  hand  occurs  in  general  paralytic  condi- 
tions, such  as  hemiplegia,  anterior  poliomyelitis,  pro- 
gressive muscular  atrophy,  and  numerous  others,  and  in 
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inflammations  or  injuries  of  the  nerves  of  the  upper 
extremity.  With  the  paralytic  condition  is  iisuaUy 
associated  atrophy,  often  extreme,  of  the  affected 
muscles. 

The  primary  effect  of  any  paralytic  condition  is  loss 
of  the  corresponding  muscular  function.  Secondarily, 
from  the  unopposed  action  of  the  muscles  antagonistic 
to  the  paralyzed  muscles,  or  from  the  unequal  degree 
in  which  different  groups  are  affected,  muscular  con- 
tractures arise,  which  may  cause  various  deformities. 
The  contractures  are  at  first  of  the  nature  of  continu- 
ous or  tonic  spasms,  and  can  be  o\ercome  by  passive 
force.  Ultimately  the  prolonged  malposition  causes 
vicious  secondary  alterations  and  ankylosis  in  the 
joints,  with  atrophic  changes  or  arrested  development 
in  various  structures  resulting  in  disproportionate  re- 
lations of  the  various  parts  of  the  member,  so  that 
finally  the  deformity  becomes  permanent  and  un- 
correctible.  Different  nervous  diseases  produce  dif- 
ferent characteristic  deformities  of  the  hand,  as  the 
"claw  hand"  of  ulnar  paralysis,  the  "wrist  drop" 
of  musculospiral  paralysis,  the  "preacher's  hand" 
of  cer\-ical  pachymeningitis,  the  club  hand  of  infantile 
paralysis.  Tonic  spasms  of  the  hand,  not  associated 
with  paraljsis,  occur  in  tetany,  tetanus,  hysteria,  and 
Thomsen's  disease. 

Occupation  Neuroses. — These  comprise  a  class  of 
local  functional  nervous  disturbances  produced  by  the 
excessive  use  of  definite  groups  of  muscles  in  perform- 
ing delicate  and  complicated  actions  necessitated  in 
various  pursuits,  to  which  the  hand  from  its  usage  is 
subject.  These  affections  are  characterized  by  tonic 
spasms  or  cramps,  tremors,  incoordination  and  ataxia, 
or  pain,  which  are  brought  on  when  attempts  are  made 
to  perform  the  habitual  actions,  so  that  these  move- 
ments can  be  excuted  only  with  difficulty  or  not  at  all. 
As  a  rule,  other  acts  requiring  equal  delicacj-  and  com- 
plexity of  coordination  can  be  performed  with  ease, 
the  neurosis  operating  only  against  the  particular 
movements  that  produced  it.  The  occupation  neu- 
roses present  no  menace  to  life  or  the  general  health, 
but  the}'  are  financially  and  psychically  serious  in  that 
they  may  prevent  their  subjects  from  continuing  La 
their  accustomed  vocation. 

No  anatomical  changes  have  been  demonstrated  in 
these  cases.  Neuritis  is  sometimes  present,  but  it  is 
a  complication  and  not  an  essential  feature.  The  con- 
dition is  a  functional  motor  disorder  and  is  sometimes 
styled  a  local  neurasthenia.  The  affection  may  de- 
velop at  any  adult  age;  it  is  rare  under  twenty,  a  large 
proportion  of  cases  develop  between  twenty  and  thirty, 
and  many  from  thirty  to  fifty  years.  Occupation 
neuroses  may  attack  persons  in  excellent  physical 
condition,  though  those  of  a  neurotic  tendency  or  de- 
bilitated state  are  more  subject.  They  develop  in- 
sidiously, the  first  symptoms  being  a  certain  amount  of 
stiffness,  tremulousness,  uncertainty,  jerkiness,  dull 
aching  pain,  fatigue,  or  weakness,  during  the  acts  at 
fault.  These  troubles  slowly  increase,  until  the  neu- 
rosis is  fully  established,  when  on  attempting  to  exe- 
cute the  customary  movements  the  hand  is  seized  with 
a  cramp  or  tonic  spasm,  or  involuntarily  goes  into 
jerky  spasmodic  or  choreic  movements,  or  its  move- 
ments cannot  be  coordinated,  or  it  becomes  tremulous, 
or  paretic,  or  the  seat  of  a  deep  dull  aching  pain.  The 
affection  is  chronic  in  its  course.  The  prognosis  is 
unfavorable  so  far  as  cure  is  concerned,  as  the  neurosis 
is  very  difficult  or  impossible  to  eradicate.  The  symp- 
toms can  be  easily  ameliorated  by  rest  and  change  of 
occupation,  but  even  after  long  intervals  the  trouble 
almost  invariably  recurs  upon  resumption  of  the 
occupation  that  caused  it. 

The  commonest  and  best  known  of  the  occupation 
neuroses  is  writers'  cramp,  which  typifies  the  whole 
writers'  cramp,  musicians'  (pianists',  violinists') 
cramp,  hammer  cramp. 

The  diagnosis  of  well-marked  cases  of  occupation 
I  neuroses  usualh-  presents  no  difficulty.     The  earlier 
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stages  may  not  be  easily  distinguishable  from  the  vague 
incipient  "symptoms  of  other  nervous  affections.  A 
local  neiiritis  may  present  symptoms  simulating 
occupation  neuroses;  but  in  neuritis  the  motor  or  ataxic 
trouble  is  not  so  closely  related  to  one  particular  set  of 
movements,  and  the  electrical  reactions  may  be  altered. 
The  prognosis  of  neuritis  is  also  more  favorable. 

If  symptoms  of  approaching  -nTiters'  cramp  appear, 
prophylactic  treatment  is  important.  The  act  of 
writing  should  be  made  as  comfortable  as  possible,  by 
the  use  of  an  easy-writing  pen  (as  a  gold  pen),  a  pen- 
holder that  can  be  held  with  ease,  smooth  paper,  and 
the  adoption  of  such  arrangements  and  position  as  are 


muscles  on  the  posterior  aspect  of  the  forearm  and  the 
radial  group  of  muscles,  so  that  the  wrist  and  proximal 
phalanges  of  the  fingers  cannot  be  extended,  and  the 
hand  falls  limply;  this  constitutes  the  condition  of 
"wrist  drop"  which  is  a  characteristic  phenomenon  in 
lead  poisoning  and  other  nervous  affections.  The 
middle  and  distal  phalanges  remain  capable  of 
extension  from  the  action  of  the  interossei  and  lum- 
bricales  muscles,  which  are  innervated  by  the  ulnar 
nerve.  The  paralyzed  muscles  may  atrophy.  Sen- 
sation may  be  lost  on  the  radial  portion  of  the  dorsum 
of  the  hand,  usually  over  the  area  corresponding  to  the 
thumb,  index  and  middle  fingers,  and  radial  half  of 
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Fio.  2971.— Handwriting  in  a  Case  of  Writers'  Cramp  (Tremulous  Variety)  of  tlie  Right  Hand.     The  patient  was  a  clerk  and  had 
been  a  good  penman  with  the  right  hand;  after  the  invasion  of  the  neurosis  he  learned  to  write  with  the  left  hand.      (Nichols.) 


easiest  for  writing.  The  pen  should  be  held  lightly 
and  grasped  with  as  little  force  as  is  possible.  The 
manner  in  which  the  penholder  is  held  by  the  fingers 
should  be  changed.  New  sets  of  muscles  should  be 
brought  into  play,  and  the  motions  of  writing  should 
be  altered  as  much  as  possible  and  carried  on  with  the 
entire  hand  and  forearm  rather  than  with  the  fingers 
alone. 

The  best  treatment  of  incipient  or  fully  developed  oc- 
cupation neuroses  is  rest  and  suspension  or  change  of 
the  occupation.  The  symptoms  readily  yield  to  svich 
treatment,  but  unfortunately  these  measures  are  not 
always  practicable.  General  neurotic  or  debilitated 
conditions  should  receive  appropriate  treatment. 
Local  massage,  gymnastics,  and  electricity  are  useful. 
The  unaffected  hand  may  be  used,  after  practice  and 
training,  to  execute  the  movements  impaired  in  the 
other  hand,  though  in  such  cases  the  second  hand  often 
becomes  itself  affected  by  the  neurosis.  Various  forms 
of  apparatus  have  been  devised  for  use  in  writers' 
cramp,  for  immobilizing  the  fingers  involved,  for 
holding  the  penholder  and  so  relieving  the  fingers  of 
the  effort  of  pen-prehension,  and  for  bringing  new 
muscles  into  play  in  the  act  of  WTiting.  Such  devices 
may  be  of  service,  but  the  substitution  of  typewriting 
machines  for  the  pen  is  far  more  efficacious. 

In  chronic  had  poisoning  the  extensor  muscles  of  the 
hands  are  often  paralyzed,  producing  the  ' '  wrist  drop  " 
characteristic  of  this  condition;  sometimes  there  is 
also  in  plumbism  a  swelling  or  ganglion  on  the  back  of 
the  wrist.  In  alcoholic  polyneuritis  wrist  drop  may 
also  occur,  but  less  frequently  than  foot  drop. 

Injury  or  disease  of  the  brachial  plexus,  produced  by 
disease  of  the  cervical  vertebra,  in  connection  with 
dislocations  of  the  shoulder,  from  the  pressure  of 
crutches,  or  other  causes,  results  in  motor  paralysis, 
contractures,  sensory  disturbances,  muscular  atrophies, 
and  other  trophic  changes,  corresponding  to  the  man- 
ner and  extent  in  which  the  cords  of  the  plexus  are 
involved. 

In  division  or  other  causes  producing  paralysis  of 
the  musculo-spiral  nerve,  there  is  paralysis  of  all  the 
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the  ring  finger;  individual  variations  in  the  distribu- 
tion of  the  nerves  of  cutaneous  sensation  in  the  hand 
are,  however,  frequent. 

The  median  nerve  furnishes  cutaneous  sensation  to 
the  palmar  aspect  of  the  thumb,  index,  middle,  and 
radial  half  of  ring  finger,  and  innervates  the  pronator 
muscles,  flexor  carpi  radialis,  flexor  longus  pollieis, 
flexor  sublimis  digitorum,  radial  half  of  flexor  pro- 
fundus digitorum,  abductor  pollieis,  opponens  poUicis, 
outer  head  of  flexor  brevis  pollieis,  and  the  two  outer 
lumbricales.  Paralysis  of  the  median  nerve  produced 
by  section  of  it  above  the  elbow  or  other  cause  re- 
sults in  loss  of  sensation  over  the  area  mentioned, 
atrophic  changes  in  the  muscles  of  the  forearm  and 
the  thenar  eminence,  loss  of  power  of  abduction  and 
opposition  of  the  thumb,  loss  of  flexion  of  last  phalanx 
of  the  thumb,  diminished  power  of  flexion  of  the  proxi- 
mal phalanx  of  the  thumb,  and  impairment  of  flexion 
especially  of  the  index  and  middle  fingers.  The 
power  of  pronation  is  lost  and  the  wrist  is  flexed  only 
by  the  flexor  carpi  ulnaris. 

Division  of  the  median  nen'e  at  the  wTist,  below  the 
separation  of  the  branches  to  the  muscles  of  the  fore- 
arm, results  in  loss  of  power  of  abduction  and  opposi- 
tion of  the  thumb. 

Paralysis  of  the  ulnar  nerve  causes  loss  of  sensation 
over  the  ulnar  third  of  the  hand  and  over  the  little  and 
ulnar  half  of  the  ring  flnger,  anteriorly  and  posteriorly, 
loss  of  motor  power  of  the  muscles  supplied  by  it 
(flexor  carpi  ulnaris,  ulnar  half  of  flexor  profundus 
digitorum,  the  muscles  of  the  little  finger,  the  two 
ulnar  lumbricales,  all  the  dorsal  and  palmar  inter- 
ossei, adductor  pollieis,  and  inner  half  of  flexor  brevis 
pollieis),  together  sometimes  with  atrophic  changes, 
at  times  extreme,  in  the  muscles  affected.  Adduction 
of  the  thumb  and  lateral  movements  of  the  other 
fingers  are  abolished;  flexion  of  the  proximal  phalanges 
is  interfered  with,  and  these  phalanges  are  held  in  ex- 
tension or  superextension.  From  paralysis  of  the 
interossei  and  two  lumbricales  extension  of  the  middle 
and  distal  phalanges  is  lost  or  impaired,  and  these 
phalanges,  especially  in  the  little  and  ring  fingers,  are 
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held  strongly  flexed.  The  action  of  the  flexor  carpi 
ulnaris  is  lost.  In  closing  the  fist,  the  distal  and  middle 
phalanges  are  first  flexed  by  the  common  flexors,  and 
then  the  proximal  phalanges  are  bent  by  the  continued 
action  of  these  muscles. 

\\'hen  the  injury  or  lesion  involves  the  distal 
portion  of  the  ulnar  nerve,  near  the  ■wTist,  beyond  the 
branches  given  off  to  the  flexor  profundus  digitorum 
and  flexor  carpi  ulnaris,  these  muscles  will  escape 
paralysis. 

The  deformity  known  as  "claw  hand"  (main  en 
griffe)  is  produced  by  paralysis  of  the  interossel  and 
lumbricales,  the  common  flexors  and  extensors  being 
at  the  same    time    imparalyzed.     As  these  muscles 


Fig  2972  — Extreme  Atrophy  and  Contractures  from  Paralysis 
of  Ulnar  Nerve  (Caused  by  Wound  at  A) ;  an  Extreme  Instance  of 
"Claw  hand."     (Duchenne.) 

are  (with  the  exception  of  the  two  radial  lumbricales) 
supplied  by  the  ulnar  nerve,  claw  hand  is  a  charac- 
teristic consequence  of  paralysis  of  the  ulnar  nerve, 
and  occurs  in  injuries  of  that  nerve  (Fig.  2972),  and 
sometimes  in  progressive  muscular  atrophy  (Fig. 
2975),  amyotrophic  lateral  sclerosis,  syringomyelia, 
leprous  neuritis,  and  other  conditions.  The  action 
of  the  interossel  and  lumbricales  is  to  flex  the  proximal 
phalanges  and  extend  the  middle  and  distal  phalanges 
fjesides  acting  as  abductors  and  adductors.  Paralysis 
of  these  muscles  results  in  a  superextended  position 
of  the  proximal  phalanges  (from  the  unopposed  action 
of  the  extensors)  and  strong  flexion  of  the  middle 
and  distal  phalanges  (from  the  action  of  the  common 
flexors) ;  this  position  of  the  hand  is  the  one  to  which 
the  term  claw  hand  is  applied.  Along  with  this  para- 
h'tic  and  contractured  condition,  extreme  atrophy  of 
the  paralyzed  muscles  is  often  present  in  claw  hand, 
the  palm  being  hollowed  out,  and  the  interosseous 
spaces  on  the  dorsum  of  the  hand  being  sunken  so  as 
to   form   deep   grooves. 

Combined  paralysis  of  the  ulnar  and  median  nerves, 
the  musculospiral  nerve  being  normal,  results  in  the 
deformity  known  as  the  "preacher's  hand"  (main  du 
pr6dicateur  emphatique),  from  its  supposed  resem- 
blance to  the  emphatic  gestures  of  public  speakers 
(Fig.  2973).  The  unopposed  action  of  the  extensor 
muscles  causes  the  hand  and  proximal  phalanges  to  be 
habitually  held  in  a  position  of  marked  extension  and 
superextension.  The  "preacher's  hand"  occurs  espe- 
cially in  hypertrophic  cervical  pachjTneningitis, 
though  it  occasionaUy  appears  in  other  nervous 
diseases. 

Glossy  skin  is  a  rare  trophic  change  sometimes  re- 
sulting from  W'Ounds  or  other  lesions  of  nerves,  which 
affects  the  fingers  especially.  The  digits,  or  one  or  two 
of  them,  are  smooth,  shining,  and  glossy,  devoid  of 
hair,  pinkish  or  blotched  as  if  by  chilblains,  and  the 
surface  of  the  skin  lacks  its  natural  linear  markings. 
Trophic  changes  in  the  nails  also  occur.  The  lesions 
are  the  seat  of  burning  pain  and  neuralgia. 

Vasoneuroses. — There  are  some  allied  conditions 
which  along  with  prominent  vascular  phenomena  pre- 
sent pronounced  neuropathic  features,  and  hence  have 
been  classed  as  vasoneuroses.  Some  of  them,  notably 
Raynaud's   disease,   are   more  probably   due    to    an 


actual  anatomical  lesion  of  the  blood-vessels — a  thick- 
ening of  the  arterial  walls. 

Raynatid's  disease  (peripheral  gangrene,  sj-mmetrical 
gangrene)  is  a  rare  condition  characterized  by  small 
circumscribed  areas  of  vascular  disturbance  or  isch- 
emia, running  on  to  gangrene,  associated  with  severe 
neuralgic  pains.  The  lesions  are  usually  several  in 
luimber,  situated  on  the  fingers  or  toes,  sometimes 
the  face;  almost  always  they  are  bilateral  and  sym- 
metrical. In  the  milder  cases  or  earlier  stages  the 
lesions  consist  of  small  local  areas  of  anemia  ("local 
syncope")  or  of  passive  congestion  ("local  asphyxia"). 


Fig.  2973. — Characteristic  Position  of  the  Hand  in  Hypertrophic 
Cervical  Pachymengitis — the  "Preacher's  Hand."  (Meillet  and 
Richer.) 

In  the  severer  cases  circumscribed  moist  black  gan- 
grenous patches  develop ;  after  the  slough  separates  an 
ulcer  is  left  that  heals  very  slowly.  The  course  of  the 
disease  is  very  slow  and  protracted,  the  lesions 
requiring  weeks  or  months  for  their  evolution  and  re- 
pair. The  necrotic  process  has  been  known  to  cause 
complete  spontaneous  amputation  of  the  ends  of  the 
fingers.  In  treatment,  analgesics  are  required  for  the 
relief  of  pain.  In  the  earlier  stages,  warmth,  protec- 
tion and  absolute  rest  may  avail  to  avert  the  impending 
disaster.  Local  treatment  aims  at  promoting  the 
separation  of  the  slough  and  stimulating  the  healing 
process ;  this  is  accomplished  by  excision  of  the  sloughs, 
antisepsis,  etc. 

Vascular  Spasm. — In  the  rare  condition  sometimes 
termed  ' '  dead  finger ' '  one  or  more  fingers  undergo  sud- 


FiG.  2974. — Characteristic  Appearance  of  the  Hand  ("Ape  Hand") 
in  Progressive  Muscular  Atrophy.     (Meillet  and  Richer.) 

den,  repeated,  and  transient  vascular  spasm,  so  that 
they  become  white,  bloodless,  and  cold.  The  parox- 
ysms last  a  few  minutes,  hours,  or  even  days.  At 
times  the  blanching  is  preceded  by  lividity,  and  is 
occasionally  accompanied  by  dull  pain.  The  affection 
was  first  described  by  Allan  McLane  Hamilton  in  1874, 
and  since  then  a  few  cases  have  been  reported.  The 
treatment  is  by  galvanism,  nitroglycerin,  or  other 
vasodilators. 

Progressire   Muscular   Atrophy. — The   hands   suffer 
early,  characteristically,  and  severely  in  this  disease, 
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either  successively  or  simultaneously.  The  muscles 
of  the  thenar  eminence  are  usually  the  first  to  be 
affected;  they  gradually  become  atrophied  and  para- 
lyzed, producing  a  peculiar  flatness  of  this  region.  The 
hypothenar  muscles  soon  become  similarly  involved. 
A"t  this  stage  the  hand  appears  long,  tliin,  and  flat,  and 
the  thumb  lies  parallel  and  in  the  same  plane  w-ith  the 
other  fingers;  the  hand  in  this  condition  has  been 
likened  m  appearance  to  that  of  the  ape  (Fig.  2974). 

Later  the  interossei  and  lurabricales  atrophy  and  be- 
come paralyzed,  resulting  in  corresponding  loss  of  the 
power  of  abduction  and  adduction  of  the  digits,  flexion 
of  the  proximal  phalanges,  and  extension  of  the  mid- 
dle and  distal  phalanges.  If  the  flexor  and  extensor 
muscles  in  the  forearm  are  at  this  stage  unaffected, 
"claw  hand"  wUl  result  (Fig.  2975),  though,  as  the 
muscles  of  the  forearm  usually  become  involved  early, 
this  deformity  does  not  very  often  occur  in  progressive 
muscular  atrophy. 


Fig.  2975. — Claw  Hand  of  Moderate  Degree  in  Progressive  Mus- 
cular Atrophy.     (Meillet  and  Richer.) 

Fibrillary  contractions  occur  in  the  affected  muscles. 
Contractures  are  not  usually  present  to  a  marked 
degree. 

Syringomyelia  (Morvan's  disease)  involves  espe- 
cially the  upper  extremities,  and  is  manifested  by 
paralysis  and  atrophy  of  muscle  groups,  varying  in 
situation,  paresthesite  and  anesthesia  (especially  to 
temperature  and  pain)  in  irregularly  distributed 
patches,  and  trophic  changes.  Some  cases  of  syrin- 
beginning  with  atrophy  and  paralysis  of  the  thophy, 
hypothenar,  and  mterosseous  muscles  of  the  haena 
producing  claw  hand;  the  paralysis  later  proceeds  un 
the  forearm.  Enlargement  of  joints  (frequently  the 
wrist)  occurs,  similar  to  Charcot's  tabetic  arthropathy. 
Edema,  vesicles,  buUse,  ulcers,  onychias,  recurring 
painless  whitlows,  and  even  extensive  gangrene  and 
mutilation  about  the  fingers  and  hand  may  occur.  In 
a  few  instances  general  hypertrophy  of  the  hand  has 
been  observed,  and  in  a  few  others  Dupuytren's  con- 
traction has  been  present. 

Tetany  affects  the  hands  conspicuously.  Inter- 
mittent paroxysms  of  tonic  muscular  spasms  occur, 
associated  with  pain  and  paresthesia.  The  parox- 
ysms last  for  from  a  few  minutes  to  a  few  daj's  and 
may  persist  even  diiring  sleep;  the  intervals  between 
the  paroxysms  vary  from  hours  to  months.  The  me- 
chanical and  electrical  irritability  of  the  muscles  is  in- 
creased, and  pressure  on  the  nerve  trunks  and  arteries 
excites  an  attack  (Trousseau's  symptom).  The 
position  assumed  by  the  hand  during  the  spasm  de- 
pends on  the  group  of  muscles  affected,  but  is  usually 
one  of  flexion.  Often  the  hand  assumes  the  conical 
shape  of  the  accoucheur's  hand  about  to  be  introduced 
into  the  vagina;  the  fingers  are  flexed  at  the  metacar- 
pophalangeal joints  and  extended  at  the  other  joints, 
the  hand  is  narrowed  and  the  thumb  adducted.  Some- 
times the  fist  is  forcibly  closed  by  general  flexion,  the 
thumb  being  pressed  into  the  palm  and  the  other 
fingers  flexed  upon  it.  Rarely  the  fingers  are  ex- 
tended and  separated. 

Hysteria. — In  this  condition  the  hand,  like  other 
parts  of  the  body, may  be  involved  in  a  variety  of  ways, 
by  hj-peresthesias,  anesthesias  (often  dissociated), 
slight  wasting,  vascular  phenomena  (as  flushing,  pallor 
coldness,  ordinary  edema,  cyanotic  or  "blue"  edema), 
paralyses,  sudden  temporary  loss  of  power  in  the  mus- 
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cles,  tremor  (simple  or  intentional),  contractures,  etc. 
Hysterical  contractures  of  the  hand  may  be  tempo- 
rary or  persistent,  and  usually  involve  the  flexor 
muscles,  though  sometimes  the  extensors  are  affected. 
Sometimes  the  contractures  are  extreme  and  very 
firmly  fixed,  not  yielding  to  sleep  or  a  mild  degree  of 
general  anesthesia;  they  may  continue  for  nionths, 
and  cause  permanent  damage  by  setting  up  secondary 
joint  changes. 

Paralysis  agitans  is  usually  manifested  in  the  hand  in 
a  very  characteristic  fashion.  In  t_ypical  cases  the 
fingers  are  flexed  at  the  metacarpophalangeal  joints 
and  the  pulp  of  the  thumb  is  opposed  to  that  of  the 
index  finger;  by  the  constant  tremor  the  opposed 
thumb  and  index  finger  are  kept  continually  rolling 
over  each  other,  producing  the  movement  described 
as  "pill-rolling."  The  tremor  is  usually  less  during 
voluntary  movements.  Muscular  rigidity  of  the  dig- 
its and  hand  is  often  present. 

Athetosis,  or  posthemiplegic  chorea,  is  a  peculiar 
motor  affection  of  the  fmgers  and  toes  that  occurs 
most  frequently  as  a  sequela  of  infantile  hemiplegia 
and  infantile  palsies,  less  frequently  after  hemiplegia 
in  adults.  It  is  manifested  by  slow  and  deliberate 
forcible  involuntary  movements  of  the  digits,  in  ex- 
tension, flexion,  abduction,  and  adduction,  which 
take  place  successively  and  incessantly,  even  during 
sleep.  The  movements  may  be  complicated  and 
peculiar,  and  may  lead  to  distorted  positions  of  the 
hand;  they  can  be  only  partially  and  for  a  short  time 
controlled  by  the  will,  and  the  fingers  caimot  be 
permanentl}'  kept  in  any  fixed  position. 

The  treatment  of  nervous  affections  of  the  hand  is  in 
general  that  of  the  cause  or  of  the  general  condition 
producing  the  local  trouble,  together  with  measures 
to  improve  the  local  condition  when  no  general  amel- 
ioration is  possible. 

In  wounds  in  wliich  nerves  leading  to  the  hand  are 
divided,  the  ends  of  the  severed  nerve  should  be  care- 
fully sutured  together  with  catgut.  If  this  is  not  done 
at  the  time  of  the  injury,  secondary  suture,  even  after 
months  or  years,  may  restore  the  function  of  the  nerve. 
If  a  portion  of  a  nerve  is  destroyed  and  the  ends  cannot 
be  approximated  by  stretching,  plastic  procedures  or 
transplantation  may  be  tried. 

Developing  or  impending  paralysis  and  atrophy  of 
muscles  and  the  resulting  contractures  and  deformity 
may  perhaps  be  arrested,  retarded,  or  diminished  by 
the  use  of  electricit}-,  massage,  exercise,  passive  move- 
ments, etc.  When  deformity  is  fully  developed  there 
is  usually  little  possibility  of  accomplishing  any 
material  improvement,  though  sometimes  the  local 
condition  can  be  somewhat  bettered.  Thus,  division 
or  lengthening  of  the  tendons  of  contractured  muscles 
sometimes  improves  deformity  and  motion.  In 
some  cases  shortening  of  the  tendons  of  partially 
parahzed  muscles,  as  the  extensors,  may  improve 
their  action.  Tendon  transplantation,  that  is,  the 
transference  and  joining  of  tendons  of  non-paralyzed 
muscles  to  those  of  paralyzed  muscles,  has  been  tried 
in  the  hand  in  a  few  cases,  in  some  with  good  results, 
but  the  operation  is  not  usually  advisable.  In  some 
cases  the  use  of  mechanical  apparatus  is  beneficial. 
Local  trophic  changes  of  inflammatory  or  necrotic 
character  demand  appropriate  treatment. 

Senile  Changes  in  the  ELwjd. — In  old  age  the  skin 
and  subcutaneous  tissues  often  become  atrophied  and 
thinned,  dmiinishing  the  size  of  the  hand  and  fingers. 
Joint  changes  are  often  present,  and  have  been  re- 
ferred to  above;  they  comprise  chiefly  enlargements 
(relative  or  absolute),  uhiar  deflections,  changes  in 
the  thumb  joint,  and  other  lesions  which  merge  into 
conditions  of  rheumatoid  character. 

Occasionally  general  palmar  induration  (as  already 
described)  is  observed.  Trophic  changes  in  the  nails 
— longitudinal  ridges  ("reedy  nail") — sometimes  oc- 
cur.    Senile  warts  (verruca  senilis)  may  develop  on 
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the  hands  as  elsewhere;  they  may  be  flattish  or  ele- 
vated, pigmented  or  non-pigmented,  sometimes  fatty. 
The  back  of  the  hand  is  a  favorite  seat  for  keratosis 
senilis,  which  is  manifested  by  warty  projections  in  the 
form  of  small  papules  or  larger  flattish  plates,  greasy 
plates  or  patches,  branny  scales,  pigmented  spots,  or 
in  some  cases  thickening  of  the  entire  skin ;  sometimes 
the  skin  of  the  back  of  the  hand  is  converted  into  a 
dense  horny  plate.  This  condition  may  run  into  epi- 
thelioma. Tremor  of  the  hand,  merging  into  paral- 
ysis agitans,  is  a  common  senile  condition. 

Condition  of  the  H.vnd  in  Gentiral  Diseases. — The 
changes  exhibited  by  the  hand  in  a  large  number 
of  general  diseases  have  been  already  detailed,  so  that 
there  is  little  to  be  added  on  this  subject.  In  anemic 
conditions  the  hand  is  pale,  cold,  dry,  and  the  nails 
are  pale.  In  conditions  of  vascular  relaxation  and 
atony,  weak  circulation,  or  lowered  blood  pressure,  the 
skin  is  clammy,  cold,  purplish,  or  mottled.  In 
cardiac  disease  the  hands  may  be  congested,  cold, 
clammy,  or  edematous,  and  the  fingers  may  be  clubbed. 
In  nephritis  the  hand  is  dry,  pale,  edematous.  In 
tuberculosis  the  hand  may  be  emaciated,  hot,  dry,  or 
sometimes  clammy,  and  the  fingers  are  occasionally 
clubbed  or  blunt.  Clubbed  fingers  may  occur  in  other 
forms  of  pulmonary  disease.  The  hand  is  dry  and 
shrivelled  in  diabetes.  Onychias  may  follow  severe 
acute  diseases.  In  t\-phoid  fever  the  palms  of  the 
hands  (and  soles  of  the  feet)  are  usually  dry,  parch- 
ment-like, of  a  yellow  to  brownish  color,  and  during 
convalescence  are  the  seat  of  active  desquamation. 
In  certain  forms  of  idiocy  the  skin  of  the  hands  is 
loose,  wrinkled  like  a  washerwoman's,  and  looking  too 
large  for  the  hand,  while  the  finger  tips  are  tapering 
and  conical.  J.B.Nichols. 

Leonard  W.  Ely. 
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Hanging. — See  Slrangulation. 

Hansen,  Gerhard  Henrik  Armauer. — Born 
July  29,  1841,  in  Bergen,  Norway.  From  the  first  he 
was  specially  interested  in  the  study  of  leprosy  and 
upon  completing  his  medical  studies  in  1869  he  was 


appointed  assistant  physician  to  the  Lungegaard 
Leper  Hospital.  He  then  spent  some  time  in  Vienna 
and  Bonn  in  microscopical  studies  and  on  returning  to 
Bergen  undertook  a  series  of  investigations  of  leprous 
lesions  and  was  rewarded  by  the  discovery,  in  1873, 
of  the  lepra  bacillus.  He  did  not  confine  himself ,  how- 
ever, to  a  pathological  study  of  leprosy,  but  labored 
clinically  and  by  the  promotion  of  logislative  control 
to  extirpate  the  disease.     Before  his  death  he  had  the 


Fig.  2976. — Gerhard  Henrik  Armauer  Hansen. 

satisfaction  of  knowing  that  leprosy,  formerly  a  widely 
prevalent  affection  in  his  native  land,  had  become  a 
comparativelv  rare  disease.  He  died  suddenly  Feb- 
ruary 12,  1912. 

Among  Hansen's  contributions  to  the  literature  of 
leprosv  were  the  following:  "Zur  Pathologie  der 
Lepra/'  Archiv  f.  Syph.  u.  Dermat.,  1871;  "Bidrag  til 
Spedalskhedens  Karakteristik,"  Nordisk  med.  Arkiv, 
1869-1870;  "The  Leprous  Diseases  of  the  Eye," 
Christiania,  1873;  "On  the  Etiology  of  Leprosy," 
Brit,  and  Foreign  Med.-Chir.  Review,  1875;  "Studien 
ijber  den  Bacillus  leprae,"  Virchow's  Archiv,  1882; 
"Leprosv  in  its  Clinical  and  Pathological  A.spect5," 
Bristol  and  London,  1895.  T.  L.  S. 


Haplosporidia. — Neosporidia  with  a  very  simple 
life  history,  undifferentiated  cell  plasma,  and  uninu- 
cleate spores  without  polar  capsules.  These  sporo- 
zoans  are  parasitic  in  fishes  and  invertebrates.  See 
Protozoa.  A.  S.  P. 


Harbin    Hot   Sulphur   Springs. 

California. 


-Lake   County, 


Post-office. — Harbin  Springs.     Hotel. 

AccEss.^Take  the  southern  Pacific  ferry  at  the 
foot  of  Market  Street,  San  Francisco,  or  the  train  at 
16th  Street,  Oakland  for  Cali-stoga;  thence  a  twenty- 
mile  automobile  ride  brings  one  to  the  springs.  Or 
via  Monticello  Steamship  Company's  fast  steamers 
to  Vallejo,  and  the  San  Francisco,  Napa  and  Calistoga 
(Electric)  Railway — the  Napa  Valley  Route — from 
Vallejo  to  Calistoga.  The  location  is  at  the  base  of  a 
spur  of  the  Coast  Range  of  mountains,  2,000  feet 
above  tide  water.  Lake  County  has  been  justly 
named  the  Switzerland  of  America,  and  it  would  be 
difficult  to  find  a  more  delightful  and  picturesque 
location  than  that  of  the  Harbin  Springs.  The 
mountain  air  is  very  invigorating  and  not  subject 
to  extremes  of  heat  or  cold,  the  mean  temperature 
being  70°  F.  The  waters  are  sulphurous  and  saline, 
the  principal  spring  flowing  1.500  gallons  per  hour. 
There  is  also  a  small  chalybeate  fount  yielding  only 
sixty  gallons  per  hour.  The  sulphur  spring  has  a  tem- 
perature of  122°  F.,  and  is  used  for  bathing,  for  which 

901 


Harbin  Hot  Sulphur  Springs 


REFERENCE   HANDBOOK   OF   THE   MEDICAL  SCIENCES 


excellent  facilities  have  been  provided.     Following  is 
an  analysis  of  this  water : 


One  United  States  Gallon  Contains: 

Solids. 

Sodium  chloride 

Sodium  carbonate 

Sodium  sulphate. .  .  . 
Potassium  carbonate 
Magnesium  carbonatv 
Magnesium  sulphate 
Calcium  carbonate 
Calcium  sulphate 
Ferrous  sulphate 
Arsenous   salts 

Alumina 

Silica 

Organic  matter 


Grains. 

23.05 

5.42 

10.19 

1.74 

6.18 

11.94 

9.10 

14.63 

1.75 

.07 

1.60 

2.76 

Trace. 


Total ■  88-43 

Gases.  Cu.  in. 

Carbonic  acid  gas 4.26 

Free  sulphureted  hydrogen 1 1 .  74 

It  is  said  that  much  benefit  accrues  from  the  use  of 
this  water  in  chronic  rheumatism  and  gout  and  other 
articular  affections,  as  well  as  in  certain  varieties  of 
skin  diseases. 

The  chalybeate  spring  shows  the  following  mineral 
ingredients : 


One  United  States  Gallon 

Contains; 

Solids. 

Grains. 

Sodium  chloride.                   

7.50 

Sodium  carbonate 

14.22 

Sodium  bicarbonate 

1.45 

Sodium  sulphate.. 

5.25 

Potassium  chloride.. 

Trace. 

Potassium  carbonate 

1.73 

Magnesium  carbonate 

4.16 

Magnesium  sulphate. 

6.11 

Calcium  carbonate.. 

2.07 

Calcium  sulphate .  . 

Trace. 

Ferrous  carbonate 

1.90 

Alumina 

.73 

Silica 

1.41 

Organic  matter. 

Trace. 

Total 

.      46.53 

Carbonic  acid  gas,  9.34  cubic  inches. 

These  analyses  were  made  by  Dr.  Winslow  An- 
derson. 

This  water  is  clear  and  sparkling,  and  has  a  pleasant 
taste.  It  is  tonic,  antacid,  diuretic,  and  aperient, 
and  is  useful  in  dyspepsia,  anemia,  chlorosis,  chronic 
malarial  poisoning,  and  wasting  diseases.  In  addi- 
tion, there  are  two  other  springs  of  some  importance ; 
they  are  known  as  the  "Magnesia"  and  the  "Arsenic" 
springs.  The  last-named  spring  has  gained  quite  a 
reputation  in  syphilitic  and  skin  diseases,  and  glandu- 
lar indurations.  Here  are  fine  fishing  and  hunting  in 
season.  A  variety  of  amusements  are  provided  for  the 
guests.  Emma  E.  Walker. 


Hardy,  Alfred.- — Born  in  Paris,  France,  November 
30,  1811.  He  studied  medicine  in  his  native  city  and 
received  his  doctor's  degree  in  18.36.  In  1846  he  was 
appointed  Physician  of  the  Hopital  de  Lourcine,  and 
in  1851  he  was  given  the  same  position  in  the  Hopital 
Saint-Louis.  After  a  competitive  examination  he 
was  made  Agrdg6  of  the  Faculty  de  M^decine,  and  in 
1867  he  was  appointed  to  the  full  professorship  of 
internal  diseases — a  position  which  he  held  up  to 
1886.     He  died  on  January  24,  1893. 

Hardy's  place  in  the  history  of  medicine  is  chiefly 
that  of  a  successful  worker  in  the  field  of  skin  and  re- 
lated disea.ses.  He  appears  to  have  written  very 
little,  as  nearly  all  the  treatises  published  under  his 
name  were  prepared  by  his  pupils.  The  following 
are  the  titles  of  the  more  important  of  these  publica- 
tions: "Legons  sur  les  maladies  de  la  peau  pro- 
fess^es  a  I'Hdpital  Saint-Louis,"  edited  and  published 
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by  Leon  Moysant  and  Almire  Garnier,  Paris,  1859- 
1860;  "Legons  sur  les  affections  cutanees  dartreuses," 
edited  and  published  by  Pihan-Dufeillay,  1862; 
"Legons  sur  la  scrofule  et  les  scrofulides,"  edited  and 
published  by  Jules  Lefeuvre,  1864;  and  "Legons  sur 
les  maladies  dartreuses,"  edited  and  published  by 
Leon  Moysant,  3rd  edition,  1868.  (Translated  into 
English  by  Henry  G.  Piffard,  New  York,  1868.) 

A.  H.  B. 


Harelip. — Unlike  cleft  palate,  this  may  be  regarded 
as  a  strictly  congenital  malformation.  It  is  a  deformity 
that,  from  its  peculiar  prominence,  has  brought  more 
sorrow  to  the  hearts  of  parents  than  perhaps  any  other 
of  nature's  defects.  To  the  surgeon  it  has  been  the 
source  of  more  thought  and  care  as  regards  the 
operation  for  its  relief  than  are  demanded  by  many 
surgical  problems  of  far  greater  importance. 

Like  cleft  palate,  it  may  be  looked  upon  as  an 
arrest  in  fetal  development,  confined,  with  very  rare 
exceptions,  to  the  upper  lip.  When  situated  in  the 
lower  lip,  there  are  many  deformities  that  may  coexist 
with  it,  such  as  combined  fissure  of  the  lower  jaw  and 
tongue,  and  a  variety  of  other  like  complications. 
Sir  William  Fergusson  speaks  of  several  cases  of  this 
kind  which  has  been  observed  by  himself  and  other  in 
their  practice. 

Associated  with  upper  harelip  are  sometimes  re- 
markable deformities  about  the  face;  for  instance,  the 
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fissure  my  extend  up  along  the  nose  on  one  or  both 
sides  to,  or  into,  the  eyelids,  or  it  may  extend  out  on 
one  or  both  sides  from  the  angle  of  the  mouth,  and  may 
implicate  Stenson's  duct,  a  verj'  unpleasnat  complica- 
tion.'. 2  Though  these  conditions  are  rare  yet  most 
brilliant  results  have  followed  operations  done  in- 
telligently and  on  modern  methods. 

Mason  speaks  of  a  cyanotic  condition  of  the  child. 
This  condition,  which  I  have  also  observed,  is,  at 
times,  cured  by  the  operation  for  closure  of  the  fissure. 
Mr.  George  Lawson  gives  the  explanation  that  during 
the  lull  in  the  circulation,  in  cases  in  which  faintness 
occurs,  the  foramen  ovale  becomes  closed  and  thus  the 
double  current  is  established. 

The  PATHOLOGY  of  harelip  is  a  subject  into  which  the 
narrow  limits  of  an  article  like  the  present  one  will  not 
permit  me  to  enter  except  in  the  most  superficial 
manner.  M.  Coste  ^(Mason')  states  that  the  mouth  is 
formed  between  the  twenty-fifth  and  the  twenty- 
eighth  day  of  fetal  life.  The  frontal  lobe  becomes 
much  enlarged,  and  shows  a  great  hollow  which  divides 
into  two  smaller  lobes,  called  by  him  the  incisive 
centers,  and  from  which  the  incisive  bones  and  the 
middle  portion  of  the  upper  lip  are  developed.  The 
centers  for  the  superior  maxilla;,  which  form  the  lateral 
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parts  of  the  upper  lip,  converge  one  toward  the  other, 
and  come  nearer  to  each  side  of  the  corresponding 
incisive  center.  At  the  fortieth  day  the  two  incisive 
centers,  in  the  substance  of  which  the  incisive  teeth 
are  developed,  unite  one  to  the  other  in  the  middle 
line  and  thus  complete  the  central  portion  of  the  upper 
lip.  Thus,  if  the  two  lateral  portions  do  not  unite 
with  the  incisive  portions,  we  have  a  double,  or 
bilateral,  harelip;  if  only  one  of  these  sides  fails  to 
unite,  then  we  have  a  single,  or  unilateral,  harelip. 
Stone*  in  the  American  Practice  of  Surgery,  gives  an 
excellent  reference  to  the  Etiology.  I  would  also  call 
attention  to  a  very  valuable  contribution  on  "Ectopia, 
of  the  Pituitary,  with  other  Congenital  Anomalies 
of  the  Nose,  Palate,  and  Upper  Lip,"  by  Alexander 
R.  Tweedie  and  Arthur  Keith. ^ 

I  have,  in  a  few  of  my  earlier  operations,  removed 
the  intermaxillary  bone,  and,  on  examination  of  it, 
have  noted  an  absence  of  the  lateral  incisors.  This,  I 
believe,  has  been  the  experience  of  most  surgeons 
who  have  given  careful  thought  to  the  question 
whether  this  island  contained  all  of  the  upper  in- 
cisors or  not.  In  two  cases  that  I  examined  a  few 
years  after  the  operation  for  cleft  palate,  in  which  I  had 
saved  the  intermaxillary  bones,  I  found  in  each  in- 
stance an  irregular  lateral  incisor  on  the  right  side, 
back  of  the  regular  row  of  teeth. 

Etiology. — Fergusson,  Demarquay,  Gurdon  Buck, 
and  others  report  a  large  number  of  cases  which  illus- 
trate the  fact  that  harelip  appears  in  some  families 
through  many  generations,  and  I  have  observed  this 
in  the  record  of  my  own  cases.  Like  webbed  fingers 
and  toes,  harelip  is  often  seen  without  any  evidence 
of  consanguinity  being  present. 

There  are  few  surgeons,  I  suspect,  who  have  ex- 
amined cases  of  harelip  carefully,  who  have  not  been 
impressed  with  the  effort  so  often  made  by  mother  or 
nurse  to  prove  that  the  deformity  is  entirely  due  to 
some  fright  which  the  mother  has  experienced  and 
which  in  her  estimation  has  produced  its  effect  upon 
the  child  in  utero.  Maternal  impressions  may  be 
one  of  the  factors  in  the  production  of  harelip,  and 
yet  evidence  of  such  cause  is  so  often  wanting  as  to 
lead  us  to  doubt,  and  then  it  cannot  be  denied  that 
when  these  impressions  are  analyzed  it  is  found  they 
have  occurred  long  after  the  completion  of  the  em- 
bryonic development. 

Acting  early  upon  the  suggestion  of  the  late  Sir 
Wm.  Fergusson,  I  have  examined  many  lips  and  jaws 
for  fissure,  and  have  frequently  found  slight  notching  or 
partial  defects  on  the  mouths  of  one  or  the  other  of  the 
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parents.  I  have  frequently  had  occasion  to  call  the 
attention  of  my  class  to  this  point  in  the  study  of  these 
cases.  1  have  noticed  that  close  pregnancies  form  a 
factor  in  causing  this  deformity.  In  connection  with 
these  cases  it  is  not  unusual  to  see  in  the  same  patient 
extra  thumbs  or  fingers,  spina  bifida,  and  the  like. 
The  late  Professor  Alden  March  had  a  child  brought 
to  his  clinic,  for  relief  of  harelip,  who  had  cleft  palate, 
an  extra  toe  and  finger  upon  each  foot  and  hand, 
double  hernia,  and  club  foot. 

Accidents,  bites  of  dogs  and  other  animals,  treat- 
ment of  nevi,  and  other  surgical  conditions  may  result 


in  a  temporary  form  of  harelip,  which  may  be  said  to 
be  cured  generally  in  the  final  treatment  given  to  such 

lesions.     In  the  case  of  Miss  C -,  aged  six,  suffering 

from  nevus  on  the  upper  lip,  whom  I  had  treated  in 

various  ways  without   complete  success, 

the  final  injection  of  a  solution  of  tincture 

of  iron  produced  a  slough  resulting  in  a 

fissure  such  as  is  seen  in  Fig.  2'J77,  but 

which  was  closed  with  scarcely  any  scar 

by  means  of  two  silver  harelip  pins. 

A  considerable  number  of  cases  is  met 
with  in  which  the  kind  of  harehp  is  of  the 
double  variety,  as  seen  in  Fig.  2978,  from 
Mason.  In  this  variety  the  fissure  may 
be  very  slight  on  one  side  and  yet  com- 
plete on  the  other,  or,  in  cases  in  which 
there  is  a  double  fissure  of  the  alveolar 
arch,  as  in  cleft  palate,  we  may  have  the 
horrid  horn-like  projection  as  seen  in  Fig. 
2979  from  Mason,  and  tn  one  of  my  own 
cases,  Fig.  1409  in  vol.  iii. 

Cases  of  median  harelip  have  been  re- 
corded by  surgeons,  but  they  are  exceed- 
ingly rare,  and  their  existence  has  even  been  doubted 
by  some.  In  the  autumn  of  1883  there  was  brought 
to  my  clinic  a  female  child  (two  and  one-half  years  of 
age)  in  whom  a  cystic  tumor  at  the  tip  of  the  nose  was 
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Fig.  2980. 

complicated  by  a  complete  median  fissure  of  the  upper 
lip.  Fig.  2980  (from  a  sketch  of  the  little  patient) 
shows  the  case  very  well.  Sir  Wm.  Fergusson  has  very 
justly  remarked  that,  after  the  operation  has  been 
completed,  one  cannot  judge  correctly  as  to  whether 
the  case  was  originally  one  of  a  median  fissure  or  of 
double  harelip,  for  many  cases  of  the  latter  defect, 
when  operated  on,  show  a  decided  tendency  to  the 
formation  of  a  cicatrix  in  the  middle  line.  Fig.  2981 
one  of  my  own  cases,  and  quite  as  bad  a  case  of 
double  harelip  as  I  have  ever  operated  upon,  shows 
this  condition  clearly.  It  is  a  singular  fact  that  in 
these  various  kinds  of  fissure  in  the  upper  lip  there 
is  really  very  little  loss  of  substance.  One  finds  this 
to  be  true  by  merely  approximating  the  soft  parts 
temporarily. 

Regarding  the  period  of  life  when  it  is  best  to 
operate,  in  cases  of  harelip,  much  has  been  said  by 
the  older  operators,  but  with  little  unanimity  of 
opinion;  some  advising  inter  erence  in  infancy,  others 
preferring  to  wait  until  advanced  childhood.  At  the 
present  time,  I  am  of  the  opinion  that  modern  sur- 
geons prefer  the  early  operation.  My  own  experi- 
ence teaches  that  a  good  time  for  the  operation  is 
when  the  infant  is  about  six  weeks  old,  especially  if 
the  child  be  healthy.  In  a  case  of  double  fissure 
perhaps  it  is  well  to  wait  until  the  child  is  six  or  seven 
months  old,  especially  if  the  vomer  or  intermaxillary 
or  premaxillary  requires  attention.    Greater  experience 
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convinces  me  that  there  are  quite  a  number  of  strorig 
infants  that  will  bear  the  operation  anywhere  within 
two  weeks  after  birth,  when  doing  well  otherwise. 

In  severe  cases  of  double  hareUp  I  prefer  to  operate 
on  one  side  at  a  time  and  to  save  all  that  is  possible 
of  the  island  or  intermaxillary  bone.  In  operatmg 
upon  one  side  at  a  time,  the  first  should  be  allowed 
to  become  firmly  healed  before  we  resort  to  the  second 
operation.  Ordinarily,  this  interval  would  amount 
to  at  least  two  months.  I  sometimes  in  these 
cases  give  to  the  skin  covering  the  island  the  form  of  a 
square,  and  then,  making  flaps  from  the  upper  lip 
and  cheeks  on  each  side,  secure  a  good,  full  Up,  one 
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which  does  not  appear  at  all  constricted.  More 
attention  should  be  given  to  the  lateral  incision  out 
from  the  angle  of  the  nose  into  the  well-loosened 
cheek.  I  am  convinced  that  in  doing  the  operation 
we  should  pare  the  edges  of  the  fissure  freely,  but  not 
throw  the  pieces  away — that  is,  not  finally  detach 
them;  therefore,  I  believe  that  the  operation  which 
embodies  this  principle  is  the  best. 

Operations  upon  the  adult  are  exceedingly  rare,  and 
are  then  generally  performed  for  the  purpose  of  im- 
proving an  imperfect  result  following  an  early  opera- 
tion. In  a  few  instances  I  have  been  obliged,  for 
such  a  reason,  to  operate  on  an  adult,  and  here  one 
should  exercise  great  care  in  securing  thickness  of 
edge  of  incision  and  loosening  attachment  to  bony 
structures  of  the  cheek. 

In  operating  for  harelip  we  should  in  all  cases  be 
sure  to  loosen  well  the  attachment  of  the  cheek  to  the 
alveolar  process;  there  should  be  perfect  freedom  of 
movement,  and  no  restraint  put  upon  the  parts  when 
the  pins  or  sutures — whichever  may  be  selected — 
have  been  introduced.  This  is  generally  best  done 
with  a  long,  blunt-pointed  tenotome — -or  small  sharp- 
pointed  scissors  through  as  small  an  incision  as 
is  possible. 

The  position  of  the  infant  at  the  time  of  operating  is 
a  point  of  much  importance.  If  the  child  is  strong,  I 
believe  it  safe  and  wise  to  give  chloroform,  or  whatever 
anesthetic  the  surgeon  considers  to  be  the  best.  In  re- 
cent years  I  have  come  more  to  using  sulphuric  ether. 
It  is  necessary  to  have  an  experienced  anesthetist. 
It  is  better  that  the  infant  should  have  too  little  than 
too  much  of  the  anesthetic. 

Having  the  child  held  by  a  good  nurse  or  competent 
assistant — as  is  spoken  of  by  so  many  writers — is  often 
the  easiest  and  best  for  the  operator;  but  I  am 
much  in  favor  of  placing  the  little  one  on  a  narrow,  firm 
table  of  proper  height,  around  which  the  assistants 
can  work  more  at  ease  and  not  be  in  the  way  of  each 
other.  Standing  on  the  right  side  of  the  table  and 
patient,  the  operator  proceeds  to  free  or  loosen  the 
fissure  on  each  side,  as  I  have  already  stated.  After 
this  has  been  thoroughly  done,  he  directs  an  assistant, 

904 


opposite  to  him  and  at  the  head  of  the  child,  to  grasp 
the  left  side  of  the  fissure  between  the  forefinger  and 
thumb  of  his  left  hand,  and  then,  with  his  right  fore- 
finger and  thumb,  to  hold  the  right  side  in  the  same 
manner.  The  surgeon  may  now,  with  the  so-called 
harelip  forceps,  or  simple  forceps,  grasp  one  edge  of 
the  fissure,  and,  introducing  a  sharp-pointed  narrow 
knife  at  the  point  of  the  cleft  nearest  the  nose,  carry 
the  knife  from  above  downward  toward  the  vermilion 
border  of  the  lip.  He  should  then  repeat  the  same 
steps  on  the  other  side,  in  each  instance  removing 
sufficient  tissue  to  give  good,  broad  surfaces  for  mutual 
contact.  In  a  simple  harelip  I  often  pare  the  edges 
of  the  fissure  with  a  strong  pair  of  curved  scissors, 
carrying   out   the  principle  embodied   in   Fig.   2984. 


Thus  far,  if  the  assistant's  thumbs  and  fingers  are  not 
too  large,  and  if  he  performs  his  part  well,  but  little 
blood  will  have  been  lost.  I  consider  the  com- 
pressors of  the  upper  lip  for  controlling  hemorrhage, 
spoken  of  by  some  authors,  as  really  not  necessary, 
but  if  they  are  to  be  employed  I  would  recommend  an 
instrument  like  that  shown  in  Fig.  2982  (from  Mason). 

The  next  .step  in  the  operation  involves  the  closure 
of  the  fissure.  It  must  ever  be  borne  in  mind  that  the 
vermilion  border  of  the  lip  should  be  well  preserved, 
with  no  sliding  upward  or  downward  on  either  side, 
and  also  that  there  ought  not  to  be  any  notching. 

As  to  the  kind  of  suture  that  should  be  employed,  I 
must  say  that  my  preference  is  for  the  silver  harelip 
pins.  In  introducing  them,  I  prefer  that  the  first 
should  be  inserted  nearest  the  vermilion  border;  it 
should  be  passed  from  the  left  to  the  right  side  of  the 
fissure,  and  the  greatest  care  should  be  exercised  to 
bring  the  parts  into  good  apposition.  Of  course, 
these  steps  may  be  modified  or  reversed  if  there  is  a 
single  right-sided  fissure,  or  if  the  surgeon  stands  in 
front  of  the  child.     Fig.  2983  (from  Mason)  illustrates 
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my  point.  The  pin  should  be  introduced  at  least  a 
quarter  of  an  inch  back  from  the  freshened  edge  of  the 
fissure  and  it  should  pass  obliquely  through  the  edge 
of  the  lip,  but  should  not  include  the  mucous  mem- 
brane; it  should  then  enter  the  opposite  side  and 
emerge  in  the  same  manner.  Now,  around  this  pin 
put  a  figure-of-eight  silk  ligature,  not  too  tight,  as 
some  allowance  must  be  made  for  swelling.  Then, 
next  above  this  first  pin,  introduce  in  a  similar  manner 
one  or  two  more,  as  may  be  needed.  If  two  are  used, 
it  is  well  to  bring  them  together  by  one  ligature,  cross- 
ing from  one  pin  to  the  other,  as  by  adopting  this 
plan  one  is  not  likely  to  get  so  much  of  a  slough — 
that  and  ulceration  being  the  two  great  dangers 
associated  with  the  employment  of  silver  pins. 

Sometimes  it  is  necessary  to  introduce  between  the 
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pins  a  few  fine  superficial  silk  sutures,  and  also  to 
place  two  or  three  in  the  mucous  membrane  and  one  in 
the  vermilion  border  of  the  lip,  not  leaving  them  in 
for  more  than  twenty-four  or  thirty-six  hours.  In 
the  case  of  the  mucous  membrane  I  prefer  to  use  fine 
catgut  sutures,  and  I  then  leave  them  undisturbed. 

After  the  pins  have  been  introduced  the  points 
should  be  cut  off  with  bone  forceps,  and  a  small  por- 
tion of  absorbent  cotton  should  be  put  under  each 
end.  They  are  not  to  be  left  in  longer  than  three 
days,  as  a  rule,  and  should  always  be  watched  with 
care  to  prevent  ulceration  or  sloughing.  It  is  better 
to  take  them  out  too  soon  than  to  leave  them  in  too 
long.  Of  late  I  have  used  silkworm  gut  instead  of 
pins — there  is  less  likelihood  of  scar  resulting — -and  in 
bringing  the  parts  together  in  the  upper  angle,  to 
relieve  the  flattened  nose,  it  can  be  carried  deeper 
with  a  good  curved  needle,  and  in  many  ways  is 
handled  easier. 

Some  surgeons  prefer  simple  silk,  others  silver  wire; 
then,  besides,  many  other  devices  have  been  .suggested. 
As  stated  in  my  article  on  cleft  palate  surgeons  diflfer 
greatly  as  to  the  kind  of  suture  to  be  employed.  I 
am  greatly  impressed  with  and  desire  to  endorse  the 
method  of  introducing  the  sutures  suggested  by  Mum- 
ford''  (Fig.  2984)  and  I  can  see  no  reason  why  good,  reli- 
abel  sterile  catgut  is  not  preferable.  I  take  it  that  few 
surgeons  rely  upon  the  rubber  or  adhesive  plaster 
to  hold  the  parts  in  apposition  while  the  healing  proc- 
ess goes  on;  but  after  the  pins  and  sutures  have  been 
removed,  in  order  to  prevent  too  much  tension  on  the 
newly  formed  tissue,  I  am  in  the  habit  of  holding  the 
parts  well  in  apposition  by  placing  narrow  strips  of 
plaster  across  from  ear  to  ear.  These  hold  the  cheeks 
quiet  and  restrain  the  movements  of  the  lips.  Mr. 
Mason  speaks  of  the  use  of  collodion  over  pins  and 
sutures.  After  the  operation  the  child  should  be 
kept   quiet   by   the   use   of   anodynes,    if   necessary. 
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Fig.  2984. — Murnford's  Sutures  for  lI:Lrclip;  showing  the  final 
superficial  stitches  in  place.  (Mumford,  Practice  of  Surgery. 
W,  B.  Saunders  Co.) 

If  much  blood  has  been  swallowed  we  should  consider 
the  benefit  to  be  derived  from  mild  lavage.  All  up- 
to-date  methods  of  infant  feeding  must  be  em- 
ployed. The  care  of  the  mouth  after  each  feeding 
by  the  use  of  mild  antiseptic  washes  must  not  be 
neglected.  In  some  cases  immediately  following 
operation  the  little  one  may  require  some  form  of 
stimulant.  Warmth  to  the  body  is  of  service. 
Infusion  is  seldom  called  for.'  The  child  should  be  fed 
first  with  a  spoon,  and,  when  all  is  going  well,  after  a 
few  hours,  or  perhaps  one,  two,  or  three  days,  should 
be  allowed  to  nurse  or  take  the  bottle.  Crying  should 
be  prevented  as  far  as  possible,  and  yet  it  is  surprising 


to  note  how  little  harm  it  does.  The  bowels  require 
care.  Laxatives  like  tasteless  castor  oil,  olive  oil,  or 
other  preparations  are  of  service. 

It  is  clear  that  no  one  special  kind  of  operation  can 
be  made  to  apply  to  every  variety  of  harelip.  I 
would  say  to  the  young  surgeon  who  with  due  respect 
to  his  conscience  considers  carefully  the  operation  he 
is  about  to  select  for  these  cases,  that  there  has  never 
occurred  a  period  when  the  subject  has  been  so  well 
thought  out,  and  for  him  to  select  that  method  of 
operating  which  he  understands  be.st.  Too  many 
operators  look  upon  the  operation  as  hardly  worthy  of 
much  anxiety.  Bearing  on  this  point  reference  may 
be  made  to  a  valuable  paper  by  James  E.  Thompson' 
of  Galveston.  Fortunately,  we  have  a  choice  among 
numerous  modes  of  procedure  which  practice  has 
demonstrated    to    be  successful.     In  the    operation 


Fig.  2985. — Malgaigne's  Operation. 

known  as  Malgaigne's,  the  incision  is  commenced  at  the 
superior  part  of  the  lip,  and  performed  from  above 
downward  (Fig.  2985,  left  side,  6,  b').  Scissors  are 
used  as  in  ordinary  operations,  except  that,  when  the 
operator  has  reached  the  lowest  point  possible  with- 
out detaching  the  cut  piece,  he  stops  (Fig.  2985,  left 
side,  a,  a'}.  The  other  side  of  the  labial  fissure  is 
treated  in  the  same  way.  There  are  then  two  small 
flaps  each  one  of  which  adheres  to  the  lip  by  a  pedicle. 
After  having  reunited,  by  the  aid  of  pins,  the  two  mar- 
gins of  the  cleft  in  their  whole  extent,  except  toward 
their  free  border  (that  is,  toward  the  bottom),  the 
surgeon  should  bring  these  flaps  from  above  down- 
ward and  should  approximate  them  face  to  face 
(Fig.  2985,  right  side,  b,  b').  The  point  now  is  to 
adjust  these  flaps  (partly  by  shortening  them)  in 
such  a  manner  as  to  prevent  the  later  development 
of  a  furrow.  This  result,  which  is  so  commonly 
dreaded  by  surgeons,  may  be  prevented,  at  this  stage 
of  the  operation,  by  preserving  a  piece  varying  in  size 
according  to  the  extent  of  the  vacuum  to  be  fiUed 
(Fig.  2985,  right  side,  a,  a').  Union  is  afterward 
affected  by  approximating  the  parts  with  one  or  two 
interrupted  sutures  or  with  a  fine  harelip  pin.  If 
care  is  taken  to  place  these  uniting  agents  very  near 
the  free  margin  of  the  lip,  the  cicatrices  will  scarcely  be 
visible. 


U_^ 


Fig.  2986. — Mirault's  Operation. 

M.  Mirault,  of  Angers,  employed  one  flap  only.  A 
flap  is  taken  from  above  downward,  but  is  left  at- 
tached to  the  prolabium  (Fig.  298(5,  left  side,  a);  on 
the  other  side  of  the  cleft  the  margin  is  completely 
removed  (Fig.  2986,  left  side,  6).  The  flap,  a,  is 
now  turned  down,  and  from  being  perpendicular,  it 
becomes  horizontal,  and  forms  the  margin  of  the 
lip  (Fig.  2986,  right  side,  a  and  b). 

For  double  harelip  S^dillot  suggested  a  cheiloplastic 
operation.  The  sides  of  the  central  tubercles  being 
pared,  a  flap  of  soft  tissue  is  taken  from  each  side,  as 
shown  in  Fig.  2987.  The  flaps,  a,  a,  are  brought  down 
to  form  the  red  margin  of  the  lip,  and  the  raw  surfaces, 
b,  b,  then  come  in  contact  with  the  raw  surfaces  on  the 
sides  of  the  central  tubercle,  6',  b'. 
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A  method  which  I  consider  worthy  of  careful  study 
is  that  offered  by  the  late  Dr.  A.  M.  Phelps,  in  a  paper 
read  before  the"  Medical  Society  of  the  State  of  New 
York,  February,  1885,  presenting  an  operation  for 
single  harelip  which  contains  some  original  and  strik- 
ing features. 

The  steps  of  the  operation  are  these:  "After  first 
passing  a  loop  through  each  angle  of  the  lip  for  the  fore- 
finger of  the  left  hand  to  hold  the  parts  perfectly,  with 
a  pair  of  curved  scissors  separate  the  lip  from  its  at- 
tachment to  the  jaw  sufficiently  to  freely  relieve  the 
nostril  and  make  all  parts  easily  movable.  The 
mucous  membrane  should  be  freely  divided  in  both 


Fia.  2987. — S^dillot'a  Operation. 

directions.  With  an  ordinary  cataract  knife,  or  a 
slender,  sharp  tenotome,  puncture  the  lip  at  1  (Fig. 
2988),  following  the  dotted  lines  describing  a  curve  to 
2,  and  from  thence  to  3.  Withdraw  the  knife  after 
going  freely  through  each  nostril  at  3,  and  with  a 
scalpel  cut  from  3  to  4  through  the  entire  thickness 
of  the  lip.  The  pieces  B  and  B,  will  now  turn  down- 
ward, leaving  the  V-shaped  piece  as  seen  in  Fig.  2989. 

"Now  introduce  the  silk  sutures  as  shown  in  Fig. 
2989,  after  which  cut  away  the  pieces  B  and  B,  and 
the  result  will  be  shown  in  Fig.  2990.  Before  cutting 
away  the  pieces  B  and  B,  pull  the  lip  up  with  them  and 
stitch  the  mucous  membrane  together  with  catgut 
as  farunderneath  as  possible.  Enough  tissue  should 
be  left  in  the  median  line  to  compensate  for  retraction. 
The  temptation  is  to  cut  the  pieces  B  and  B  too 
short.  It  is  better  to  cut  them  long,  and,  if  necessary, 
trim  them  a  little. 

"The  following  are  a  few  rules  which  it  is  well  to 
observe : 

"1.  Select  only  those  cases  in  which  one-fourth  of 
the  lip,  at  least,  remains  between  the  fissure  and  the 
corner  of  the  mouth. 


"2.  Each  curved  incision,  1,  2,  and  3  (Fig.  2988), 
should  be  an  equal  distance  from  each  corner  of  the 
mouth.  The  curves  should  be  similar,  and  both  should 
enter  the  nostril  at  the  same  point  on  each  side. 
On  the  normal  side  the  incision  should  enter  the 
nostril  near  the  columna,  and  but  little  or  none  of 
the  nostril  be  cut  away.  When  the  deformed  nostril 
is  drawn  to  a  normal  position  the  incisions  will  then 
correspond.     Fig.  2988  will  convey  the  idea. 

"3.  The  incisions  from  3  to  4,  making  the  V, 
should  extend  to  fuUj'  one-half  the  breadth  of  the  lip. 
If  the  V  is  made  too  short,  difficulty  will  be  experienced 
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in  getting  the  lip  together.  This  would  necessitate  a 
more  extensive  division  of  the  mucous  membrane,  or 
possibly  the  addition  of  transverse  incisions  extending 
outward  into  the  cheeks  under  the  corners  of  the  nose. 
"A  fatal  mistake  would  be  to  get  the  center  piece 
too  long,  as  it  would  make  a  deformity.  Cut  it  away 
to  just  the  length  to  admit  of  the  lip  being  stitched 
together,  varying  it  according  to  the  tension  in  each 


Fio.  2989. 

case,  making  it  as  short  as  possible.  It  would  be  much 
better  to  make  the  transverse  incisions  to  relieve 
tension  than  to  leave  it  too  long,  should  a  case  not 
suitable  for  the  operation  be  selected. 

"The  steps  as  followed  in  single  harelip  should  also 
be  followed  in  double,  using  the  double  curved  inci- 
sions already  described. 

"The  advantage  of  the  double  curved  incision  is 
this:  When  the  pieces  B  and  B,  Fig.  2988,  are  turned 
downward,  the  curve  at  a,  a,  becomes  straight,  and 
when  joined  to  its  fellow  of  the  opposite  side,  adds 
just  so  much  to  the  width  of  the  lip,  at  a  point  where 
it  is  desired,  as  the  distance  is  from  1  to  2,  Fig.  2988. 
The  widening  of  the  lip  at  this  point,  and  the  curving 
downward  of  he  white  line  above  the  vermilion  border 


Fig.  2990. 

of  the  lip  into  the  point,is  what  lends  the  artistic 
appearance  to  the  lip."  An  artistic  lip  and  a  scar 
in  the  median  line  are  the  strong  points  which 
characterize  this  operation. 

Dr.  M.  H.  CoUis  of  Dublin  says  (Mason'):  "I 
never  throw  away  a  particle  of  the  parings.  My 
incisions  are  made  so  as  to  make  every  fragment  of 
them  useful.  On  one  side  they  are  preserved  to  make 
the  lip  thick,  and  on  the  other  to  increase  its  depth. 
The  method  is  somewhat  complex,  but  a  reference  to 
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the  accompanying  figures  will  make  it  intelligible  (Fig. 
2994).  When  dealing  with  single  harelip,  I  take  the 
larger  portion,  that  which  includes  the  middle  bit,  and 
pare  it  freely  from  the  nostril  round  the  margin  from 
a  to  h,  until  the  point  of  the  knife  comes  opposite  the 
frenum.  The  incision  goes  through  all  the  tissues  of 
the  lip  except  the  mucous  membrane.  It  follows  the 
curved  line  of  the  margin  of  the  fissure,  and  leaves  a 


Fig.  2991. — Diagram  Showing  the  Operation  for  Double  Hare- 
lip. The  mucous  borders  of  the  gap  are  excised  and  united  in  a 
Y  shape.  The  point  of  the  central  tab  of  skin  does  not  reach  to  the 
newly  formed  mucous  border  when  A  and  A'  are  approximated. 
(Stone,  Am.  Practice  of  Surgerj',  Vol.  V.> 

long  wound,  which  is  curved  toward  the  fissure.  The 
flap  is  left  loose  and  attached  only  by  mucous  mem- 
brane. On  the  other  or  smaller  side  of  the  lip,  where 
we  generally  find  the  tissues  thin,  especially  as  we 
approach  the  nostril,  the  treatment  is  quite  different. 
I  transfix  the  lip  at  d,  close  to  the  nostril,  and  carrying 
the  knife  along  parallel  to  the  margin  as  far  as  /,  I 
detach  a  moderately  broad  flap,  which  I  leave  ad- 
herent above  to  the  ala  nasi,  and  below  to  the  free 
margin  of  the  lip,  well  beyond  or  external  to  the 
rounded  angle  at  the  fissure.  This  flap,  which  (un- 
like the  one  at  the  opposite  side)  comprises  all  the  tis- 
sues of  the  lip,  is  now  divided  into  two  at  its  center 
(c,  e).  I  thus  get  two  loose  flaps,  a  superior  (e,  d),  at- 
tached to  the  ala  nasi,  and  an  inferior  (e,  /),  hanging 
on  to  the  free  margin  of  the  lip.     The  loose  end  of  the 


Fig.  2992. — Diagrams  Showing  the  Operation  for  Double  Hare- 
lip. The  incisions  on  the  sides  of  the  median  tab  (to  B  and  B'^ 
must  be  equal  and  of  the  same  length  as  the  incisions  made  into 
each  side  of  the  lip  (to  B  and  S').  These  latter  incisions  must  end 
at  points  one-half  as  far  from  the  mucous  border  as  the  median  tab 
is  wide:  that  is.  the  distances  from  B  to  the  mucous  border  and 
from  B'  to  the  mucous  border  must,  when  added  together,  equal 
the  distance  from  6  to  6'.  In  order  to  secure  accurate  apposition 
of  the  three  flaps  at  the  point  C  two  alternatives  are  possible. 
Either  the  incision  between  6  and  b'  may  be  made  straight,  or  else 
it  may  be  curved  down,  in  two  symmetrical  halves,  to  a  point  at  C. 
If  the  lower  end  of  the  tab  is  cut  straight  off,  the  lateral  flaps  must 
be  trimmed  squarely  by  the  cuts  A  and  /!'.  Their  ends  thus  are 
approximated  squarely,  and  the  line  of  union  is  that  of  a  letter  T. 
If  the  lower  end  of  the  median  tab  is  cut  down  to  a  point  at  the 
middle,  the  lateral  flaps  may  be  drawn  down  in  a  curve  and  united 
below  the  median  point,  thus  making  the  line  of  union  have  a  Y 
shape.      (Stone,  Am.  Practice  of  Surgery,  Vol.  V.) 

upper  flap  is  turned  up  so  that  its  raw  surface 
faces  the  wound  in  the  opposite  side  of  the  fissure,  and 
the  lower  end  of  the  lower  flap  is  similarly  turned  down. 
The  point  c  is  brought  up  to  a,  and  fastened  there. 
The  point  e  is  brought  down  to  b,  and  fastened 
there.  I  have  thus  got  on  the  small  side  of  the  lip 
a  wound  as  extensive  as  that  on  the  larger  side.  The 
upper  flap  completes  the  outline  of  the  nostril.     The 


lower  one  supplements  the  outline  of  the  free  margin  of 
the  lip.  I  thus  get  a  lip  nearly  double  in  depth  any 
which  I  could  possibly  have  got  by  the  ordinary 
incisions." 

Mr.  Thomas  Smith  recommends  an  operation  which 
is  useful  in  suitable  cases  of  double  harelip.  Accord- 
ing to  his  plan  the  lateral  sides  are  to  be  pared  in  the 


Fig.  299.3. — Diagrams  Showing  the  Operation  of  Hagedom  for 
Double  Harelip.  The  borders  of  the  central  tab  are  refreshed; 
the  median  part  of  the  lower  border  being  made  as  pointed  as  pos- 
sible. The  mucous  borders  of  the  lip  on  both  sides  of  the  defect 
are  excised  at  the  upper  part  only  (to  D').  Secondary  incisions  (B' 
.4')  are  then  made  downward  and  outward  into  the  lips  on  each 
side  of  the  defect.  These  incisions  should  be  parallel  with  the  curv- 
ing border  between  D'  and  C.  The  distance  from  the  nostril  to 
A'  should  equal  the  height  of  the  side  of  the  median  tab  (to  A) 
The  length  of  the  cut  B' A'  should  be  one-half  the  width  of  the  lower 
border  of  the  median  tab  B  A.  (Stone,  Am.  Practice  of  Surgery, 
Vol.  V.) 

manner  shown  in  Fig.  2995,  a,  a',  and  two  flaps  are 
to  be  taken  from  the  central  tubercle,  but  are  not  to 
be  detached  at  their  lower  margins.  "The  wound  is 
closed  by  drawing  down  the  flaps  from  the  side  of  the 
central  tubercle,  and  attaching  them  to  the  raw  sur- 
face on  the  lower  margin  of  the  lip." 

The  condition  of  the  infant  before  operating  should 
be  as  good  as  possible.  There  should  be  no  unfortu- 
nate surroundings,  especially  as  regards  diphtheria  and 
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Fig.  2994.— Collis'  Operation. 

allied  conditions,  nor  should  the  operation  be  done  in 
hot  weather,  or  at  any  time  in  the  year  when  epi- 
demics of  any  kind  peculiar  to  children  are  prevailing. 
As  a  general  rule,  one  operation  is  all  that  is  needed, 
but  sometimes  failure  occurs,  and  in  this  we  ought 
not  to  be  discouraged,  but,  as  soon  as  the  child  has 
sufficiently  improved,  we  should  try  again.  Among 
the  more  recent  contributions  I  am  pleased  to  refer  to 
those  of  F.  W.  Goyer"  and  of  Raymond  C.  Turck.'" 


Fig.  2995. — T.  Smith's  Operation. 

Regarding  Hainsby's  truss,  I  have  had  but  little  ex- 
perience in  its  use,  and  must  say  that  it  requires  great 
care,  and  is  apt  to  annoy  the  child. 

As  to  a  second  operation,  years  after  the  first,  to 
relieve  an  unsightly  scar  or  depression  in  the  vermilion 
border  of  the  lip,  I  am  much  in  favor  of  its  performance 
especially  in  females.  Albert  Vaxder  Veeh. 
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A.  H.  B. 


Harris  Springs. — ^Laurens  County,  South  Carolina. 

Post-office. — Harris  Springs.  The  hotel  is  not  in 
operation  at  the  present  time  but  plans  are  under  way 
whereby  new  buildings  will  be  erected  and  the  place 
improved  in  general. 

Access. — Vid  Seaboard  Air  Line  Railroad  to  Cross 
Hill;  thence  about  three  miles  to  springs.  Or,  via 
Charleston  and  Western  Carolina  Railroad  to  Water- 
loo, and  thence  two  miles  to  springs.  These  springs 
are  located  in  a  hOly  country.  They  are  two  in  num- 
ber, known  respectively  as  the  "Lithia"  and  the 
"Sulphur"  Springs.  They  flow  about  sixty  gallons 
per  hour  each.  The  following  analvsis  was  made  on 
April  10,  1913,  by  H.  C.  White,  D.  Sc.LL.  D.,  Profes- 
sor of  Chemistry,  University  of  Georgia. 

An.\LT3IS. 

The  water  is  clear,  colorless,  and  odorless,  and  is  faintly  acid  in 
reaction. 

Specific  gravity  (at  60°  F.) 1.00138 

Total  solids   (dried  at  260°  F.)  per  1,000,000 

water 1899.866 

Loss  on  ignition 68 .  743 


Constituents  dissolved. 

Calcium 

Potas.sium . 

Sodium 

Lithium 

Magnesium 

Iron 

Alumina 

Sulphur  trioxide 

Chlorine 

Silica 

Carbon  dioxide  in  biearbonates 
Nitrogen — in  free  ammonia 

in  albuminoid  ammonia. 

in  nitrites 

in  nitrates 


1831.123 

Parts  per 

1.000.000 

501.129 

4.491 

18.925 

1.850 

11.862 

2.503 

21.462 

1012.252 

7.114 

68 .  900 

80.499 

None. 

0.025 

None. 

0.010 


Probable  Combination  of  Ingredients. 

Grains  per  Grains  per 

Solids  dissolved.                        U.  S.  gallon.  Imp.  gallon. 

Calcium  sulphate 99.435  119.318 

Potassium  sulphate 0.582  0.697 

Sodium  sulphate 0.561  0.672 

Sodium  chloride 0.684  0.815 

Sodium  bicarbonate 2.382  2.846 

Lithium  bicarbonate 1.052  1.258 

Magnesium  bicarbonate 4.210  5.032 

Iron  bicarbonate 0.465  0.550 

Alumina 1.252  1.495 

Silica 3.436  4.110 


114.059  136.793 

No  evidence  of  the  presence  of  helium  was  detected. 
The  water  exhibited  no  radioactivity. 

Bacteriological  .\n.vlysis. 

Total  bacteria,  per  1  c.c 60 

Colon  bacillus,  per  1  c.c 0 

Colon  bacillus,  per  10  c.c '. 0 

Compared  with  the  analj'sis  made  in  previous  years 
this  water  exhibits  remarkable  constancy  and  uni- 
formity in  composition.  Doubtless  it  preserves  its 
attested  medicinal  qualities. 

The  combination  of  mineral  ingredients  shown  in 
this  analysis  would  suggest  a  very  useful  water.  It  is 
highly  effervescent  and  agreeable  to  the  taste.  It  is, 
therefore,  useful  for  the  table,  and  mixes  well  with 
wines.  It  is  a  speedy  corrector  of  acidity  of  the  stom- 
ach. It  is  said  that  the  water  causes  a  notable 
reduction  of  sugar  in  the  urine  in  diabetes  meUitus. 
It  also  overcomes  constipation,  and  is  useful  in  rheu- 
matism, uric-acid  gravel,  calculi,  diseases  of  the  stom- 
ach, bowels,  kidneys,  bladder,  liver,  and  bile-ducts, 
and  in  the  diseases  of  women. 

Emma  E.  Walker. 


Harrogate. — Harrogate  is  situated  in  Yorkshire 
in  the  central  portion  of  England,  midway  between 
the  Irish  Sea  and  the  German  Ocean,  four  and  one- 
half  hours  by  rail  from  London.  Its  reputation  de- 
pends not  only  upon  its  waters  but  as  well  upon  its 
climate,  which  is  dry,  invigorating,  and  with  an  atmo- 
sphere of  remarkable  purity.  It  has  an  elevation  of 
260  to  600  feet  above  sea-level.  The  town  consists  of 
"Low"  and  "High"  Harrogate,  High  Harrogate 
possessing  the  more  bracing  climate,  while  Low  Harro- 
gate is  more  sheltered  and  enjoys  a  reputation  as  a 
winter  resort.  There  are  fewer  rainy  days,  it  is  said, 
than  at  most  of  the  other  English  health  resorts.  The 
season  is  from  May  to  September,  though  the  spa  is 
open  at  other  times  of  the  year. 

There  are  about  eighty  different  cold  mineral  springs 
at  Harrogate,  most  of  them  containing  sulphur  in  the 
form  of  sulphuretted  hydrogen  and  sulpliide  of  sodium, 
varying  greatlj'  in  strength  and  proportion  of  the  con- 
stituents. The  most  popular  spring  and  the  one 
generally  used  for  drinking  is  the  "Old  Sulphur 
Spring"  in  the  Royal  Pump  Room,  which  contains 
about  0.07  of  sodium  sulphide  and  thirty-seven  vol- 
umes of  sulphuretted  hydrogen  per  liter;  it  also  con- 
tains 12.7  of  common  salt  and  0.09  of  barium  chlo- 
ride, which  latter  substance  is  said  to  act  as  a  heart 
tonic  and  to  obviate  any  depressing  effects  of  the  sul- 
phur. The  "  Montpellier  "  is  the  strongest  in  sulphur, 
estimated  to  contain  0.2  per  liter  of  sodium  sulphide 
with  no  sulphuretted  hydrogen.  The  Starbeck  wells, 
on  the  contrary,  are  weak  in  sulphur  and  are  used  for 
baths. 

There  are  also  iron  springs,  and  of  these  the  famous 
"Kissingen  Well"  contains  0. 13  of  carbonate  of  iron, 
10.0  of  sodium  chloride,  and  1.2  calcium  chloride  per 
liter,  and  the  " chloride-of-iron  well"  contains  0.19  of 
chloride  of  iron,  0.16  of  carbonate  of  iron,  2.5  of  chlo- 
ride of  sodium,  and  0.07  of  chloride  of  barium  per  liter. 
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There  is  also  the  sulphate-of-iron  water  from  the  so- 
called  "alum  well"  in  the  "bog  field,"  containing 
ferrous  sulphate,  ferric  sulphate,  aluminum  sulphate, 
calciimi  sulphate,  and  magnesium  sulphate,  about  1.0 
per  liter  of  each. 

The  waters  of  Harrogate  are  applicable  to  about  the 
same  class  of  cases  as  are  treated  at  Homburg  and 
Kissingen,  although  the  waters  of  these  two  latter  spas 
contain  no  sulphur,  and  Kissingen  contains  no  iron. 
Chlorosis,  anemia,  hepatic  disorders,  lead  and  mer- 
curial poisoning,  chronic  dyspepsia,  constipation, 
obesity,  certain  skin  diseases,  functional  uterine  dis- 
orders, scrofula,  chronic  gouty  and  rheumatic  condi- 
tions, bronchitis  and  high  blood  pressure,  are  all  said 
to  be  benefited  by  the  use  of  these  waters.  It  is  well 
to  remember  that  the  climate,  regular  mode  of  living, 
freedom  from  care,  and  the  general  simplicity  of  life 
add  much  to  the  effect  of  the  waters,  and  this  is  true 
of  all  water  cures. 

The  sulphur  waters,  of  which  the  "Old  Sulphur 
Spring"  stands  first  in  importance — the  chlorides  it 
contains  giving  it  a  special  therapeutic  value — are  em- 
ployed both  for  drinking  and  in  baths,  particularly  for 
drinking,  and  are  most  useful  in  functional  hepatic  dis- 
orders, digestive  disturbances,  constipation,  etc.,  gout, 
rheumatism,  chronic  lead  poisoning,  and  externally  in 
eczema  and  psoriasis.  The  chalybeate  waters  are  em- 
ployed in  anemia,  albuminuria,  convalescence  from 
prolonged  or  severe  illness,  scrofula,  and  also  in  chronic 
rheumatic  arthritis. 

The  contraindications  to  the  use  of  these  waters  are 
organic  diseases  of  the  heart,  blood-vessels,  liver,  and 
kidneys,  and  in  cases  of  asthma,  insomnia,  and  neu- 
rotic conditions  generally. 

The  bath  establishments  are  modern  and  complete. 
The  Royal  Baths,  called  "one  of  the  sights  of  Europe" 
are  furnished  with  all  modern  appliances  and  are 
capable  of  giving  1,500  treatments  a  day;  there  are 
also  the  Victoria  and  Starbeck  baths.  There  are  spe- 
cial attendants  for  administering  the  "Aix  douche"  as 
is  done  at  ALx-les- Bains,  which  are  much  employed  in 
chronic  gouty  and  rheumatic  cases.  Almost  every 
other  kind  of  bath  known,  can  be  obtained  here. 

The  accommodations  are  good  and  abundant.  The 
hotels  and  residences  are  built  around  an  open  common 
of  two  hundred  acres;  the  sanitary  conditions  are  ex- 
cellent, and  there  is  an  abundant  supply  of  pure,  soft 
water.  The  amusements  are  music,  tennis,  golf,  cy- 
ch'ng,  cricket,  and  hunting.  The  scenery  about  Harro- 
gate is  very  attractive,  affording  many  interesting 
excursions.  Edward  O.  Otis. 


Hart,  Ernest  Abraham. — Born  in  London,  Eng- 
land, on  June  26,  1835.  He  was  a  pupil  of  St.  George's 
and  St.  Mary's  Hospitals,  and  was  subsequently 
chosen  Anatomical  Prosector  at  the  former  of  the.se 
institutions  and  Instructor  in  Ophthalmology  and 
Otology  at  the  latter.  In  1856  he  was  elected  a 
Member  of  the  Royal  College  of  Surgeons.  In  1893 
the  honorary  title  of  Doctor  of  Common  Laws  was 
bestowed  upon  him  by  the  University  of  Durham. 
For  several  years  he  was  Associate  Editor  of  The 
Lancet.  Then,  in  1866,  the  Council  of  the  British 
Medical  Association  elected  him  Editor-in-Chief  of 
the  British  Medical  Journal — a  position  which  he  filled 
up  to  the  time  of  his  death,  January  7,  1898. 

Hart  made  a  large  number  of  contributions  to 
medical  literature,  not  a  few  of  his  published  writings 
relating  to  public  hygiene  and  to  the  general  interests 
of  the  Medical  Profession.  In  1873  he  began  the  publi- 
cation of  the  London  Medical  Recorder  and  one  year 
later  he  issued  the  first  number  of  the  Sanitary  Record. 
"The  record  of  his  public  work,"  says  the  Encyclo- 
paedia, Britannica  (11th  edition),  "covers  nearly  the 
whole  field  of  sanitary  legislation  during  the  last  thirty 
years  of  his  life.  He  had  a  hand  in  the  amendments 
of  the  Public  Health  and  of  the  Medical  Acts;  in  the 


measures  relating  to  notification  of  infectious  disease, 
to  vaccination,  to  the  registration  of  plumbers;  in 
the  improvement  of  factory  legislation;  in  the  remedy 
of  legitimate  grievances  of  Army  and  Navy  medical 
officers;  in  the  removal  of  abuses  and  deficiencies  in 
crowded  barrack  schools;  in  denouncing  the  sanitary 
shortcomings  of  the  Indian  government,  particularly 
in  regard  to  the  prevention  of  cholera."     A.  H.  B. 

Hartshorne,  Joseph. — -Born  in  Alexandria,  Va., 
December  12,  1779.  He  received  his  collegiate  edu- 
cation at  the  Alexandria  Academy  and  entered  his 
father's  counting-house  for  a  short  period.  Soon,  how- 
ever, his  attention  was  drawn  to  the  study  of 
medicine,  and  he  became  a  pupil  of  Dr.  James  Kraik, 
of  Washington.  He  studied  with  him  for  two  years, 
and  in  July,  1801,  received  the  appointment  of  resi- 
dent apprentice  and  apothecary  in  the  Pennsylvania 
Hospital  of  Philadelphia  and  served  in  that  capacity 
for  five  years.  Soen  after  he  received  his  hospital 
appointment  he  entered  the  medical  class  of  the  Uni- 
versity of  Pennsylvania,  at  twenty-two  years  of  age. 
He  devoted  the  next  seven  years  to  study  and  work  in 
both  University  and  Hospital  and  received  his  degree 
in  medicine  in  1808.  The  certificate  presented  to 
him  upon  the  termination  of  his  hospital  service,  after 
expressing  approval  of  his  conduct  while  in  service, 
further  showed  appreciation  by  the  following  extract: 
"In  the  practical  duties  of  his  profession,  he  has 
displayed,  under  the  inspection  and  advice  of  six  of 
the  most  eminent  physicians  of  Philadelphia,  a  skill 
seldom  to  be  met  with  in  practitioners  of  his  years. 
Prom  a  well-founded  confidence  in  his  abilities  and 
fitness  for  the  charge,  the  care  of  the  out-door  patients 
has  been  intrusted  to  him  exclusively  during  the  last 
year  of  his  meritorious  services;  and  the  uncommon 
success  with  which  his  practice  was  marked,  left  us 
no  cause  either  to  regret  or  to  diminish  our  confidence 
in  him."  After  graduation  he  made  two  voyages  to 
Batavia  in  an  East  India  merchantman,  gaining 
much  valuable  information  and  experience  of  the 
fevers  and  intestinal  affections  prevalent  in  the  East. 
On  his  return  he  settled  in  Philadelphia  and  entered 
in  partnership  with  an  old  friend  as  a  druggist. 
After  two  or  three  year's  experience  in  combining 
medicine  with  pharmacy,  he  gave  up  the  latter  and 
practised  medicine  exclusively.  In  1815,  he  was 
unanimously  elected  one  of  the  surgeons  of  the 
Pennsylvania  Hospital,  but  in  1821  on  account  of  the 
demands  of  a  constantly  increasing  practice,  he  re- 
signed this  appointment.  He  was  a  member  of  the 
Philadelphia  Medical  Society,  of  the  American  Philo- 
sophical Society,  and  of  the  College  of  Physicians  of 
Philadelphia.  He  died  at  Brandvwine  Springs,  near 
Wilmington,  Del.,  August  20.  1850. 

Hartshorne,  through  his  strength  of  character,  de- 
votion to  study  and  work  and  brQliancy  of  mind,  may 
well  be  classed  among  the  eminent  physicians  of  his 
time.  Rush,  Wistar,  Physick,  and  Barton  were  his  pre- 
ceptors and  his  associates.  He  wrote  very  little  and 
the  only  book  with  which  his  name  is  connected  is 
an  American  edition  of  "Boyer's  Treatise  on  Diseases 
of  the  Bones."  While  Resident  in  the  Pennsylvania 
Hospital  he  compiled  the  first  regular  alphabetical 
catalogue  prepared  for  publication  at  the  hospital, 
and  for  which  he  received  a  special  vote  of  thanks 
from  the  hospital.  During  the  same  period  of  his 
life  he  translated  "  Desault's  Clinical  Lectures  on 
Fractures."  In  1805  he  wrote  an  article  "On  the 
Effects  Produced  bv  .\ir  on  Living  .4nimals." 

E.  L.  J. 

Harvey,  William. — Born  at  Folkstone,  County 
of  Kent,  England,  .-^pril  1,  1578.  .After  completing 
his  medical  studies  in  his  native  country,  he  visited 
France,  Germany,  and  Italy  for  the  purpose  of  gain- 
ing still  further  knowledge.     Attracted  to  Padua  by 
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the  great  reputation  of  Fabricius  of  Aquapendente, 
he  decided  to  remain  for  a  considerable  length  of  time 
in  that  city,  under  the  instruction  of  the  celebrated 
anatomist.  On  April  25,  1602,  he  received  the  de- 
gree of  M.  D.  Upon  his  return  to  England  he  took 
up  his  abode  in  London,  and  began  the  practice  of 
his  profession.  In  1604  he  received  the  appointment 
of  Physician  to  St.  Bartholoniew'.s  Hospital,  and  in 
1623  the  King  chose  him  one  of  his  regular  medical 
attendants.  In  1613,  in  the  course  of  his  instruction 
to  medical  students,  Harvey  mentioned  for  the  first 


Fig.  2996. — William  Harvey. 


time  his  views  in  regard  to  the  circulation  of  the 
blood;  but  it  was  not  until  1628  that  he  published  a 
formal  exposition  of  the  new  doctrine.  Notwithstand- 
ing the  facts  that  he  stood  high  in  the  esteem  of  his 
professional  brethren,  and  that  they  received  his 
theory  of  the  circulation  with  apparent  favor,  Harvey 
soon  afterward,  in  a  letter  which  is  still  in  existence, 
complained  to  a  friend  that  his  practice  had  fallen 
off  very  noticeably  since  the  publication  of  the  treatise 
in  question.  This  experience  illustrates  how  strong 
were  the  prejudices  which  people  at  that  period  en- 
tertained against  anybody  who  introduced  new  ideas. 
The  King,  on  the  other  hand,  showed  a  high  apprecia- 
tion of  the  value  of  Harvey's  discovery  and  aided  him 
materially  in  a  variety  of  ways.  Among  other  things, 
he  employed  him  to  accompany  the  Duke  of  Lennox 
(James  Stuart,  afterward  Duke  of  Richmond)  on 
his  travels,  and,  at  a  .still  later  period,  attached  him 
to  his  own  suite.  He  also  appointed  him  Warden 
or  President  of  Merton  College,  Oxford.  Harvey's 
death  occurred  June  3,  1657. 

Harvey's  principal  writings  are  to  be  found  in  the 
fine  quarto  edition  of  his  works  published  by  the 
Royal  College  of  Physicians  in  1766.  They  include 
the  treatises  on  the  circulation  of  the  blood,  on 
generation  and  on  respiration,  and  a  report  of  the 
postmortem  examination  which  he  made  on  the 
body  of  Thomas  Parr,  who  was  reputed  to  have 
attained  the  age  of  152  years.  A.  H.  B. 

Hassall,  Arthur  Hill. — Born  at  Teddington,  near 
London,  September  13,  1817.  He  studied  medicine 
in  Dublin,  under  Sir  James  Murray,  was  appointed 
Physician  to  the  Royal  Free  Hospital  in  London,  and 
received  his  degree  of  Doctor  of  Medicine,  from  the 
University  of  London,  in  1851.  He  practiced  his 
profession  at  first  in  London,  then  in  the  Isle  of  Wight, 
and  also  for  some  time  in  San  Remo,  on  the  Mediter- 
ranean Coast.  He  was  the  founder  and  the  consulting 
physician  of  the  Royal  National  Hospital  for  Con- 
sumption and  Diseases  of  the  Chest  at  Ventnor,  on 
the  Isle  of  Wight — an  institution  capable  of  accom- 
modating 130  patients,  each  one  of  whom  is  entitled 
to  have  a  separate  sleeping  room.  He  died  April 
10,  1894. 


Of  Hassall's  numerous  published  writings,  which 
relate  to  a  great  variety  of  topics,  only  the  following 
few  may  here  be  enumerated:  "The  Microscopic 
Anatomy  of  the  Human  Body  in  Health  and  Disease," 
London,  1846  (New  York,  1851;  1855;  1869);  "Foods 
Water,  and  Air  in  Relation  to  the  Public  Health," 
1871-1874;  "Food; its  Adulterations  and  the  Method, 
for  their  Detection,"  1876;  and  "The  Urine  in  Health 
and  Disease,"  2nd  edition,  1863.  A.   H.   B. 

Hastings  and  St.  Leonard's. — These  two  places, 
virtually  one  town  of  about  66,000  inhabitants,  are 
situated  sixty-two  miles  southeast  of  London  on  the 
coast.  Their  claim  as  a  health  resort  is  based  upon 
the  mildness  of  their  winter  climate,  which  renders 
them  a  comparatively  favorable  residence  for  those  of 
feeble  vitality,  and  for  sufferers  from  chronic  bronchitis 
or  other  form  of  "mucous  membrane  delicacy." 

The  front  of  the  town  looks  toward  the  South  and  the 
open  sea,  and  an  esplanade  three  miles  in  length  ex- 
tends along  the  shore.  In  the  rear  are  downs  which 
afford  shelter  from  the  northerly  winds.  The  country 
about  is  picturesque,  affording  many  attractive  ex- 
cursions; there  are  also  various  public  parks  and  gar- 
dens. Round  about  are  hills  broken  by  numerous 
valleys,  thus  offering  some  variety  of  climate.  The 
soil  is  more  or  less  sandy,  through  which  the  rain 
water  rapidly  escapes. 

The  mean  average  temperature  for  the  four  seasons 
is  as  follows:  Spring,  47. i°  F.;  summer,  60.3°  F.; 
autumn,  51.5  F.;  winter,  40.1°  F.;  for  the  year  49.9°  F. 

The  mean  daily  range  is  10.4°. 

The  day  temperature  averages  54.6°  F.,  and  the 
night  temperature  44.2°  F.  The  mean  relative  hu- 
midity is  eighty-four  per  cent,  for  the  year.  The 
daily  range  of  temperature  is  10.7°  F. 

The  most  prevalent  winds  are  from  the  west  and 
southwest.  'The  average  rainfall  is  29.95  inches  per 
annum,  falling  on  an  average  of  one  hundred  and 
eighty-three  days. 

The  mean  amount  of  bright  sunshine  (average  for 
eight  years)  is  1,699.9  hours,  or  4.6  hours  per  day;  the 
least  amount  is  during  the  winter  months. 

Sea  fogs  are  not  infrequent  but  do  not  last  long;  land 
fogs  are  rare.  The  sea  front  enjoys  the  mildest  winter 
climate,  on  aceount'of  its  southerly  exposure  and  shelter 
from  the  northerly  winds;  it  is  therefore  the  place  of 
residence  for  the  invalid,  in  winter.  The  mildness  of 
the  winter  climate  is  indicated  by  the  various  plants 
and  shrubs  which  flourish  during  that  season,  such  as 
the  arbutus,  primrose,  hepatica,  violet,  and  hydrangea. 
The  drainage  is  good,  and  the  water  supply  abundant 
and  of  good  quality.  Along  the  esplanade  before 
mentioned  are  hotels,  lodging  houses,  private  resi- 
dences, and  shops.  In  the  spring  the  east  winds  be- 
gin to  blow,  and  these  are  often  "searching,"  but  are 
somewhat  mitigated  by  the  bright  sunshine. 

Mildness  and  equability,  with  protection  from 
northerly  winds  and  a  comparatively  large  amount  of 
sunshine,  are  the  characteristics  of  this  climate  from 
which  these  towns  have  derived  their  popularity  as  a 
winter  health  resort. 

The  southwest  wind  which  is  the  prevalent  one, 
except  in  the  spring,  is  said  to  render  the  climate 
somewhat  relaxing. 

The  sea  bathing  is  good  and  there  is  a  swimming 
pool  180  feet  long  and  forty  feet  wide  in  which  the 
water  is  tepid.  There  are  also  Turkish,  Russian,  and 
medicated  baths. 

Patients  affected  with  various  maladies  frequent  this 
resort;  catarrhal  affections  of  the  throat  and  lungs, 
chronic  diseases  of  the  heart  and  kidney,  neurasthenia, 
insomnia,  surgical  tuberculosis  in  children,  chronic 
bronchitis,  convalescence  from  acute  diseases,  scrofula, 
and  anemia  are  the  principal  diseases  and  conditions 
which  are  benefited  by  this  climate.  Chronic  rheu- 
matism, neuralgia,  and  asthma  in  children  also  often 
receive  much  benefit  in  this  air. 
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•'The  long,  sunny  parade,  sheltered  from  northerly 
winds,  offers  facilities  for  outdoor  exercise.  Many  per- 
sons have  found  that  they  can  pass  the  winter  at  least 
as  well  here  as  in  Southern  Continental  health  resorts. 
This  is  especially  the  case  when  the  patients  can  be 
induced  to  admit  fresh  air  into  their  rooms  freely  both 
day  and  night.  The  'fresh-air  cure'  is  more  practi- 
cable in  a  South  of  England  seaside  resort  than  inland, 
where  the  night  air  is  damper  and  more  chilly." 
("Climates  and  Baths  of  Great  Britain,"  1895.) 

"The  contraindications,  beyond  those  which  apply 
to  marine  stations  in  general,  are  singularly  few." 

Edward  O.  Otis. 


Hastings,  Sir  Charles. — The  founder  of  the 
British  Medical  Association  was  born  at  Ludlow  in 
Shropshire,  England,  January,  1794.  He  began  his 
medical  education  under  private  tuition  when  but  six- 
teen years  of  age  and  after  two  years  was  appoihted 
house-surgeon  of  the  Worcester  Infirmary.  Three 
years  later  he  entered  the  University  of  Edinburgh 
from  which  he  was  graduated  in  1818,  settling  then 
in  practice  in  Worcester.     He  was  early  impressed  with 
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the  disadvantages  of  the  isolation  of  the  country 
practitioner,  and  to  correct  the  evils  in  a  measure  he 
established  a  journal,  The  Midland  Medical  and  Sur- 
gical Reporter,  which  was  published  for  four  years  only, 
being  discontinued  to  make  way  for  the  Transactions 
of  the  Provincial  Medical  and  Surgical  Association. 
This  Association,  which  Hastings  founded  and  in 
which  he  held  a  prominent  position  throughout  his 
life,  was  later  expanded  into  the  British  Medical 
Association. 

It  was,  however,  not  merely  as  the  founder  of  this 
great  organization  that  Hastings  won  an  enduring 
fame.  He  was  a  physiologist  of  note,  having  begun 
his  researches  on  the  nature  of  the  circulation  and 
the  action  of  the  blood-vessels,  under  the  guidance 
of  Dr.  Wilson  Philip,  while  house-surgeon  of  the 
Worcester  Infirmary.  It  is  said  that  he  was  the  first 
student  in  the  University  of  Edinburgh  to  use  the 
microscope  as  an  aid  in  physiological  research. 
Upon  graduation  in  1818,  he  was  offered  the  professor- 
ship of  physiology  in  the  University,  but  declined  it  as 
his  ambition  was  to  become  the  leader  of  his  pro- 
fession in  his  native  county.  He  was  also  a  sani- 
tarian and  early  turned  his  attention  to  preventive 
medicine. 

Hastings  died  after  a  long  illness  on  July  30,  1866. 
His  writings  were  not  many,  but  he  published  a  work 
early  in  his  career  which  gave  him  an  important 
place  among  the  scienti-sts  of  his  day.  This  was 
entitled  "A  Treatise  on  Inflammation  of  the  Mucous 
Membrane  of  the  Lungs,  to  which  is  prefixed  an 
experimental  inquiry  respecting  the  contractile  power 
of  the  blood-vessels,  and  the  nature  of  inflammation," 


London,  1820.  This  was  tran.slated  into  several 
European  languages  and  brought  him  many  honorary 
degrees  from  foreign  universities  and  membership  in 
several  Continental  societies.  T.  L.  S. 

Hathorn  Spring. — See  Saratoga  Springs. 

Havers,  Clopton. — English  anatomist  who  lived 
during  the  second  half  of  the  seventeenth  century 
(1650-1702)  and  who  gained  considerable  celebrity 
by  his  investigations  into  the  structure  of  bones.  The 
treatise  on  this  subject  is  entitled  "Osteologia  nova, 
or  some  new  observations  of  the  bones  and  the  parts 
belonging  to  them,  with  the  manner  of  the  accretion 
and  nutrition;  and  a  discourse  of  the  cartilages." 
LUm.;  London,  1691.  The  terms  "Haversian  canals" 
and  "Haversian  system,"  to  be  found  in  all  modern 
works  on  anatomy,  combine  to  perpetuate  the  name 
of  the  subject  of  this  brief  sketch.  A.  H.  B. 

Haw,  Black. — See  Viburnum  Prunifolium. 

Hawaii. — The  Territory  of  Hawaii,  United  State, 
of  America,  consists  of  twenty  islands  in  the  mid- 
Pacific  ocean  between  north  latitudes  18°  and  30°, 
and  west  (Greenwich)  longitudes  154°  and  172°. 
The  islands  comprising  this  territory  are:  Hawaii, 
Maui,  Oahu,  Kauai,  Molokai,  Lanai,  Kahoolawe, 
Niihau,  Molokini,  Lehua,  Kaula,  Bird,  Neckers 
Johnson,  Laysan,  Lysiauski,  Ocean,  Midway,  French 
Frigate  Shoal,  and  Pearl  Reef.  The  eight  first- 
named  islands  are  inhabited  permanently,  and 
constitute  the  ones  usually  comprehended  as  the 
Hawaiian  or  Sandwich  group.  (Three  of  the  eight, 
Niihau,  Lanai,  and  Kahoolawe,  are,  however,  nothing 
more  than  cattle  ranches.)  The  remaining  twelve  are 
small  islets,  little  more  than  rocks  or  coral  reefs,  and 
uninhabited  except  at  such  times  as  they  are  visited 
by  workmen  of  guano  companies  collecting  the  eggs 
and  the  manure  of  the  innumerable  sea  birds  and 
turtles  making  these  spots  their  homes.  The  areas  of 
the  eight  major  islands  are: 


Square 
miles. 

Hawaii 4,015 

Maui 760 

Oahu 600 

Kauai 390 


Square 
miles. 

Molokai 310 

Lanai 160 

Niihau 97 

Kahoolawe 69 


Honolulu,  the  capital  of  the  Territory,  in  Oahu  is 
2,100  miles  from  San  Francisco,  3,810  miles  from 
.Auckland,  3,440  miles  from  Yokohama,  2,380  miles 
from  Tahiti,  4,665  miles  from  Panama,  and  4,843 
miles  from  Manila. 

History. — The  islands  were  visited  by  some  Spanish 
navigators  as  early  as  1542,  and  two  Spanish  ships 
were  wrecked  on  them  probably  in  1527.  The  actual, 
that  is,  useful,  discovery  of  the  islands  was  made  by 
Captain  Cook  in  1778,  who  gave  them  the  name  of 
Sandwich  in  honor  of  the  first  lord  of  the  British 
,\dmiralty  at  the  time.  Hawaii,  the  native  name  of 
the  largest  member  of  the  group,  has,  however,  been 
the  one  generally  applied  to  the  archipelago,  and  is 
now  the  legal  name  of  the  Territory.  At  the  time  of 
Cook's  discovery  the  different  islands  were  governed 
by  one  or  more  independent  chiefs.  Shortly  therafter 
Kamehameha,  a  chief  of  Hawaii,  subjugated  the  other 
chiefs,  and  established  the  kingdom  of  Hawaii,  which 
remained  with  some  vicissitudes  an  independent 
government  till  1893.  Liliuokalani,  who  succeeded 
her  brother  King  Kalakua,  in  1891,  having  mani- 
fested an  intention  to  change  the  existing  constitution, 
provoked  a  revolution,  January,  1893,  in  which  she 
was  deposed.  A  provisional  republic  was  proclaimed 
and  negotiations  were  begun  looking  to  the  final 
annexation  of  the  islands  to  the  United  States.  A 
republic  was  formed  in  1894,  and  negotiations 
continued.      After  some  delay,  caused  by  changes  in 
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the  political  ascendencies  in  the  United  States,  the 
islands  were  finally  admitted  into  the  Union  as  the 
Territorj'  of  Hawaii.  The  annexation  took  place 
formally  August  12,  1898. 

Population. — Captain  Cook  estimated  the  native 
population  as  400,000  inhabitants,  an  estimate  un- 
doubtedly too  great.  The  first  census,  taken  in 
1823,  showed  130,313  natives.  According  to  the 
census  of  1878  these  had  decreased  to  -14,088.  A 
census  of  the  islands  in  1896  gave  a  total  population  of 
109,020  inhabitants,  composed  as  follows: 

Portuguese 15,191 

Americans 3,0S9 

All  other  nationalities. .   5,204 


Native  Hawaiians  .  .  .   31.019 

Mixed  Hawaiians 8,485 

Japanese 24,407 

Chinese 21,616 


The  pupulation  as  returned  by  the  two  decennial 
censuses  since  the  admission  of  the  Territory  into  the 
United  States  is  given  as  follows: 


1910. 

1900. 

26,041 
12,506 
79,675 
21,674 
22,301 
5,688 
24,024 

29,799 

Mixed  Hawaiians                      

7.857 

61,111 

25,767 

Portuguese                     

* 

4,238 
25,229 

Total 

191,909 

154,001 

The  population  of  Honolulu,  the  capital  of  the 
Territory,  was  22,907  in  1890,  39,306  in  1900,  and 
52,183  in  1910. 

The  population  of  the  eight  major  islands  in  1910 
was  as  follows: 

*  Not  separately  returned,  included  in  all  other  nationalities. 
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Hawaii 52,382 

Maui 28,623 

Oahu 81,993 

Kauai 23,744 


Molokai 1,791 

Lanai 131 

Nuhau 208 

Kahoolawe-    2 


The  present  outlook  is  the  gradual  extinction  of  the 
native  Hawaiian  race.  The  decrease  in  native  popula- 
tion gave  great  concern  to  the  original  government  and 
strenuous  efforts  were  made  to  check  it,  but  without 
avail.  In  general  appearance  the  natives  are  fine 
specimens  of  physical  development;  the  women,  how- 
ever, are  not  fruitful,  and  few  families  are  found  with 
as  many  as  three  chUdren.  The  original  islanders 
belong  to  the  widely  scattered  Malayo-Polynesian 
family.  Although  more  than  3,000  miles  of  ocean 
intervene,  Hawaiians  and  the  Maoris  of  New  Zealand 
can  readily  understand  each  other's  speech.  Can- 
nibalism, idolatry,  and  human  sacrifices  were  practised 
at  the  time  of  discover}^  though  the  cannibalism 
was  only  moderate,  and  to  some  extent  a  part  of  the 
religion.  Of  the  population  ten  years  of  age  and  over, 
fifty-seven  per  cent,  were  in  1910  unable  to  speak 
English.  The  religious  adhesions  of  the  present 
population  are  almost  as  diverse  as  the  races  are  poly- 
glot. The  census  of  1896  gave  Roman  Catholics 
26,363,  Protestants  23,773,  Mormons  4,886,  Budd- 
hists, Confucians,  and  other  Oriental  sects  44,306, 
unknown  10,192.  No  later  religious  census  appears 
to  have  been  taken,  but  from  the  nationalities  of  the 
immigration  of  the  last  eighteen  years,  the  religious 
affiliations  of  the  present  population  may  be  assumed 
as  equally  diversified  as  in  1896.  Notwithstanding 
the  great  influx  of  foreigners  due  to  political  changes, 
the  condition  of  population  offers  material  for  serious 
consideration.  Agriculture  is  the  industry  of  the 
islands,  and  laborers  are  imperatively  needed  in 
agriculture.  The  larger  part  of  the  arable  land  of  the 
archipelago  is  devoted  to  sugar  production  and  the 
conditions  under  which  this  industry  is  practised  at 
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present  discourage  a  peasant  proprietorship  of  the 
land.  Without  such  proprietorship  there  can  be 
httle  hope  of  a  permanent  population.  In  recent 
years  attention  has  been  directed  to  the  economic 
value  of  diversification  of  crops — fruits  especially 
appearing  well  adapted  to  both  soil  and  climate. 
Sugar,  however,  remains  the  great  industry  of  the 
islands,  the  value  of  the  crop  in  1912  being  $49,961,53(5. 
There  are  at  present  a  total  of  about  200  miles  of 
railroad  in  operation.  AH  the  important  points  on 
the  larger  islands  are  connected  by  telephone  or 
telegraph.  Also  the  larger  islands  have  wireless 
telegraph  stations  for  intercommunication  and  mari- 
time purposes.  Submarine  cables  connect  Hawaii 
with  both  shores  of  the  Pacific.  Inter-island  com- 
munication is  maintained  bj'  steamship  lines  that 
regularly  visit  all  ports  of  consequence  in  the  territory. 
Hawaii  being  a  sort  of  midway  house  for  oceanic 
travel,  it  has  excellent  facilities  for  communication 
with  both  the  oriental  and  occidental  continents. 
The  valuation  in  1900  of  the  imports  into  the  United 
States  was  $20,707,903,  and  of  the  exports  from  the 
United  States  to  the  islands,  $13,509,148.  The 
corresponding  values  in  1912  were  $55,076,165  and 
$23,095,878  respectively.  The  facilities  and  conven- 
iences of  living  in  Honolulu  and  Hilo,  the  chief  towns, 
are  the  same  as  those  in  like  cities  of  the  United 
States.  The  cost  of  living  is,  since  annexation, 
however,  higher,  largely  due  to  the  servant  question. 
The  Chinese  constitute  the  chief  source  from  which 
this  element  is  drawn,  and  since  annexation  they  are 
excluded  from  the  islands  as  from  all  other  parts  of 
the  Union . 

Geography  and  Geology. — The  Hawaiian  Islands  are 
of  volcanic  origin.  They  rise  from  the  general  level 
of  the  ocean  bottom  to  the  surface  a  distance  of  14,000 
to  19,000  feet.  This  rise  is  so  abrupt  that  this  great 
depth  of  water  is  found  from  30  to  50  miles  from  shore. 
Above  sea  level  the  islands  attain  elevations  that  in 
many  places  rival  the  heights  of  the  Alps.  The  coast 
line  is  in  places  low,  in  others  it  rises  often  sheer 
2,000  feet.  The  following  tabular  view  shows  the 
chief  elevations. 


Islands. 


Name  of  mountain 
peak. 


Height  above 
sea,  feet. 


Mauna  Kea. 
Mauna  Loa. . 
Hualalai. .  .  . 
Kilauea 


Hawaii 

Hawaii 

Hawaii 

Hawaii 

Hawaii Kohala  mountains.. 

Maui I  Haleakala 

Maui !  Eeka 

Kahoolawe (Highsst  point) . 

Lanai (Highest  point) . 

Molokai (Highest  point) . 

Oahu Kaula 

Kauai Waialeale 


13,805 
13,675 
8,275 
4,040 
5,000 
10,032 
5,820 
1,130 
3,000 
3,500 
4.060 
5,000 


Geologically,  Hawaii  is  the  most  recent  and  Kauai 
the  eldest  of  the  group;  the  islands  increasing  in  age 
from  the  southeast  to  the  northwest.  Kauai  from  its 
greater  age  has  the  best  weathered  soil,  and  by  its 
inhabitants  is  proudly  caUed  the  garden  island.  The 
soil  of  the  islands  is  weathered  lava.  It  is  extremely 
porous.  Two  general  classes  are  recognized,  dark  red 
soil,  from  simple  weathering,  and  light  red  and  yellow 
soils  from  weathering  plus  the  action  of  imprisoned 
sulphurous  and  other  gases.  The  dark  red  is  the 
better  and  more  durable  agricultural  soil.  The  light 
red  and  yellow  soils  require  careful  cultivation.  But 
few  minerals  are  found.  Sulphur,  pyrites,  copperas, 
sal  ammoniac,  common  salt,  and  a  few  others  are  the 
chief  ones.  Hawaii  has  the  only  active  volcano,  the 
world-renowned  crater  Kilauea.  The  summit  of 
Mauna  Loa  has  a  crater,  Mokuaweoweo,  occasionally 
active.     From_Hilo,  the  chief  town  of  the  island,  a 


good  road,  thirty  miles  in  extent,  runs  to  Kilauea. 
Haleakala,  in  Maui,  is  an  extinct  crater,  the  largest 
known  in  the  world.  Although  more  than  10,000 
feet  high,  so  gentle  is  the  slope  that  it  can  be  ascended 
to  the  top  on  horseback.  Most  of  the  other  moun- 
tains of  the  islands  are  more  or  less  easily  rising  slopes, 
and  mountaineering  is  not  arduous. 

Flora  and  Fauna.  The  mere  enumeration  of  the 
varieties  of  flora  on  the  islands  would  exceed  the  length 
of  this  article.  HQlebrand,  in  his  "Flora  of  the 
Hawaiian  Islands,"  names  999  species  and  365  genera, 
and  many  others  have  been  introduced  since  his  book 
was  published.  "The  variation  in  the  cUmatic 
conditions  due  to  altitude  and  location  .  .  .  to- 
gether with  the  arable  soil  at  all  altitudes,  justify 
the  belief  and  warrant  the  assertion  that  almost 
every  tropical  and  temperate  plant  can  somewhere 
be  grown  successfully  on  this  island"  [Hawaii] 
(Dr.  W.  C.  Stubbs,  "Report  on  the  Agricultural 
Resources,  etc.,  Hawaii,"  Washington,  1901).  Over 
seventy  species  of  birds,  mostly  water  fowls,  have  been 
enumerated.  Captain  Cook  found  hogs,  dogs,  domes- 
tic hens,  and  rats  on  the  island,  also  a  day-flying  bat. 
Cattle,  goats,  and  hogs,  escaped  from  domestication, 
run  wild  (goats  were  introduced  by  Vancouver  in  1792) 
and  have  damaged  the  forests  incalculably. 

Climate. — The  Hawaiian  Islands  are  climatically 
within  the  sea  level  isotherms  of  70°  and  75°  F. 
The  average  sea-level  temperature  of  the  group  is  4° 
to  6°  lower  than  the  calculated  average  of  the  latitude 
(see  table,  article  Climate).  The  distinguishing  char- 
acteristic of  Hawaiian  climate,  compared  with  that  of 
other  tropic  islands,  is  the  combination,  in  its  tem- 
perature, of  niDdness  and  equability.  There  are 
many  other  tropic  islands  that  have  great  or  even 
greater  equability  of  temperature,  but  they  lack  in 
greater  or  lesser  degree  the  other  element  of  mildness  so 
pronounced  in  the  perpetual,  pleasant  summer  of  the 
Hawaiian  archipelago.  The  following  table  shows  the 
temperature  of  Honolulu  compared  with  that  of  some 
other  insular  localities  in  or  near  the  tropics. 


Average  Temperature  of — 


Year. 


Honolulu. 


74°  F. 


Warmest 
month. 


78°  F. 


Praia,  Cape  Verde  Islands 

Las  Palmas,  Canary  Islands. . . 

Bermuda 

Nassau,  W.  I 

San  Juan,  Porto  Rico 

Saint  Helena 

Mauritius 

Tahiti 

Levuka,  Fiji  Islands 78 

Reunion 


76 

80 

70 

75 

70 

80 

77 

82 

81 

84 

71 

76 

74 

79 

77 

80 

78 

82 

74 

79 

Coldest 
month. 


70° 

72 

65 

63 

72 

76 

68 

69 

74 

75 

70 


The  average  temperature  and  rainfall  at  Honolulu 
are: 


January. .  . 
February. . 
March. . . . 

.\pril 

May 

June 

July 

August. . . . 
September 
October.  .  . 
November, 
December. 

Year 


70 
71 
71 
73 
74 
76 
77 
78 
78 
76 
74 
72 


3.5 
6.0 
3.3 
3.0 
3.0 
1.6 


38.4 


TOL.   IV.— 58 
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The  temperature  seldom  rises  above  90°  F.  The 
average  daily  difference  between  the  highest  and 
lowest  temperatures  at  or  near  sea  level  is  from  10° 
to  14°  according  to  the  season  of  the  year.  The 
temperature  of  a  particular  locality  will  depend  upon 
the  elevation  of  the  place  and  its  exposure.  Owing 
to  the  small  land  areas  of  the  different  islands  the 
rate  of  decrease  in  temperature  due  to  altitude  is 
practically  that  found  in  ascending  in  the  free  air, 
namely  1°  F.  for  every  300  feet  vertical  ascent.  The 
altitudes  of  some  of  the  mountain  peaks  of  the  islands 
place  their  summits  within  the  limits  of  perpetual 
snow.  The  crests  of  Mauna  Kea  and  Mauna  Loa 
are  seldom  entirely  free  of  snow.  The  rainfall  of  the 
islands  follows  the  regimen  of  tropical  islands  similarly 
situated  with  respect  to  the  prevailing  winds.  The 
key  to  the  rainfall  is  altitude  and  the  prevailing  winds 
of  the  region  and  the  season.  The  rainfall  is  plentiful 
wherever  the  land  rises  suflBciently  to  be  a  barrier 
to  the  winds  of  the  region.  At  sea  level  the  rainfall 
is  relatively  small,  but  it  increases  rapidly  with  ele- 
vation up  to  6,000  feet,  and  then  decreases.  From 
the  orography  of  the  islands  the  greatest  variety  of 
rainfall  distribution  is  observed.  On  Hawaii  the 
average  annual  rainfall  varies  from  136  inches  at  Hilo 
on  the  east  coast  to  less  than  30  inches  on  the  west 
coast.  On  Oahu  a  more  striking  difference  is  observed. 
At  Honolulu,  50  feet  above  sea  level,  the  average 
annual  fall  is  38  inches,  while  about  15  miles  east,  at 
Luakaha,  850  feet  above  the  sea,  the  average  is  132 
inches,  and  less  than  25  miles  west,  in  a  sheltered 
valley,  the  rainfall  is  only  15  inches.  Even  on  the 
same  plantation,  the  rainfall  on  one  part  will  be 
abundant  for  the  most  luxuriant  tropical  growth  and 
on  the  other  part  irrigation  will  be  necessary  to  grow 
an  ordinary  crop.  The  porosity  of  the  soil  is,  as 
already  stated,  great,  so  that  notwithstanding  the 
torrential  downpours  that  occur  on  the  elevated  lands, 
the  soil  remains  free  from  dampness.  The  water 
runs  through  it  with  great  rapidity.  The  average 
relative  humidity  of  the  islands  is  about  seventy-five 
per  cent,  of  saturation,  varying  somewhat  with  the 
direction  of  the  wind.  It  is  greater  with  southerly 
and  less  with  northerly  winds.  The  prevailing  winds 
of  the  archipelago  are  the  northeast  trades.  For  nine 
months,  March  to  November,  they  blow  with  almost 
unfailing  regularity.  During  the  other  three  months 
the  islands  are  more  or  less  under  the  influence  of 
the  southwest  antitrades.  These  antitrades  are  the 
disagreeable  winds  of  the  islands.  It  is  only  during 
their  prevalence  that  the  sultriness  and  oppressive- 
ness of  the  tropics  become  manifest. 

Health. — Statistics  as  to  the  prevailing  diseases  of 
the  islands  are  not  plentiful.  The  general  death 
rate  is  given  as  16.29  per  thousand  for  the  year  1908. 
Leprosy,  an  imported  disease,  is  endemic  among  the 
natives.  Great  care  has  been  taken  to  prevent  its 
ravages  and  stamp  it  out.  The  government  years  ago 
established  a  leper  colony  on  the  high  table-land  of 
Molokai,  and  hither  all  afflicted  are  sent  and  carefully 
cared  for.  However,  segregation  has  not  proved 
as  satisfactory  as  was  expected. 

Among  the  causes  of  death  phthisis  claims  a  consid- 
erable number— so  large  a  number  indeed  that  legis- 
lative action  has  been  taken  to  prevent  its  ravages. 

W.  F.  R.  Phillips. 


Hay  Fever — History. — Hay  fever  is  a  term  that 
perhaps  was  first  applied  by  John  Bostock,  of  England, 
in  1819,  in  describing  a  disorder  characterized  chiefly 
by  attacks  of  sneezing,  nasal  stuffiness  and  profuse 
watery  discharge,  lasting  several  weeks  and  recurring 
periodically  every  year  at  about  the  same  time. 

A  knowledge  or  at  least  a  description  of  this  disorder 
dates  back  to  a  comparatively  recent  period.  If  the 
earlier  followers  of  medicine  recognized  such  a  group 
of  symptoms  as  a  distinct  disorder,  they  have  given 


us  no  exact  record  of  their  knowledge,  although  the 
similarity  between  some  of  the  conditions  described 
by  them  as  humors  and  head  flux  are  so  striking  that 
one  is  ready  to  believe  the  disorder  must  have  been 
in  existence  in  the  early  history  of  medicine. 

With  the  light  of  our  present  knowledge,  it  can  be 
seen  that  considerable  confusion  existed  in  the  minds 
of  the  earlier  writers  as  to  the  cause  of  this  disorder. 
Benningerus,  in  1673,  appears  to  have  given  refer- 
ence to  such  an  affection,  and  Heberden,  in  1773,  also 
seemed  to  have  given  it  particular  notice.  It  is 
less  than  one  hundred  years  ago  since  Bostock  gave 
the  first  precise  description  of  what  has  ever  since  that 
time  been  known  as  hay  fever.  The  disorder  de- 
scribed by  him  represents  the  variety  known  to-day 
as  the  European  type.  But  we  in  America  have  a 
type  of  our  own,  although  similar  to  the  European  type 
in  many  respects.  If  the  knowledge  of  this  disorder 
dates  back  to  but  a  matter  of  about  one  hundred  years, 
it  would  seem  that  its  prevalence  then  was  compara- 
tively slight  when  compared  with  the  great  number  of 
cases  in  existence  to-day.  In  America  alone  there  are 
hundreds  of  thousands  who  annually  suffer  at  the 
shrine  of  this  disorder.  Pilgrimages  are  made  by 
thousands  seeking  relief  from  their  torment  in  suitable 
altitudes  and  latitudes.  A  Hay  Fever  Association 
has  even  been  formed,  whose  large  membership  of 
feUow  sufferers,  organized  partly  for  the  purpose  of 
studj-ing  their  disease,  meet  annually  in  the  New 
England  States.  Similar  organizations  e.xist  in  other 
countries. 

Just  why  the  great  prevalence  of  this  disorder 
obtains  almost  everywhere  to-day  as  compared 
with  its  infrequent  occurrence  only  a  few  hundred 
years  ago  may  be  difficult  to  answer  satisfactorily. 
Perhaps,  as  we  study  the  etiology  and  pathogenesis, 
as  taken  up  later  on,  a  good  reason  may  present  itself. 
Perhaps  the  disorder  was  in  reality  quite  prevalent 
many  centuries  ago,  but  our  honorable  confreres  may 
not  have  recognized  it — at  least,  not  as  we  do  to-day, 
and  hence  the  great  discrepancy  in  the  frequency  of 
the  disorder  may  be  more  apparent  than  real. 

There  has  been  considerable  difference  of  opinion 
as  to  what  name  this  disorder  should  be  known  by. 
The  term  hay  fever  has  been  the  most  popular  one, 
and  as  such  is  perhaps  best  known  the  world  over, 
although  many  localities  still  adhere  to  their  own 
peculiar  ideas  on  the  subject,  and  accordingly  many 
other  names  exist  by  which  this  condition  is  known. 

In  1886  Beschorner  collected  something  like  fifty 
different  names  from  the  English,  German,  and 
French  literature  designating  this  disorder. 

On  account  of  its  occurring  in  the  spring  or  fall 
of  the  year,  it  is  frequently  referred  to  as  spring  or 
fall  catarrh.  But  these  terms  do  not  sufficiently 
describe  that  variety  occurring  in  between  these  year 
periods,  as  in  summer  or  winter,  or  the  perennial 
variety.  With  the  idea  that  certain  irritating  sub- 
stances in  the  air  were  factors  in  causing  the  symp- 
toms, such  names  as  rose  fever,  hay  fever,  dust  fever, 
ragweed  fever,  grass  fever,  peach  fever,  etc.,  have 
been  applied.  Just  why  the  word  "fever"  was 
incorporated  is  not  comprehensible.  There  is  no 
actual  fever  present.  This  disease  is  not  one  of  an 
inflammatory  character;  that  is  to  say,  so  far  as  we 
know  to-day  its  pathogenesis  does  not  present 
the  characteristics  of  inflammation  that  is  caused  by 
microbic  infection  or  trauma.  Therefore,  the  use 
of  the  word  fever  seems  misapplied  and  leads  to 
erroneous  understanding.  Perhaps,  for  the  same 
reason,  it  may  be  said  that  the  word  rhinitis,  another 
word  often  used  with  reference  to  this  disorder,  is 
equally  inappropriate.  But  here  we  may  be  more 
liberal  in  the  interpretation  of  the  word,  because  there 
is  most  often  present  a  chronic  rhinitis,  either  of  the 
simple,  hypertrophic  or  hyperplastic  variety.  I 
have  never  seen  the  disease  occur  in  the  presence  of 
an  atrophic  rhinitis. 
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Because  of  its  rather  obscure  origin  or  its  resem- 
blance to  the  reflex  manifestations  that  result  from 
physiological  disturbances  of  the  mucous  membrane 
of  the  nose,  such  as  sneezing,  congestion,  and  watery 
discharge,  it  has  received  such  appellations  as 
idiosyncratic  summer  catarrh,  hyperesthetic  rhinitis, 
periodic  vasomotor  coryza,  vasomotor  rhinitis,  spas- 
modic catarrh,  etc. 

Its  frequent  association  with  asthmatic  symptoms 
has  created  such  terms  as  hay  asthma,  grass  asthma, 
spasmodic  rhinobronchitis.  The  word  "pollinosis" 
has  been  suggested  by  Todd  as  most  appropriate. 
Its  meaning  is  self-explanatory. 

Considerable  advance  has  been  made  in  recent 
years  in  the  knowledge  of  the  etiology  and  treatment 
of  this  disorder,  so  that  there  should  exist  a  better 
understanding  upon  which  to  unite,  in  order  to  bring 
forth  a  name  that  wQl  clearly  describe  the  actual  con- 
dition present,  and  at  the  same  time  a  name  that  may 
be  used  internationally. 

The  term  periodic  vasoinolor  coryza  has  often  been 
used  to  designate  this  condition  and  would  be  a  most 
excellent  descriptive  title  were  it  not  for  the  word 
coryza,  by  which  is  usually  understood  a  variety  of 
acute  rhinitis  in  which  a  rise  of  temperature  is  present, 
as  well  as  other  symptoms  of  infection,  or  trauma 
that  do  not  obtain  in  hay  fever  per  se.  The  word 
rhinitis  might  be  substituted  for  coryza  because  in 
this  sense  it  refers  to  a  chronic  variety  that  almost 
invariably  is  present.  Otherwise  the  term  is  most 
acceptable,  especially  in  the  light  of  recent  anatomical 
investigations,  showing  the  intimate  relationship 
between  the  fifth  nerve  that  supplies  sensation  to  the 
membrane  of  the  nose,  throat,  and  eyes,  and  the  sym- 
pathetic nerve  or  its  vasomotor  branches. 

For  similar  reasons  the  term  hyperesthetic  rhinitis 
might  be  used.  The  term  indicates  a  superlatively 
sensitive  nasal  mucous  membrane,  and  with  the  addi- 
tion of  the  word  "periodic"  attention  is  directed  to  a 
type  of  hypersensitiveness  due  to  some  specific  cause 
that  occurs  periodically. 

Etiology. — It  has  been  quite  generally  accepted 
that  there  are  certain  substances  in  the  air  that  on 
coming  in  contact  particularly  with  the  mucous  mem- 
brane of  the  nose,  but  also  of  the  eyes  and  throat, 
of  certain  individuals  precipitates  an  attack  of  this 
disorder. 

Bostock,  in  1819,  seems  to  have  been  about  the 
earliest  observer  to  put  on  record  the  idea  that  some 
external  irritating  substance,  like  dust,  heat,  or  ex- 
treme light  was  the  cause  of  this  trouble.  After 
Bostock  came  Gordon,  who,  in  1829,  ascribed  the 
trouble  to  be  due  to  the  odor  from  flowering  grasses. 
Many  others  believed  in  this  theory  of  odor  causation, 
even  to  our  present  time.  EUiotson,  in  1831,  was  the 
first  really  to  ascribe  to  pollen  the  cause  of  the  dis- 
order, but  it  was  the  pollen  of  grasses  and  not  hay 
that  he  believed  it  to  be  due  to.  Abbott  Smith,  in 
1865,  recorded  his  belief  in  timothy  hay  as  a  cause. 
Between  1865  and  1875  Phoebus,  Morrill,  Weyman, 
Pirrie,  Moore,  Beard,  and  others  contributed  much  to 
the  subject.  To  G.  T.  Gream  may  be  accredited  the 
observation  that  after  a  rain  there  was  freedom  from 
symptoms,  and  he  therefore  argued  the  cause  to  be 
fine  dust.  Blackley,  of  England,  in  1872,  made  a  very 
interesting  investigation  of  the  subject  and  succeedeii 
in  ascribing  to  seventy-four  different  pollen  bearers  an 
exciting  action.  Dunbar,  of  Hamburg,  in  1902,  pub- 
lished the  results  of  conclusions  following  extensive 
investigation  in  this  particular  field  of  the  subject. 
His  opinion  embraces  the  belief  that  a  toxic  substance 
is  present  in  the  pollen  of  certain  plants  that  has  a 
specific  action  in  the  production  of  this  disorder. 
The  investigations  and  experiments  of  Dunbar  seem 
to  show  that  it  is  the  albuminous  principle  contained 
in  the  pollen  that  is  toxic  in  character,  and  that  con- 
stitutes the  actual  factor  in  the  causation  of  hay  fever, 
and  that  it  is  not  due  to  anv  mechanical  effect  caused 


by  the  tiny  spines  and  prickles  that  are  often  found 
on  their  surface,  or  to  any  pungent  odor  or  essential 
oil  they  may  contain.  Nut  all  plant  pollen  wUl  cause 
hay  fever.  He  and  his  "co-workers"  have  examined 
the  pollen  of  106  plants,  and  found  them  free  from  this 
action.  Certain  of  the  cereals,  like  wheat,  rye,  some 
of  the  flowers,  and  most  all  grasses  will  produce  symp- 
toms of  the  disease.  Of  grass  pollens,  he  examined 
thirty-two  varieties;  they  have  smooth  surfaces  and 
no  odor.  Dunbar  believes  further  consideration 
should  be  given  to  the  idea  that  there  may  yet  be 
discovered  some  substance  existing  in  the  "fur  of 
certain  animals,  like  the  horse,  cat,  and  dog,  that  is 
concerned  in  the  causation  of  the  affection. 

In  America  there  are  principaOy  two  varieties  of 
this  disorder — the  spring  and  the  summer  varieties. 
The  summer  variety  is  the  more  prevalent  and  is 
caused  chiefly  by  the  goldenrod  (solidago),  ragweed 
(ambrosia),  and  the  various  asters,  while  the  spring 
variety  is  caused  by  the  grasses,  of  which  the  rye  is 
perhaps  the  most  common.  It  is  peculiarly  note- 
worthy that  patients  suffering  from  one  of  these  two 
varieties  are  free  from  the  other  variety,  although 
there  is  a  class  of  patients  who  suffer  from  similar 
symptoms  the  year  through,  and  appear  to  be  sus- 
ceptible to  the  action  of  all  kinds  of  pollen. 

It  has  as  yet  not  been  conclusively  proven  that  all 
the  various  varieties  of  this  so-called  hay  fever  are 
caused  by  pollen,  either  as  irritants  or  toxic  sub- 
stances, but  from  these  and  similar  studies  it  can  be 
said  that  some  of  the  other  theories  regarding  the 
etiology  may  safely  be  set  aside  and  forgotten.  This 
has  reference  in  particular  to  the  theory  of  odor  causa- 
tion, like  the  odor  from  animals,  plants,  essential  oils, 
etc.,  and  the  theory  of  neurosis  and  psychic  disorder. 

Besides  these,  other  theories  have  been  advanced 
at  various  times,  some  of  which  at  first  appeared  to 
offer  the  fmal  solution  of  the  long-lost  cause.  Prin- 
cipal among  these  was  the  theory  of  infection.  Helm- 
holtz,  Heymann,  and  Sticker  were  all  champions  of 
this  germ  idea.  Nothing  more  has  been  added  to 
this  particular  theory  that  would  strengthen  its  cause, 
alluring  as  it  seems  to  be,  and  hence  the  conclusions 
respecting  a  specific  bacterial  infection  must  face 
still  further  investigation. 

R.  W.  Allen,' in  1913,  says:  "In  hay  fever  the  stimu- 
lus to  provoke  the  symptoms  is  occasionally  a  toxin 
of  bacterial  origin,"  and  recommends  active  immuni- 
zation by  means  of  vaccine.  He  says:  "In  two  or 
three  instances  I  have  isolated  the  bacillus  septus 
in  pure  culture  from  the  nose  and  by  using  250  and 
500  million  doses  of  the  autogenous  vaccine  secured 
complete  immunity." 

The  combined  vaccines  for  colds  have  been  used 
also.  Recently  the  procedure  of  ophthalmoreaction 
has  been  applied  to  determine  the  susceptibility  to 
pollen  toxin.  EUern^  studied  a  series  of  thirteen  cases 
tested  by  this  reaction  and  treated  by  the  pollen 
toxins.  Therapeuticall}',  he  used  one-fifth  of  the 
concentration  used  in  the  ophthalmoreaction,  repeated 
every  five  days.  Results  were  promising,  although 
some  symptoms  appeared  in  all  of  the  cases,  but 
slight  and  not  persisting.  They  averaged  about  six 
doses,  beginning  with  25  to  125  imits  and  ending  with 
100  to  250  units. 

Various  areas  within  the  nose  have  been  definitely 
located  by  different  authors  from  which  the  reflex 
originates,  and  they  have  advised  the  destruction  of 
same  by  cautery,  etc.,  but  as  a  matter  of  fact  the  entire 
lining  membrane  is  very  sensitive. 

Daly,  of  Pittsburgh,  in  1881,  created  a  new  class  of 
opinions,  in  that  he  laid  emphasis  on  the  internasal 
lesion  as  a  most  important  factor  in  the  causation.  In 
this  he  was  supported  by  Roe,  Allen,  Sajous,  Hack, 
Hertzog,  and  others.  Following  this  came  John  N. 
MacKenzie,  1884,  championing  the  general  neurotic 
character  as  the  primal  factor. 

From  1884  to   1895  numerous  authors  (Molliere, 
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1884;  Leflaine,  1887;  Leseur,  1895;  Cheatham,  1890; 
Bishop,  1894)  expounded  the  theory  of  gouty  diathesis 
and  uric  acid,  hyperacidity  of  the  blood,  as  causing 
hay  fever. 

All  of  these  things  just  mentioned  should  be  consid- 
ered as  provoking  or  exciting  causes,  but  in  order  to 
create  any  symptoms  they  must  affect  an  individual 
susceptible  "to  their  influence.  Many  individuals 
come  in  contact  with  some  or  all  of  the  substances  just 
described,  but  they  do  not  necessarily  exhibit  any 
symptoms.  This  is  due  to  their  non-susceptibility. 
The  matter  of  susceptibility  is  an  important  link  in 
the  etiological  chain  of  this  disorder  and  must  be 
present  before  any  symptoms  are  called  forth.  Just 
what  constitutes"  this  susceptibility  is  not  as  yet 
clearly  defined,  but  from  the  evidence  at  hand  it  is 
reasonable  to  assume  that  it  is  one  of  distiu-bed  metab- 
olism. This  disturbance  in  metabolism  changes  the 
body  fluids,  so  that  its  effect,  in  turn,  alters  the  physio- 
logic state  of  the  body  tissues  and  makes  them  sus- 
ceptible to  various  influences.  The  eflfect  of  such 
perverted  metabolism  on  nerve  tissue  is  to  disturb  its 
normal  functional  equilibrium.  When  a  sensory 
nerve  like  the  trifacial,  with  its  immense  area  of  per- 
ipheral distribution,  is  subjected  to  certain  outward 
influences  that  act  as  irritants  and  excitants,  there 
results  a  reflex  action  manifesting  itself  in  a  symptom- 
complex  of  varying  assortment. 

Now,  these  states  of  disturbed  metabolism  are  more 
likely  to  occur  in  people  of  sedentary  occupation,  as 
students,  teachers,  accountants,  etc.,  and  these  mental 
or  nerve-exhausting  duties  are  likely  agents  in  creating 
a  nervous  or  neurotic  temperament,  and  together 
these  two  agencies  may  explain  why  this  disorder  is 
seen  so  frequently  among  this  class  of  people  instead 
of  the  active,  out  of-door  worker,  or  in  the  one  free 
from  a  surplus  of  nervous  excitability.  In  this  way 
can  be  explained  the  psychic  variety  of  susceptibility, 
as  illustrated  in  the  case  where  the  smell  of  an  artificial 
rose  or  the  picture  of  a  rose  may  produce  an  attack. 

Various  ideas  have  been  advanced  by  careful 
observers  and  experimenters  as  to  what  kind  of  a 
change  was  necessary  to  take  place  in  the  human 
laboratory  in  the  metabolic  processes  that  were  con- 
stantly going  on,  in  order  to  make  such  an  impression 
on  the  nerve  tissues  of  the  body,  so  as  to  bring  them 
under  the  baneful  influence  of  certain  specific  irritants. 
One  of  the  oldest  and  perhaps  most  popular  theory 
of  susceptibility  is  that  of  iiricacidemia.  Another  is 
that  of  Michaels  and  D.  B.  Kyle,  supporting  the  idea 
that  chemical  changes  in  the  constituents  of  the 
mucus-secreting  glands  of  the  mouth  bring  about  this 
susceptibility  to  local  irritation.  They  are  of  the 
opinion  that  the  body  metabolism  when  perverted 
may  give  evidence  of  such  by  changing  the  saliva  so 
as  to  show  the  presence  of  sulphocyanides,  either  the 
potassium  or  ammonium  salt.  Its  reaction  is  also  a 
consideration,  whether  excessively  alkaline,  exces- 
sively acid,  or  if  neutral. 

The  term  "idiosyncrasy,"  used  so  much  in  fornfer 
days  as  expressive  of  a  susceptibility  to  certain  drugs, 
diseases,  foods,  and  the  like,  is  now  more  familiarly 
known  to  us  under  the  caption  of  anaphylaxis.  There 
is  a  disposition  at  this  time  to  give  credence  to  the 
belief  that  this  anapliylactic  condition  is  the  predis- 
posing element  of  hay  fever.  The  subject  has,  as  yet, 
not  been  given  sufficient  study  by  experimenters  to 
venture  a  final  opinion  on  the  value  of  the  information 
at  hand. 

I,  myself,  have  been  of  the  opinion,  and  have  given 
voice  to  such  opinion  on  several  occasions,'  that  the 
disorder  depends  primarily  upon  a  morbid  state  of 
the  body  fluids,  principal  of  which  is  the  blood. 
Some  change  in  the  chemistry  of  the  blood  takes 
place,  which  in  turn  leads  to  alteration  in  other  fluids 
and  membranes  of  the  body,  making  them  impres- 
sionable to  the  proper  kind  of  irritant  (pollen).  Per- 
haps some  ferment  body  introduced  into  the  blood 
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from  some  gland,  or  as  the  result  of  a  metabolic  process, 
which  under  favorable  conditions  excites  the  chemical 
change  in  the  blood.  I  believe  that  further  investi- 
gation in  this  direction  will  within  a  comparatively 
short  time  be  rewarded  by  the  discovery  of  the  actual 
internal  causative  factor  that  is  at  the  very  foundation 
of  this  disorder. 

Many  other  conditions,  such  as  age,  occupation, 
sex,  geographical  locality,  altitude,  climate,  race, 
thermal  changes,  pathological  changes  within  the 
nose,  intranasal  deformities,  constitutional  disease, 
etc.,  deserve  a  degree  of  consideration  as  possible 
secondary  factors  furthering  or  predisposing  in  nature. 
There  is  sufficient  evidence  at  hand  to  warrant  the 
belief  that  a  fair  number  of  cases  presenting  an  asso- 
ciated sinus  disease,  or  diseased  middle  turbinate,  or 
a  ridge,  sharp  spur,  or  deflected  septum,  may  so  in- 
crease the  mucous  membrane's  susceptibility  to  the 
causal  irritant  that  if  removed  or  corrected  the  attacks 
are  lessened  in  degree  and  number.  Many  a  case  of 
hay  fever  has  been  benefited  by  cauterization  of  the 
nasal  mucous  membrane,  thus  destroying  in  a  degree 
its  local  susceptibility.  And  likewise  considerable 
improvement  may  be  expected  where  any  permanent 
point  of  contact  between  septum  and  turbinates  be 
fully  corrected  by  removal  of  sufficient  tissue  to  allow 
for  normal  ventilation  and  drainage. 

Symptoms. — No  one  but  an  actual  sufferer  from  this 
disorder  can  sufficiently  appreciate  the  full  measure 
of  real  discomfort,  even  real  suffering,  that  the  symp- 
toms of  this  condition  inflict.  And  even  the  afflicted 
one,  when  his  term  of  suffering  has  ended,  soon  forgets 
the  misery  he  has  been  a  martyr  to  for  so  many 
months.  In  this  respect  he  is  much  like  the  sufferer 
from  neuralgia  or  from  nial  de  mer.  In  all  of  these 
affections  none  other  than  the  sufferer  himself  will 
ever  know  the  agony  that  has  been  endured.  The 
mere  fact  that  the  patients  may  otherwise  appear 
well  and  that  they  have  periods  of  intermission  in 
which  they  are  perfectly  free  from  any  distress  what- 
soever, and,  finally,  that  their  recovery  is  oftentimes 
very  rapid,  lends  much  to  the  support  of  the  popular 
belief  that  the  disturbance  is  of  but  little  consequence. 

The  exact  date  of  its  appearance  and  its  severity 
will  depend  in  some  degree  upon  the  early  or  late 
season,  and  the  amount  of  rain.  The  summer  variety 
in  America  usually  begins  in  the  first  week  of  August, 
the  spring  variety,  the  last  of  May  or  early  June. 
Both  last  about  two  months. 

The  very  earliest  sign  of  an  impending  attack  is 
a  tickling  within  the  nostrils  and  a  sense  of  itching 
about  the  nose  and  cheeks  and  lips,  and  even  other 
portions  of  the  body.  This  itching  of  the  skin  some- 
times is  like  a  prickling  sensation,  although  usually 
much  like  the  brushing  of  a  stray  hair.  Both  of  these 
sensations  increase  in  frequency  and  intensity  over 
a  period  of  a  day  to  several  days  before  other  symp- 
toms present  themselves.  Finally,  the  tickling 
within  the  nostril  becomes  so  intense  that  it  provokes 
sudden  and  rather  free  watery  discharge,  and  a  suc- 
cession of  attacks  of  sneezing.  The  eyelids,  particu- 
larly along  the  edge  and  at  the  inner  canthus,  begin 
to  congest  and  cause  annoying  itching,  often  with 
excessive  lacrymation  and  at  times  great  intolerance 
to  bright  light.  The  itching  is  not  always  confined 
to  the  nose  and  eyelids,  but  often  manifests  itself  in 
the  roof  of  the  mouth,  the  pharynx,  and  the  faucial 
Eustachial  tube  openings.  In  the  later  stages  of  the 
disease  it  may  be  present  in  the  trachea  or  bronchi, 
causing  rasping  coughing  efforts.  The  frequency  and 
intensity  of  the  sneezing  attacks  vary  in  different 
individuals,  and  also  in  the  same  individual — some- 
times the  entire  season  may  be  passed  through  with 
very  little  sneezing,  and  again  it  increases  to  such  an 
extent  as  to  even  cause  great  exhaustion  and  depres- 
sion as  well  as  cyanosis  and  unconsciousness  in  rare 
instances. 

The  discharge  from  the  nose  is  serous  in  character 
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and,  as  a  rule,  very  copious.  But  this,  too,  varies 
much.  The  patient  may  suddenly  be  seized  by  an 
itching  of  the  skin  about  the  face  and  a  tickling 
within  the  nostril,  and  even  before  the  explosive 
sneezing  appears  there  may  be  such  a  profuse  watery 
discharge  from  one  or  both  nostrils  as  to  require 
several  handkerchiefs  to  take  care  of  it.  At  times  it 
is  so  profuse  that  it  runs  back  into  the  nasopharynx. 
As  the  disorder  progresses  this  watery  discharge  alter- 
nates with  a  mucopurulent  discharge. 

Frequently  complaint  is  made  of  extreme  stuffiness 
of  one  or  both  nostrils,  so  that  free  nasal  breathing  is 
interfered  with.  This  stuffiness  is  due  to  a  sudden 
turgescence  of  all  the  soft  tissues  within  the  nostrils. 
It  is  often  astonishing  how  suddenly  this  may  come 
on  and  equally  suddenly  disappear.  At  times  it  Is 
onl}'  in  one  nostril,  and  perhaps  so  extreme  as  to 
actually  cause  a  sense  of  painful  pressure. 

Owing  to  the  congestion  about  the  faucial  tube, 
slight  impairment  of  hearing  with  a  sense  of  fullness 
may  be  present. 

It  is  a  curious  fact  that  the  symptoms  are  usually 
worse  in  the  morning  on  arbing.  They  also  are  worse 
when  one  is  unoccupied  or  only  slighth-  so,  as  in 
conversation,  reading,  writing,  etc.  Where  one  is 
very  deeply  or  strenuously  engaged  in  work,  often 
hours  go  by  without  any  of  the  annoying  symptoms 
manifesting  themselves,  but  if,  after  finishing  this 
work,  one  should  rest  or  read,  or  do  some  such  less 
strenuous  work,  a  perfect  succession  of  stormy  attacks 
may  assail  one. 

The  frequency  and  suddenness  of  the  symptoms  are 
exhausting  and  cause  fatigue  of  body  and  depression 
of  mind. 

Occasionally  the  ordinary  symptoms  just  men- 
tioned, which  are  the  ones  found  present  in  the  greater 
number  of  cases,  are  supplemented  by  others  that 
torment  the  already  aggravated  sufferer  to  his  utmost 
endurance.  One  of  the  most  frequent  of  these  added 
tortures  is  asthma.  This  in  itself  is  disturbing 
enough,  but  occurring  in  the  presence  of  the  hay  fever 
syndrome  it  is  most  unfortunate.  Some  patients  have 
on  occasion  been  spared  the  usual  nasal  symptoms  and 
instead  have  suffered  onlyf  rom  the  asthma.  At  times  it 
seems  that  as  a  result  of  a  succession  of  frequent 
explosions  of  symptoms  a  severe  headache  develops, 
that  may  continue  to  increase  in  intensity',  so  that  it 
resembles  attacks  of  head  neuralgia.  The  intolerance 
to  bright  light  sometimes  becomes  so  great  that  the 
patient  has  to  seek  refuge  in  a  dark  room  and  remain 
there  for  days.  This  is  more  frequently  so  in  young 
people.  Very  rarely  have  I  seen  any  permanent 
injury  to  the  eyesight,  although  scotoma  is  mentioned 
as  being  observed  by  some  writers. 

Treatment. — One  of  the  greatest  advances  in  the 
knowledge  of  hay  fever  has  been  made  in  respect  to  its 
treatment.  Although  no  specific  has  been  brought 
forth,  yet  some  of  the  most  recent  recommendations 
as  to  the  proper  treatment  have  demonstrated  their 
superior  excellency  in  the  greater  number  of  cases.  I 
firmly  believe  we  are  just  now  on  the  very  threshold 
of  solving  the  actual  facts  concerning  the  causes  that 
bring  about  the  manifestations  of  this  disease,  but 
until  that  knowledge  is  complete  we  must  content 
ourselves  with  as  rational  application  of  the  treatment 
as  our  present  understanding  will  admit  of;  therefore 
much  of  the  information  relating  to  various  drugs, 
methods  and  measures  recommended  by  enthusiastic 
writers  can  safely  be  forgotten  or  remain  unlearned, 
because  of  their  almost  universal  uselessness. 

The  treatment  may  conveniently  be  considered 
under  the  following  headings,  namely:  prophylactic, 
symptomatic  and  radical. 

"  The  Prophylactic  Treatment. — Many  have  found  that 
by  going  away  each  year  just  before  the  time  for  the 
attack  they  escape  all  or  most  of  the  disagreeable 
symptoms.  In  a  general  way,  the  seashore  or  moun- 
tains promise  a  safe  haven.     A  sea  voyage  is  beneficial, 


but  not  practical,  becau.se  of  the  length  of  time  the 
disorder  lasts.  In  America  the  lakes  of  Maine,  the 
White  Mountains  of  New  Hampshire,  Northern 
Michigan,  parts  of  Montana,  Colorado,  California, 
and  Canada  are  the  popular  places  to  go  to.  The 
people  affected  in  Germany  and  England  usually  go 
to  Heligoland.  The  place  to  go  to  depends  somewhat 
upon  the  variety  of  the  affection.  The  Southern 
Coast  of  California  has  been  highly  recommended 
for  the  spring  variety,  while  the  White  Mountains 
and  Northern  Michigan  appear  best  suitable  for  the 
summer  variety. 

Where  the  patient  is  obliged  to  remain  at  home,  then 
some  measures  should  be  taken  to  prepare  him  for  his 
attack,  and  protect  him  from  the  external  irritating 
cause.  If  distinct  pathologic  processes  are  present 
within  the  nose  they  should  be  corrected,  if  po.ssible. 
Not  that  they  are  distinct  causes,  but,  as  pointed  out 
before,  in  such  nostrils  the  lining  membrane  is  vastly 
more  sensitive  to  any  form  of  irritant.  Hypertrophic 
inferior  turbinates  may  with  much  benefit  be  cauter- 
ized with  the  electric  cauterj-.  Polypi  and  papillary 
h}-pertrophies  along  the  edge  or  at  the  posterior  ends 
of  the  inferior  turbinates  should  be  removed,  as 
should  also  sharp  spurs  and  large  ridges  of  the  septiun. 
A  markedly  deflected  septum  should  be  straightened. 
Any  existing  sinus  affection  must  be  eradicated.  The 
ethmoids  and  antra  in  particular  should  be  carefully 
examined. 

Several  examinations  of  the  blood,  urine,  saliva 
and  mucus  of  the  throat  and  nose  will  impart  infor- 
mation as  to  the  presence  or  absence  of  an  acid  intoxica- 
tion. The  presence  of  a  more  or  less  constant  acidosis 
or  an  acetonemia  indicates  a  morbid  change  in  the 
chemistry  of  the  body  fluids,  the  result  of  a  disturb- 
ance in  the  normal  metabolism. 

Correction  of  deficient  elimination  and  imperfect 
digestion  bj'  a  better  diet,  hygiene,  habits  and  sur- 
roundings is  of  the  greatest  aid  in  furthering  a  correc- 
tion of  the  disturbed  metabolism.  Dilute  hydro- 
chloric or  nitromuriatic  acid  may  be  used  with  benefit. 

If,  by  some  practical  way,  a  tolerance  of  the  patient 
to  the  toxic  pollen  could  be  developed,  then  this 
disease  would  be  robbed  of  much  of  its  terror.  This 
immunization  of  the  susceptible  person  has  received 
the  serious  attention  of  several  investigators. 
Scheppegrell's  method,  whereby  he  claims  to  have 
achieved  good  results,  has  been  to  have  the  patient 
inhale,  several  times  a  day  for  several  weeks  prior  to 
the  time  of  attack,  the  pollen  of  the  staminate  flowers 
of  ragweed.  There  seems  much  to  be  done  yet  in 
this  direction  before  anything  assuredly  trustworthy 
can  be  offered  to  the  sufferer. 

Some  years  ago  (1900)  Holbrook  Curtis  advocated 
the  employment  of  a  fluid  extract  of  ragweed  as  a 
means  of  procuring  immunity,  but  the  term  of  its 
popularity  was  short,  it  being  replaced  by  a  newer 
interest  in  an  antitoxin  brought  out  by  Dunbar  under 
the  name  of  poUantin.  This  remedy  has  been  on  trial 
for  several  years  and  it  has  no  doubt  been  used  in 
great  numbers  of  cases.  The  results  from  its  use  are 
as  varying  as  the  pollen-laden  atmosphere  itself  that 
wafts  the  irritating  stuff  to  the  susceptible  sirmer's 
nose.  Its  best  results  are  obtained  where  thought 
and  time  are  given  to  the  selection  of  the  proper  kind 
of  antitoxin  necessary  in  each  case  and  the  exact 
method  of  using  it. 

The  Symptomatic  Treatment. — -This  means  virtually 
the  treatment  of  the  attack.  Here  we  use,  in  addition 
to  the  means  and  measures  enumerated  under  the 
prophylactic  treatment,  such  drugs  that  have  the 
action  of  benumbing,  drying  and  shrinking  the  mem- 
brane of  the  nostrils.  Cocaine  is  an  old  and  well- 
known  drug,  but  is  mentioned  only  to  be  condemned, 
first,  because  of  the  very  great  dangers  of  creating 
the  habit  for  its  use,  and,  second,  because,  if  efficient, 
it  is  only  transitory.  Several  substitutes  may  be  used 
that  are  less  dangerous  and  whose  beneficial  effects 
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are  more  lasting  than  cocaine.  Anesthone  is  such 
a  preparation.  Also  anesthesin.  Both  of  these  used 
in  paste  or  as  an  ointment  are  of  great  service. 

Both  the  alpha  and  beta  varieties  of  eucain  may  be 
used  as  a  substitute  for  cocaine  because  of  their  lesser 
toxicity,  but  witli  no  other  advantage. 

The  drugs,  alypin  and  stovaine,  altliough  anesthetic, 
sliould  not  be  used  because  they  congest  the  membraae 
and  aggravate  the  stuffiness. 

Antipyrine  in  two  to  four  per  cent,  watery  solution, 
applied  as  a  fine  spray  following  tlie  application  of 
cocaine  or  eucain,  prolongs  both  the  artificial  anemia 
and  the  analgesia. 

Atropine  sulphate  applied  as  a  fine  spray  in  the 
strength  of  liii  grain  to  5i-  water  to  the  membrane 
of  the  nostrils  several  times  a  day  will  assist  markedly 
in  lessening  the  mucous  discharge. 

A  combination  of  scopolamine  and  morphine  in  the 
strengtli  of  yJj  grain  of  the  former  and  5  grain  of  the 
latter,  giving  only  two  such  doses,  one  hour  apart, 
will  both  dry  and  lessen  the  irritation  of  the  membrane 
sufficiently  to  cause  relief.  In  place  of  this  the  use  of 
Bisliop's  coryza  tablet  may  be  used  witli  benefit. 
It  contains  atropine  sulphate,  morphine,  and  caffeine. 
All  such  remedies  as  these  should  invariably  be  dis- 
pensed by  the  physician  himself,  and  never  given  on 
a  written  prescription. 

The  various  "rhinitis"  remedies  should  be  avoided, 
because  the  small  amounts  of  quinine  they  may  con- 
tain increase  the  uricacidemia;  on  the  other  liand, 
five  to  ten  grain  doses  of  quinine,  have  been  of 
benefit. 

Suprarenal  preparations  are  useful  in  relieving 
stuffiness  of  the  nostrils,  but  their  effect  is  of  very 
short  duration.  Adrenalin  mav  be  used  in  a  solution 
in  water  in  the  strength  of  1-8,000  to  1-5,000,  and 
applied  either  by  medicine  dropper,  fine  spray,  or 
cotton  tampons,  as  frequenth'  as  desired. 

A  dusting  powder  containing  the  following: 

Menthol gr.  i. 

Sodii  bicarb gr.  ii. 

Magnesii  carb gr.  iii. 

Cocainse  hydrochlor gr.  iv. 

Sacchari  lactis 3  iss. 

may  be  dispensed  by  tlie  physician,  but  not  on  pre- 
scription, and  its  use  as  a  snuff  several  times  a  day 
will  result  in  marked  relief. 

Schadle  (in  1907)  and  Fick  were  loud  in  their  praise 
of  the  result  received  from  the  irrigation  of  the  antrum 
of  Highmore  and  tlie  insufflation  of  aristol. 

Heath  (St.  Paul,  Minnesota)  and  Mohr  (Miigeln) 
advocate  nasal  filters,  made  of  fine  mesh  cloth  stretched 
on  a  thin  frame,  the  two  connected  by  a  spring  and 
fitted  and  worn  within  the  nostril  as  eye-glasses  are 
worn  on  the  nose.  These  little  things  are  certainly  a 
great  comfort. 

Dunbar  advises  the  use  of  the  toxin  itself  in  making 
a  diagnosis  in  doubtful  cases.  Those  immune  to  the 
disease  will  not  react,  while  those  susceptible  will  under 
the  application  of  the  minutest  part  of  the  particular 
toxin,  diagnosticum,  respond  promptly  to  an  attack. 

Watson  Williams  employs,  at  the  very  outset,  thus 
preventing  the  attack,  the  use  of  a  spray  in  the  nose 
of  a  1-50  or  1-20  biniodide  of  mercury  solution.  As 
it  is  painful,  cocainization  of  the  membrane  first 
is  best  used,  followed  by  a  hypodermic  of  morphine. 
The  pain  and  swelling  disappear  in  several  hours,  and 
there  follows  a  severe  catarrh  for  three  daj's.  He 
also  says  Sir  Andrew  Clark  advised  painting  the  mem- 
brane with  carbolic  acid,  quinine  and  perchloride  of 
mercury.  Denker  has  reported  absolute  cures  from 
massage  of  the  mucous  membrane,  and  Fulton  lauds 
the  use  of  a  spray  containing  a  saturated  solution  of 
quinine  sulphate,  followed  by  an  ointment  of  thirty 
grains  of  quinine  to  the  ounce  of  vaseline. 

If  asthma  is  present  the  use  of  iiotassium  iodide 
internally  and  adrenalin  hypodermically  is  indicated. 
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The  Radical  Treatment. — It  is  almost  an  extrav- 
agance of  speech  to  say  there  is  a  radical  form  of 
treatment  for  this  disease,  but  from  the  clinical  experi- 
ence obtained  in  the  light  of  our  present  knowledge, 
by  methods  sufficiently  precise  and  thorough,  one  is 
justified  in  employing  such  a  term  as  "radical." 
Arguing  on  the  assumption  that  we  are  dealing  with 
a  disorder  in  which  the  nerve  tissue  has  been  made 
hypersensitive  to  certain  external  exciting  agents  by 
a  perverted  internal  disturbance,  and  that  the  fifth 
nerve  in  particular,  on  account  of  its  colossal  periph- 
eral distribution,  is  unduly  exposed  to  this  external 
agent,  the  idea  of  interrupting  service  between  this 
nerve  and  the  sympathetic  system  presents  itself  as 
a  most  rational  method  of  procedure.  This  may  be 
done  in  several  ways.  A  most  efficient  and  simple 
way  is  that  first  suggested  and  practised  by  myself 
in  1907  of  nerve-blocking  with  alcohol.  Sensation 
of  the  nose  is  furnished  by  branches  from  the  first  and 
second  divisions  of  the  trifacial  nerve.  The  anterior 
nasal  is  a  branch  of  the  first  and  enters  the  nose 
through  a  foramen  just  in  front  of  the  most  anterior 
olfactory  nerve  branch,  and  is  distributed  to  the 
anterior  one-third  of  the  nostril.  The  remainder  of 
the  nose  is  supplied  with  sensation  by  branches  from 
the  sphenopalatine  ganglion,  which  takes  its  origin 
in  the  main  from  the  second  division  of  the  fifth  nerve. 
Both  of  these  nerve  trunks  can  be  reached  at  their 
point  of  exit  into  the  nose.  The  anterior  nerve  enters 
at  the  side  of  the  sep-tum  in  the  attic  of  the  anterior 
nares  at  a  place  just  posterior  to  the  visceral  wall  of 
the  frontal  sinus.  A  lateral  view  skiagraph  can  be 
used,  if  so  desired,  although  not  necessary,  to  give 
the  exact  location.  As  is  well-known,  there  is  a 
great  variation  in  the  size  and  shape  of  the  frontal 
sinuses;  nevertheless,  it  has  been  found  on  taking  the 
measurement  of  a  great  number  of  skulls  that  the 
location  of  the  foramen  for  the  passage  of  this  nerve 
varies  but  slightly.  A  mediiun  gauge  needle,  with 
a  sharp  point,  but  rather  obtuse,  and  four  inches  long, 
is  attaclied  to  a  small  syringe,  and  after  cocainizing 
the  area  to  be  injected,  five  to  seven  drops  of  a  sixty- 
five  per  cent,  alcohol  solution,  made  with  freshly 
prepared  sterile  water,  is  slowly  injected  into  the  nerve 
at  its  foramen.  This  is  done  in  both  nostrils.  If  the 
nerves  are  properly  injected,  a  characteristic  pain 
immediately  appears  following  the  course  of  the  nerve 
distribution.  This  pain  may  be  anticipated  and  con- 
siderably mollified  by  the  previous  administration  of 
a  one-fourth  grain  morphine  or  codeine.  Otherwise 
it  may  last  for  an  hour  or  more.  The  addition  of  an 
anesthetizing  drug  to  the  alcohol  I  have  not  found  of 
sufficient  merit  to  use  with  regularity.  Sluder  advo- 
cates a  five  per  cent,  phenol  in  alcohol  solution  as  an 
injection  into  the  sphenopalatine  ganglion  for  painful 
affections.  Where  these  nerves  have  been  effectvially 
"blocked"  it  is  customary  to  find  the  patient  com- 
pletely freed  from  all  the  distressing  and  annoying 
symptoms  of  the  disease. 

In  some  of  the  most  intractable  cases  it  is  advisable 
to  inject  the  posterior  set  of  nerves  in  addition  to  the 
anterior  ones.  This  set  of  nerves  are  reached  at  a. 
point  where  they  leave  the  sphenopalatine  ganglion 
through  the  foramen  and  enter  the  posterior  part  of  the 
nasal  chamber.  By  using  a  special  needle  four  inches 
long,  of  No.  18  gauge,  curved  at  its  distal  end  to  about 
forty-five  degrees,  with  a  sharp  but  obtuse  point,  and 
fastened  tightly  to  a  small  syringe,  it  may  be  hooked 
around  the  posterior  end  of  the  middle  turbinate, 
forcing  its  point  into  the  position  of  the  nerve's  exit. 

The  result  sought  for  by  nerve-blocking  was  also 
present  in  the  minds  of  those  who  have  advocated 
cutting  or  resecting  the  anterior  ethmoidal  nerve. 
Yonge,  in  1908,  described  a  method  of  dealing  with 
severe  cases  of  hay  fever  by  resecting,  under  general 
anesthetic,  both  anterior  nasal  nerves  at  the  anterior 
ethmoidal  foramen.  E.  Bios  later  reported  several 
cases  operated  on  in  this  manner,  with  curative  results. 
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I  myself,  already,  in  1907,  showed  the  possibility  of 
reaching  this  same  point  with  a  trocar  needle  and 
injecting  the  nerve  with  alcohol. 

The  results  obtained  by  such  methods  as  these, 
where  properly  applied,  invariably  lead  to  a  complete 
annihilation  of  all  the  head  symptoms  of  the  disease. 
The  permanency  of  relief  dwells  entirely  in  the  extent 
to  which  the  degenerative  changes  occur.  May 
ascertained  experimentally  that  the  effects  of  alcohol 
injected  in  a  peripheral  nerve  cause  a  local  necrosis 
of  the  nerve  at  the  point  of  injection,  and  that  this 
degeneration  remains  local  and  does  not  ascend. 
The  anatomic  continuity  of  the  nerve  favors  rather 
rapid  regeneration,  although  this  return  of  function 
is  held  in  abeyance  by  the  fibrosis  occasioned  by  the 
alcohol  for  sufficient  length  of  time  to  carry  the  patient 
over  the  season.  Otto  J.  Stei.n. 
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Hays,  Isaac  Minis. — Born  in  Philadelphia,  Penn., 
July  5,  1796.  He  entered  the  University  of  Pennsyl- 
vania in  1812,  receiving  his  degree  in  the  department 
of  Arts  in  1816.  For  the  next  year  he  devoted  himself 
to  mercantile  life,  but  preferring  to  study  medicine, 
he  became  an  office  pupil  of  Dr.  Nathaniel  Chapman, 
later  entering  the  University  of  Pennsylvania  from 
which  he  received  his  degree  in  1820.  He  established 
himself  in  Philadelphia  and  became  one  of  the  brilliant 
group  of  eminent  physicians  in  that  city  for  which 
this  period  was  noted.  While  doing  general  medicine, 
Hays  devoted  much  of  his  time  to  eye  conditions, 
becoming  a  pioneer  in  ophthalmic  surgery  and  one  of 
the  most  successful  practitioners  in  America.  He  was 
appointed  one  of  the  surgeons  to  the  Pennsylvania 
Infirmary  for  Diseases  of  the  Eye  and  Ear  in  1822, 
and  at  the  foundation  of  the  Wills  Eye  Hospital  in 
1834,  he  received  the  same  appointment,  which  he 
held  until  185-4.     He  was  one  of  the  founders  of  the 


Franklin  Institute,  and  its  corresponding  secretary 
from  1828  to  1840.  At  the  foundation  of  the  College 
of  Phvsicians  of  Philadelphia,  he  was  appointed 
chairman  of  the  building  committee,  and  he  also 
played  an  important  part  in  the  organization  of  the 
American  Medical  Association,  of  which  he  was  the 
first  treasurer,  and  chairman  of  the  committee  which 
framed  the  Code  of  Ethics.  In  1870  he  assisted  in 
the  organizing  of  the  Ophthalmological  Society  of 
Philadelphia  and  became  its  first  president. 

While  Dr.  Hays  was  noted  for  his  work  in  ophthal- 
mology his  greatest  fame  rests  on  his  career  as  a 
medical  editor.  In  1827  he  became  one  of  the  editors 
of  the  Philadelphia  Journal  of  the  Medical  and  Physical 
Scietices.  Later  in  the  same  year  he  was  made  editor 
and  sole  manager  of  the  Journal  and  the  name  was 
changed  to  the  American  Journal  of  the  Medical 
Scie7ices.  He  having  devoted  nearly  fifty  years  of 
his  life  to  this  periodical  retained  this  position  until 
1869.  In  1833  he  edited  the  Cholera  Gazette  and  at 
the  time  of  his  death  was  the  oldest  editor  in  the 
United  States.  In  1843  he  established  the  Medical 
Neu's  which  he  edited  to  the  time  of  his  death,  and  in 
1874  began  the  publication  of  a  Monthly  Abstract  of 
Medical  Science,  which  was  later  merged  with  the 
A?nerican  Journal  of  the  Medical  Sciences.  He  died 
on  April  12,  1879. 

Dr.  Hays  never  published  any  original  work  in  the 
form  of  books,  but  he  contributed  to  an  enormous 
extent  to  medical  literature,  through  his  editing  and 
his  contributions  on  various  subjects  to  other  men's 
publications.  In  1829  he  edited  "Hoblyn's  Diction- 
ary of  Terms  LTsed  in  Medicine  and  the  Collateral 
Sciences."  He  wrote  the  article  on  the  eve  in'Dewees' 
•'Practice  of  Medicine,"  1833,  and  in  1843  edited  Sir 
William  Lawrence's  "Treatise  on  the  Diseases  of  the 
Eye."  In  1834  he  projected  the  American  Cyclopedia 
of  Practical  Medicine  and  Surgery,  a  work  which  was 
stupendous  and  almost  idealistic  in  its  aim.  The 
articles  were  to  have  been  supplied  by  the  most 
famous  medical  and  surgical  men  of  that  time  and  the 
fact  that  it  took  almost  two  years  for  the  publication 
of  one  volume,  shows  the  scope  of  the  entire  work. 
As  might  be  expected  the  plan  was  unsuccessful, 
because  the  time  for  such  a  work  was  not  ripe, 
although  Dr.  Hays  did  everything  in  his  power  to 
bring  about  its  success.  E.  L.  J. 
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